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Abstract

We sketch a proposed reference implementation for MPJ, the Java
Grande Forum’s MPI-like message-passing API [9, 3]. The proposal re-
lies heavily on RMI and Jini for finding computational resources, creating
slave processes, and handling failures. User-level communication is imple-
mented efficiently directly on top of Java sockets.
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nt o t on

The Message Passing or ing rou of the Java rande orum as formed
about a ear ago as a res onse to the a earance of several rotot e Java
bindings for MP 1i e libraries. An initial draft for a common AP s eci cation
as distributed at u ercom uting 9 . ince then the or ing grou has met
in an rancisco and racuse. The nascent AP is no called MPJ.
Presentl thereisnocom leteim lementation of the drafts eci cation. Our
o n Java message assinginterface m iJava is movingto ardsthe standard .
The ne version 1.2 of the soft are su orts direct communication of ob ects
via ob ect seriali ation hich is an im ortant ste to ards im lementing the
s eci cationin 3. Once afe remainingo en uestions about thes eci cation
have been resolved e ill release a version 1.3 of m iJava im lementing the
ne AP .Mostli el this ill be the rst reference im lementation for that
AP although some other grou s have related e orts.
The m iJava ra ersrel on the availabilit of latform de endent native
MP im lementation for the target com uter. hile this is a reasonable basis
in man cases the a roach has some disadvantages

The t o stage installation rocedure—get and build native MP then in
stall and match Java ra ers—is tedious and robabl o utting to
ne users. stemsli e MP H made considerable strides in terms of ease
of installation on diverse latforms but historicall soft are for arallel
com uting has been relativel hard to install and con gure for di erent
latforms. Presumabl this has not facilitated its ider u ta e. n an
case the ra er a roach toim lementing MPJ aggravates matters
because it adds one more ste to this rocess.

On several occasions in the develo ment of m iJava e sa con icts be
t een the J M environment and the native MP runtime behaviour. The
situation has im roved and m iJava no runs on various combinations
of J M and MP im lementation. ome roblems remain. A ersistent
one relates to concurrent o erations involving the same Java arra . These

to be allo ed if the concurrent o erations refer to dis oint sections
of the arra . ut the a the Java ative nterface mechanism interacts

ith the data in Java arra s means that une ected results ma occur.

inall this strateg sim 1 con icts ith the ethos of Java here wure
Java rite once run an here soft are is the order of the da .

deall the rstt o roblems ouldbeaddressedb the roviders of the original
native MP  ac age. e envisage that the could rovide a Java interface bun
dled ith their and ortran bindings avoiding the the headache of se aratel
installing the native soft are and Java ra er. Also the are resumabl in
the best osition to iron out lo level con icts bet een the MP librar and the
Java runtime. Hence e can onl encourage vendors and other roviders of MP
soft are to consider releasing Java ra er soft are hich could be based on



the ublic domain m iJava for e am le along ith their core soft are. 1ti
matel such ac ages ould robabl re resent the fastest industrial strength
im lementations of MPJ.

Mean hile to address the last shortcoming listed above this re ort consid
ers roduction of a reference im lementation for MPJ. esign goals
are that the s stem should be as eas to install on distributed s stems as e can
reasonabl ma eit and that it be su cientl robust enough to be useable in an

nternet environment . ase of installation and use are s ecial concerns to us.
e anta ac agethat ill beuseablenotonl b e erienced researchers and

engineers but also in sa an educational conte t. A corollar of eas installa
tion is that the soft are should onl de end on other s stems that are idel
installed. A minimum re uirement is a Java develo ment environment includ
ing M. e ond this e assume the installation of some Jini soft are. This
technolog is relativel ne but it seems li el that it ill become ervasive in
Java a are environments.

e are b no means the rst eo le to consider im lementing MP 1i e
functionalit in ure Java and or ings stems have alread been re orted in

for e am le. The goal here is to build on the some lessons learnt in those
earlier s stems and roduce soft are that is standalone eas to use robust
and full im lements the s eci cation of 3.

