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Abstract: A problem-solving environment (PSE) for a distributed high-performance
computing (HPC) is proposed to help users to work on distributed computer environment.
When users access and use distributed computers for scientific computations, the PSE tells
users which computers are available and appropriate for their specific application software by
using hardware and software informations specified. Then, the users deploy their software on
the distributed computer systems. The software, which can be used later or available for other
users, is plugged and pooled in the PSE application pool in order to enhance their reusability.
The problem-solving process work flow (WF) is also stored in a case-based database (DB) in
the PSE and then the case DB can be used to suggest a WF for users to solve their problems.
The PSE may open a new flexible HPC environment.

Keywords: computer-assistant computing; distributed computing; HPC; problem-solving
environment.
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1 Introduction

In high-performance computing (HPC) and simulations in
science and technology, distributed computer systems
including GRID systems (Global Grid Forum;
Teramoto et al., 2001) are now popular and provide a
flexible and cost-effective environment. On the other hand,
the distributed computer system may be in a complex
environment of heterogeneous computer hardware and
software. However, it is quite difficult for users to know
the whole structure of the distributed computer system
they use. In a realistic and useful distributed environment,
users should be supported by assistant software

(Global Grid Forum), so that users can use the distributed
computer systems smoothly and effectively without the
knowledge of distributed computer system itself.

In this paper, a new software of problem-solving
environment (PSE) is proposed in order to support users
who work on distributed computer systems. When users
access and use distributed computers for scientific
computations, the PSE server tells users which computers
are available and appropriate for their specific application
software by using hardware and software information
specified. Then, the users deploy their software on the
distributed computer systems. The software, which can be
used later or available for other users, is plugged and
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pooled in the PSE application pool in order to enhance
their reusability. The problem-solving process work flow
(WF) is also stored in a case-based database (DB) in the
PSE and later the case DB can be used to suggest a WF for
users to solve their next problems. In addition, one of the
PSE components provides a useful tool for parallel
computations and it supports users to generate Message
Passing Interface (MPI)-based parallel computer programs.
The PSE may open a new flexible HPC environment in the
HPC world.

In Section 2, the role of PSE in distributed computing
is briefly presented, the PSE server is described in
detail in Section 3 and an example application result is
demonstrated in Section 4. Section 5 is devoted to
summary.

2 Role of PSE in distributed computer system

Distributed computer system and GRID environment
are now available for HPC and provides a new
circumstance to utilise CPUs effectively and efficiently.
In the distributed computers, users may find difficulties to
utilise the computers distributed spatially. For users it may
be quite difficult to know complete information of the
hardware located apart from the users and software
installed in the distributed system, though the information
is required for the computations. In addition, users should
also know job queue so that they can estimate when their
jobs would finish.

In order to utilise the distributed computers and/or
GRID, users require a software system to solve these
difficulties. PSE serves a solution to overcome the
difficulties. The definition of PSE is as follows: ‘A system
that provides all the computational facilities necessary
to solve a target class of problems. It uses the language of
the target class and users need not have specialised
knowledge of the underlying hardware or software’
(Gallopoulos et al., 1994). Therefore, there can be several
kind of PSE to support users in various ways. The major
aim of PSE research is to reduce time and effort required
to solve target problems (CACTUS; Houstis et al., 2000;
Kadooka et al., 2003; Konno et al., 1987; Schuchardt
et al., 2002; Umetani et al., 1987; Umetani et al., 1991).
In this paper, the PSE is a mediator between users and
middleware, for example, Globus (Globus Toolkit),
Unicore (Unicore Forum), etc., which supports a single-
sign-on system, a secure communication, retrieval of
information of hardware, software and job queue and a
distributed resource management. The PSE communicates
users directly to support them and solve the difficulties as
shown in Figure 1. Without the PSE it is difficult to
run users’ application software on computers distributed
geographically.

3 PSE server for HPC on distributed computers

3.1 Target issues of PSE server

The present research target issues of the PSE server
include the followings: (1) simple and easy execution of
users’ application programs on distributed computers.

