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Abstract

Computational grids are seen as the future emergent computing infrastructures. Their programming requires the use of
several paradigms that are implemented through communication middleware and runtimes. However some of these middle-
ware systems and runtimes are unable to take benefit of specific networking technologies available in grid infrastructures. In
this paper, we describe an open integration framework that allows several communication middleware and runtimes to effi-
ciently share the networking resources. Such framework encourages grid programmers to use the most suited communication
paradigms for their applications independently from the underlying networks. Therefore, there is no obstacle to deploy the
applications on a specific grid configuration.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction ulation of all physical phenomena that are involved
in the design of an aircraft requires the coupling of
As parallel and distributed systems are merging into a large number of simulation codes, in the fields of
a single computational infrastructure called the grid, structural mechanics, computational fluid dynamics,
it is foreseen that the programming of such an infras- electromagnetism, etc. Each code has its own require-
tructure will require the use of several communication ment in term of computing resources (visualization,
paradigms in a combined and coherent way. Indeed, parallel or vector computers). The codes that com-
the availability of grid infrastructures will encourage pose such an application are generally independently
the development of new applications in the field of developed. It appears very constraining to require
scientific computing that was unthinkable some years that all codes are based on the same communication
ago. With the availability of such an amount of com- paradigm, like MPI, to be able to run on a computa-
puting power, it is now envisaged to simulate more tional grid. It is more likely that each simulation code
complex physical phenomena. For instance, the sim- has its own requirement in terms of execution support.
Some of them are based on message-passing, some
- others require a shared memory abstraction (either a
* Supported by the ir_1c_entive concerted action “GRID” (ACI physical memory or a distributed shared memory).
GRID) of the French Ministry of Research. . . . .
* Corresponding author. Moreover, the gqupllng of §|mglat|on co_des requires
E-mail addresses: alexandre.denis@irisa.fr (A. Denis), the use of specific communication paradigms to trans-
christian.perez@irisa.fr (C.&Pez), thierry.priol@irisa.fr (T. Priol). fer both data and control, such as Remote Procedure
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Call (RPC) or Remote Method Invocation (RMI). top of the message-passing runtime. Moreover, there
CORBA or Java RMI are good candidates to support is no way to express the interface of a scientific code.
the coupling of codes. However, there exists several The use of such a code in another application will not
obstacles that discourage programmers from using thebe as simple as with a middleware that provides a way
available communication paradigms in their applica- to express the interface associated with a code (such
tions. Thus, they are forced to choose one against theas the IDL language of CORBA). Our project aims
others even if it is not the most suitable one. at removing the two previously mentioned obstacles

The first obstacle is that most implementations of to allow the programmers to choose the most suitable
the communication paradigms for distributed systems middleware and runtimes for the design of grid appli-
(RPC or RMI) are unable to exploit all the networks cations.
available in a grid system, such as those in paral- The remainder of this paper is divided as follows.
lel computers or PC clusters. Existing implementa- Section 2gives a short description of communication
tions of such communication paradigms were mainly middleware and runtimes that should be integrated into
based on the widely used TCP/IP communication pro- our open integration platform. I8ection 3we sketch
tocol. Implementing TCP/IP on various communica- the architecture of the PadicoTM platfori®ection 4
tion networks could be a solution to solve the problem, gives some performance results that were obtained
but suffers from huge software overhead discouraging with the PadicoTM platformSection Spresents some
the programmers from using distributed programming related works. Finally, we present some concluding
paradigms within high-performance applications. In remarks inSection 6
such circumstances, the use of RPC or RMI will re-
strict the deployment of the application on some of the
computing resources depending on the availability of 2. Communication middleware and runtimes
networks.

The second obstacle is the design of low-level com-  This section aims at giving a brief overview of sev-
munication layers for System Area Networks (SANs) eral communication middleware systems and runtimes
in parallel systems or PC clusters (Myrindi, SCI we would like to integrate into an open framework,
[12], etc.) in a grid system. Such communication lay- and draws a list of problems that such an open frame-
ers were not designed to be able to share the resourcesvork has to solve.
with several communication middleware and runtimes.

