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Abstract

CCJ is acommunication library that adds MPI-like
collective operations to Java. CCJ provides a clean
integration of collective communication into Java’s
object-oriented framework. CCJ uses thread groups
to support Java’s multithreading model and it allows
any data structure (not just arrays) to be communi-
cated. CCJ is implemented entirely in Java, on top of
RMI, so it can be used with any Java virtual machine.
The paper discusses two parallel Java applications
based on CCJ. It compares code complexity and per-
formance of these applications (on top of a Myrinet
cluster) with versions written using Java RMI. The
CCJ versions are significantly simpler than the RMI
versions and on average obtain better performance.

1 Introduction

Recent improvements in compilers and communi-
cation mechanisms make Java a viable platform for
high-performance computing. Java’s support for mul-
tithreading and Remote Method Invocation (RMI) is a
suitable basis for writing parallel programs. RMI uses
a familiar abstraction (object invocation), integrated
in a clean way in Java’s object-oriented programming
model. For example, almost any data structure can be
passed as argument or return value in an RMI. Also,
RMI can be implemented efficiently [9, 12] and it can
be extended seamlessly with support for object repli-
cation [8].

A disadvantage of RMI, however, is that it only
supports communication between two parties, a client
and a server. Experience with other parallel languages
has shown that many applications also require com-
munication between multiple processes. The MPI
message passing standard defines collective commu-
nication operations for this purpose [10]. Several
projects have proposed to extend Java with MPI-like
collective operations. For example, MPJ [4] pro-
poses MPI language bindings to Java, but it does
not integrate MPI’s notions of processes and mes-

sages into Java’s object-oriented framework. Unlike
RMI, the MPI primitives are biased towards array-
based data structures, so collective operations that ex-
change other data structures are often awkward to im-
plement.

In this paper we present the CCJ library (Collective
Communication in Java) which adds the core of MPI’s
collective operations to Java’s object model. CCJ
maintains thread groups that can collectively com-
municate by exchanging arbitrary object data struc-
tures. For example, if one thread needs to distribute
a list data structure among other threads, it can in-
voke an MPI-like scatter primitive to do so. CCJ is
implemented entirely in Java, on top of RMI. It there-
fore does not suffer from JNI overhead (calling native
C functions from Java) and it can be used with any
Java virtual machine. We study CCJ’s performance
on top of a fast RMI system (Manta [9]) that runs
over a Myrinet network. Performance measurements
for CCJ’s collective operations show that its runtime
overhead is almost negligible compared to the time
spent in the underlying (efficient) RMI mechanism.
We also discuss CCJ applications and their perfor-
mance. CCJ’s support for arbitrary data structures is
useful for example in implementing sparse matrices.

The rest of the paper is structured as follows. In
Sections 2 and 3, we present CCJ’s design and im-
plementation, respectively. In Section 4, we discuss
code complexity and performance of two application
programs using CCJ. Section 5 presents related work,
Section 6 concludes.

2 Object-based collective
communication

In this section, we present and discuss the ap-
proach taken in our CCJ library to integrate collec-
tive communication, as inspired by the MPI standard,
into Java’s object-based model. CCJ integrates MPI-
like collective operations in a clean way in Java, but
without trying to be compatible with the precise MPI
syntax. First, we deal with the use and management



of thread groups. Then we present the collective oper-
ations implemented within CCJ and discuss their in-
tegration into Java’s object model.

2.1 Thread groups

With the MPI standard, processes perform collec-
tive communication within the context of a commu-
nicator object. The communicator defines the group
of participating processes which are ordered by their
rank. Each process can retrieve its rank and the size
of the process group from the communicator object.
MPI communicators can not be changed at runtime,
but new communicators can be derived from existing
ones.

In MPI, immutable process groups (enforced via
immutable communicator objects) are vital for defin-
ing sound semantics of collective operations. For ex-
ample, a barrier operation performed on an immutable
group clearly defines which processes are synchro-
nized. The ranking of processes is also neces-
sary to define operations like scatter/gather data re-
distributions, where the data sent or received by each
individual process is determined by its rank.