ection 2 revie s our design goals and describes some decisions follo ed from
these goals. ection 3 revie s the ro osed architecture. arious distributed
rogramming issues osed b com uting in an unreliable environment are dis
cussed in ection 4 hich covers basic rocess creation and monitoring. This
section assumes free use of M and Jini. m lementation of the message
assing rimitives on to of Java soc ets and threads is covered in 5.

e are e tremel grateful to lenn Judd and ivanc incer ho freel made
the sources of their Java MP s stems available to us. arious ideas from those
s stems have been ado ted in the architecture described here and the nal
im lementation is li el borro directl from those earlier s stems.

O e es n e sons
As noted above an MPJ reference im lementation can be im lemented as

Java ra erstoanative MP im lementation oritcanbeim lementedin ure
Java. t could also be im lemented rinci all in Java 1ith afe sim le native

arti u ar y stron re uirement is that in no ir umstan es must the soft are eave
resour € astin or han ro esses ur in after an untidy termination his very undesira e
ehaviour has a e ted some ear y im ementations of P in the ast



methods to o timi e o erations li e marshalling arra s of rimitive elements
that are di cult to do e cientl in Java. n this note e ill focus on the
latter ossibilities—essentiall —ure Java although e erience ith O MA
and other s stems strongl suggests that o tional native su  ort for marshalling

ill be desirable. The aim is to rovide an im lementation of MPJ that is
ma imall ortable.

e envisage that a user ill do nload a ar le of MPJ librar classes onto

machines that ma host arallel obs. ome installation scri t referabl a

arameterless scri t is run on the otential host machines. This scri t installs
a daemon on those machines robabl b registering a ersistent activatable
ob ect ith an e isting daemon . Parallel ava codes are com iled on
an host. An rogram invo ed on that host trans arentl loads all the
user s class les into J Ms created on remote hosts b the MPJ daemons and
the arallel ob starts. The onl re uired arameters for the rogram
should be the class name for the a lication and the number of rocessors the
a lication is to run on. These seem to be an irreducible minimum set of ste s
a conscious goal is that the user need do no more than is absolutel necessar
before arallel obs can be com iled and run.

n light of this goal one can sensibl as if the ste of installing a daemon on
each host is essential. On net or s of or stations—an im ortant target
for us— ac ages li e MP H avoid the need for s ecial daemons b using the

command and its associated s stem daemon. is ensing ith the need
for s ecial installation rocedures on target hosts ould be a signi cant gain in
sim licit so this o tion needs serious consideration. n the end e decided this
is robabl not the best a roach for us. m ortant targets notabl net or s
of T s stems donot rovide as standard and often on s stems the
use of is com licated b securit considerations. Although neither M or
Jini rovide an magic mechanism for con uring a rocess out of nothing on a
remote host M does rovide a daemon called for restarting

. These need onl be installed on a host once and can be con gured to
survive reboots of the host. e ro ose to use this Java centric mechanism
on the o timistic assum tion that ill become as idel run across Java
a are latforms as is on current S stems.
An im lementation ought to be fault tolerent in at least the follo ing senses.
f a remote host is lost during e ecution either because a net or connection
brea s or the host s stem goes do n or if the J M running the remote MPJ
tas halts for some other reason eg occurrence of a Java e ce tion or if the
rocess that initiated the MPJ ob is illed—in an of these circumstances—
rocesses associated ith the articular MPJ ob must shut do n ithin some
referabl short interval of time. On the other hand unless it is e licitl
illed or its host s stem goes do n altogether the MPJ on a remote host
should survive une ected termination of an  articular MPJ ob. oncurrent
tas s associated ith MPJ obs should be una ected even if the ere
initiated b the same daemon. These re uirements li el ut some restrictions
on the ortabilit of the daemon. The robabl im 1 at least the abilit to
create ane J M on demand for e am le b using to e ecute