(2) Simple and easy deploy of users’ program onto the
distributed computer environment. (3) Simple and easy
software plug-in system into the application pool in the
PSE server to provide a software-reuse environment.
In this mechanism the PSE server supports users to reuse
previous software for their own purposes. (4) Case
database (Case DB) for problem-solving WF, based on that
users can solve their problems. The WFs developed are
also stored in the PSE server for the WF reuse.
(5) Computer-assisted parallel program generation should
be supported. For this purpose, a module called NCAS is
also developed to support users to design and generate
MPI-based parallel programs. (6) The PSE server should
tell users where the computation results located in the
distributed computer system.

On the basis of the PSE server presented in this paper,
users may work smoothly on a distributed computer
system: users need not to have precise information about
hardware location behind the PSE server and execute their
software without difficulties. The PSE server holds all the
information about the distributed computer system and
manages all the information relating to hardware, software
installed, job execution, network and the location of
computation results (Figure 2).

3.2 PSE server structure

The PSE server consists of three major components: PSE
toolkit, PSE portal and application pool. The PSE portal
serves a user interface to users, who work on distributed
computer systems. The PSE toolkit provides core services
to realise the target issues shown in the preceding
subsection. The application pool stores application
software registered by the PSE toolkit and developed or
used by users.

On the other hand, users design WFs to solve their
problems on the PSE portal and the PSE toolkit manages
the WF execution as shown in Figure 3. The application
software required for the WF execution and stored in the
application pool is deployed onto a distributed computer
systems and the PSE toolkit presents the computers on

Figure 1 Positioning of PSE in one job cycle in the distributed
computer system or GRID. Users access the PSE to
run their programs through the PSE
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which the deployed application software runs. Before
selecting the computer to use, the PSE toolkit shows a
suggestion on computers among the distributed computers
available. The PSE toolkit obtains requirements for the
specific application software from the user and searches
hardware on the network-linked computers. The case DB
and the parallel program generator are included in the PSE
toolkit for the users support.

3.3 PSE toolkit

In this subsection, the core component of the PSE toolkit is
presented in detail. The PSE toolkit consists of the
following subcomponents: (1) application and application
information register, (2) a component to perform test
compile and run at the register phase in order to check if
the program can be compiled on the target CPUs,
(3) application search component to find a correct program
from the application pool, (4) application information
retriever from users, (5) application deployment, (6) a
component of WF search in and register at the application
pool, (7) a component for computer search based on the
application information retrieve and (8) parallel program
generator.

A user develops an application software or employs a
legacy software to solve his/her problem. The application
software is first registered to the PSE server by the register
component in the PSE toolkit. When it is registered, the
PSE portal asks the user to input additional information for
the application software. The input information includes
the target problem, the solving area, restrictions, input
parameters and their typical values, requirements, for
example, library packages required, compiler requirement,
memory and hard disk requirements and computer
architecture requirement. The application and application
register subcomponent in the PSE toolkit also supports
making an application portal WEB page for the input data

specification and for the explanation of the application.
Then, the registered application is stored into the PSE
application pool with the other information specified.

When the user runs the registered application, the user
obtains the hardware and software information of the
distributed computers, which should be supplied by an
administrator of the distributed computer system. At the
same time, preferable computers are suggested to the user,
if they request. In the PSE server, the application software
is first sent to the selected computers for trial compilation
in order to check if the software can be compiled on the
computers.

Next the user designs a WF for his/her whole problem
solving. The WF search and register component has the
case DB, in which user’s newly developed WFs and legacy
WFs are stored. The user can also select the legacy WF
from the case DB and modify it for his/her problem.

Then, the application is deployed onto the target
computers by the PSE deployment subcomponent. The
WF designed by the user is executed to obtain results
(Figure 3). The location of the results obtained is
announced to the user so the user can retrieve, analyse or
visualise the results.