The MPI process group model, however, does not
easily map onto Java’s multithreading model. The
units of execution in Java are dynamically created
threads rather than heavy-weight processes. Also, the
RMI mechanism blurs the boundaries between indi-
vidual Java Virtual Machines (JVMs). Having more
than one thread per JVM participating in collective
communication can be useful, for example for appli-
cation structuring or for exploiting multiple CPUs of
a shared-memory machine.

CCJ maps MPI’s immutable process groups onto
Java’s multithreading model by defining a model of
thread groups that constructs immutable groups at
runtime from dynamically created threads. CCJ uses
a two-phase creation mechanism. In the first phase,
a group is inactive and can be constructed by threads
willing to join. After construction is completed, the
group becomes immutable (called active) and can be
used for collective communication. For convenience,
inactive copies of active groups can be created and
subsequently modified. Group management in CCJ
uses the following three classes.

ColGroup Obijects of this class define the thread
groups to be used for collective operations. Col-
Group provides methods for retrieving the rank of a
given ColMember object and the size of the group.

ColMember Obijects of this class can become
members of a group. Applications implement sub-
classes of ColMember, the instances of which will
be associated with their own thread of control.

ColGroupMaster Each participating JVM has to
initialize one object of this class acting as a central
group manager. The group master also encapsulates

the communication establishment like the interaction
with the RMI registry.

For implementing the two-phase group creation,
ColGroupMaster provides the following interface.
Groups are identified by String objects with symbolic
identifications.

void addMember(String groupName,
ColMember member) Adds a member to a
group. If the group does not yet exist, the group
will be created. Otherwise, the group must still be
inactive; the getGroup operation for this group must
not have completed so far.

ColGroup getGroup(String groupName, int
numberOfMembers) Activates a group. The opera-
tion waits until the specified number of members have
been added to the group. Finally, the activated group
is returned. All members of a group have to call this
operation prior to any collective communication.

2.2 Collective communication

For defining an object-based framework, also the
collective communication operations themselves have
to be adapted. MPI defines a large set of collective op-
erations, inspired by parallel application codes writ-
ten in more traditional languages such as Fortran or
C. Basically, MPI messages consist of arrays of data
items of given data types. Although important for
many scientific codes, arrays can not serve as general-
purpose data structure in Java’s object model. Instead,
collective operations should deal with serializable ob-
jects in the most general case.

A member object can be part of many groups. We
thus implement the collective operations as methods
of the group members. The communication context
(the group) intuitively becomes a parameter of the op-
eration.

From MPI’s original set of collective operations,
CCJ currently implements the most important ones,
leaving out those operations that are either rarely used
or strongly biased by having arrays as general param-
eter data structure. CCJ currently implements Bar-
rier, Broadcast, Scatter, Gather, Allgather, Reduce,
and Allreduce. We now present the interface of these
operations in detail. For the reduce operations, we
also present the use of function objects implementing
the reduction operators themselves. For scatter and
gather, we present the DividableDataObjectinter-
face imposing a notion of indexing for the elements
of general (non-array) objects. CCJ uses Java’s ex-
ception handling mechanism for catching error condi-
tions returned by the various primitives. For brevity,
however, we do not show the exceptions in the prim-
itives discussed below. Like MPI, CCJ requires all
members of a group to call collective operations in
the same order and with mutually consistent parame-
ter objects.



void barrier(ColGroup group) Waits until all
members of the specified group have called the
method.

Object broadcast(ColGroup group, Serializ-
able obj, int root) One member of the group, the one
whose rank equals root, provides an object obj to be
broadcast to the group. All members (except the root)
return a copy of the object; to the root member, a ref-
erence to obj is returned.

MPI defines a group of operations that perform
global reductions such as summation or maximum on
data items distributed across a communicator’s pro-
cess group.  Object-oriented reduction operations
have to process objects of application-specific classes;
implementations of reduction operators have to han-
dle the correct object classes. One implementation
would be to let the respective application classes im-
plement a reduce method that can be called from
within the collective reduction operations. However,
this approach is not feasible because it restricts each
class to exactly one reduction operation and it ex-
cludes the basic (numeric) data types from being used
in reduction operations.

