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Abstract

Java is a programming language designed with concur-
rency in mind fromitsinception. 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
mechanismfor Java, based on Ada’ s Rendez-\ous, adapting
the notation and semantics to Java. Theresultisa nice and
readabl e notation to control concurrency, even cleaner than
the Ada original version.

The Rendez-Vous syntax adds only one statement to Java,
and we devel oped a preprocessor to transl ate the new state-
ment to pure Java, using a classlibrary which supports mes-
sages. Our implementation is available for downloading
over the Internet.

Keywords: Concurreny, Rendez-dus,Java, Threads,
Synchronization

1. Introduction

Java[2] is oneof thefew programmindanguageclud-
ing concurrenyg from its design,not only in the language,
but alsoin its classlibrary. For thatreasonmary Java ap-
plicationsuseconcurreng asa programmingool.

Concurrent programming presentstwo fundamental
problems:

(i) concurrentaccesdo a sharedresourcglasa memory
datastructure)mustbe synchronizedo avoid incon-
sistencies.

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

The tool provided by Java to solve both problemsis a
restrictedversionof Hoares Monitors[§ whichwewill call

*Thiswork hasbeenpartially fundedby FONDEFproject1064.

Java’s Monitors[§. Section2 discusseshis mechanisnin
detail. EvenasJava’s Monitors solve problem(i) correctly
we claim thatthey areunsuitableto solve problem(ii) in a
generalway. An exampleis givenasappendix.

The Ada[l, 7] programminglanguageintroducedthe
Rendez-\Vous conceptas its basic synchronizationtool.
Rendez-¥dus is basedon a messageaxchangeparadigm
(send/receie/reply) but usesa syntaxcloserto a function
call, providing type checking. It is a high level construct,
requiringsomesupportfrom thelanguagebecausst is re-
latedto functioncall andreturn.

In this paperwe shav how to enrichJava with Rendez-
Vous,andwe claim thatthe resultis clearer moreelegant
andsimplerto usethatthe primitive Java’s Monitor. In a
sensét is evenbetterthanthe original Ada’s notation,be-
causeJava objectorientationhelpsto simplify somecon-
structs.

In section3 we summarizeéheconcepof Jasa’s Rendez-
Vous and in section4 we describethe syntactic exten-
sions neededto include Rendez-¥us in Java. In sec-
tion 5 we solve a few well-known synchronizatiorprob-
lems with Java’s Rendez-dusto stressthe eleganceand
simplicity of our proposal. Section6 presentsour im-
plementationof a preprocessowhich takes code writ-
ten in Java enriched with Rendez-¥us and produces
pure Java. Togetherwith a classlibrary implementing
message-passingf obectsin Java, it is available over
the Internetat http://www.dcc.uchile.cl/ Imateu/
rendezvous.html

Section7 and8 presentfuturework andtheconclusions.

2. Java’'sMonitors

Themechanisnprovidedby Javato synchronizehreads
is Java’s Monitors[g. In general a sharedobjectis imple-
mentedn aMonitor andwewill callit asener. Thethreads
thatcall the Monitor methodswill be calledclients. Oneof
the strengthf this solutionis thatthe client programming
is simple.

For example we canconsideitheBuffer management



betweerproducerandconsumersTheBuffer isasener
andproducersaandconsumersareits clients. The Buffer
is implementedusingJava’s Monitorsandcontrolsconcur
reng/ betweerall theclients.

The clients are very simple, as all the synchronization
detailsarehiddenin thesener. They just call amethod,as
shavn:

Consumer
item=Dbuffer.get();

Producer
buffer.put(item) ;| Item

However, thissimplicity in theclientpaysapricein com-
plexity in the Monitor’s code. The main problemis that
Java’s Monitorsarenotthreadsthey arepassve objectsbe-
longingto a classwith someof their methodsmarkedwith
asynchronized attribute. This attribute guaranteemu-
tual exclusionin the Monitor's execution. As anappendix,
we shov a Java’s Monitor solutionto the buffer manage-
mentproblem. We find thatthe solutionis difficult to read
andto program.lt is alsoinefficient, becausave areforced
to useonly onesharedcondition,awakeningall thewaiting

processesandtestingthe conditionin while statements.

We invite the readerto proposebetter solutions, but we
claim that Java’s Monitors areunsuitedfor high level syn-
chronizationin objectorientedprograms,generatingpro-
gramsdifficult to understandndto maintain.