3.4 Submodule of parallel program generation

The PSE toolkit includes a parallel program generation
subcomponent, called NCAS (Boonemee and Kawata,
1998a,b; Kawata et al., 1994). The NCAS component
helps users to generate MPI-based parallel simulation
programs based on partial differential equations (PDEs).
The NCAS capability explores possibilities to visualise
and steer the parallel program design process. At present,
NCAS supports a domain decomposition in a design of a
parallel numerical simulation program and the domain
decomposition is designed or steered by users through a
visualisation window (Figure 4). After designing the

Figure 2 PSE server for HPC on distributed computers. The PSE server consists of PSE toolkit, application pool and PSE portal.
Users access the distributed computers through the PSE portal, and the PSE toolkit provides functions required for the
execution: a WF is suggested by the case DB and the user reuses/modifies the WF. The user’s software is plugged into
the application pool, and deployed on the distributed computers. The computers are selected by the PSE toolkit and
presented to the user. On the computers specified, the user application runs, and the PSE toolkit tells the user where the
results are obtained
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domain decomposition, the parallel program itself is
designed and generated in NCAS and the designed parallel
program is visualised and steered by a PAD diagram.
In NCAS, MPI functions are employed for message
passing and a single program multiple data (SPMD) model
is supported. The visualisation and steering capabilities
provide users a flexible design possibility of parallel
programming.

The parallel program generation module of NCAS
inputs PDEs, boundary and initial conditions, parallel
program information for a domain decomposition, CPU
number employed and mesh information. All the processes
are visualised and steered in order to meet the user’s
requirement. Figure 5 shows an example of the
visualisation for a generated program by a PAD diagram.
At the same time the program generation module also
generates a document for the generated program as shown
in Figure 6, because the NCAS component keeps the entire
information from the abstract problem description,
equations, etc., as described above. The generated program
is registered in the PSE server and deployed into
distributed computers. This program generation function in
the PSE server may also help users work on parallel
programming and on the distributed computing.

Figure 3 Example WF in PSE server for HPC
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Figure 4 MPI-based parallel program generation component in
the PSE toolkit. Users can design and generate
parallel programs for PDEs-based problems, and the
processes were visualised and steered. Parallel
programs generated are registered and deployed into
the distributed computers through the PSE server
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4 Example application processing
flow and discussions

In this section, an example case is presented to
demonstrate a viability of the PSE server. In this example,
a two-dimensional heat transfer problem is solved in
parallel (Figure 7). This example was performed on
distributed computers located in a campus. First, a user
logins the PSE server. A parallel program is designed and
generated by the parallel program generation component
of NCAS (Figure 5) and is registered as shown in
Figures 2 and 8. Then, the PSE server presents candidate
computers and select the computers among them. The
application is successfully deployed and a WF is designed.
The WF is run as shown in Figure 3. Final, the results
shown in Figure 7 are obtained. Figure 7 shows an
example temperature distribution and a speedup ration
versus CPU number used and in this case homogeneous
network-liked computers were used.

In this specific example case, one application software
generated by the parallel program generation
subcomponent is employed to evaluate the PSE server. The
present version of the PSE server does not support a job
queue information retrieval, because we tested the PSE

server on distributed computers in one campus and
assumed that all the computers we used had no running
jobs on the computers beforehand. In addition, we
assumed that the target problem can be described by one
computer simulation program and therefore the present
PSE server does not support multiscale/multiphysics
simulations which are consisted of multiple programs.
In the near future these capabilities will be supported in
the PSE server as well as other services described in this
paper as GRID services (Global Grid Forum). At present
the PSE server is implemented by JAVA and the parallel
program generator is written in C++.

The PSE sever has been studied in part in a framework
of National Research Grid Initiative (NaReGI). In NaReGI
WF management system, super scheduler, middleware,
networking, security, user management and nanoscience
applications have been also studied intensively in parallel
as well as the PSE server. Therefore, at present, we employ
KSA/WI (KSA, 2002) for a WF engine.

5 Conclusion

In this paper, we presented the PSE server to help users
to work on distributed computers. The role and viability
of PSE in the distributed computer system are
demonstrated. The PSE server provides a smooth and
flexible environment in the HPC on the distributed
computers and encapsulates the complex information of
distributed system so that on the PSE server users can
perform HPC as if distributed computers are under users’
hand. The PSE server may open a new environment for
HPC world.
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