the command. This facilit is available in the ma or o erating s stems e
target and T .
n the initial reference im lementation e ill robabl use Jini technolog 1
to facilitate location of remote MPJ daemons and to rovide a frame or for
the re uired fault tolerance. This choice rests on our guess that in the medium
to long term Jini ill become a ubi uitous com onent in Java installations.
Hence using Jini aradigms from the start should eventuall romote intero er
abilit and com atibilit bet een our soft are and other s stems . n terms of
our aim to sim lif the s stem Jini multicast discover relieves the user
of the need to create a hosts le de ning here each rocess of a arallel ob
should be run. f the user actuall to restrict the hosts unicast discover
is available. Of course it has not esca ed our attention that eventuall Jini dis
cover ma rovide a basis for much more d namic access to arallel com uting
resources.
ess fundamental assum tions bearing on the organi ation of the MPJ dae
mon are that standard out ut and standard error streams from all tas s in
an MPJ ob are merged non deterministicall and co ied to the standard out
ut of the rocess that initiates the ob. o guarantees are made about other
O o erations—for no these are s stem de endent. udimentar su ort for
global chec ointing and restarting of interru ted obs ould be useful although
e doubt that chec ointing ould ha en ithout e licit invocation in the
user level code or that restarting ould ha en automaticall
The main role of the MPJ daemons and their associated infrastructure is
thus to rovide an environment consisting of a grou of rocesses ith the
user code loaded and running and running in a a . As indicated
above the rocess grou is reliable in the sense that no should
be visible to higher levels of the MPJ im lementation or the user code. As
alread e lained artial failure is the situation here some members of a
grou of coo erating rocesses are unable to continue because other members
of the grou have crashed or the net or connection bet een members of the
grou has failed. To uote 11
o soft are technolog can guarantee the absence of failures
in hich the hole MPJ ob dies at essentiall the same time and all resources
allocated b the MPJ s stem to su ort the user s ob are released . ut total
failure should be the failure mode visible to the higher levels. Thus a
rinci al role of the base la er is to detect artial failures and cleanl abort the
hole arallel rogram hen the occur .
Once a reliable cocoon of user rocesses has been created through negoti
ation ith the daemons e have to establish connectivit . n the reference

n the short to medium term  efore inisoft areis idey insta ed e mi ht have to
rovide a version of the P referen eim ementation that isun und ed from ini esi nin
for ini roto os shou d, neverthe ess, have a ene ia in uen e on overa ro ustness and

maintaina iity Use of iniim ies use of for various mana ement fun tions
Perha s one oud e oit thet o hase ommit of the ini transa tion mode to ma e
he ointin truy faut to erant
enoti ethatan P o has some hara teristi s of asin e initransa tion
hi e interestin , this ana 0 y is not ear y usefu



High Level MPI Collective operations
Process topologies

Base Level MPI All point-to-point modes

Groups
Communicators

Datatypes

MPJ Device Level

isend, irecv, waitany, . . .

Physical processids (no groups)
Contexts and tags (no communicators)
Byte vector data

Java Socket and Thread APIs All-to-all TCP connections
Input handler threads.
Synchronized methods, wait, notify

Process Creation and Monitoring | MPJservice daemon

Lookup, leasing, distributed events (Jini)
exec java MPJSlave

Serializable objects, RMIClassL oader

igure 1  a ers of an MPJ reference im lementation

im lementation this ill be based on Java soc ets. ecentl there has been
interest in roducing Java bindingsto A 4 12. ventuall this ma rovide
a better latform on hich to im lement MP but for no soc ets are the onl

realistic ortable o tion. et een the soc et AP and the MPJ AP there ill
be an intermediate MPJ device level. This is modelled on the abstract device
interface of MP H 10 . Although the role is slightl di erent here— e don t
reall antici ate a need for multi le device s eci ¢ im lementations—this still
seems li e a good la er of abstraction to have in our design. The AP is actu
all not modelled in detail on the MP H device but the level of o erations is
similar.

e e ot e tet e

A ossible architecture is s etched in igure 1.

