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Abstract 

 

The goal of our project is to design and develop a problem-solving environment (PSE) that will help computational 

scientists and engineers develop large complicated application software and simulate complex phenomena by using 

networking and parallel computing. The integrated platform, which is designed for PSE in the Japanese national 

project of Frontier Simulation Software for Industrial Science, is defined by supporting the entire range of problem 

solving activity from program formulation and data setup to numerical simulation, data management, and 

visualization. A special feature of our integrated platform is based on a new architecture called TASK FLOW. It 

integrates the computational resources such as hardware and software on the network and supports complex and 

large-scale simulation. This concept is applied to computational material design and the project ‘comprehensive 

research for modeling, analysis, control, and design of large-scale complex system considering properties of human 

being.’ Moreover this system will provide the best solution for developing large and complicated software and 

simulating complex and large-scaled phenomena in computational science and engineering.  
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1.Introduction 

 

It is the time of the important technical innovation of computational science and engineering now. The greatest feature 

of this technical innovation is enabled it to analyze the complicated and large-scale problems by the development of 

hardware, software, and information technology accumulated for these 50 years. By using parallel computers with 

distributed memories, while the improvement in a performance of a CPU was attained, a memory and storage size 

also increased by leaps and bounds. As compared with ENIAC, the performance of a computer is improving by about 

100 billion times with floating point operations per second, and is improving by about 10 billion times with the 

memory and storage size. We believe that the peak performance of a computer will improve by 10 or more times in 

five years, and its storage size also continues to become larger at the same ratio. Moreover, the amounts of the 

knowledge containing data and software, which was accumulated on networks such as the Internet, is increasing 

greatly in the past five years, and everyone can access them now easily. Against the background of such progress, the 

computational science and engineering is in a new stage of the technical innovation. 

 

The main subject, which computational science and engineering should challenge in this technical innovation, is to 

analyze the complicated and large-scale phenomenon based on the development of high performance computers and 

information technologies. The important technology is to integrate software and database, etc. In order to realize the 

integration, while multi-physics and multi-scale simulations are required in respect of a numerical solution method, 

task parallel processing and the distributed computing on networks are required in information technology. It is most 

important to establish the technologies, which integrate on a network the software, and data bases which have been 

accumulated over the past 50 years. The research and verification of a distributed computing environment has been 

done in many projects such as Grid or ITBL (a project of Information Technology Based Laboratory in Japan). In 

order to analyze a complicated and large-scaled phenomenon, it is required to integrate efficiently various 

computational resources such as hardware, software, data, and knowledge distributed on the network. 

 

However, when promoting this technical innovation, new technical difficulty has occurred. It is the problem that the 

progress of software cannot follow progress of hardware. For example, software technologies for parallel processing 

technology including task parallel is immature and cannot be followed the advanced parallel computers. Moreover, it 

is one of the most difficult problems that how the essential knowledge is extracted from the huge knowledge 

distributed on a network. Furthermore, developments of large-scale and the complicated software are still more 

difficult, and are lapsing into a critical situation. The difficulty of the software development, which is summarized by 

E.Yourdon, is shown in Table 1 [1]. Because the advanced software of computational science and engineering become 

large-scaled and complicated, the present technology has reached the limitation As Figure 1 shows the delay of the 

development from the plan in the U.S. large-scale software development, it has required the twice as many 

development period as a plan [2]. The half of the large-scale development was stopped, which was shown in Figure 2 

as the cancellation ratio of a development project [2].  

 

Table.1 The difficulty of the software development[1] 
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Software size Difficulty Person Period 
A thousand lines Very easy One person Weeks 

Ten thousand lines Easy 2 or 3 persons Half year 
One hundred lines A little difficult About ten persons Some years 
One million lines Difficult About hundred persons Several years 
Ten million lines Impossible Inexperience Inexperience 

Ten million or more An irrational scale Inexperience Inexperience 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 the difference of planned and actual schedule [2]  Figure.2 The cancellation probability of the project[2] 

 

 

2.Requirements for PSE 

 

Although it is the time of fast progress in the field of computational science and engineering, in order to realize 

technical innovation by using high performance hardware’s and information technologies effectively, the big 

breakthrough is required in respect of software development. There are many difficulties also about the large-scale 

software development in a single computer. Although the analysis of larger-scale and complicated problems are 

possible now, we will faced big difficulty about development and use of software in the distributed computing 

environment on a network. Not only the middleware developed in some projects such as Grid or ITBL but the 

software system, which supports development of, becomes indispensable. This software system is called PSE 

(Problem Solving Environment). In research and development of the U.S. large-scale project about advanced 

computing, PSE is positioned as one of the most important problems. 

 

On a high-speed computer network, in order to realize an integrated platform, the function shown below is 

indispensable. 

