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Abstract

Java is a programming language designed with concur-
rency in mind from its inception. However, the synchroniza-
tion mechanism provided is a restricted version of Hoare’s
Monitors, being too low level for most applications.

In this paper we propose a high level synchronization
mechanism for Java, based on Ada’s Rendez-Vous, adapting
the notation and semantics to Java. The result is a nice and
readable notation to control concurrency, even cleaner than
the Ada original version.

The Rendez-Vous syntax adds only one statement to Java,
and we developed a preprocessor to translate the new state-
ment to pure Java, using a class library which supports mes-
sages. Our implementation is available for downloading
over the Internet.

Keywords: Concurrency, Rendez-Vous,Java, Threads,
Synchronization

1. Introduction

Java[2] is oneof thefew programminglanguagesinclud-
ing concurrency from its design,not only in the language,
but alsoin its classlibrary. For that reason,many Java ap-
plicationsuseconcurrency asa programmingtool.

Concurrent programming presents two fundamental
problems:

(i) concurrentaccessto a sharedresource(asa memory
datastructure)mustbe synchronizedto avoid incon-
sistencies.

(ii) execution progressin different threads sometimes
needs to be controlled, defining synchronization
points.

The tool provided by Java to solve both problemsis a
restrictedversionof Hoare’sMonitors[5] whichwewill call
�
Thiswork hasbeenpartially fundedby FONDEFproject1064.

Java’s Monitors[6]. Section2 discussesthis mechanismin
detail. EvenasJava’s Monitorssolveproblem(i) correctly,
we claim that they areunsuitableto solve problem(ii) in a
generalway. An exampleis givenasappendix.

The Ada[1, 7] programminglanguageintroducedthe
Rendez-Vous concept as its basic synchronizationtool.
Rendez-Vous is basedon a messageexchangeparadigm
(send/receive/reply)but usesa syntaxcloserto a function
call, providing type checking. It is a high level construct,
requiringsomesupportfrom thelanguage,becauseit is re-
latedto functioncall andreturn.

In this paperwe show how to enrichJava with Rendez-
Vous,andwe claim that the resultis clearer, moreelegant
andsimpler to usethat the primitive Java’s Monitor. In a
senseit is evenbetterthantheoriginal Ada’s notation,be-
causeJava objectorientationhelpsto simplify somecon-
structs.

In section3 wesummarizetheconceptof Java’sRendez-
Vous and in section 4 we describethe syntactic exten-
sions neededto include Rendez-Vous in Java. In sec-
tion 5 we solve a few well-known synchronizationprob-
lems with Java’s Rendez-Vous to stressthe eleganceand
simplicity of our proposal. Section6 presentsour im-
plementationof a preprocessorwhich takes code writ-
ten in Java enriched with Rendez-Vous and produces
pure Java. Togetherwith a class library implementing
message-passingof obects in Java, it is available over
theInternetat http://www.dcc.uchile.cl/˜lmateu/

rendezvous.html .
Section7 and8presentsfutureworkandtheconclusions.

2. Java’s Monitors

Themechanismprovidedby Javato synchronizethreads
is Java’s Monitors[6]. In general,a sharedobjectis imple-
mentedin aMonitorandwewill call it aserver. Thethreads
thatcall theMonitor methodswill becalledclients.Oneof
thestrengthsof thissolutionis thattheclientprogramming
is simple.

For example,wecanconsidertheBuffer management
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betweenproducersandconsumers.TheBuffer is aserver
andproducersandconsumersareits clients. TheBuffer
is implementedusingJava’s Monitorsandcontrolsconcur-
rency betweenall theclients.

