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Summary

In recently years, we have broad band network and The Internet environment ,
using these infrastructure, we will develop knowledge co-operate manufacturing
support system, which can be use various kinds of simulators and databases.

But knowledge co-operate manufacturing support system has a lot of problems, such
as data format, legal problems, software support system and so no.

So, we investigate following items,

(1) Computer using Status on research, development, manufacturing fields.

(2) Present status of Data expression i.e XML,XSIL

(3) Present status of Network distributed softwares

(4) Present status of scientific calculation softwares

(5) Present status of software commercial services

Based upon above research works, we discuss about fundamental functions of
knowledge co-operate manufacturing support system and present problems of
knowledge co-operate manufacturing support system.

our discuss items as follows.

(1) Clear definition of Hyper-IT and its significance

(2) Comparison with Hyper-IT & present status

(3) Dig up present problems

(4) Classification of present problems

(5) suggestion for Government prolicy
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XSIL: Java/XML for Scientific Data

Roy Williams
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Abstract: This paper describes the XSIL (Extensible Scientific Interchange Language)
system that connects scientific XML to a Java object model and powerful visualization.
There is an XML format for scientific data objects, and a corresponding Java object
model, so that XML files can be read, transformed, and visualized. We describe the Xlook
object browser, which reads XSIL files and allows them to be visualized in tree-like way,
with viewers including a chart widget and a sortable table. We describe how to customize
the XML format, and build custom viewing components that are dynamically loaded by
Xlook. All code is open-source, obtainable from http://www.cacr.caltech.edu/xSIL.

1. Introduction

A. What is this?

1. XML is a “Language to make languages”, a simple, yet effective way to build structured documents that is
revolutionizing business practices on the Internet. An XML document is a hierarchy of “elements”, each of which has
a textual “tag”, some “attributes”, some text, and may also contain other elements.

2. XSIL is some basic syntactic structure for scientific data (Table, Array, Param, Time, etc), together with a
mechanism to extend both the XML side and the Java object side. XSIL also offers a modular, extensible viewing
platform called Xlook.

3. An XML document may refer to a DTD (document type definition) that expresses its structure. The DTD is
analogous to the Class of object-oriented software, and the XML document is an instance of that DTD in the same
way that the Object is an instance of a Class, or an Apple is an instance of Fruit.

4. For example:

<Book ISBN="0439139597">
<Author>D. Scarlatti</Author>
<Title>The Big Fight: Harpsichord vs. violin</Title>
<author>A. stradivarius
<Emails>strad@violin.org</Email>
</Author>
</Book>

S. This is a record that expresses structured information about a book. The DTD for such an XML scheme defines
syntactic information, such as the idea that a book has one or more authors, but exactly one title; that an author may
have zero or more email addresses, but a title cannot have an email address. An example of an artribute is the ISBN
attribute associated with the book element. When an XML file is parsed (by any XML application, not just XSIL), the
syntax is compared against the DTD, and non-compliant files detected. An XML editor is powerful because it
‘knows’ the document structure through the DTD: once a title has been entered for the book record, the editor will not
allow another title.

6. The XSIL DTD defines a few basic elements that form the core of scientific data. The Table is modelled on the
relational table and expresses a collection of records, all of similar structure; the Array is for low-dimensional data
cubes such a images, spectra, time-series, voxels, and so on. The Stream element provides a link to external and
encoded data through files, URL’s, Big/Little-endian and Base64 encodings, as well as delimited text.

7. The idea is that XSIL can be fashioned to meet the needs of a particular scientific discipline by building
combinations of these base elements that have semantic meaning in that discipline, then extending XSIL
appropriately to handle these. Dynamic loading ensures flexibility without relinking code or struggling with
makefiles. The easiest way to extend XSIL does not entail DTD changes, but use of a special XML attribute
Type="MyStuff.Myobject”.

8. Such extensions can also be used to build viewing extensions for custom objects, extensions that can use all the
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power that comes with Java, including the Swing GUI components, advanced imaging, Java3D, the LiveTable
component with direct database access, and the JChart component for graphs.

9. XSILis a pure-Java application, so that portability and programming efficiency have been emphasized over CPU
speed. However, it can deal effectively with very large quantities of data, using the following three strategies.