The bottom level rocess creation and monitoring incor orates initial nego
tiation ith the MPJ daemon and lo level services rovided b this daemon
including clean termination and routing of out ut streams. The daemon invo es



the classinane J M. is res onsible for do nloading the
user s a lication and starting that a lication. t ma also directl invo e
routines to initiali e the message assingla er. Overall hat this bottom la er
rovides to the ne tla erisareliable grou of rocesses ith user code installed.
t ma also rovide some mechanisms— resumabl M based e assume that
the hole of the bottom la er is built on M —for global s nchroni ation and
broadcasting sim le information li e server ort numbers.

The ne t la er manages lo level soc et connections. t establishes all to all
T P soc et connections bet een the hosts.

The idea of an MPJ device level is modelled on the abstract device inter
face of MP H. A minimal AP includes non bloc ing standard mode send and
receive o erations analogous to - and - and various ait
o erations—at least o erations e uivalent to - and - .
All other oint to oint communication modes can be im lemented correctl
and ith reasonable e cienc on to of this minimal set. nli e the MP H
device level e do not incor orate direct su ort for grou s communicators
or necessaril datat es at this level but e do assume su ort for message
conte ts . Message bu ers ill robabl be arra s. The device level is in
tended to be im lemented on soc et and o erations using standard
Java threads and s nchroni ation methods to achieve its richer semantics.

The ne t la er is base level MPJ  hich includes oint to oint commu
nications communicators grou s datat es and environmental management.
On to of this are higher level MPJ o erations including the collective o era
tions. e antici ate that much of this code can be im lemented b fairl direct
transcri tion of the subdirectories in the MP H release—the arts of the
MP H im lementation above the abstract device level.

oess e ton n onto n

e assume that an MPJ rogram ill be ritten as a class that e tends
. To sim lif do nloading e assume that the user class also

im lements the interface. The main rogram ill be im le
mented as an method
The default communicator is assed as an argument to . ote there is no
e uivalent of _ or _ . Their functionalit is absorbed into
code e ecuted before and after the user s method is called .
na erfect orld e might e ecute b acommandli e
hisisa han etothe P ofm i ava ,fore am e, here the method is stati
and the defaut ommuni ator is a ass varia e he a roa h here hih fo o s more
ose y or P seems to t more natura y ith , and a o s for the
ossi iity of runnin severa P  ro esses as threads in a sin e athou h roa y

that ont esu orted in the initia referen e im ementation



Jini Lookup Services

igure 2 nde endent clients ma nd daemons through the Jini
loo u service. ach daemon ma s a n several slaves.

here the o tion s eci es the number of rocessors on hich the rogram
is to e ecute. This isnt wuite ractical because there is no obvious a for
a generic method de ned in the base class to
discover the actual subclass that the command as started ith . oit
cannot dis atch instances of to remote machines. Probabl e have

to settle instead for

here no is a se arate librar class that is res onsible for starting
instances of the on remote machines.

The MPJ daemon must be installed on an machine that can host an MPJ
rocess. t ill be reali ed as an instance of the class . tisliel
to be an activatable remote ob ect registered ith a s stem daemon .
The MPJ daemon e ecutes the Jini discover  rotocols and registers itself ith
available Jini loo u services hich e assume are accessible as art of the

standard s stem environment igure 2 .