Usually, these networks are available through a sin- 2.1. Message-passing

gle communication paradigm (message-passing most

of the time). Even worse, some communication layers  Message-passing has been widely adopted as the
require that the same binary code has to be executedcommunication paradigm in the programming of
on each node of the parallel computing resource. With distributed memory parallel systems. Although in
such a restriction, it is not possible to execute two dif- the past there were various message-passing based
ferent codes on the same parallel system nor to ex- runtimes provided by the parallel systems ven-
ploit the underlying high-performance network to let dors, several projects aimed at designing a common
the two codes exchange control and data. message-passing interface. PYAT] and MPI[9] are

Thus there exists a high risk of encouraging the examples of such projects. Such runtimes allow the
programmers to use a single communication middle- sending and receiving of messages through explicit
ware or runtime for both parallel (within a simulation send and receive operations with various semantics
code) and distributed (between simulation codes) pro- (blocking or non-blocking). Messages are usually
gramming. For that purpose, one can envisage the useassociated with a type to allow a selection at the re-
of an MPI[10] implementation for a grid infrastruc-  ceiving side. Nowadays most of the parallel programs
ture. We think that this approach is not suitable for designed for distributed memory parallel systems are
several reasons. First of all, message-based runtimeshased on MPI. However, MPI was mainly designed
(e.g. MPI) were not designed to transfer the control; for parallel programming and not for distributed
it forces thus the programmer to simulate a RPC on programming.
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2.2. Distributed shared memory (DSM) over TCP/IP. From the application designer perspec-

tive, such as high-speed ORB must behave as any
DSM systemg[15,18] are seen as an alternative other ORB.

for the programming of distributed and/or parallel

systems. It gives the illusion of a single address 2.4. Supporting several communication

space in a computational infrastructure in which each middleware and runtimes

node has its own local physical memory. Although

this paradigm has had few success, we think that Supporting CORBA and MPIpoth running si-

the availability of a single address space in a grid multaneously, is not straightforward. Several access

infrastructure could simplify the programming of conflicts for networking resources may arise. For ex-

irregular applications for which data distribution is ample, only one application at a time can use Myrinet

extremely challenging, or even impossible. Current [4] through BIP[22]. If both CORBA and MPI try

DSM implementations are built on existing or specific t0 use it without being aware of each other, there

message-passing libraries. are access conflicts and reentrance issues. If each
middleware (e.g. CORBA, MPI, DSM, etc.) has its
2.3. Disgtributed objects and components own thread dedicated to communications, with its

own policy, communication performance is likely

CORBA [20] is a specification from the Object to be sub-optimal. If ever we are lucky enough and
Management Group (OMG) to support distributed there is no resource conflict, there is probably a
object-oriented applications. An application based on more efficient way than putting side by side pieces
CORBA can be seen as a collection of independent of software that do not see each other and that act
software components or CORBA objects. RMIs are in an “egoistic” fashion. In a more general manner,
handled by an Object Request Broker (ORB) which resource access should be cooperative rather than
provides a communication infrastructure indepen- competitive.
dent of the underlying network. An object interface
is specified with the Interface Definition Language
(IDL). An IDL compiler is in charge of generating a 3. PadicoTM architecture
stub for the client side and a skeleton at the server
side. Stubs and skeletons aim at connecting a client Padico is our research platform to investigate
of a particular object to its implementation through the problems of integrating several communication
the ORB. Within the ORB, several protocols exist middleware and runtimes. PadicoTM, standing for
to handle specific network technologies. The most Padico Task Manager, is the runtime of Padico. The
important protocol is Internet Inter-ORB Protocol role of PadicoTM is to provide a high-performance
(IIOP) which is used to support IP-based networks. infrastructure toplug in middleware like CORBA,
However, 1IOP was designed for interoperability and MPI, Java Virtual Machine (JVM), DSM, etc. It
offers limited performance. Fortunately, CORBA pro- offers a framework that deals with communica-
vides the ability to write an Environment-Specific tion and multi-threading issues, allowing different
Inter-ORB Protocol (ESIOP) which can handle other middlewares to efficiently cohabit within the same
network technologies. However, there are very few process. Its strength is to offer the same inter-
ESIOP implementations for specific network tech- face to very different networks. Such platform is
nologies such as those in PC clusters or parallel com- being used as a runtime for code coupling appli-
puters. Moreover, the problem is more complex as cations based on the concept of parallel CORBA
we may think. A high-performance CORBA imple- objects [8,23], that need to simultaneously use a
mentation will typically utilize SAN with a dedicated middleware (CORBA) and a runtime (MPIFig. 1
high-performance protocol. It needs to be interop- shows a typical use of PadicoTM: an application
erable with other standard ORBs, and thus should uses both MPI and CORBA at the same time.
implement both high-speed protocol for SAN and The following sections focus on the description of
standard 1IOP for interconnecting with other ORBs PadicoTM.
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Application model; thus, it is challenging to map the distributed
(pl:iessview) communication model of CORBA onto SAN such as