In consequence, the reduction operators have to be
implemented outside the objects to be reduced. Un-
fortunately, unlike in C, functions (or methods) can
not be used as first-class entities in Java. Alterna-
tively, Java’s reflection mechanism could be used to
identify methods by their names (specified by String
objects). However, a serious problem is that reflec-
tion uses runtime interpretation, causing prohibitive
costs for use in parallel applications.

CCJ thus uses a different approach for imple-
menting reduction operators: function objects [7].
CCJ’s function objects implement the specific Re-
ductionObjectinterface containing a single method
Serializable reduce(Serializable objl, Serializ-
able obj2). With this approach, all application spe-
cific classes and the standard data types can be used
for data reduction. The reduction operator itself can
be flexibly chosen on a per-operation basis. Opera-
tions implementing this interface are required to be
associative and commutative. CCJ provides a set of
function objects for the most important reduction op-
erators on numerical data. This leads to the follow-
ing interface for CCJ’s reduction operations in the
ColMember class.

Serializable reduce(ColGroup group, Serial-
izable dataObject, ReductionObjectinterface re-
ductionObiject, int root) Performs a reduction opera-
tion on the dataObjects provided by the members of
the group. The operation itself is determined by the
reductionObject; each member has to provide a re-
ductionObiject of the same class. reduce returns an
object with the reduction result to the member identi-
fied as root. All other members get a null reference.

Serializable allReduce(ColGroup group, Se-

rializable dataObject, ReductionObjectinterface
reductionObject) Like reduce but returns the result-
ing object to all members.

The final group of collective operations that have
been translated from MPI to CCJ is the one of scat-
ter/gather data re-distributions: MPI’s scatter opera-
tion takes an array provided by a root process and dis-
tributes (“scatters™) it across all processes in a com-
municator’s group. MPI’s gather operation collects
an array from items distributed across a communica-
tor’s group and returns it to a root process. MPI’s
allgather is similar but returns the gathered array to
all participating processes.

Although defined via arrays, these operations are
important for many parallel applications. The prob-
lem to solve for CCJ thus is to find a similar notion
of indexing for general (non-array) objects. Similar
problems occur for implementing so-called iterators
for container objects [5]. Here, traversing (iterating)
an object’s data structure has to be independent of the
object’s implementation in order to keep client classes
immune to changes of the container object’s imple-
mentation. Iterators request the individual items of a
complex object sequentially, one after the other. Ob-
ject serialization, as used by Java RMI, is one example
of iterating a complex object structure. Unlike itera-
tors, however, CCJ needs random access to the indi-
vidual parts of a dividable object based on an index
mechanism.

For this purpose, objects to be used in scat-
ter/gather operations have to implement the Divid-
ableDataObijectInterface with the following two
methods:

Serializable elementAt(int index, int group-
Size) Returns the object with the given index in the
range from 0 to groupSize — 1

void setElementAt(int index, int groupSize,
Serializable object) Conversely, sets the object at the
given index.

Based on this interface, the class ColMember im-
plements the following three collective operations.

Serializable scatter(ColGroup group, Divid-
ableDataObjectinterface rootObj, int root) The
root member provides a dividable object which will
be scattered among the members of the given group.
Each member returns the (sub-)object determined by
the elementAt method for its own rank. The param-
eter rootODbj is ignored for all other members.

DividableDataObjectinterface gather( Col-
Group group, DividableDataObjectinterface
rootObject, Serializable dataObject, int root)
The root member provides a dividable object which
will be gathered from the dataObjects provided
by the members of the group. The actual order of
the gathering is determined by the rootObject’s
setElementAt method, according to the rank of the
members. The method returns the gathered object



to the root member and a null reference to all other
members.

DividableDataObjectinterface allGather( Col-
Group group, DividableDataObijectinterface re-
sultObject, Serializable dataObject) Like gather,
however, the result is returned to all members and all
members have to provide a resultObject.