3. Java’'s Rendez-Vous

The basic synchronizationmechanismin Ada is the
Rendez-dus[], 7] betweernthreadqtasksin the Ada’s jar-
gon).Rendez-dusis amessage-passipgradigmbetween
threadsput usinga notationcloserto functioncall andre-
turn. In this sectionwe presenthe adaptatiorof this con-
ceptinto Java throughthe Buffer manageiproblem,andin
the next sectionwe will formalizethe syntacticextensions
neededo beaddednto thelanguage.

Asin Ada,wewill useaninstructionselect toreceve
themessagei thesener, andin theclientwe will keepthe
objectinvocationsyntaxto sendthe messagesFor exam-
ple,to sendtherequestso theBuffer managemroducers
andconsumersvill continueto usethe samesyntaxaswith
Java’s Monitors:

Consumer
item=buffer.get();

Producer
buffer.put(item) ;| Item

However, the semanticarenot the same:theclientsare
sending a messagéo athread(andnotinvoking a synchro-
nizedmethod)andbuffer isathreadnotapassieobject.
The sendetthreadof a messageemainsblocked until are-
ply is sentbackto it from buffer . This semanticss very
closeto blockingmessagessproposedn Thoth[3 andthe
V-system[4, but it alsoincludesmessagéags(the method

invoked)andthetypecheckingf functioncall andreturnin
high-level languages.
The main differencewith Java’s Monitors appearsat

the Buffer implementation,being now an independent
thread receving messagem aloop servingtherequests:
public class Buffer extends ServerThread
{

private int size;

private Iltem itemArrayl];

private  int count=0, in=0, out=0;

/I Declare the two types of messages

public message Item get();
public message void put(ltem item);
/I Constructor
public  Buffer(int isize)
size= isize;
itemArray=  new ltem[size];
start();
}
/I Server Thread
public  void run()
{
for(;;)
{
select /I Receive a Message
{
when( count > 0 )
accept Item get()
{ /I it is a get message
Item item = itemArray[out];
out = (out+l)%size;
count--;
reply(item);
}
when( count < size )
accept void put(litem item)
{ /I it is a put message
itemArray[in] = item;
in = (in+1)%size;
count++;
reply();

P}

The instruction select  receves and processesone
message. In this case, it receives messagesof type
put(ltem)  orget()

The executionof select is asfollows: first thewhen
conditions are evaluatedto decide which type of mes-
sagesare acceptablethenthe queueof pendingmessages
is scannedooking only for acceptablaypes. If noneis
available, the threadis stoppeduntil an acceptablemes-
sagearrives. For example, when the buffer is empty
(count==0) onlyput(ltem) messageareaccepted.



Fromthe setof acceptablenessageghefirstin arrival
orderis accepte@ndthe correspondingnstructionsareex-
ecuted.Therestwill berecevedin futurecallsto select

Insideanaccept , thereply instructionsendsa mes-
sagebackto the original sendemwith a resultvalueif any.
For example, the value returnedby buffer.get() in
the client correspondgo the value passedas argumentto
reply(item) in the sener’'simplementatiorof message
get()

We claim thatthis semanticss easierto understanénd
to usethanJava’s Monitors. In particular buffer  being
now a threadby itself, it's easierto seewhat is happen-
ing aftera reply , whereboth client and sener are exe-
cutingconcurrently In contrastjn Java’s Monitors, aftera
notify , executioncannotcontinueconcurrently(because
Monitorsareregionsof mutualexclusion),andthequestion
is which threadwill executenext!, beingimportantsome-
timesto guarante¢he correctnessf the solution.

4. Theselect Statement

We proposeto add the following statemento the Java
languageselect

4.1. Syntax
select: select  { msg,;msg,... } delay
msg : accept method-def

| when (bool-exp) accept method-def
delay : // empty
| delay (time-exp) { instructions}

The select  constructis only valid inside a class
which extendsthe ServerThread clasg. The compo-
nentmethod-def hasthe samesyntaxasa standardnethod
declaration,with its formal parametersreturntype, local
variablesandbody. The nameandsignatureof this method
definesthe type of messagdeing accepted.The compo-
nentdelay is optionalandis usedto definea maximum
blockingtime.

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

ITheansweiis specifiedn the Jasa’s Monitorsdocumentationput the
programmenever remembersgt.

2ServerThread is a classthat extendsThread with somefields
neededy ourimplementation.

We considercorvenientalsoto addaninstruction:

accept : accept method-def

asanabbreviation of:

select {accept method-def }

4.2. Semantics

Whenselect determinesvhichmessagés goingto be
receved,thesenders parameterareboundto therecever’s
andactionsareexecuted.

