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Abstract
A+M / PMI (Atomic, molecular and plasma-material interaction data) is important
data in plasma physics and engineering part. It will give data reliability to be used in the
modeling, simulation for plasma processing. New generated data by various studies is
required to exchange for getting reliability of data and to be used in other experiments.
Also, ALADDIN and AMBDAS of IAEA to provide a numerical data and bibliographic
data has not updated for the past few years. As a result, Researchers have a difficulty in
data acquisition to be used in research. We are here concerned with the design of system
for A+M/PMI data exchange by XSAMS made from XML. The system provides the
numerical data and bibliographic data (including DOI information), as well as data
exchange between researchers for validation of data using XSAMS. XSAMS is a XML
schema aimed at describing atomic, molecular and particle surface interaction data in
distributed databases around the world which is created by IAEA, NIST, etc.
Keywords: Atomic, molecular and plasma-material-interaction data; data exchange;
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1. Introduction
Advanced developments in computer technologies offer exciting opportunities for new
distribution tools and applications in various fields of physics. A+M/PMI data are of very
importance across a wide range of applications such as fusion, astrophysics, chemistry,
etc.
A+M/PMI data include large collisional and spectroscopic data but recently, fusion
energy development has begun to approach demonstration and engineering for practical
reactors. For this reason, data research has progressed for similar data for an expanded
range of species and in new energy regimes. This data are evaluated for use in the plasma
facing components and for such applications as in the divertor. In addition, a significant
need for materials data and plasma-material interaction properties has arisen, and planning
for the construction of ITER has served to focus international efforts to coordinated the
evaluation of the existing data and the production of new data.
However, reliable data among the A+M/PMI data are more difficult to find because it
includes data from not trusted sources and not objective data more than enough. The
enterprises and institutes have researched and developed data to secure the reliability.
Also exchanging of data by enterprises and institutes will be significant research activities
for qualitative improvement in research.
Therefore, since 2003, the A+M Data Unit in the IAEA initiated within the
collaborative efforts of the DCN (Data Centre Network) a new standard for atomic,
molecular and particle surface interaction data exchange based on XML. As we have said
above, it is named XSAMS.
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This paper is about the design of integrated information system for reliable A+M/PMI
data exchange that has been used or is proposed in the atomic and molecular physics
community using XSAMS. It has a function to register, manage and exchange A+M/PMI
data available for institutes and enterprises. We will find overview, function and each
process of system in this paper. Also we will find system architecture, design of database
structure and application of XSAMS Schema. Finally, we find out the meaning and
complement of system.
Before going on with question of system design, it should be mentioned that related
study and other similar systems. We shall now examine in more detail.

2. Related Works
2.1. XSAMS
XSAMS (XML Schema for Atoms Molecules and Solids) is a XML schema for
exchange of A+M data which is created by IAEA, NIST, etc. It has been developed for
atomic and molecular physicists who need data. The goal of XSAMS are to develop a
complete set of rules (XML tags, document structure, relations, etc.) for description of
atomic and molecular, and later plasma-material interaction, data sets [1-4].
XSAMS employs the eXtensible Markup Language (XML) that was developed to
facilitate sharing of heterogeneous data across different systems, particularly systems
connected to the internet. XML was initially designed for the exchange of information
electronic “documents”. Assorted by a set of supportive technologies for data presentation,
transformation, querying and validation, XML is becoming the standard format for data
exchange among distributed applications components or co-operating applications. The
use of XML for information interchange among different enterprises and organizations
evokes the need for a common schema that the information must follow [5, 6].
2.2. Typically Similar Database System
2.2.1. BASECOL
The BASECOL database was addressed initially by the Basemol group and a list of
fundamental and urgent molecules was set. It provides collisional rotational and rovibrational excitation rate coefficients for molecules of astrophysical interest, the
molecular energy levels and a complete description of the chain of errors. It gives
information on current calculations and is designed as a reference database to be used by
both astrophysicists and physicists [7, 8].
2.2.2. NIST ASD
The Atomic Spectra Database (ASD) is the most extensive and comprehensive
numerical atomic database at NIST. It contains critically evaluated NIST data for
radiative transition and energy levels in atoms and atomic ions. Following general
principles for database at NIST only published and evaluated data are included and
accuracy must be reported. The data are consistent between spectral lines and atomic
levels, which are both in the ASD. Compiling new data involves a critical evaluation of
the literature, the assessment and possibly changes of line identifications, the optimization
of energy levels based on multiple sources, the assignment of accuracies, and internal
NIST quality review. In addition to the ASD contains fully integrated with the
bibliographical atomic database at NIST. The content has been enriched with direct
HTML link to online papers through Digital Object Identifiers [4, 9-11].
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2.2.3. VAMDC VALD
The VAMDC (Virtual Atomic and Molecular Data Center) is an EU-FP7 einfrastructure project devoted to building a common electronic infrastructure for the
exchange and distribution of atomic and molecular data. VALD (Vienna Atomic Line
Database) as one part of VAMDC platform has developed into a well-known resource of
atomic data for spectroscopy particularly in astrophysics. This particularly relates to the
data contents where new sets of atomic data for both precision spectroscopy as well as
opacity calculations have been included. Also an intended outcome concerned with
molecular spectroscopy microwaves and ultrawaves [12-14].
2.2.4. IAEA ALADDIN
ALADDIN is the online numerical atomic physics database by the IAEA Atomic and
Molecular Data Unit, and it providing atomic, molecular and plasma-material interaction
data of fusion research. The contents are largely based on IAEA Coordinated Research
Projects. The data are expected to be the best available ones at the time that they are first
entered into the database, but the coverage is not at all comprehensive and older data may
not be the best that is available at present. In order to provide convenient access to many
numerical databases the A+M Data Unit maintains the GENIE search engine. It provides
access at this time to 8 databases for radiative properties and 4 databases for electronimpact collisional process, also including heavy particle collisions and molecular
processes, and bibliographical data [15-17].
However, ALADDIN data format was not generally adopted by plasma modelers who
rather invented data format specific to their own source codes, Also, as more and more
data are available through web interface, a common exchange format for the data transfer
through web applications gained attention and the XSAMS project was started by DCN
members and coordinated through IAEA Consultants’ meeting since 2003. Although, the
XSAMS may not be mature enough yet to be implemented. Nevertheless, it is good time
to start implementation even for limited data sets.
Therefore, we propose design of integrated information system for A+M/PMI data
exchange using XSAMS and contribution of numerical and bibliographical data sets to
ALADDIN, AMBDAS of IAEA.