The clients arevery simple, as all the synchronization
detailsarehiddenin theserver. They just call a method,as
shown:

Producer Consumer
buffer.put(item) ; Item item=buffer.get();

However, thissimplicity in theclientpaysapricein com-
plexity in the Monitor’s code. The main problemis that
Java’sMonitorsarenot threads,they arepassiveobjectsbe-
longingto a classwith someof their methodsmarkedwith
asynchronized attribute.Thisattributeguaranteesmu-
tual exclusionin theMonitor’sexecution.As anappendix,
we show a Java’s Monitor solution to the buffer manage-
mentproblem.We find that thesolutionis difficult to read
andto program.It is alsoinefficient,becauseweareforced
to useonly onesharedcondition,awakeningall thewaiting
processesandtestingthe condition in while statements.
We invite the readerto proposebetter solutions,but we
claim thatJava’s Monitorsareunsuitedfor high level syn-
chronizationin object orientedprograms,generatingpro-
gramsdifficult to understandandto maintain.

3. Java’s Rendez-Vous

The basic synchronizationmechanismin Ada is the
Rendez-Vous[1, 7] betweenthreads(tasksin theAda’s jar-
gon).Rendez-Vousis amessage-passingparadigmbetween
threads,but usinga notationcloserto functioncall andre-
turn. In this sectionwe presenttheadaptationof this con-
ceptinto Java throughtheBuffer managerproblem,andin
thenext sectionwe will formalizethesyntacticextensions
neededto beaddedinto thelanguage.

As in Ada,wewill useaninstructionselect to receive
themessagesin theserver, andin theclientwewill keepthe
objectinvocationsyntaxto sendthe messages.For exam-
ple,to sendtherequeststo theBuffer manager, producers
andconsumerswill continueto usethesamesyntaxaswith
Java’sMonitors:

Producer Consumer
buffer.put(item) ; Item item=buffer.get();

However, thesemanticsarenot thesame:theclientsare
sending a messageto a thread(andnot invokinga synchro-
nizedmethod)andbuffer isathread,notapassiveobject.
Thesenderthreadof a messageremainsblockeduntil a re-
ply is sentbackto it from buffer . Thissemanticsis very
closeto blockingmessages,asproposedin Thoth[3] andthe
V-system[4], but it alsoincludesmessagetags(themethod

invoked)andthetypecheckingof functioncall andreturnin
high-level languages.

The main differencewith Java’s Monitors appearsat
the Buffer implementation,being now an independent
thread,receiving messagesin a loopservingtherequests:

public class Buffer extends ServerThread
{

private int size;
private Item itemArray[];
private int count=0, in=0, out=0;

// Declare the two types of messages
public message Item get();
public message void put(Item item);

// Constructor
public Buffer(int isize)
{

size= isize;
itemArray= new Item[size];
start();

}
// Server Thread
public void run()
{

for(;;)
{

select // Receive a Message
{

when( count > 0 )
accept Item get()

{ // it is a get message
Item item = itemArray[out];
out = (out+1)%size;
count--;
reply(item);

}

when( count < size )
accept void put(Item item)

{ // it is a put message
itemArray[in] = item;
in = (in+1)%size;
count++;
reply();

} } } } }

The instruction select receives and processesone
message. In this case, it receives messagesof type
put(Item) or get() .

Theexecutionof select is asfollows: first thewhen
conditions are evaluatedto decide which type of mes-
sagesareacceptable,thenthe queueof pendingmessages
is scannedlooking only for acceptabletypes. If noneis
available, the threadis stoppeduntil an acceptablemes-
sagearrives. For example, when the buffer is empty
(count==0) only put(Item) messagesareaccepted.
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From thesetof acceptablemessages,thefirst in arrival
orderis acceptedandthecorrespondinginstructionsareex-
ecuted.Therestwill bereceivedin futurecallsto select .

Insideanaccept , thereply instructionsendsa mes-
sagebackto the original senderwith a resultvalueif any.
For example, the value returnedby buffer.get() in
the client correspondsto the valuepassedas argumentto
reply(item) in theserver’s implementationof message
get() .