« First, the use of external files separates metadata (XML) from data (binary). Very large XML files are not efficient,
and most XML software cannot handle more than a few megabytes. However, if a user wishes to create very large
XML files, there is a utility with the XSIL distribution (Splitter) to break up such a file into a small metadata file, in
XML, and many external data files.

¢ Second, data is not fetched from external files until it is needed, so that an XSIL file can contain hundreds of links
to external data, but the parsing can still be fast.

 Third, XSIL stores data efficiently, so each 4-byte integer takes up only 4 bytes asymptotically. When data is
fetched from a link, efficient calls are available for bulk transfer.

B. More information on XML and XSIL can be found at:

¢ XSIL web site: http://www.cacr.caltech. edu/XSIL

¢ The World Wide Web Consortium standardization effort for XML: http://www.w3c.org/xML
» Seybold publishing XML site: http://www.xml.com/

C. Reasons to use XSIL

1. XSIL provides an XML model for data transfer which is being adopted in the gravitational-wave and
astronomical communities. Furthermore, it is XML, with an increasing range of transformation filters, making it a
very plastic language. There is a named, typed hierarchy through the collection object, and base objects are Table,
Array, Param, Time, and others, and the arrays and tables may be in these primitive types: boolean, byte, short, int,
long, float, double, floatComplex, doubleComplex, and String. There is a Stream object to extract byte streams and
primitive streams from files, URLs, databases, and delimited text.

2. An object model with Java API. Users can provide a file name or URL to the XSIL library, which returns an
object which is the root of a tree. This generic container (class XSIL) may have been extended to form one of the
objects described below (eg. Time, Table, Array, Param, etc). The structure of an XSIL file is defined by its DTD,
saying, for example, that each Array must have at least one pim element to give its dimensions. This model may be
extended by adding domain-specific tags and the corresponding code to XSIL. New entries would be added to the
DTD to define the syntax of the new structure.

3. The object model is extensible in a different, looser, sense: if the XML file has a tag such as <xSIL
Type="Banana”>, then the XSIL reader will seach for a class called Banana in the place where user extensions are
built, for class Banana extends XsiIL. In this way we establish a highly flexible connection between the XML file
and the code that handles it. If such code is not found, then the XML element is assumed to be a generic collection
object. This method of extension does not entail changing the DTD. Several extensions are in the XSIL distribution,
an example being Timeseries. This element consists of a one-dimensional array and a pair of parameters that define
the start time and the delta-time between samples. Because of the dynamic linking, object handlers (not just objects)
may be emailed to colleagues.

4. One major code written to the XSIL library is the object browser (Xlook), that is intended as a way to view
XSIL files and their contents in the same way as a web browser can be used to view collections of files. There is a
tree-representation of the elements of the file, shown alongside the XML itself. When an object is “Viewed”, then its
specific viewer is displayed.

5. The object browser can be extended with user-written code. An example of this is the Java3D extension to
XSIL: certain arrays are defined in XSIL, and an extension defined (as in (2) above). This extension treats these
arrays as coordinates, colors, etc, and can display them in a Java3D window. Similarly the TimeSeries can be
graphed.

D. Uses for XSIL

1. As aflexible and general transport format between disparate applications in a distributed archiving and
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computing system; a text-based object serialization that can be handled by common tools, or
2. Asadocumentation mechanism for collections of data resulting from experiments or simulations; with all the
parameters, structure, filenames and other information needed to keep a complete scientific record.

3. As an “ultra-light” data format: a user can, if he wants, simply read the markup, then delete all except the actual
data, or all except for the filenames where the data may be found.

4, All XML files including XSIL, can be created and edited with a large range of high-quality, customizable tools.

5. XML files can be stored in an XML database, such as eXcelon (www.exceloncorp.com). Such products provide
rich tools for storing, querying, presenting, and connecting to XML data.

E. Future Extensions

1. Data access: In addition to local files, URL’s, and XML-encoded data, we would like to work with databases
directly, using JDBC to view and edit database tables.

2. Output formats: In addition to the Matlab output mechanism, we would like to consider data output as IDL,
multichannel Photoshop, FITS, Ligo Frame files, and Microsoft Excel.