Thedelay statements only usefulwhenthereareno
acceptablemessagesn the queue,defining a maximum
blockingtime waiting for amessage.

If thewhen conditionis empty it is consideredstrue.

Inaselect statementit is notnecessaryo specifyall
the possiblemessagdypes. If athreadexecutesselect and
thereare messagef the queuebut no one matcheswith
ary of the messageacceptednot evenwith a falsewhen
condition),the messagewill remainthereuntil the thread
executesanotherselect including them. For examplethe

Buffer managecanbewrittenas:
for(;;)
{
if  (count==0)

accept put(item item) { .. }
else if (count==size)

accept Item get) { .. }
else

select

{

accept put(tem item) { .. }

accept Item get) { .. }
b}

Not only messagesanbe acceptedn differentplaces,
eventhe actionsexecutedcandiffer. The parametersiame
canalsochangebut not its type, becausét would be an-
othertype of messagédueto overloading).

4.3. Reply

A messagés repliedusing:

thread.reply( value)

wherethread is the recever of the original message.
Whenthe reply is invoked inside the lexical scopeof the
recever class,it is enoughto write reply becauselava
automaticallyaddthis in front of the call, corresponding
to therecever.



The value passedo reply mustbe of the sametype
as the return value of this message. The invocation of
reply(value) resumeghe operationof the senderof
the messagereturningvalue asresult. In the recever,
reply doesnotreturnavalue.Fromthispoint,sendeand
receverexecuteconcurrently

The messagenustberepliedby the recever threadand
it mustbe donewhile executingthe instructionbody asso-
ciatedwith thereceptiorof thatmessageThereply does
not needto be the lastinstructionof the accept clause.
In fact, it is betterto call it assoonaspossibleto increase
theconcurreng betweerclientandsener. Forexample the

Buffer manageselect statementouldberewrittenas:
select
{
when (count>0) accept Item get()
{ Il it is a get message
reply(itemArray[out]);
out= (out+1)%size;
count--;
}
when (count<size)
accept void put(ltem item)
{ /I it is a put message
reply();
itemArray[in]= item;

in= (in+1)%size;
count++;

b}

4.4. Inheritance

Inheritancedoesnot introduceary conceptuabifficulty
to our rendezvous system messagedypesare inherited
fromthebaseclass(justlike normalmethodsareinherited),
so the derived classmay acceptthemwithout redeclaring
them.

Moreover, themeaningof redefiningamessagéypeasa
normalmethodor viceversais straight-forvard. Whenthe
derivedclassredefinesa messageype asa normalmethod
(by specifyingan instructionbody), it meanshata thread
invoking this methodwill executedirectly the instruction
bodywithoutary rendeavouswith thesenerthread.Inside
thatmethodtheprogrammecanstill forcetherendeavous
by invoking the methodof the baseclass(usingsuper ).

Ontheotherhand,thederivedclassmayredefinea nor
mal methodto bea messag¢ype,by declaringthatmethod
with the attribute message . Therefore,otherthreadsin-
voking this methodwill sendnow a messageo the sener
classinsteadof executingit directly. However, the pro-
grammershouldpayattentionto not redefinea methodasa
messag&henthatmethodcouldbeinvokedfrom thesame
senerthread becausehis will beadead-lock.

5. Examples

In this sectionwe will solve someclassicsynchroniza-
tion problemso shown the power of Java’s Rendez-dus.

5.1. Semaphores

Rendez-dusis powerful enoughto implementary other
synchronizatiorprimitive, suchassemaphores:

class
extends

public Semaphore

ServerThread

{

private  int count;

public
public

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

public
{ count=

Semaphore(int icount)
icount; start(); }

public  void

{
for(;;)
select

{

run()

when (count>0) accept void P()
reply();

count--;

}
accept
{
reply();
count++;

void V()

Proor}

5.2. Readers/\Writers

The idea is to allow accessto concurrentreaders,
but only one exclusive writer at a time to a shared
structure. The problem is solved introducing a co-
ordinator When a readerwants accessto the struc-
ture, it calls coord.enterRead() When it ends
its operation, it calls coord.exitRead() On the
otherhand,the writer usescoord.enterWrite() and
coord.exitWrite() The coordinator decidesto
which threadit givesaccesssimply replyingthe entercall
of thechoserthread.

The proposedmplementatioracceptentriesin a FIFO
order, allowing concurrenteaderaccess.To avoid stana-
tion, onceawriter is detectedall accesss suspendedntil
all readershave exited.