2.3 Example application code

We will now illustrate how CCJ can be used for
application programming. As our example, we show
the code for the All-Pairs Shortest Path application
(ASP), the performance of which will be discussed in
Section 4. Figure 1 shows the code of the Asp class
that inherits from ColMember. Asp thus constitutes
the application-specific member class for the ASP ap-
plication. Its method do_asp performs the computa-
tion itself and uses CCJ’s collective broadcast op-
eration. Before doing so, Asp’s run method first re-
trieves rank and size from the group object. Finally,
do_asp calls the done method from the ColMem-
ber class to de-register the member object. The ne-
cessity of the done method is an artefact of Java’s
thread model in combination with RMI; without any
assumptions about the underlying JVMs, there is no
fully transparent way of terminating an RMI-based,
distributed application run. Thus, CCJ’s members
have to de-register themselves prior to termination to
allow the application to terminate gracefully.

Figure 2 shows the MainAsp class, implementing
the main method running on all JVMs participating
in the parallel computation. This class establishes the
communication context before starting the computa-
tion itself. Therefore, a ColGroupMaster object is
created (on all JVMs). Then, MainAsp creates an
Asp member object, adds it to a group, and finally
starts the computation.

3 TheCCllibrary

The CCJ library has been implemented as a Java
package, containing the necessary classes, interfaces,
and exceptions. CCJ is implemented on top of RMI
in order to run with any given JVM. We use RMI to
build an internal message passing layer between the
members of a given group. On top of this messaging
layer, the collective operations are implemented using
algorithms like the ones described in [6]. This section
describes both the messaging layer and the collective
algorithms of CCJ.

CCJ has been implemented using the Manta high
performance Java system [9]. Our experimentation
platform, called the Distributed ASCI Supercomputer
(DAYS), consists of 200 MHz Pentium Pro nodes each
with 128 MB memory, running Linux 2.2.16. The
nodes are connected via Myrinet. Manta’s runtime
system has access to the network in user space via

cl ass Asp extends Col Menber {

Col Group group;

int n, rank, nodes;

int[][] tab; // the distance table.

voi d set Group(Col Group group) {
this.group = group;
}

Asp (int n) throws Exception {
super();
this.n = n;

voi d do_asp() throws Exception {
int k;
for (k = 0; k <n; k++) {
/1 send the rowto all menbers:
tab[k] = (int[])
br oad-
cast (group, tab[k], owner(k));
/1 do ASP conputation...

}
}
public void run() {
try {
rank = group. get Rank(this);
nodes = group.size();
/1l Initialize |local data
do_asp();
done();
} catch (Exception e) {
/1 handl e exception... Quit.
}
}
}

Figure 1: Java class Asp

the Panda communication substrate [1]. The system
is more fully described in http://wmww.cs.vu.nl/das/.

3.1 Message passing subsystem

CCJ implements algorithms for collective commu-
nication based on individual messages between group
members. The messages have to be simulated us-
ing the RMI mechanism. The basic difference be-
tween a message and an RMI is that the message is
asynchronous (the sender does not wait for the re-
ceiver) while RMIs are synchronous (the client has
to wait for the result from the server before it can
proceed). Sending messages asynchronously is cru-
cial for collective communication performance be-
cause each operation requires multiple messages to
be sent or received by a single group member. CCJ
simulates asynchronous messages using multithread-
ing: send operations are performed by separate send-
ing threads. To reduce thread creation overhead, each
member maintains a thread pool of available sending
threads.

Unfortunately, multiple sending threads run sub-
ject to the scheduling policy of the given JVM. Thus,
messages may be received in a different order than
they were sent. To cope with unordered message re-



cl ass MainAsp {
int N

void start(String args[]) {
Col Group group = null;
i nt nunber O Cpus;
Asp nyMenber;
try {
Col G oupMast er
groupMaster = new Col GroupMast er (args);
nunber Of Cpus = groupMaster.
get Nunber O Cpus() ;
/1 get nunmber of rows N
/1 from comrmand |ine
nyMenber = new Asp(N);
gr oupMast er . addMenber (" nyG oup”,
nyMenber) ;
group = groupMaster. get Goup("nyG oup",
nunber O Cpus) ;
nyMenber . set G oup( gr oup) ;
(new Thread(nyMenber)).start();
} catch (Exception e) {
/1 Handl e exception... Quit.
}

public static void main (String args[]){
new Mai nAsp().start(args);
}
}

Figure 2: Java class MainAsp

ceipt, each member object also implements a list of
incoming messages, for faster lookup implemented as
a hash table. For uniquely identifying messages, CCJ
not only uses the group and a message tag (like MPI
does), but also a message counter per group per col-
lective operation.