{ { Myrinet [4] or SCI[12].

CORBA MPI Since most communication libraries for SAN (e.g.
| | BIP [22], Madeleind2] or vendor's MPI on most ma-
v v . .
chines) require the processes on all nodes to be started

PadicoTM

at the same time, we chose that PadicoTM bootstraps
a unique binary on each node. It satisfies the SPMD
SCI | Myrinet | TCP | threads requirement of the communication library. Since we
do not want all nodes to actually run the same appli-
cation, we chose to store applications irttynami-

Fig. 1. Example of a typical PadicoTM application which uses

both MPI and CORBA. cally loadable modules. Thanks to this mechanism,
different binaries can be dynamically loaded into the
3.1. PadicoTM overview different nodes of a cluster or a parallel computer that

participates to a grid system. For example, we can load

The design of PadicoTM, derived from the soft- a CORBA server on one node and CORBA clients on
ware component technology is very modular. Every other nodes. In PadicoTM, we call this bootstrap bi-
module is represented as a component: a descriptionnaryPadico ;.-Kernel, or in shortefPuk. Once thePuk
file is attached to the binary files. PadicoTM is com- module is bootstrapped on each node, it loads the other
posed ofcore modules andservice modules. Padi-  modules and starts theruk is able to do only three
coTM core implements module management, network things: load, start and unload modules on the node it
multiplexing and thread management. PadicoTM core manages. It knows nothing about threads nor about the

comprises three moduleBuk, TaskManager andNe- network—these tasks are delegated to ThskMan-
tAccess. Services are plugged in PadicoTM core. The ager andNetAccess modules described below.
available services are: We want themodule concept to be open. We do not

restrict ourselves to binary dynamically loadable li-
braries. Actually, modules are described in a file writ-
ten in XML. This description file contains the name
of a driver able to load this module, references to
other modules for dependency checkingits andat-
tributes. A driver is a set of functions which teRuk
how to load, start and unload a given type of unit.
Different drivers may be seen as module types. For
3.2. Dynamicity example, thebi nary driver defines units as binary
shared objects (“so” libraries on Unix), thej ava
There is a network model discrepancy between the driver defines units as Java classes, orahg driver
“distributed world” (e.g. CORBA) and the “parallel defines units as being modules. Attributes are environ-
world” (e.g. MPI). Communication layers dedicated Ment variables aimed at configuring modulegg. 2
to parallelism typically use a static topologyiodes shows the description for th@RB module: it should
cannot be inserted or removed into the communicator be loaded by théi nary driver, requires thé/Sock
while a session is active. On the other hand, CORBA module, contains thé¢ i bORB. so unit and an at-
has a distributed approach: servers may be dynami- tribute for referencing the CORBA name service.
cally started, clients may dynamically contact servers.
The network topology is dynamic. High-performance 3.3. Coherent thread management
networks API are mostly biased toward the parallel

e advanced network APIMSock described inSec-
tion 3.5andcircuit in Section 3.% on top of native
PadicoTM network API;

e middleware and runtimes, namely CORBA, MPI,
and a JVM Gection 4;

e gatekeepersSection 3.7 which enable the user to
remotely steer the processes on every nodes.