We claim that this semanticsis easierto understandand
to usethanJava’s Monitors. In particular, buffer being
now a threadby itself, it’s easierto seewhat is happen-
ing after a reply , whereboth client andserver areexe-
cutingconcurrently. In contrast,in Java’s Monitors,aftera
notify , executioncannotcontinueconcurrently(because
Monitorsareregionsof mutualexclusion),andthequestion
is which threadwill executenext

�
, beingimportantsome-

timesto guaranteethecorrectnessof thesolution.

4. The select Statement

We proposeto addthe following statementto the Java
language:select .

4.1. Syntax

select : select
�����	� � �
�	����
�
�
��

delay
msg : accept method-def

| when (bool-exp) accept method-def
delay : // empty

| delay (time-exp)
�

instructions
�

The select construct is only valid inside a class
which extendsthe ServerThread class

�
. The compo-

nentmethod-def hasthesamesyntaxasa standardmethod
declaration,with its formal parameters,return type, local
variablesandbody. Thenameandsignatureof thismethod
definesthe type of messagebeingaccepted.The compo-
nentdelay is optionalandis usedto definea maximum
blockingtime.

A classmust declareall the messagetypes to be ac-
cepted.This is doneby declaringexplicitly methodswith
the attribute message and with the nameand signature
of the messagetypes. Thesedeclarationsshouldhave no
instruction body (just like the declarationof an abstract
method).

�
Theansweris specifiedin theJava’s Monitorsdocumentation,but the

programmernever remembersit.�
ServerThread is a classthat extendsThread with somefields

neededby our implementation.

We considerconvenientalsoto addaninstruction:

accept : accept method-def

asanabbreviationof:

select
�

accept method-def
�

4.2. Semantics

Whenselect determineswhichmessageis goingtobe
received,thesender’sparametersareboundto thereceiver’s
andactionsareexecuted.

The delay statementis only usefulwhenthereareno
acceptablemessagesin the queue,defining a maximum
blockingtimewaiting for a message.

If thewhen conditionis empty, it is consideredastrue.
In a select statement,it is notnecessaryto specifyall

thepossiblemessagetypes. If a threadexecutesselect and
therearemessagesin the queuebut no onematcheswith
any of themessagesaccepted(not evenwith a falsewhen
condition),themessageswill remainthereuntil the thread
executesanotherselect including them. For examplethe
Buffer managercanbewrittenas:

for(;;)
{

if (count==0)
accept put(Item item) { ... }

else if (count==size)
accept Item get() { ... }

else
select
{

accept put(Item item) { ... }
accept Item get() { ... }

} }

Not only messagescanbe acceptedin differentplaces,
eventheactionsexecutedcandiffer. Theparametersname
canalsochange,but not its type, becauseit would be an-
othertypeof message(dueto overloading).

4.3. Reply

A messageis repliedusing:

thread.reply( value)

wherethread is the receiver of the original message.
Whenthe reply is invoked inside the lexical scopeof the
receiver class,it is enoughto write reply becauseJava
automaticallyaddthis in front of thecall, corresponding
to thereceiver.
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The valuepassedto reply mustbe of the sametype
as the return value of this message. The invocation of
reply(value) resumesthe operationof the senderof
the message,returningvalue as result. In the receiver,
reply doesnotreturnavalue.Fromthispoint,senderand
receiverexecuteconcurrently.

Themessagemustberepliedby thereceiver threadand
it mustbedonewhile executingthe instructionbodyasso-
ciatedwith thereceptionof thatmessage.Thereply does
not needto be the last instructionof the accept clause.
In fact, it is betterto call it assoonaspossible,to increase
theconcurrency betweenclientandserver. Forexample,the
Buffer managerselect statementcouldberewrittenas:

select
{

when (count>0) accept Item get()
{ // it is a get message

reply(itemArray[out]);
out= (out+1)%size;
count--;

}

when (count<size)
accept void put(Item item)

{ // it is a put message
reply();
itemArray[in]= item;
in= (in+1)%size;
count++;

} }

4.4. Inheritance

Inheritancedoesnot introduceany conceptualdifficulty
to our rendezvous system: messagetypesare inherited
from thebaseclass(just likenormalmethodsareinherited),
so the derived classmay acceptthemwithout redeclaring
them.