Table 1: Timing of CCJ’s ping-pong messages

time (us)
ints | CCJ RMI
1 84 59
4 88 68

16 90 70
64 | 101 78
256 | 147 121
1024 | 259 206
4096 | 763 590
16384 | 2662 2378

We evaluated the performance of CCJ’s messaging
layer by a simple ping-pong test, summarized in Ta-
ble 1. For CCJ, we measured the completion time of
a member performing a send operation, directly fol-
lowed by a receive operation. On a second machine,
another member performed the corresponding receive
and send operations. The table reports half of this
roundtrip time as the time needed to deliver a mes-
sage. To compare, we also let the same two machines

perform a RMI ping-pong test.

We performed the ping-pong tests for sending ar-
rays of integers (4 bytes each) of various sizes. Ta-
ble 1 shows that with short messages (1 integer),
CCJ’s message startup cost causes an overhead of
42%. This is mainly caused by thread switching.
With longer messages (16K integers, 64K bytes) the
overhead is only about 12 % because in this case ob-
ject serialization (inside RMI) has a larger impact on
the completion time.

3.2 Collective communication opera-
tions

We will now present the implementations of CCJ’s
collective communication operations. CCJ imple-
ments well known algorithms like the ones used in
MPI-based implementations [6]. The performance
numbers given have been obtained using one mem-
ber object per node, forcing all communication to use
RMLI.

Barrier In CCJ’s barrier, the M participating mem-
bers are arranged in a hypercube structure, perform-
ing remote method invocations with empty parame-
ters in log M phases. If the number of members is
not a power of 2, then the remaining members will be
appended to the next smaller hypercube, causing one
more RMI step. Table 2 shows the completion time
of CCJ’s barrier, which scales well with the number
of member nodes while being dominated by the cost
of the underlying RMI mechanism.

Broadcast CCJ’s broadcast arranges the group
members in a binomial tree. This leads to a logarith-
mic number of communication steps. Table 2 shows
the completion times of CCJ’s broadcast with a sin-
gle integer and with an array of 16K integers. Again,
the completion time scales well with the number of
member objects. A comparison with Table 1 shows
that the completion times are dominated by the under-
lying RMI mechanism, as with the barrier operation.
Due to pipelining effects, the measured times are a bit
less than expected from the ping-pong tests.

Reduce/Allreduce CCJ’s reduce operation ar-
ranges the M participating members in a binomial
tree, resulting in log M communication steps. In each
step, a member receives the data from one of its peers
and reduces it with its own data. In the next step, the
then combined data is forwarded further up the tree.
Table 3 shows the completion time for four differ-
ent test cases. Reductions are performed with single
integers, and with arrays of 16K integers, both with
two different reduce operations. One operation, la-
belled NOP, simply returns a reference to one of the



Table 2; Completion time of CCJ’s barrier and broad-
cast

time (us)
barrier broadcast
members lint 16Kint
1 <1 <1 1
2 78 86 2306

4 166 | 156 4562
8 273 | 222 6897
16 380 | 292 9534
32 478 | 374 11838
64 605 | 440 14232

two data items. With this non-operation, the reduc-
tion takes almost exactly as long as the broadcast of
the same size, caused by both using binomial commu-
nication trees. The second operation, labelled MAX,
computes the maximum of the data items. Compar-
ing the completion times for NOP and MAX shows
the contribution of the reduction operator itself, espe-
cially with long messages.

Table 3: Completion time of CCJ’s reduce

time (us)
lint 16K int
members | MAX NOP | MAX  NOP
1 1 1 1 1

2 90 88 | 3069 2230
4 158 152 | 6232 4539
8 223 225 | 9711 6851
16 294 290 | 13520 9359
32 368 356 | 17229 12004
64 453 437 | 21206 14657

CCJ’s Allreduce is implemented in two steps, with
one of the members acting as a root. In the first step, a
Reduce operation is performed towards the root mem-
ber. The second step broadcasts the result to all mem-
bers. The completion times can thus be derived from
adding the respective times for Reduce and Broadcast.