It is now common that middleware implementa-
1 PVM and MPI2 address this problem but do not allow network tIONS use mUlt"threadmg_- However, mlddleware_ Sys-
management on a link-per-link basis. tems which are not designed to run together in the
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<mod name="ORB" driver="binary">
<requires>VSock</requires>
<attr label='"NameService">
corbaloc:iiop:paraski.irisa.fr:2809/NameService
</attr>
<unit>1ibORB.so</unit>
</mod>

Fig. 2. XML description for the ORB service.

same process are likely to use incompatible thread 3.4. Cooperative access to the network

policies, or simply different multi-threading packages.

An application runs into trouble when mixing several Access to high-speed networks is the more conflict-
kinds of threads. That is why PadicoTM must provide prone task when using multiple middleware systems
the plugged in middleware with a portability layer for at the same time. Some access methods require an ex-

multi-threading. clusive access to the hardware (e.g. Myrinet through
At first look, it may seem attractive to use Posix BIP) thus only one library can use it at the same time,
threads (known apt hr ead) as a foundation. How-  i.e. CORBA or MPI, not both; some networks have

ever, it has been showfb] that MPI and current limited resources which can be exhausted if differ-
implementations of Posix threads do not stack up ent libraries open separate connections (e.g. SCI); on
nicely. To deal with portability as well as performance some network hardware, several drivers are available
issues, we choose the Marcfl] multi-threading but only one is usable at a time (e.g. BIP or GM on
library. Marcel is a multi-threading library in user Myrinet).
space. It implements an N:M thread scheduling on  In the worst case, middleware cannot coexist in the
SMP architectures. Marcel has been designed to guar-same process nor on the same machine, due to network
antee a good reactivity of the application to network access conflict. In the best case, if middleware systems
I/O when used in conjunction with the Madeleif83 do not know each other, each would run its own polling
communication layer. thread so that the access to the network is competitive
The TaskManager module of PadicoTM is based and prone to race conditions.
on Marcel. Every PadicoTM modules which use To deal with low-level, portability, and performance
multi-threading are supposed to use Marcel and no issues, we chose to use Madelej8pas a foundation
other multi-threading library. This is not very con- for the NetAccess module of PadicoTM. The Made-
straining: Marcel APl is very similar to Posix threads leine communication layer was designed to bridge

API. the gap between low-level communication interfaces
The TaskManager module provides handy queues (such as BIR22], SBP or UNET) and middleware. It
for asynchronous processing Bfik operations. All provides an interface optimized f&PC-like opera-

Puk operations are performed in the same thread to tions that allows zero-copy data transmissions on high-
avoid reentrance issues at low-level. The modules out- speed networks, and is best used with Marcel threads.
side the PadicoTM core are not supposed to perform A unique polling loop managed by the PadicoTM
direct calls toPuk; they should use it through the NetAccess module dispatches incoming messages to
TaskManager API instead. ThelaskManager module modules that want access to high-speed networks.
manages system calls so that they do not block the Thus, every module use the network throulybt-
whole process. It provides hooks for polling loops Access. there is no access conflict. Moreover, there is
so that they do not compete with each other. As the no competition thanks to the unique polling loop.
TaskManager knows the threads of every modules, it In order to allow several middleware to use the net-
is able to chose a coherent policy. work, there is a need for multiplexing in some layer.
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Circuit interface . r -D-S_N_[ -~
JVM CORBA |
VSock interface \ - l..
VSock Circuit
Itiplexed Madeleine interf:
multiplexed Madeleine interface PadicoTM core
standard Madeleine interface NetAccess TaskManager
N -
Madeleine
TCP Marcel
Myrinet SCI

Fig. 3. PadicoTM modules.