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= O0;
for(;;)
select
{
accept enterRead()
{ replyQ; readers++, }
accept exitRead() I )
{ reply(); readers--; }
/I on arrival of a writer
accept enterWrite()
{ /I block this request and any
/I other until all readers
/I notify  exit
while  (readers>0)
accept exitRead() I (2
{ reply(); readers--; }
/I now let the writer continue
reply();
/I and block any other reader
/I or writer until the writer
/I finishes
accept exitWrite() { reply(); }
Py oo}

This exampleshaws the power of Rendez-dus. In (1)
theexitRead() = messages acceptedogetherwith any
othermessagelnstead,n (2) theexitRead() = message
is acceptedlone,waiting for every readetito leave. We can
seealsohow enterWrite() is acceptedbut its reply
is delayeduntil all theexitRead() = messagebave been
processed.

5.3. Recursive lterators

Oneinterestingexampleis to build aniteratorreturning
oneby onetheleavesof atree:

Treelterator
ServerThread

class
extends

public

{

private Tree tree;

public message Leaf get();

public
{ tree=

Treelterator(Tree
itree; start(); }

itree)

public  void

{

visit(tree);

accept Leaf get()
}

run()

{ reply(null); }

void visit(Tree

{

if  (tree==null)
return;
else if
accept

tree)

(tree  instanceof

Leaf get()

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

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

Leaf)

}rod

We have herea sener thatwill returna differentleaf at
eachinvocationof tree.get() , andnull  whenthere
areno moreleaves.

6. Implementation

Ourimplementatiorof rendez-wusconsistof (i) aclass
library for sendingandreceving messageand (i) a pre-
processomvhich takes codewritten in Java enrichedwith
theselect statemenandproducegheequialentcodein
standardlavawith callsto the classlibrary.

In this sectionwe shav the code producedby the pre-
processar We have beautifiedthis code for the sale of
exhibiting a more readablecode. For example,the iden-
tifiersaddedby thepreprocessdnave unusuakharacterso
they don't interferewith the programmersidentifiers,but
wewon’t shaw suchcharacters.

The implementationof the class library is straight-
forwardsowe won'’t discusshisissuehere.

The preprocessagperformsthefollowing steps

e A Lisp-like symbolis associatedvith eachmessage
typeappearingtary select statemeninto theclass
definition. In thebuffer examplethegeneratedodeis:

static final  Symbol Item_get_ void=
Symbol.make("ltem_get_void");

static final  Symbol void_put_ltem=
Symbol.make("void_put_Iltem");

The main idea here is that two invocations of
Symbol.make with anequalstring shall returnthe
sameobject. This objectwill be usedfor identifying
thetypeof themessage.



e For eachmessageype, anadditionalclassis defined.
The sendemwill put the agumentsof a messagento
objectsof this class.This classextendsfrom a library
classwhich will alsoinclude an instancevariableto
storethereturnvalue. For the put(ltem)  message
of the buffer classthe preprocessowill generatehe
following class

class
extends
{ ltem par0; }

public VoidMsg_put_Item

VoidMsg

For themessageet() , thepreprocessousestheli-

braryclassObjMsg whichincludesafield to storethe
returnedobject. No new classwill be generatede-
causehis messageloesnottake ary argument.

e For eachmessageype, the preprocessoaddsa stub
methodto theoriginal class.This stubwill beinvoked
by emittersto sendmessage®f that type. For the
buffer, thefollowing stubsareadded

public

{
ObjMsg msg= new ObjMsg();
msg.setType(ltem_get_void);
this.call(msg);

Iltem get()

return  (Item)msg.ret;

}

public  void put(item  parO)
{

VoidMsg_put_Iltem msg=

new VoidMsg_put_ltem();
msg.setType(void_put_ltem);
msg.parO=  parO;
this.call(msg);
return;

}

e The preprocessotranslatesthe select statement
into a Java standardswitch ~ statementlin the buffer
example theselect statemenis replacedy thefol-

lowing code:

{
reset(); /I no message types accepted
/Il Evaluate each condition and enable

/I corresponding
if  (count>0)

if (count<size)
/I save previous

message type

enable(ltem_get_void);

enable(void_put_lItem);
message (1)

Msg prevMsg= currMsg;
/I 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_Iltem msg=
(VoidMsg_put_ltem)currMsg;
Iltem item= msg.par0;
the code for put()

b}
finally

}

{ currMsg= prevMsg; } /I (2)

ThevariablecurrMsgis aninstancevariablefor theclass
SenerThreadand keepsthe messagevhich is being pro-
cessed.