Moreover, themeaningof redefiningamessagetypeasa
normalmethodor viceversais straight-forward. Whenthe
derivedclassredefinesa messagetypeasa normalmethod
(by specifyingan instructionbody), it meansthat a thread
invoking this methodwill executedirectly the instruction
bodywithoutany rendezvouswith theserverthread.Inside
thatmethod,theprogrammercanstill forcetherendezvous
by invokingthemethodof thebaseclass(usingsuper ).

On theotherhand,thederivedclassmayredefinea nor-
malmethodto beamessagetype,by declaringthatmethod
with the attribute message . Therefore,other threadsin-
voking this methodwill sendnow a messageto the server
classinsteadof executingit directly. However, the pro-
grammershouldpayattentionto not redefinea methodasa
messagewhenthatmethodcouldbeinvokedfrom thesame
server thread,becausethiswill bea dead-lock.

5. Examples

In this sectionwe will solve someclassicsynchroniza-
tion problemsto show thepowerof Java’sRendez-Vous.

5.1. Semaphores

Rendez-Vousis powerfulenoughto implementany other
synchronizationprimitive,suchassemaphores:

public class Semaphore
extends ServerThread

{
private int count;

public message void P();
public message void V();

public Semaphore(int icount)
{ count= icount; start(); }

public void run()
{

for(;;)
select
{

when (count>0) accept void P()
{

reply();
count--;

}
accept void V()
{

reply();
count++;

} } } }

5.2. Readers/Writers

The idea is to allow accessto concurrent readers,
but only one exclusive writer at a time to a shared
structure. The problem is solved introducing a co-
ordinator. When a reader wants accessto the struc-
ture, it calls coord.enterRead() . When it ends
its operation, it calls coord.exitRead() . On the
otherhand,thewriter usescoord.enterWrite() and
coord.exitWrite() . The coordinator decides to
which threadit givesaccess,simply replyingtheentercall
of thechosenthread.

Theproposedimplementationacceptsentriesin a FIFO
order, allowing concurrentreaderaccess.To avoid starva-
tion, oncea writer is detected,all accessis suspendeduntil
all readershaveexited.
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public class Coordinator extends ServerThread
{

public Coordinator() { start(); }

public message void enterRead();
public message void exitRead();
public message void enterWrite();
public message void exitWrite();

public void run()
{

private int readers= 0;
for(;;)

select
{

accept enterRead()
{ reply(); readers++; }

accept exitRead() // (1)
{ reply(); readers--; }

// on arrival of a writer
accept enterWrite()
{ // block this request and any

// other until all readers
// notify exit
while (readers>0)

accept exitRead() // (2)
{ reply(); readers--; }

// now let the writer continue
reply();
// and block any other reader
// or writer until the writer
// finishes
accept exitWrite() { reply(); }

} } } }

This exampleshows the power of Rendez-Vous. In (1)
the exitRead() messageis acceptedtogetherwith any
othermessage.Instead,in (2) theexitRead() message
is acceptedalone,waiting for everyreaderto leave. We can
seealsohow enterWrite() is acceptedbut its reply
is delayeduntil all theexitRead() messageshave been
processed.

5.3. Recursive Iterators

Oneinterestingexampleis to build aniteratorreturning
oneby onetheleavesof a tree:

public class TreeIterator
extends ServerThread

{
private Tree tree;

public message Leaf get();

public TreeIterator(Tree itree)
{ tree= itree; start(); }

public void run()
{

visit(tree);
accept Leaf get() { reply(null); }

}

void visit(Tree tree)
{

if (tree==null)
return;

else if (tree instanceof Leaf)
accept Leaf get()

{ reply((Leaf)tree); }
else // tree instanceof Node
{

visit(((Node)tree).left);
visit(((Node)tree).right);

} } }

We have herea server thatwill returna differentleaf at
eachinvocationof tree.get() , and null when there
arenomoreleaves.