3. Viewers:a viewer for Ligo Frame files will be connected, and for astronomical applications, a FITS viewer also .
4. Service definitions: objects that tell a client application how to format and send requests to a remote service, and

the kinds of response that the service will provide. Such a definition could contain an XHTML form both to provide a
human input, but also to define the syntax of the request that the service is expecting.

2. XML Basics
A. Syntax

1. An XML file is a hierarchical structure of elements that may contain other elements. An element generally
consists of a start tag, a body, and an end tag, for example: <Fruit>Banana</Fruit>, where start and end tags are
distinguished by the presence of a slash.
a) An element may be empty, meaning that there is only a single tag, with no body, for example <EmptyEle-
ment/>; note the position of the slash.
b) Elements may contain attributes, for example: <Fruit color="yellow”>. There can only be one instance of
a given attribute name in any tag.
2. XML is case-sensitive, so that <apple>, <apple> and <APPLE> are all different tags.
3. Comments in XML are delimited like this:

<!-- This is a comment -->
4. An XML document can be handled by both human and computer. If a human sees the document, then the XML
is presented, usually by means of a style language file, or through a filter. If a computer sees the document, there is an
API to control a parser of the document.

3. XSIL files

A. Header

1. All XML files, which includes all XSIL files, have the following as their first line:
<?xm1 version="1.0"?>

2. The second line of an XML file may make a reference to an externaily defined Document Type Definition
(DTD), which defines the syntax of XSIL files. Thus every XSIL file has the following as its second line one of these:

<IDOCTYPE XSIL SYSTEM "http://www.cacr.caltech.edu/projects/xsil/xsil.dtd”>
<!DOCTYPE XSIL SYSTEM “XSIL.dtd">

The DTD can be referenced from a remote location via the URL syntax, or locally with the file name. This file is
presented in section 8.
3. There may follow other XML elements, but the XSIL parser will ignore these until it finds a XSIL element. Only
the first XSIL element is then considered, so there should never be more than one in a file. Thus, in general, the third
line is:

<XSIL>
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and the last line of the file closes this element:

</XSIL>
4. When contained in this first, plain container element, containers may be typed, leading to user-side code being
called. Currently,the Type of the outermost element is not handled properly.

B. Object Name and Type

1. Any of the XSIL elements may have a Name attribute, for example:

<Table Name="Bake_Out_Temperature”>
While the names may be useful in presentation of the XSIL, the major intended use is in navigating the object model,
through methods that find an object of a given name.

2. Any of the XSIL elements may have a Type attribute, which may also be used for navigating the object model.
However, we are most interested in this attribute to link this XML element to a Java object, thus extending the

container object:
<XSIL Type="MyStuff.MyoObject” Name="3Jack”>

causes the linker to look for the file $XSIL_HOME/extensions/MyStuff/MyObject.class to act as a handler for the
object called 3ack.

C. The Container Object

i. XSIL

There is a generic <xSIL> element which is a container for other elements, including other <xs1L> elements, thus
inducing a hierarchy. Each of these may have a Name attribute, to provide hierarchical naming that is visible from the
API. When the file is parsed, there is a representation of the first XSIL element that is found in the document. Here is
a XSIL fragment that consists of a container hierarchy with an array at the second level and a parameter at the third
level:

<XSIL Name="Fruit">
<XSIL Name="YellowFruit”>
<Array><Dim>7</Dim></Array>
<XSIL Name="Banana">
<Param Name="Inductance”>1.34</Param>
</XSIL>
</XSIL>
</XSIL>

2. The XSIL object is the only one that can contain other XSIL objects. All the others (below) can only contain
only:

a) The elements explicitly defined in their description, or

b) Streamn object from which data may be requested by the code handling the object.

D. XSIL Base Objects

1. Comment
A comment object in XSIL is not meant to be interpreted or parsed. It appears only in the presentation of the

document. For example:
<Comment>The data that follows is probably wrong</Comment>

2. Param
A parameter in XSIL is an association between a name and a value. In addition, it may have a Unit attribute. For
example:

<Param Name="Fruit_Mass” unit="kg">0.387</Param>
The meaning here is "Fruit_mass = 0.387 kg", usually found in "parameter files" or “header files” in scientific
computing. If the element is empty, then the value is read from the corresponding stream. Note that the value of the
parameter is not typed as float, int, etc, but rather it is string-valued.