Scatter MPI-based implementations of Scatter typ-
ically let the root member send the respective mes-
sages directly to the other members of the group. This
approach works well if messages can be sent in a truly
asynchronous manner. However, as CCJ has to per-
form a thread switch per message sent, the related
overhead becomes prohibitive, especially with large
member groups. CCJ thus follows a different ap-
proach that limits the number of messages sent by the
root member. This is achieved by using a binomial
tree as communication graph. In the first message,
the root member sends the data for the upper half of

the group members to the first member in this half.
Both members then recursively follow this approach
in the remaining subgroups, letting further members
forward messages. This approach sends more data
than strictly necessary, but this overhead is almost
completely hidden because the additional sending oc-
curs in parallel by the different group members.

Table 4: Completion time of CCJ’s scatter

time (us)
1int x members | 16K int x members
members scatter | scatter broadcast
1 3 1251 <1
2 188 4381 4480
4 375 | 12790 16510
8 595 | 26380 48920
16 935 | 55196 126490
32 1450 | 112311 315840
64 2523 | 225137 798150

Table 4 shows the completion time for the scat-
ter operation. Note that, unlike with broadcast, the
amount of data sent increases with the number of
members in the thread group. For example, with 64
members and 16K integers, the size of the scattered
rootObject is 4MB. But still, the completion time
scales well with the number of group members. To
compare CCJ’s scatter with an upper bound, the table
also shows the completion time for broadcasting the
same (increasing) amount of data to the same number
of members. The scatter operation clearly stays far
below the time for broadcasting, except for the trivial
case of a single member where broadcast simply has
to return a reference to the given object.

Gather/Allgather CCJ implements the gather op-
eration as the inverse of scatter, using a binomial tree
structure. With gather, messages are combined by in-
termediate member nodes and sent further up the tree.
The completion times for gather are almost identi-
cal to the scatter operation and thus not shown here.
CCJ’s allgather operation is implemented by a gather
towards one of the members, followed by a broadcast.
Like with allreduce, the completion times can be de-
rived from adding the respective timings.

4 Application programs

In this section we discuss the implementation and
performance of two CCJ applications. We compare
code complexity and performance of these programs
with RMI versions of the same applications. We re-
port speedups relative to the respectively fastest ver-
sion on one CPU.



4.1 All-pairs Shortest Paths Problem

The All-pairs Shortest Paths (ASP) program finds
the shortest path between any pair of nodes in a graph,
using a parallel version of Floyd’s algorithm. The
program uses a distance matrix that is divided row-
wise among the available processors. At the begin-
ning of iteration &, all processors need the value of
the kth row of the matrix. The processor containing
this row must make it available to the other processors
by broadcasting it.

In the RMI version, we simulate this broadcast of
a row by using a binary tree. When a new row is gen-
erated, it is forwarded to two other machines which
store the row locally and each forward it to two other
machines.  The forwarding continues until all ma-
chines have received a copy of the row. In the CCJ
version the row can be broadcast by using the collec-
tive operation, as shown in Figure 1.

Figure 3 shows the speedups for a 2000x2000 dis-
tance matrix. The speedup values are computed rela-
tive the CCJ version on one node, which runs for 1082
seconds. The RMI version has a speedup of 59.6 on
64 nodes, slightly better than the speedup of 56.9 of
the CCJ version.

We have also calculated the source code size in
bytes of both ASP versions, after removing comments
and whitespace. The RMI version of ASP is 32 %
bigger than the CCJ version. This difference in size
is caused by the implementation of the broadcast. In
the RMI version, the broadcast contributes 48 % of
the code. The communication related code in the CCJ
version is used to partition the data among the proces-
sors, and takes about 17 % of the code.

60 ASP, CCJ —o— )
LEQ, RMI -+
50 |- LEQ, CCJ -0
o 40
=]
®
30
20 P
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Figure 3: Speedup for ASP and LEQ

4.2 Linear Equation Solver

Linear equation solver (LEQ) is an iterative solver
for linear systems of the form Az = b. Each iteration
refines a candidate solution vector z; into a better so-
lution x; 1. This is repeated until the difference be-
tween z;41 and z; becomes smaller than a specified
bound.