6. Implementation

Ourimplementationof rendez-vousconsistsof (i) aclass
library for sendingandreceiving messagesand(ii) a pre-
processorwhich takescodewritten in Java enrichedwith
theselect statementandproducestheequivalentcodein
standardJavawith callsto theclasslibrary.

In this sectionwe show the codeproducedby the pre-
processor. We have beautifiedthis code for the sake of
exhibiting a more readablecode. For example,the iden-
tifiersaddedby thepreprocessorhaveunusualcharactersso
they don’t interferewith the programmers’identifiers,but
wewon’t show suchcharacters.

The implementationof the class library is straight-
forwardsowewon’t discussthis issuehere.

Thepreprocessorperformsthefollowing steps:

� A Lisp-like symbol is associatedwith eachmessage
typeappearingatany select statementinto theclass
definition.In thebufferexamplethegeneratedcodeis :

static final Symbol Item_get_void=
Symbol.make("Item_get_void");

static final Symbol void_put_Item=
Symbol.make("void_put_Item");

The main idea here is that two invocations of
Symbol.make with an equalstring shall returnthe
sameobject. This objectwill be usedfor identifying
thetypeof themessage.
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� For eachmessagetype,anadditionalclassis defined.
The senderwill put the argumentsof a messageinto
objectsof this class.This classextendsfrom a library
classwhich will also include an instancevariableto
storethe returnvalue. For the put(Item) message
of the buffer classthe preprocessorwill generatethe
following class:

public class VoidMsg_put_Item
extends VoidMsg

{ Item par0; }

For themessageget() , thepreprocessorusesthe li-
braryclassObjMsg whichincludesafield to storethe
returnedobject. No new classwill be generatedbe-
causethismessagedoesnot take any argument.

� For eachmessagetype, the preprocessoraddsa stub
methodto theoriginalclass.Thisstubwill beinvoked
by emittersto sendmessagesof that type. For the
buffer, thefollowing stubsareadded:

public Item get()
{

ObjMsg msg= new ObjMsg();
msg.setType(Item_get_void);
this.call(msg);
return (Item)msg.ret;

}

public void put(Item par0)
{

VoidMsg_put_Item msg=
new VoidMsg_put_Item();

msg.setType(void_put_Item);
msg.par0= par0;
this.call(msg);
return;

}

� The preprocessortranslatesthe select statement
into a Java standardswitch statement.In thebuffer
example,theselect statementis replacedby thefol-
lowing code:

{
reset(); // no message types accepted
// Evaluate each condition and enable
// corresponding message type
if (count>0) enable(Item_get_void);
if (count<size) enable(void_put_Item);
// save previous message (1)
Msg prevMsg= currMsg;
// Places the next message in currMsg
select();

try {
if (currMsg.type==Item_get_void)
{

... the code for get() ...
}
else
if (currMsg.type==void_put_Item)
{

VoidMsg_put_Item msg=
(VoidMsg_put_Item)currMsg;

Item item= msg.par0;
... the code for put() ...

} }
finally { currMsg= prevMsg; } // (2)

}

ThevariablecurrMsgis aninstancevariablefor theclass
ServerThreadand keepsthe messagewhich is beingpro-
cessed.

The currentmessageis saved in (1) andrestoredin (2)
for theproperworkingof nestedselects.

7. Future work

We are considering the implementationof message
forwarding[3]. With this featurea threadcanresenda mes-
sagetoathird threadwithoutbeingblockedfor areply. This
featureis importantfor building routerthreads.This kind
of threadacceptsamessage,shortlylooksat its contentand
forwardsthemessageto any threadinterestedin suchcon-
tent.Theadvantageof forwardingamessage,insteadof just
sendingit, is thattherouterdoesnotrequireareply, andcan
thereforeaccepta new messagequickly.