3. Time

In the LIGO observatory, as with many other experiments in physical science, it is critical that timing information be
not only accurate, but also easy to understand. The <Time> element in XSIL can represent either “natural” time (ISO-
8601 standard, YYYY-MM-DD HH:MM:SS.mmmuuunnn), or GPS time, or “Unix time” (seconds since 1/1/1970).
The different formats are differentiated by the Type attribute in the tag:

<Time Type="IS0-8601">1998-11-08 17:40:00.032</Time>
<Time Type="GPS">594582000.032</Time>
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<Time Type="Unix">910546800.032</Time>
The default for the type is ISO-8601.

4. Table

A table is an unordered set of records, each of the same format, where a record is an ordered list of values. The
contents of a record are defined by column headings, each of which may have a unit and a type. This definition of a
table should be thought of as similar to the table object that is found in a relational database; we should point out that
this is not the complex and exotic typographical beast of TeX or HTML.

The only tag specific to the Table object is <column>, which specifies the name, type, and possibly units associated
with one of the columns of the table. It can be thought of as the heading of a column in a table. Shown below is an
example table that includes a stream from which the table can be populated.

<Table>
<Column Name="cChannelName" Type="string"/>
<Column Name="Site" Type="float unit="meter"/>
<Column Name="Clock" Type="float" unit="hour"/>

<Column Name="Descr'ipt1‘on“ Type="string”/>
<Stream Delimiter=",">
“History Channel”, 405.0, 3.7, “Another Channel”
“math channel”, 307.0, 2.1, “Channel about Math”
</Stream>
</Table>

5. Array

An array is a collection of numbers (or other primitive type) referenced by subscripts, which is a list of integers
whose maximum values are given by the list of dimensions of the array. This definition is very close conceptually to
a Fortran or C array, with the Type attribute of the <Array> tag specifying which primitive type is contained in the
array (float, int, etc.). The Dim element specifies the dimensions of the array, but it does not specify the subscript
ranges. For a dimension of 5, a Fortran binding of the API would label subscripts from 1 to 5, but a Java or C++
binding would have subscripts from 0 to 4.

As with other XSIL objects, the Array tag may have Name and Type attributes. The Type attribute is interpreted as the
data-type for the data in the aray. The only element specific to this class is <Dim>, which may have a Name attribute to

specify the name of that dimension of the data for presentation purposes. For example:
<Array Type="int"> .
<Dim Name="X-axis”>5</Dim>
<Dim Name="Y-axis”>3</Dim>
</Array>

which specifies a 5x3 array of integers, with the last dimension changing fastest. The presumption is that 15 integers
may be read from the Stream associated with this Array.
6. Url

This tag is quite similar to an HTML link:

<ur] href="http://www.cacr.caltech.edu/XSIL">XSIL Home Page</uri>
<url href="http://www.caltech.edu/">Caltech Home Page</url>

There is an href attribute, containing the URL, and the text part is 2 message associated with the link.

4. Streams
A. Connecting Streams and XSIL Objects

1. Some of the objects from the previous section are self-contained, for example Param and Comment. Others
(XSIL, Table, Array) define the structure of a data object, without necessarily making available the data itself. The
Stream object provides the input that allows these structures to be filled.

2. A XSIL document may define many streams and many XSIL objects (Table, Array etc.). In general a stream may
contain the data for many different objects. We use the collection mechanism induced by the XSIL tag to provide this
association.

3. For a stream to be available to a XSIL object, either:
« The object contains the stream explicitly between its start and end tags, or

« the collection in which the object resides must contain exactly one Stream. The objects in the collection will then be
read sequentially from the Stream.
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4.  Delimited Text

<Stream Type="Local” Delimiter=",">
4.76,5.77,8.99,3.44,2.11,0.93
</Stream>

The delimiter string are additions to the default delimiter string, consisting of the newline character. Thus a string
read in this way cannot contain a newline, and the String primitive in XSIL cannot contain a newline.

5. Remote data

<Stream Type="Remote">
datafilel.dat
</Stream>

The stream may have Type Local — the data is contained in the XSIL file itself — or it may be Remote, as in this
case. Local is the default type for a stream. Data is read from the local file system. The name is assumed to be relative
to the XSIL filename, not relative to the current working directory. Thus XSIL files and their data can be packaged
and moved without renaming files.