The program is parallelized by partitioning a dense
matrix containing the equation coefficients over the
processors. In each iteration, each processor produces
a part of the vector x, 1, but needs all of vector z; as
its input. Therefore, all processors exchange their par-
tial solution vectors at the end of each iteration using
an allgather collective operation. Besides exchanging
their vectors, the processors must also decide if an-
other iteration is necessary. To do this, each processor
calculates the difference between their fragment of
Zi+1 and z;. Anallreduce collective operation is used
to process these differences and decide if the program
should terminate.

Figure 3 shows the results for a 1000x1000 matrix.
All speedup values are computed relative the CCJ ver-
sion on one node, which runs for 1716 seconds. In
the RMI version, the vector fragments and values to
be reduced are put in a single object, which is broad-
cast using a binary tree. Each processor can then lo-
cally assemble the vector and reduce the values. In
the CCJ version of LEQ, both the allgather and allre-
duce collective operations can be called directly from
the library. With the efficient allgather and allreduce
implementations of CCJ, the CCJ version achieves a
speedup of 26.9 on 64 nodes, compares to only 11.4
of the RMI version.

The RMI version of LEQ is 72 % larger than the
CCJ version. This is is caused by the communication
code, which makes up 67 % of the RMI version, but
only 29 % of the CCJ version.

5 Reated work

There are many other research projects for parallel
programming in Java [2, 3, 12]. Most of them, how-
ever, do not support collective communication. Taco
[11] is a C++ template library that implements col-
lective operations. JavaNOW [13] implements some
of MPI’s collective operations on top of a Linda-like
entity space; however, performance is not an issue.

In our previous work on parallel Java, we im-
plemented several applications based on RMI and
RepMI (replicated method invocation) [8, 9, 14].
There, we identified several MPI-like collective op-
erations as being important for parallel Java applica-
tions. We found that collective operations both sim-
plify code and contribute to application speed, if im-
plemented well. CCJ implements efficient collec-
tive operations with an interface that fits into Java’s
object-oriented framework.

An alternative for parallel programming in Java is
to use MPI instead of RMI. MPJ [4] proposes MPI
language bindings to Java.  This approach has the
advantage that many programmers are familiar with
MPI and that MPI supports a richer set of communica-
tion styles than RMI, in particular collective commu-
nication. However, the current MPJ specification is



intended as “...intial MPI-centric API” and as “...a
first phase in a broader program to define a more Java-
centric high performance message-passing environ-
ment.” [4] CCJ is intended as one step in this direc-
tion.

6 Conclusions

We have discussed the design and implementation
of CCJ, a library that integrates MPI-like collective
operations in a clean way into Java. CCJ allows Java
applications to use collective communication, much
like RMI provides two-party client/server communi-
cation. In particular, any data structure (not just ar-
rays) can be communicated. Several problems had to
be addressed in the design of CCJ. One issue is how to
map MPI’s communicator-based process group model
onto Java’s multithreading model. We solve this with
a new model that allows two-phase construction of
immutable thread-groups at runtime. Another issue
is how to express user-defined reduction operators,
given the lack of first-class functions in Java. We use
function objects as a general solution to this problem.

CCJ is implemented entirely in Java, using RMI
for interprocess communication. The library thus can
run on top of any Java Virtual Machine. For our per-
formance measurements, we use an implementation
of CCJ on top of the Manta system, which provides
efficient RMI. We have implemented two parallel ap-
plications with CCJ and we have compared their per-
formance and code complexity with RMI versions of
the same applications. The results show that the RMI
versions are significantly more complex, because they
have to set up spanning trees in the application code
to do collective communication efficiently. For one
application (ASP), the RMI version is 4 % faster than
the CCJ program. For the other program (LEQ), the
CCJ version is significantly faster, up to a factor 2.4.
In conclusion, we have shown that CCJ is an easy-to-
use and efficient library for adding MPI-like collec-
tive operations to Java.
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