The main idea is to add the methodforward to the
classServerThread.This methodshallbeinvokedfrom the
actionsa threadexecutesatmessagereception:

forward(forwThread)

The new destinationof the message(forwThread )
shall acceptthe messagewith select, just as if the mes-
sagehadbeensentto it from the beginning. The method
forward returnsimmediatelywithoutwaiting for a reply,
but theoriginalsenderof themessagedoescontinuewaiting
for a messagereply.

8. Conclusions

Theeleganceof rendez-vousoverJava’sMonitorsis due
to:

� The foundation of rendez-vous is the message
metaphorwhich is well understood,simple, intuitive
anpredictable.Thisreducesthelearningtimerequired
by programmersto masterits use.
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On the otherhand,monitorsarebasedon the critical
sectionconcept,theverysimplestproblemof synchro-
nization. Wait and notify are low-level additionsto
supportgeneralsynchronization,but we really cannot
find ametaphorbehindwait or notify.

� A veryconvenientfeatureof rendez-vousis thatweac-
ceptmessagesat theplacein thecodewhereit’seasier
to acceptthem. Themessageswe arenot preparedto
acceptnow arequeuedandshallbeacceptedonothers
sectionof thecode.

Ontheotherhand,with monitorswehaveto acceptre-
questsalwaysat the beginningof the definitionentry
for that request.Thereforewriting iteratorsfor recur-
sive datastructurewith monitorscanbevery painful.
Conditionvariableshelp to delayrequestswhenthey
cannotbehonouredimmediately, but theuseof condi-
tionsin Java is limited becausemonitorscanhave just
onecondition.

In general,we claim that rendez-vousallows program-
mers to producecode which is more elegant and more
readablethat the codethey would producewith monitors.
This meansless developmenttime and less maintenance
time. The simplicity of rendez-vous over monitorsmay
evenmake threadsaccessibleto themeanprogrammer.

The syntactic integration of rendez-vous in Java is
neededbecauseits implementationthrougha classlibrary
will force programmersto packagemessageinformation
into a datastructure,whichwould bemuchlessconvenient
thanthesimplebindingof theargumentsonthesenderwith
the formal parameterson the receiver (like monitors). In
this way, our syntacticalintegrationof rendez-vousin Java
combinesthebestof typicalmessageslibrarieswith thebest
of monitors.

Themaincontributionsof thiswork arefirst to show that
Ada’s rendez-vousfits very well with Java philosophyand
secondto providea working implementationto experiment
with rendez-vousin Java.
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Appendix: Java’s Monitors Example

On the classicalsolution of the buffer problem using
monitors, there is a condition variable for blocking con-
sumerswhenthebuffer is full anda secondconditionvari-
ablefor blockingproducerswhenthebuffer is empty.

However, Java only allows one condition variable for
eachmonitor. To sharethe condition is not trivial, be-
causeraiseconditionscanarisebetweenproducersandcon-
sumers.Theproposedsolutionavoidsthis problemnotify-
ing every waiting threadeverytimethebuffer changes.On
the otherhand,the waiting threadsmustcheckin (*) and
(**) thattheir conditionsaremetin awhile statement.

public class Buffer
{

private final int size= 10;
private Item itemArray[]= new Item[size];
private int in=0, out=0, count=0;

public synchronized void put(Item item)
{

try
{ while (count==size) wait(); } // (*)
catch ( InterruptedException e ) { }
itemArray[in]= item;
in= (in+1)%size;
notifyAll();

}

public synchronized Item get()
{

try
{ while (count==0) wait(); } // (**)
catch ( InterruptedException e ) { }
Item item= itemArray[out];
out= (out+1)%size;
notifyAll();
return item;

} }

Pleasenotethatany attemptto improvetheperformance
replacingthenotifyAll by a singlenotify would al-
mostcertainlyresultin a buggysolution.
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