If the file name is fully qualified, it can be either in Unix (/blah/blah) or Windows style (c:\blah\blah).

6. Endian encoding

<Stream Type="Remote" Encoding="Littleendian”>
datafilel.dat
</Stream>

Java reads and writes bigendian binary, as this is the same byte-ordering as Sun computers have. Windows machines,
though have the opposite ordering, so binary files made by a PC will need to be converted from little-endian format as
above.

7. URL streams

<Stream Type="Remote">
http://www.cacr.caltech.edu/blahblah/datafilel.dat
</Stream>

If the stream has type Remote, and the text in this element contains the string “://”, then it is interpreted as a URL-
type locator for the data that this stream represents. The file:// and the ftp:// and http:// protocols are supported.

8. Base64 streams

<Stream Encoding="Base64”>
AAAAAAAAAAEAAAACAAAAAWAAAAQAAAAFAAAABGAAAACAAAATAAAACQ==
</Stream>

The first ten integers have been encoded in Base64 and put directly into the XML document.

B. Stream Content

1. The XSIL data stream can be considered to be an arbitrary sequence of bytes. In the ImageList demo (section
7C), streams get the image data, to be delivered as gif. Some of the images are external files, others are base64
encoded as part of the XSIL file.

2. Inthe ImageList code, a Java InputStream is obtained from the <Strean> tag in the XML.. The stream of bytes is
read in and converted to java.awt.image and displayed with a chooser. The metadata for each image is also shown.

3. In other cases, however, for example the Array and Table implementations, the Stream contains something
higher level than raw bytes: a sequence of primitive types.

4. The types that are available for Tables and Arrays are listed in the following (with the corresponding number of
bits), and some alternate spellings:

* boolean (1)

* byte (8)

* short (16) (int_2s)

¢ int (32) (int_4s)

Tong (64) (int_8s)

float (32) (real_4)

double (64) (real_8)

floatcomplex (64) (complex_8)
doublecomplex (128) (complex_16)
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* string (arbitrary length) (Istring, char, character)
5. Toread such a stream, there may be some filtering process. A base64 encoded stream is converted to binary byte

stream, available as a java.io.InputStream. If the stream is to be read as a sequence of primitives, it is converted to
java.io.DatalnputStream, and the byte swapping necessary for little-endian conversion may then be applied.

6. If the stream is text-based, either local or remote, the newline character is always a delimiter, plus any other
characters nominated in the Delimiter attribute of the Stream element. The text is read line by line from the source,
and primitives generated. If there is data that cannot be converted to the relevant type (eg. the number 3.56A7464),
then an exception is not thrown, but rather a default value is put in place.

7. The array of primitive objects contains strings, it cannot be read from a binary stream. Strings must be handled as
delimited text.

8. Any primitive type can be converted to any other: to convert from complex we take the real part, to convert to
boolean we ask if it is nonzero, to convert to String we use the toString() method.

C. Stream Encoding

1. The encoding attribute specifies how the data in a Stream is encoded. It is a comma-separated list chosen from
the values:

* Text, Binary, base64, BigEndian, LittleEndian, Delimiter
2. The Text attribute is assumed by default for Local streams, the Binary attribute is the default for Remote streams.

3.  When the stream is Base64, it is decoded by the XSIL library. When the stream specifies an Endian order, it is
converted to the Endian order appropriate to the current machine before being delivered to the application code.

4. The other attribute defined in this section is belimiter: It is only relevant in the case of a Text stream. The
characters in the attribute are appended to a delimiter string that already contains newline.

5.  Extending XSIL

A. Object Model of XSIL

1.  When a XML file is read by an application program through the XSIL APIL, the hierarchical structure of the file is
parsed to a hierarchical base object, which is then made available to the application. The XSIL software layer then
extracts from the base object the first <xsxt> element, which is returned to the application. Thus XSIL can be mixed
in a straightforward way with other kinds of XML or HTML, such as Math Markup Language, Chemistry Markup, or
other XML languages.

2. As well as the parser, the XSIL API provides a rich set of methods to extract objects of given element-type,
objects which have given attributes, given Name or Type, and so on.