Madeleine provides no more multiplexing channels
than what is allowed by the hardware; it means two
channels on Myrinet, and only one channel on SCI.
However, to deploy an arbitrary number of commu-
nication middlewares in a PadicoTM process, we
need an unbound number of logical communication
channels. TheNetAccess module multiplexes logical
“PadicoTM channels” on top of Madeleine hardware
channels. PracticallyetAccess uses one Madeleine
channel with one polling loop listening on it. The

layer adds its headers in the buffer. Thus, multiplexing
on top of Madeleine adds virtually no overhead com-
pared to middleware built on top of regular Madeleine.
We measured that the overhead is negligible.

Puk, TaskManager and NetAccess modules com-
pose PadicoTM core. Other modules are called ser-
vices. They are plugged in the PadicoTM cdféy. 3
sums up the available modules in PadicoTM.

3.5. Virtual sockets

modules that want to use Madeleine register callback
functions which are called when a message arrives. To The TCP/IP network protocol is designed for use
guarantee that the communications are deadlock-free,over a WAN. It is not well suited for use over a SAN.
callbacks are not allowed to block nor to send directly Moreover, system calls add a significant latency to the
a message on the network. However, if they need to data path. That is why we avoid as much as possible
send a reply or to wait on a condition, thaskMan- kernel-level communication libraries. However, the
ager can do it in another thread. This mechanism widespread socket interface from Berkeley is fairly
requires very few changes to existing Madeleine ap- well suited for networking. Most networking mid-
plications. Moreover, user’s applications do not want dleware use sockets; some of them heavily rely on
to use Madeleine directly; they use CORBA or MPI the concept of sockets and would require very deep
instead. Only developers of middleware for PadicoTM changes to use another communication paradigm.
need to use these callbacks. Thus, we chose to implement a socket-like interface
Multiplexing on top of Madeleine adds a header to on top of the nativeNetAccess interface, like Fast
all messages. This can increase significantly the la- Socket[24] on top of Active Messages. Our approach
tency if not done properly. We implement “headers relies on the concept ofirtual socket, that we call
combining” which enables most messages to contain VSock. It implements a subset of the standard socket
only one combined header plus the body. Headers of functions in user space on top ®etAccess, for
all logical layers are aggregated into a single low-level achieving high-performance. It performs zero-copy
packet. For each outgoing messafjietAccess allo- datagram transfer with a socket-like connection hand-
cates a buffer for headers; on top MétAccess, each shake mechanism.
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VSock is a multi-protocol communication layer with
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ate synchronization. For theul t i driver, units are

auto-selection. It automatically selects the adequate modules and the group name is given through an

protocol according to the available hardware. For inter-
operability issuesySock is able to communicate with

VSock-unaware applications using standard TCP/IP
protocol. It determines by itself whether an address

(a pair of standard IP address—port number) is reach-

able using Madeleine or if it should revert to standard
TCP. From the application point of view,Sock be-

attribute.
3.7. Remote control
For dynamically monitoring and managing modules

on each node, Padico compridelicoControl, a set
of applications to remotely steer PadicoTM processes.

haves exactly as regular sockets, even if the data pathCurrently, there are two such applications: a GUI,

is bypassed througNetAccess’Madeleine instead of
TCP/IP when possible.

Then, it is straightforward to port on top ®Sock
existing middleware based on sockets like CORBA or
a JVM.

3.6. Groups and circuits

The NetAccess module is a low-level communi-
cation layer of PadicoTM. It creates communication
channels which comprise every nodes of a cluster.

and a command-line tool for more advanced users.
Communications between these tools and PadicoTM
rely on CORBA or an XML-based RPC (the use of
SOAP is being investigated), thus allowing the design
of third-party tools.