3. Design of System
3.1. Purpose
A+M/PMI data in system have been collected and assessed in various sources which
support a wide range of physics in applied research and industrial development. Many of
them have been built to serve specific needs. These heterogeneous data have been
collected in different formats and with varied degree of completeness.
Therefore, the main purpose of the system is to
- apply and develop exchange format extend XSAMS for interoperability of
resources on A+M/PMI data
- allow easy access to data resources
- query those resources with dedicated protocols and query languages
- create a safe environment for publishing the latest sets of A+M/PMI data
- connect data producers more closely with data users (modelers, simulators,
evaluators, etc.)
The key benefits expected from using systems are the possibilities to
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- search any type of A+M/PMI data with one click
- have common formal access to the published data
- allow cross matching of different data set
- allow wide cross to latest published data

Figure 1. Information Flow
3.2. Information Flow
The information flow of A+M / PMI data system for data exchange is presented in
Figure 1. The information flow among the various components is described in the
following.
① The administrator of the A+M/PMI information model, analyses process results to an
XML schema file. This file is used as a validating mechanism for the XML
documents the will be created.
② The XML schema handler module receives the XML schema file and automatically
generates the database. The module receives XML documents created during ③
and ④ and converts them to SQL commands. It also retrieves the query results and
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constructs the XML reply documents, which are sent either to the producer and
evaluator or to the web users.
③ The producer and evaluator can insert, update, delete and retrieve information from
the database and store the digitized reference file into the database.
④ The web-users retrieve information from the database. User queries are translated to
the appropriate XML documents before being sent to the XML schema handler
module.
⑤ The producer and evaluator confirm the digitized reference descriptions with real
numerical data or copies and provide all the data information related to each property
object.
3.3. System Architecture
The system architecture is presented in the following Figure 2. The included
components and others are described in the following paragraphs.

Figure 2. System Architecture
3.3.3. XML Schema (XSAMS) Handler
XML schema handler concerns the analysis of the XML schema file (XSAMS) that
contains information about the structure of the exchanged XML documents. This
information is used to generate the relational database structures. This occurs in the
initialization step of the module. It also parses XML documents and comprises the
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appropriate SQL commands that processed by the database. It takes database results and
formulates valid XML documents as a reply to user queries.
3.3.3. Users
The system users are divided into two categories: professional users, such as producer
and evaluator, who access the A+M/PMI data for generate or assess the new valid data
and non-professional users who search the information using a web. Their queries are
converted into proper XML documents and set to the XML schema handler. The retrieved
information is sent back to the application, as an XML document and is presented to the
users.
3.3.4. Database
In an effort to keep the system generic, we addressed ANSI SQL commands to the
database so that it works with any relational databases. All the tables and relationships are
created by the XML schema handler according to the XSAMS structure. Also all
applications communicate with each other and the database using XML document.

4. Conclusions and Future Works
XML was used as standard of data exchange was used in transmission, which resolved
the problems of data mapping and data transfer among heterogeneous data sources.
XSAMS (XML Schema for Atoms Molecules and Solids) is a XML schema for exchange
of A+M data which is created by IAEA, NIST, etc. It has been developed for atomic and
molecular physicists who need data. Currently, we are modifying the XML schema to
include most of plasma chemistry data such as radiative, non-radiative etc.
This article has attempted to sketch out the main characteristics of integrated
information system for atomic, molecular and plasma-material interaction data exchange
using XSAMS. This is focus on background and difficulty of heterogeneous data
exchange among sources in web environment. In general, it is believed that further
implementation with the methods outlined is worthwhile.
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