3. Information can then be extracted from objects. For example once a Param object of given name has been found,
the string which is its value can then be extracted. In this way we have a dictionary of name-value pairs. Similarly the
rows and colums of a Table, or the start and end time of a TimeSeries object are available to the application.

4. 'We can extend XSIL in an informal, perhaps personal way, simply by creating a collection object with “well-
known” parameter names. In this case, we expect the application that is reading the file to understand the special
significance of the word Type="TimeSeries”, and to know the names of the parameters that it expects to find.

B. Example: TimeSeries

1. The following example illustrates the collection of parameter names that would be appropriate for a time-series
object. To make a valid TimeSeries there must be (in addition to data), Start time (t0), and delta time between sampies
(dt). Given these, and the number of samples (from the dimensionality of the array), the third parameter can be

computed.
<XSIL Type="TimeSeries.TimeSeries” Name="My Time Series”>
<Comment>A sample time series</Comment>
<Param Name="t0">6.0</Param>
<Param Name="dt”>0.001</Param>
<Array>
<Dim>1000</Dim>
<Stream Type="Remote” Encoding="LittleEndian”>
mydata.dat
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</Stream>
</Array>
</XSIL>

The XSIL parser looks from its current classpath to find code to handle this object. In this case, the code isin a
classfile called TimeSeries in a directory called TimeSeries.

2. The code to handle the extension type could look something like this:

package extensions.TimeSeries;
import org.escience.XSIL.*;
import java.util.*;

public class T1meSer1es extends XSIL {
double tO
double dt 0.01,
int ndata H
Array a;

public void construct(){
for(int ichild=0; 1ichild < getchildCount(); ichild++){
XSIL x = getChild(ichiTd);
if(x instanceof Param){
param p = (Param
if(p-getName(). equa1s("t0“)){
t0 = new Double(p.getText()) .doublevalue();

}
if(p.getName().equals("dt")){
} dt = new Double(p.getText()) .doublevalue();

1f(x instanceof Array && ((Array)x).getNdim() == 1){
a = (Array)x
ndata = a. getNdata().

}
if(ndata == 0){
system.out.printIn("ERROR: improper TimeSeries");

}

public double gett0() {return t0;}
public double getdt() {return dt;}
public int getNdata() {return ndata;}

public double getbata(int i) {
return a.getPrimArray().getbDouble(i);

3. The constructor for the new object is handled by XSIL, and initalization of the new object is handled by
overloading the construct(xsiL x) method. The vector of child objects is examined, looking for the data we need
to make the TimeSeries, being some parameters, and an array. If the parameters have the right names, it is assumed
that numbers can be read from the corresponding text, and if the array is one-dimensional, it is assumed that it is the
TimeSeries data. Note that the TimeSeries may contain other XSIL objects, which are ignored by this piece of code.

4. The other methods provide access to the TimeSeries itself, the last being the data. Associated with each Array or
Table object is a PrimArray object, which holds a sequence of any of the ten primitive types (boolean, byte, short, int,
etc.) from which any desired type can be extracted.

5. The data making up the time series is not read at the initialization of the object, but rather at the first call to the
getData method. Files are read or URL'’s resolved, or delimited text is parsed. If the number of objects in that data
stream is not sufficient, default values are substituted instead.

6. The getpata call in the TimeSeries implementation fetches one number at a time. Another call is available from
XSIL to get large quantities of data, it is of the form double[] getpoublearray(int start, int end), which
creates an array of doubles with end-start elements (subscripts from start to end-1). Othe calls are available for all
ten primitive types.

7. Parent objects are constructed after their children. If a user-created object is a child of another user-created
object, then the construct() method of the child has been called before the construct() of the parent.
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<Param Name="Java3DGeometryType">TriangleArray</Param>
<Array Name="Coordinates"” Type="float">
<Dim>60</Dim>
<Dim>3</Dim>
<Stream Encoding="Text" Type="Remote" Delimiter=", ">icocoord.dat</Stream>
</Array>
<Array Name="Colors" Type="float">
<Dim>60</Dim>
<Dim>3</Dim>
<Stream Encoding="Text" Type="Remote" Delimiter=",">icocolor.dat</Stream>
</Array>
</XSIL>