The AP of includes a remote method call along
the lines
he array assed to ony hods ommand ine ar uments

Usin an a tivata e o e t is not essentia, ut it an redu e resour es onsumed y a
daemon that is not in use, and rovides an automati ay for the daemon to e restarted
after rashes of the host system



n normal o eration a call to ill behave essentiall as

The data structure is a table of slave rocesses currentl managed
b the daemon. The daemon asses the id of the ne slave into the
command that starts the slave running. e assume the daemon is running an

M registr in hich it ublishes itself. The ort of this registr is assed to
the slave as a second argument. The rst actions of the slave ob ect are to loo
u its master in the registr then call bac to the master and install a remote
reference to itself the slave in the master s slave table . The monitor thread
in the daemon behaves essentiall as

Out ut is multi le ed to the client b calling a remote method on the
client.

The net e ect is that the client receives a remote reference to a ne slave
ob ect running in a rivate J M. n ractise a remote method
that invo es the method ill robabl be needed as ell.
The im lementation class associated ith the interface normall be

haves as follo s schematicall

its re istry

10



The method creates a remote ob ect and registers it ith its daemon b

calling a remote method on the master. ater the client calls bac
ith the method assing an instance of the actual user class. ecause
this is a seriali able ob ect it is assed b value to the remote method.

m ortantl the b te code for the user class ill be loaded b
from the code base s eci ed in the seriali ed ob ect. As discussed belo  this
ill be the of a rocess serving a t icall ver much stri ed do n
subset of the HTTP rotocol.
Hence using the d namic class loading mechanisms rovided as standard in
M e ensure that all user code is automaticall available to the remote host.

n seudocode the normal behaviour of the client is

11



The client must arrange for an b te code on the current A PATH to

be available via HTTP from a s eci ed in the
ro ert of theclient J M. nthe usual a this ill be embedded in the
seriali ed ob ect assed to the slave. A li el arrangement is for the client
rocess itself to serve the necessar  arts of the HTTP rotocol.
n the normal case the threadsterminate hen the remote meth
ods all com lete. The MPJ client rocess then terminates. As mentioned earlier
the client ob ect rovides a remote method  hich sim 1 co ies its

argument to

f an slave J M terminates une ectedl  hile the method is in
rogress a ill be assed to the thread that started the

remote call. The thread should catch the e ce tion and generate an

event. This is a Jini remote event—a subclass of . arl in the
rocess of creating a slave the MPJ daemons ill have registered themselves
ith the client as handlers for events. Their method ill

a 1 the method to the a ro riate slave ob ect.

Hence if an slave aborts  hile the net or connection sta s good all
remaining slave rocesses associated ith the ob are immediatel destro ed.

The distributed event mechanism can ra idl clean u  rocesses in the case

here some slaves disa ear une ectedl but it cannot generall reclaim re
sources in the case here the client rocessis illed during e ecution of an MPJ
ob or the daemon rocess is illed hile it has some active slaves or in the
case of net or failures that dont directl a ect the client. There is a danger
that or haned slave rocesses ill be left running in the net or .

The solution is to use the Jini leasing aradigm. The client leases the services
of each daemon for some interval and continues rene ing leases until all slaves
terminate at hich oint it cancels its leases. f the client rocess is illed

or it connection to the slave machine fails its leases ill e ire. f a clients
lease e ires the daemon a lies the method to the a ro riate slave
ob ect.

f a user rogram deadloc s it is assumed that the user eventuall notices
this fact and ills the client rocess. oon after the client s leases e ire and
the or haned slaves are destro ed. e antici ate that lease eriods ill be
relativel short b Jini standards— erha s on the order of 0 seconds.

This doesn t deal ith the resumabl less common case here a daemon
is illed hile it is servicing some MPJ ob but the slave continues to run. To
deal ith this case a daemon ma lease the service of its o n slave rocesses
immediatel after creating them. hould the daemon die its leases on its slaves
e ire and the slaves self destruct.