(a) The function for integrating the computing resources (software, data, etc.) distributed on the network, and 

developing advanced and complicated software system, 

(b) The function for reproducing correctly the complicated analysis carried out in the past. Namely, the function, 
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which saves an analysis procedure, the software, data, parameter, results, and etc., can reproduce the analysis 

correctly, 

(c) The function that can access many computing resources on the computer network freely, 

(d) The function that accumulates and manages huge data efficiently on a network, and can access required data when 

required, 

(e) Innovative human interfaces, such as visualization, 

(f) The development tool of task parallel processing software, 

(g) The steering function that controls a large-scale simulation interactively, 

(h) The work bench which can make full use of all the above functions, 

which was described in [3]. 

 

In this paper, PSE is defined as "the computing environment for system development, the setup of analysis, 

accumulation and visualization of results, and post-processing." The integrated platform described in this paper is PSE 

for the software in Frontier Simulation Software for Industrial Science (FSIS) project supported by Information 

Technology program of Ministry of Education, Culture, Sports, Science and Technology (MEXT) in Japan. This 

project investigates the five research topics of computational science, which leads a new generation industries. Five 

topics are 1) Quantum chemical simulation -The next generation- for direct analysis of proteins, 2) Quantum 

molecular interaction analysis for receptor-ligand docking, 3) Nano-scale device simulation for new generation LSI 

design, 4) Fluid dynamics simulation -The next generation- for turbulence, combustion and multiphase flows in 

energy problems, 5) Structural analysis -The next generation- for supporting complex and multi-scale structure design. 

Software systems for Tera-scale computation of these scientific and engineering simulations are developed for 

promoting practical developments of original fundamental researches in each field. 

 

 

3.Development of the integrated platform 

 

3.1.Purpose of the integrated platform 

 

Although it is common recognition that an integrated platform with functions (a) - (h) in the previous section is 

indispensable, the methodology to solve the problems is not yet established. Although development of middleware 

such as CORBA, and standardization of the data exchange by XML are done, these are the technology for the level of 

data communication. A more important problem is developing PSE, by which enable to integrate efficiently the 

computing resources distributed on a network and develop large-scale and complicated system. By using the 

high-performance computer and the network, it is possible to develop the complicated and large-scale system 

exceeding 10 million lines. A bottleneck is that there is no environment for users developing and using such a 

complicated software system. Although developments of the grid middleware and contents on grid environment are 

carried out in some Grid projects now, more important technical innovation is development of PSE. In the function of 

PSE (a) - (h), especially important functions are (a) and (b). The development of complicated large-scale software and 
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execution of complicated analysis are impossible without these two functions. The target of this development is 

realizing the functions (a) and (b). 

 

In the practical system of the next generation like this FSIS project, establishment of the technology, which integrates 

various subsystems, is required. Therefore, an integrated platform is developed as PSE for the FSIS project. The 

purpose of integrated platform development is establishing the technology of a large-scale and complicated software 

integrated platform, and implementing concretely. Figure 3 shows the integrated platform in the architecture of 

distributed computing environment with a grid.  
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Figure 3. The Integrated platform in distributed computing environment 

 

3.2.Features of the integrated platform 

 

We have already proposed the "TASK FLOW" in order to implement the specification for PSE [4], which was 

developed in two our project; “Virtual Experiments System for materials design (1995-1999)”and “Modeling in 

consideration of the characteristic of a human system of large-scale and a complicated system, Analysis, Control, Integrated research 

on a design (1998-2002)” supported by Ministry of Education, Culture, Sports, Science and Technology in Japan.  

 

In large-scale practical analysis, a problem is solved by carrying out a series of processing (a series of tasks) according 
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to a certain work procedure. It is the TASK FLOW that defined the work procedure (tasks and the relation of tasks) by 

using the definition of the tasks. In the definition of a task, it is possible to define simulation software, data, and 

database, etc used in the processing. The software and the database defined in the task should exist on the network. 

After a user describes a TASK FLOW, analysis is carried out according to a TASK FLOW. Tthe TASK FLOW 

system supports data communication between tasks. The user can change the TASK FLOW freely, and also save a 

TASK FLOW. It is also possible to use the existing TASK FLOW as a template. Moreover, it is also possible to 

describe the know-how of analysis to a TASK FLOW, and use TASK FLOWs as a knowledge base. It becomes 

possible to integrate the computing resources (software, data) distributed on the network, and to develop an advanced 

software system by the TASK FLOW. The TASK FLOW is a high-level language that builds a more complicated and 

advanced system by using software and databases. The software and databases are the parts of the large-scale system, 

which construct a TASK FLOW. Moreover, it becomes possible to reproduce correctly the analysis, which made full 

use of many computing resource by the TASK FLOW, where an analysis procedure, the software, data, results, and 

parameter, etc. are saved. A GUI of the TASK FLOW system is shown in Figure 4. 
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Figure 4  The image in the case of using a TASK FLOW system 

 

3.3.Functions of the integrated platform 
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The purpose of an integrated platform is developing the computing environment for system development, the setup of 

analysis, accumulation and visualization of results, and post-processing. For analyzing a large-scale and complicated 

problem, while dividing a large-scale problem into small problems and solving them, it is essentially important to 

reconstruct and integrate those small problems. Then, the function of the integrated system is required to make full use 

of software and databases and to carry out a complicated procedure. 