<XSIL Type="Jlava3DGeometry">
<Param Name="3Java3DGeometryType">LineStripArray</Param>
<Array Name="cCoordinates" Type="float"><Dim>5</Dim><Dim>3</Dim>
<Stream Encoding="Text" Type="Local"” Delimiter=", "
-1.0, 0.0, -1.61803399,
-1.0, 0.0, 1.61803399,

1.0, 0.0, 1.61803399,
1.0, 0.0, -1.61803399,
-1.0, 0.0, -1.61803399,
</Stream>
</Array>
</XSIL>

.... (two more rectangles like the one above) ....
</XSIL>
There is an outer enclosing element of type Java3D.Java3D, which contains a number of objects of type
Java3D.Java3DGeometry, which are the Triangle Arrays, Line Arrays, and so on which can be used to create 3D
objects in the view window. Of course, other types of data can be encoded in the XML, then rendered in a different
way by modifying the rendering code (in the extensions/Java3D directory).

7. Extending Xlook
A. Object Model

1. An Xlook view component is an extension of a class XSILView, which extends javax.swing.JComponent, which
is a generic graphics object in Swing.

2. The class implementing the viewing must have the same name as the object which it views, but with the suffix
“View” added. In the code below, for example, the Label object is viewed by a LabelView object.

3.  When an Xlook user requests a view component, an outer frame is made by Xlook, with the Name and Type of
the object, and a scrollable panel (javax.swing.JScrollPane) is created to hold the client-supplied viewer.

4. The instantiate() method of the viewing object is called, with the argument guaranteed to be castable to the
expected object, and the completed frame rendered. This code may create buttons and other widgets that can receive
events, as in the TimeSeries viewer shown above, where a checkbox can cause a power-spectrum to be computed.

B. Complete Example

1. In this section we present a very simple, but complete example of the XSIL system, with the XML, the Object

code, and the Viewer code. The Label is defined in XML like this:

<?xml version="1.0"?>

<!DOCTYPE XSIL SYSTEM "xsil.dtd">

<XSIL>

<XSIL Type="Simple.Label” Name="Example">
<Param Name="Message“>Hello Auntie Joan</Param>
<Param Name="FontSize">96</Param>

</XSIL>

</XSIL>

So the label object is just a piece of text (Message) and an integer (FontSize).

2. Code to read this object looks like this. The children are examined to find parameters that can supply the message
and fontsize fields.

package extensions.Simple;

import org.escience.XSIL.*;

public class Label extends XSIL {
public String message = "No message";
public int fontsize = 12;
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8.  The DTD for XSIL

1.  An XML file may be associated with a Document Type Definition (DTD) which defines the allowed tag names
in the document, and how these fit together: which elements may contain which other elements, and how many of
each element there may be.

<!'ELEMENT XSIL ((XSIL|Comment|url{Param|Table|Array|Stream)*)>
<!ATTLIST XSIL Name CDATA "" Type CDATA "">

<!ELEMENT Comment (#PCDATA)>

<!'ELEMENT Param (#PCDATA)>
<!ATTLIST Param Name CDATA "' Type CDATA "" unit CDATA "" >

<!ELEMENT Url (#PCDATA)>
<!ATTLIST Url Name CDATA """ Type CDATA "" href CDATA "" >

<!ELEMENT Array (Dim* , Stream?)>

<!ATTLIST Array Name CDATA "" Type CDATA "" unit CDATA "">
<!ELEMENT Dim (#PCDATA)>

<!ATTLIST Dim Name CDATA "" Type "">

<!ELEMENT Table (Column* , Stream?)>

<!ATTLIST Table Name CDATA "" Type CDATA "">

<!ELEMENT Column EMPTY>

<!ATTLIST Column Name CDATA "" Type CDATA "" unit CDATA "">

<!ELEMENT Stream(#PCDATA)>

<!ATTLIST Stream Name CDATA "" Type CDATA "o L
<!ATTLIST Stream content CDATA ""Encoding CDATA "" Delimiter CDATA "">
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9. Installation and Use

1. The installation is available as a zip file from
. http://www.cacr.caltech.edu/XSIL/

by following the link “available software”.
2. Javadoc documentation comes with the distribution, or eise from

. http://waww.cacr.caltech. edu/XSIL/javadoc/
3. The XSIL environment has been tested on Solaris and Windows 98 and NT.
4. To run the XSIL environment, you will need:

* A computer with Java Development Environment (JDK) 1.2 or later. You will need to know the directory where it
is installed, meaning the directory which has the /bin and /lib subdirectories. For more information and free
download, see

http://java.sun.com/products/jdk/1.2/

* One of the demonstration codes utilizes the Java3D package. If you wish to run this demo, you will need to install
Java3D, which is available free from:

http://java.sun.com/products/java-media/3D/index.html
The Java3D is implemented with OpenGL, so it will probably find your fast graphics card. NOTE: Installation is
much more difficult if you choose to put Java3D in a different directory from that suggested by the install wizard.

