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The Computational Grid[1] is a promising platform for 
running large-scale scientific applications.  It provides a 
base software infrastructure that allows for the 
development of middleware aimed at deploying 
applications on Grid resources.  The question is, how do 
you program it---in this regard, Network-Enabled Server 
(NES) paradigm, which enables Grid-based RPC, or 
GridRPC for short is a good candidate as a viable Grid 
middleware that offers a simple yet powerful programming 
paradigm for programming on the Grid. Several systems 
that facilitate whole or parts of the paradigm are already in 
existence, such as Neos[7], Netsolve[3], Nimrod/G[4], 
Ninf[2], and RCS[6], and we feel that pursuit of a common 
design in GridRPC, as had been done for MPI for message 
passing, will bring benefits of standardized programming 
model to the Grid world.  This talk will introduce the 
NES/Grid RPC features, discuss early user experiences, 
and touch upon the Grid Data Farm project, based on Grid 
RPC, which involving processing Petabytes of collider 
accelerator data streaming over the Euro-Japanese link 
with thousands-node scale cluster possibly spread over 
several Japanese institutions.  
 Compared to traditional RPC systems, such as 
CORBA, designed for applications that facilitate non-
scientific applications, GridRPC systems offer features and 
capabilities that make it easy to program medium- to 
coarse-grained, task parallel applications that involve 
hundreds to thousands or more high-performance nodes, 
either concentrated as a tightly coupled cluster, or a set of 
them spread over a wide-area network. Such applications 
will often require handling of shipping megabytes of multi-
dimensional array data in a user-transparent and efficient 
way, as well as requiring the support of RPC calls that 
range anywhere from 100s of milliseconds up to several 
days or even weeks. There are other necessary features of 
Grid RPC systems such as dynamic resource discovery, 
dynamic load balancing, fault tolerance, security (multi-
site authentication, delegation of authentication, adapting 
to multiple security policies, etc.), easy-to-use 
client/server management, firewall and private address 
considerations, remote large file and I/O support  etc. 
These features are essentially what is needed for the Grid 
RPC systems to execute well on the Grid---features either 

missing or incomplete in traditional `closed world’ RPC 
systems ---and in fact are what are provided by lower level 
Grid substrates such as Condor[10], Globus[8], and 
Legion[9]. As such GridRPC systems either provide these 
features themselves, or builds upon the features provided 
by such substrates.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Software hierarchy 
 

 In a sense, NES/GridRPC systems abstract away much 
of the Grid infrastructure and the associated complexities, 
allowing the users to program in a style he is accustomed 
to in order to exploit task-parallelism, i.e., asynchronous 
parallel procedure invocation where arguments and return 
values are passed by value or reference depending on his 
preference. Our studies as well as user experiences have 
shown that this  paradigm is amenable to many large-scale 
applications and especially to scientific simulations. The 
difference here is that 1) because of the `open world’ Grid 
assumptions the underlying GridRPC system must be 
much more robust, and 2) the scalability of the 
applications, in terms of the exe cution time, the parallelism, 
and the amount of data involved, must scale from just one 
node with a simple LAN RPC to thousand-node task 
parallel execution involving weeks and Terabytes even to 
Petabytes of data. In the talk I will aim to demonstrate 
such benefits, both from the test cases as well as 
experiences from various application studies. 
 One challenging application and middleware project 
we are tackling now with NES/Grid RPC is the Grid Data 
Farm project. The project is collaboration among KEK 
(High-Energy Physics Lab), ETL/TACC (Electrotechnical 
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Laboratory / Tsukuba Advanced Computing Center), the 
University of Tokyo, and Tokyo Institute of Technology. 

The challenge is a so-called ‘DataGrid’ challenge, and will 
involve construction of a data processing framework that 
will handle 100Terabyte to Petabyte scale data emanated 
by the ATLAS sensor of the Large Hedron Collider 
Accelerator that will be built at CERN by 2005. The 
underling hardware will be a thousands node scale PC 
cluster, each node facilitating a near-Terabyte of storage, 
and incoming data of approximately continuous 100Mbps 
bandwidth from CERN will be systematically stored and 
will be subject to intensive processing. The Grid Data 
Farm itself is a middleware that will be built with GridRPC 
as a the major component, and will facilitate the following 
features for collider data processing as well as serving as a 
framework for other types of data-intensive scientific 
applications: 
 
l World-wide group-oriented authentication and access 

control 
l Thousands-node, wide-area resource management 

and scheduling 

l Multi-Tier data sharing and efficient access 
l Program sharing and management 

l System monitoring and administration 
l Fault tolerance / dynamic re-configuration/ 

Automated data regeneration or re-computation 
l Global file system for Petabyte scale data 
l Parallel I/O and parallel processing for fast file service 
  
Finally, for providing bulk of computational resources not 
just for the Grid DataFarm but as general compute 
resources of NES/GridRPC systems as well as wide-area 
usage of high-performance systems, our group is 
vigorously pursuing the construction of COTS clusters, 
intended to be used as a Grid nodes for future Grid 
infrastructures including the ApGrid (Asia-Pacific Grid, 
http://www.apgrid.org). Our lab currently has 6 clusters for 
variety of software development as well as simulation runs, 
ranging from the 256 processor large-scale/high-
density/`very commodity’ Presto II cluster, several 100-
node scale clusters , to highly reconfigurable ‘Plug&Play’ 
cluster.  Currently, our lab alone features over 400 
processors with aggregated peak of 500 GigaFlops, while 
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Figure.2: Overview of the Grid DataFarm 
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our collaborator at ETL/TACC has over a TeraFlop of 
cluster computing power. Details of our Grid and Clusters 
research can be found at sites http://ninf.etl.go.jp, and 
http://matsu-www.is.titech.ac.jp. 
 

 
Figure 3: 256-processor high-density Presto II cluster (left) 
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