 

The integrated platform consists of four subsystems; a TASK FLOW subsystem, a task parallel simulator subsystem, 

a steering subsystem, and a data management subsystem. Each subsystem has the following functions. 

(a) The TASK FLOW subsystem enables to define tasks and TASK FLOW and to execute them through the 

network. Also, a user can save the TASK FLOW and use the log of operations. The computational resources on Web 

are enabled to use by this subsystem. 

(b) The task parallel simulator subsystem simulates the possibility of parallel execution and by which function and 

TASK FLOW description.  

(c) Steering function subsystem controls a large-scale simulation interactively. 

(d) Data management function subsystem manages the file described by the TASK FLOW and its related file. Also It 

has the function to call an external database from a TASK FLOW. 

The TASK FLOW is language. Henceforth, the TASK FLOW as language is called TASK FLOW language. A 

TASK FLOW language is one of a communication format to each of these tasks. A scenario, which is a work flow of 

the designs, is described using a TASK FLOW language. 
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GUI for
Task Flow subsystem

GUI for
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Figure 5. Software Structure of the Integrated Platform 

 

3.4.TASK FLOW Language 
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In this subsection, the language specification of a TASK FLOW is described. A TASK FLOW language is expressed 

by XML language. A TASK FLOW expresses the workflows of a design. A TASK FLOW consists of two or more 

tasks, and the task consists of two or more methods. A task is a one processing in a design. In order to solve the task, 

two or more techniques may be applied to the problem. A user chose one of these techniques expressing a method. 

Moreover, in order to solve this method, it is possible to choose and use two or more tools. The part expressed as a 

TASK FLOW may be one task. The hierarchical structure of the TASK FLOW is available, which is called a sub task. 

The structure of a TASK FLOW language and its contents are shown in Figure 6. 
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Figure 6. The structure of a TASK FLOW language 

 

 

4.Development of the prototype system 

 

4.1.Functions of the prototype system 

 

In the prototype that has already developed now, the basic function of the TASK FLOW subsystem is available. By 

using this prototype, after a user defines one processing for a small unit as a task, which is generally not complicated, 

he describes the large-scale whole problem with links between tasks as a TASK FLOW. The links between tasks are 

complicated. The TASK FLOW subsystem is the core function of the integrated platform. The main purposes for 

development of this prototype are to implement the function for integration by the TASK FLOW. A user can perform 

the workflow of the design TASK FLOW by describing the definitions, combination, and execution of tasks. In 

definition of a task, applications such as simulation software and databases are defined as one task. The TASK FLOW 

can be defined by creating links between the tasks. A sub task is available for the hierarchal structure of TSK FLOW. 

By using load and save function of the TASK FLOW, the TASK FLOW can be saved and reproduced. The TASK 

FLOW was saved in XML form expressed by the TASK FLOW language.To generate a TASK FLOW by the 

integrated platform is exactly equal to develop a large-scale and complicated system. 
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4.2.Operation Flows of the prototype system 

 

The main function of a prototype is to edit a TASK FLOW on Graphic User Interface (GUI). This prototype enables 

to create, copy, move, and delete tasks and TASK FLOW. Also, a cut and paste function are available by a mouse on 

GUI. A TASK FLOW describes analysis, the design, and the control scenario. Moreover, users can easily accumulate 

and reproduce their scenario, success procedures and know-how’s by saving as TASK FLOW. Sample images of the 

prototype system are shown in Figure 7. 

 

 
Figure 7 . Sample images of the prototype system 

 

4.3.Material Design by the TASK FLOW System 

 

Material design using the virtual experiments system[4] is described in this subsection as a system using TASK 

FLOW. At first, users create a newly TASK FLOW or modify a existent “TASK FLOW” for a target materials design 

scenario. Secondly users predict materials properties using a simulation program or a materials database at each “task”. 

Lastly, users insert obtained material properties to materials database for reference material properties. 
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Figure 8 Material Design by the TASK FLOW System[4] 

 

 

5.Conclusion 

 

The integrated platform developed in this project provides one of the best solutions for large-scale and complicated 

development of software and analysis, which is required in industrial science and technology. This system is applied to 

the wide range containing the industrial field. The prototype has already developed and the validation and verification 

of an integrated platform will be scheduled by using the prototype in FY2003. In the validation and verification, 

fluid-structure coupling analysis system for designing an industrial machine will be developed on the integrated 

platform. As other examples of validation and verification, integrated platform for quantum chemistry and 

biomechanical system are planned. 
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