12



et o e e ee (o)

n this section e turn to the issue of ho to im lement MPJ once a reliable
grou of rocesses has been established. hereas the revious section as con
cerned ith true here artial failure is the overriding
concern this section is mainl concerned ith ithin
a single J M-—a reliable environment, .

e assume that the MPJ user level AP ill be im lemented on to of a
device level AP roughl corres onding to the MP  la er in MP H. The
follo ing ro erties are considered to be desirable for the device level AP

1. t should be im lementable on the standard Java AP for T P soc ets.
n the absence of this essentiall forces introduction of at least
one receive thread for each in ut soc et connection.

2. tshould bee cientl im lementable and robabl ill beim lemented
ith recisel this minimum re uired number of threads.

3. tshould be e cientl im lementable ith at leastt o rotocols

a The naive eager send rotocol assuming receiver threads have unlim
ited bu ering.

b A read to send read to receive rende vous rotocol re uiring re
ceiver threads onl have enough bu ering to ueue unserviced read
messages.

4. The basic o erations ill include and lus some
other ait and test o erations . These su ce to build legal im le
mentations of all the MP communication modes. O timi ed entr  oints
for the other modes can be added later.

5. Probabl all handling of grou s and communicators ill be outside the
device level. The device level onl has to correctl inter ret absolute
rocess ids and integer conte ts from communicators.

Ma be all handling of user bu er datat es is outside the device level.
The device level onl deals ith b te vectors.

The methods and return communication re uest ob ects. A set of

these re uest ob ects can then be assed to the method hich aits

until one of them com letes. n rinci le an number of user threads are allo ed

but e assume that a articular re uest ob ect ill not a ear concurrentl in
calls being e ecuted in di erent threads .

n this onte t, ar ua y,the i est on ernis orre t syn hroni ation

13



A communication re uest is if the communication has not et started.
As a matter of taste the im lementations of the minimal AP s etched here

do not use olling to im lement their  ait methods. f a method
s ecif ing a articular re uest has been invo ed a ma be associ
ated ith that re uest. An  ait ob ect rovides a method  hich

im lements barrier s nchroni ation bet een recisel t o threads. This can be
im lemented as follo s

ait ob ects are used for s nchroni ation bet een in ut handlers and user thr
eads. n ractise ait ob ects ill contain e tra elds relating to nominated
and selected sets of re uest ob ects and these elds ill rovide a channel of
communication bet een in ut handlers and user threads.
esides ait ob ects the rinci le means of s nchroni ation is mutual e

clusion on a single loc that controls access to the —data
structures describing the ongoing communications. The communication sets in
clude the and the . The in ut bu er contains

messages that have been acce ted b the in ut handlers but not et consumed
b the user threads. e ending on the rotocol the in ut bu er ma hold
re uest to send messages and or com lete messages containing user data. The
ending re uest set as its name im lies is the set of communication re uest
ob ects that are currentl ending.
The in ut handlers are threads—one er in ut soc et connection. These
handle all in ut from soc ets. All out ut to soc ets occurs in the conte t of
user threads.

Messages are sent immediatel b assuming unlimited s ace for data in
the in ut bu er. n ractise this rotocol is most suitable for short messages.

14



igure 3 Pseudocode for method eager rotocol

igure 4 Pseudocode for method eager rotocol

igure 5 Pseudocode for method eager rotocol
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igure  Pseudocode for in ut handler threads eager rotocol



This assumes the rotocol
1. source sends read to send
2. destination sends read to receive
3. data is e changed

ata is never bu ered although read to send messages ma be. This rotocol
isli el to be more e cient for long messages because it eliminates the need
to co data from in ut bu er to user s ace. A read to receive message can
include an identi er for the re uest ob ect at the receiving end. The sending end
can re ect this id in the header of the data ac et allo ing the in ut handler
at the receiving end to retrieve the relevant re uest hen the data arrives.



igure  Pseudocode for method rende vous rotocol

igure  Pseudocode for method rende vous rotocol

igure 9 Pseudocode for method rende vous rotocol



igure 10 Pseudocode for in ut handler threads rende vous rotocol
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