A PadicoTM service calledjatekeeper, loaded in
PadicoTM processes, listens to incoming requests and
handles them (for example, load a module, return the
list of running modules, etc.). It is mostly a remote
interface for theTaskManager (seeSection 3.3.

For the moment, we use a single-user security pol-

However, one may want for example to deploy two icy. Security is managed through the use of session
MPI codes coupled with CORBA on a cluster. In this keys. When PadicoTM processes are launched, the
case, each MPI code spans across only a group ofsame session key is given to the user and to the gate-

nodes, though the low-level communication library
spans across all nodes.

To handle such cases, PadicoTM provides the con-

cept of logical groups of nodes, which we define as
a set of nodes. We define @rcuit as aNetAccess
communication channel restricted to a group. Thus,
higher level communication libraries such as MPI
or DSM run on acircuit. The logical topology does
not have to match the hardware topology. This is
different from creating MPI groups inside the MPI
communicator: the group is handled by PadicoTM,
thus the middleware library is loaded only on the re-

keeper. All requests tBadicoControl must contain a
session key which matches the one known by the gate-
keeper. If keys do not match, the request is not taken
into account. Thus, only the user who launched the
processes is authorized to steer them.

4. Experiments with middleware and runtimes
with PadicoTM

The MPI implementation in PadicoTM is derived
from Mpica/Madeleing2] with very few changes (use

quired nodes, and the other nodes may load any othercircuit instead of Madeleine and replace the polling
middleware (e.g. DSM). thread with a callback). The CORBA implementation
To manage modules on groups, we provide an addi- in PadicoTM is based on OmniORB3E] from AT&T.
tional driver forPuk callednul t i . Therul ti driver The porting of OmniORB on top 6fSock and Marcel
is aimed at running SPMD codes and middleware threads is straightforward. We also ported another im-
(e.g. MPI, DSM) on PadicoTM groups. Basically, the plementation of CORBA, namely MICO, to show the
mul ti driver transforms the modules it contains into  ability of PadicoTM to support various CORBA-based
SPMD modules. For example, when the user loads a middleware. However, the best performance was ob-
mul ti module, the driver forwards the request to the tained using OmniORB. The JVM module is based on
nodes of the group, performs synchronization, gathers Kaffe [14], on top ofVSock and Marcel.
and aggregates the return codes. Rillk operations Our benchmark machines are “old” dual-Pentium II
(load, start, unload) ar&PMDized, with appropri- 450 MHz machines, with Ethernet-100, Dolphin SCI
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250 , . , :
CORBA/Myrinet-2000 —+—
CORBA/SCI ---x---
MPI1/Myrinet-2000 ---*--- -
MPI/SCI g x
Java sockets/Myrinet-2000 --m-— s
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100

50

Message size (bytes)

Fig. 4. CORBA and MPI bandwidth on top of PadicoTM.

and Myricom Myrinet-1 adapters, and “more recent”
dual-Pentium 11l 1 GHz with Myricom Myrinet-2000.
The MPI module in PadicoTM gets the bandwidth
is shown inFig. 4. The peak bandwidth is excellent:
240 MB/s on Myrinet-2000 and 75 MB/s on SCI. The
latency is 13us on Myrinet-2000 and 2@s on SCI.
This performance is identical toivtn/Madeleing2]
from which PadicoTM MPI implementation is de-

when compared to the 166G latency of the ORB
over TCP/Ethernet-100. On the more recent machines
(Pentium Il 1 GHz, Myrinet-2000), the latency of
CORBA is 20u.s where MPI gets 1js.

CORBA is as fast as MPI regarding the bandwidth,
and slightly slower than MPI for latency. This latency
could be lowered if we used a specific protocol (called
ESIOP) instead of the all-purpose GIOP protocol in

rived; PadicoTM adds no noticeable overhead neither the CORBA implementation. This performance is very

for bandwidth nor for latency.