The currentmessagés savedin (1) andrestoredn (2)
for the properworking of nestedcselects.

7. Future work

We are consideringthe implementationof message
forwarding[3. With this featureathreadcanresenda mes-
sagedo athird threadwithoutbeingblockedfor areply. This
featureis importantfor building routerthreads. This kind
of threadacceptsa messageshortlylooksatits contentand
forwardsthe messageo ary threadinterestedn suchcon-
tent. Theadwantageof forwardingamessageansteacbf just
sendingt, is thattherouterdoesnotrequireareply, andcan
thereforeaccepta new messageuickly.

The mainideais to add the methodforward to the
classSenerThread This methodshallbeinvokedfrom the
actionsathreadexecutesat messageeception

forward(forwThread)

The new destinationof the messaggforwThread )
shall acceptthe messagewith select,just asif the mes-
sagehadbeensentto it from the beginning. The method
forward returnsimmediatelywithoutwaiting for areply,
but theoriginalsendenf themessagedoescontinuewaiting
for amessageeply.

8. Conclusions

Theeleganceof rendez-wusover Java’s Monitorsis due
to:

e The foundation of rendez-wus is the message
metaphomwhich is well understoodsimple, intuitive
anpredictable Thisreduceghelearningtimerequired
by programmers$o masterits use.



On the otherhand, monitorsare basedon the critical
sectionconceptthevery simplestproblemof synchro-
nization. Wait and notify are low-level additionsto
supportgeneralsynchronizationbut we really cannot
find ametaphombehindwait or notify.

¢ A verycorvenienffeatureof rendez-wusis thatwe ac-
ceptmessageattheplacein thecodewhereit’s easier
to acceptthem. The messagewe arenot preparedo
accephow arequeuecandshallbeacceptean others
sectionof thecode.

Ontheotherhand with monitorswe haveto accepte-
guestsalways at the beginning of the definition entry
for thatrequest.Thereforewriting iteratorsfor recur
sive datastructurewith monitorscanbe very painful.
Conditionvariableshelp to delayrequestavhenthey
cannotbehonouredmmediatelybut theuseof condi-
tionsin Javais limited becausenonitorscanhave just
onecondition.

In general,we claim that rendez-wusallows program-
mersto producecode which is more eleggant and more
readablethat the codethey would producewith monitors.
This meansless developmenttime and less maintenance
time. The simplicity of rendez-wus over monitors may
evenmale threadsaccessibléo themeanprogrammer

The syntactic integration of rendez-wus in Java is
neededbecausats implementatiorthrougha classlibrary
will force programmerdo packagemessagenformation
into adatastructure which would be muchlesscorvenient
thanthesimplebindingof theargumentonthesendewith
the formal parameter®n the recever (like monitors). In
this way, our syntacticalintegrationof rendez-wusin Jaa
combineghebestof typicalmessagekbrarieswith thebest
of monitors.

Themaincontritutionsof thiswork arefirst to shov that
Ada’s rendez-wusfits very well with Java philosophyand
secondo provide aworking implementatiorto experiment
with rendez-wusin Java.
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Appendix: Java’'s Monitors Example

On the classicalsolution of the buffer problem using
monitors, thereis a condition variablefor blocking con-
sumerswhenthe buffer is full anda secondconditionvari-
ablefor blocking produceravhenthe buffer is empty

However, Java only allows one condition variable for
eachmonitor To sharethe condition is not trivial, be-
causeaaiseconditionscanarisebetweemproducerandcon-
sumers.The proposedsolutionavoids this problemnotify-
ing every waiting threadeverytimethe buffer changes.On
the otherhand, the waiting threadsmustcheckin (*) and
(**) thattheirconditionsaremetin awhile statement.

public  class Buffer
private  final int size= 10;
private Item itemArray[]= new ltem[size];

private  int in=0, out=0, count=0;

public
{
try
{ while (count==size) wait(); Y oILO®
catch ( InterruptedException e) {}
itemArray[in]= item;
in=(in+1)%size;
notifyAll();
}

synchronized void put(ltem  item)

public

{
try
{ while (count==0)
catch ( InterruptedException
Iltem item= itemArray[out];
out= (out+1)%size;
notifyAll();
return  item;

ol

Pleasenotethatary attemptto improvetheperformance
replacingthe notifyAll by a singlenotify  would al-
mostcertainlyresultin a buggysolution.

synchronized Item get()

wait(); } /1 (™)
e) {1}