The bandwidth of the high-performance CORBA
implementation is shown iirig. 4. The benchmark
consists in a remote invocation of a method which
takes aninout parameter of variable size (sequence
of 1 ong). The peak bandwidth is 240MB/s on
Myrinet-2000, 89 MB/s on SCI, and 101 MB/s on
Myrinet-1 (not shown in figure). This performance
is very good. We reached more than 96% of the
maximum achievable bandwidth with Madeleine.

On the old machines (Pentium Il 450, SCI or
Myrinet-1), the latency of CORBA for an empty re-
mote invocation is around 3bs. It is a good point

good, though. As far as we know, OmniORB in Padi-
coTM is the fastest CORBA implementation.

Padico provides a JVM module based on Kff4].
It has been modified to use Marcel threads ¥8dck.
Thus, Java sockets can reach very good performance
when a high-speed network is availaliég. 4 shows
the bandwidth of Java sockets over Myrinet-2000.

5. Related works

Several middleware environments for managing the
network communications and multi-threading have
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emerged. However, very few take both parallel and
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is noticeably better, up to 25% than with standard

distributed paradigms into account and thus are not IIOP.

designed for general middleware integration. The
ApArTIVE Communication Environment @) [26] is
distributed-oriented; it aims at providing atG- high
level abstract and portable interface for system fea-
tures such as network and multi-threading. It does
not support high-performance networks (Myrinet,
etc.) and offers a specific API for tight integration
with a middleware built on top of it. A CORBA
implementation called TAQ16] has been built on
Ack. TAO focuses on high-performance and real-time
aspects. Its main concern is predictability. It may uti-
lize TCP or ATM networks, but it is not targeted to
high-performance networks found on clusters of PCs
such as Myrinet or SCI. Panda5] is a framework
which deals with networking and multi-threading;
it is built to support runtimes dedicated to par-
allel languages. Harnesd 7] is a framework for
high-performance distributed computing; it is built on
Java. Like PadicoTM, it considers middleware sys-
tems as plugins. For the moment, there is only a PVM
plugin in Harness and published performance mention
only plain TCP—no Myrinet nor WAN-optimized
protocols. Proteud6] is a system for integrating

6. Summary and conclusion

In this paper we have presented an open frame-
work that is able to incorporate various communica-
tion runtimes and middleware. This platform enables
the execution of applications that are based on both
distributed and parallel programming paradigms on
grid infrastructures, independently from the under-
lying networking resources. Such an approach en-
courages grid programmers to use the most suited
communication middleware and runtimes for their
applications. Although this platform adds one more
layer between the applications and the networking
resources, we showed that the additional overhead
is insignificant. Moreover, we showed that middle-
ware, such as CORBA, for distributed computing
can take benefit from high-performance network.
We also showed that CORBA can achieve roughly
the same level of performance than MPI sweeping
away prejudice concerning the performance of such a
middleware.

multiple message protocols such as SOAP and JMS PadicoTM has been implemented and is distributed
within one system. It aims at decoupling applications as free software. Check out the Padico web site at
from protocols, which is an approach quite similar http://www.irisa.fr/paris/Padicdbr more information

to ours, but at a much higher level in the protocol and to download the software and its documentation.
stack. Nexus[11] used to be the communication

subsystem of Globus. It was based on the unique

concept of global pointers which was too restrict-
ing. Nowadays, it becomes accepted thatidvi-G2
[10] built on Globus-IO is a popular communication
mechanism for grids, but only supports one API,
namely MPI.

Moreover, there are a few works about high-per-
formance CORBA. OmniORB2 had been adapted to
ATM and SCI networks. Since the code is not pub-
licly available, we only report published results. On
ATM, there is a gap of bandwidth between raw bytes
and structured data typdg21]. The bandwidth can
be as low as 0.75 MB/s for structured types. On SClI,
results are quite goofll9] (156us, 37.5MB/s) for

messages of raw bytes; figures for structured types

on SCI are not published. CrispORR3], devel-
oped by Fujitsu labs, is targeted to VIA in general
and Synfinity-0 networks in particular. Its latency
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