» You must also have an unzip or untar facility.

5. Unpack the distribution, and go to the XSIL root directory, which is the one that contains com, org, doc, and
extensions directories. There should also be some scripts here, labelled .bat for Windows, .sh and .source for
Unix.

6. Make sure the JAVA_HOME and WEB_BROWSER locations are correct in the setup.bat (Windows) or setup.source
(Unix) script.

» The web browser is not necessary unless you intend to use the <URL> tag, which spawns a browser for viewing.

7. Start a command window and run the setup script. Type setup (for Windows) or source setup.source (for
Unix). Make sure the Java interpreter is in your path: type java, it should give a usage message rather than command
not found.

8. For Unix users,

% source setup.source
% Xlook.sh sampies/all.xml

9. For Windows users,

c: setuE
c: xlook samples\all.xml

10. The browser should now come up, and there are a number of sample in the samples directory.

11. NOTE to DEVELOPERS. The key to the Java package system, how it finds classes, how it compiles, making
life easy, requires you to follow one rule: always run your compile (javac) and applications (java) from the XSIL
home directory, the one with demo scripts.

12. You can also examine and modify the code in the extensions directory. To make a custom viewer, a good start
might be a copy of the extensions/simple directory.
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1. BU®IC
AEZPRBENFET - s EXNDF) OEARLEBLIUHEHZUTOI I ITRHET 20D
THhb, DF IREEMAETHVONEZTRTOT-FDERICHVON, ZOEXTE
BENZTF— S IEHENE TSy b7+ — L ETRVWAIRATF— Y OGELEERTESL L
IIEZLRTW A,

AREDEFIT DF A4 (1999.05.18) 23 L2, IN% X VIEAMBICER®R T 572010, B
SHICHEEIL b DTH S,

2. UDF D
UDF D& T TRICRT L DIl o T b,

Ay ¥ —R

N
|
N
|}
i)
%

VAU RNTF—FE
F—FLa—-FH

2. 1 ~v¥y—%
UDF 4 »R— FRRICAR SIS DF BHEBHT—F 2Lk T 5,

ERRLUTOHEY .

¥begin {header}

¥begin |def}
EngineType:string;
EngineVersion:string;
I0Type:string;
ProjectName:string;

¥end |def}

Ybegin {datal
EngineType:” EnginelypeName”
EngineVersion:” ZngineVersionName”
I0Type:” IN OUT
ProjectName:” ProjectNameString”

¥end |datal
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¥end fheader}

IOF—=FITLY ., DFBRERUTOLD 1% 5, file nare '3 UF A ¥ F— 774
VETH B,

fnginelypeName. EngrneVersionName. IN OUT. ProjectNameString. file name

Ny F—EhENIEEIE. file name DS UDF BFEL E %5,

2. 2 F—5EEH

F— I ERFTRBTE, FT—IVEHERELETI VAT U N F— 58 CREBE) ZEELT
WTHRWA, 1 2DF—FII0WVTIRTF— ¥ ERBFT— FERPLIZLTHRITL TV A
THIT%R 65w,

F—FEERICII VA VN TF - RBIUT— S L - FETERATLTRTOT
—YDESEFRBR L2 TEL S %,

2. 3 aAVAZUITF-FH

VAT M-I WERRT S, TV ERF LIRS TS HIIREL T
THRWVAY, 12DF—=FIZo0nTRT—FERHIT— F ERBICLTEITL TR
TR o2,

CZWRAaYARS U b F—FEERBITEERIENAT v THRL2 > THERIL ZVWE
B (Thbbaryx sy ) OF—5EEKBEV),

2. 4 F—FLa—FE

La— FRIIET— Y EREDS 41 LATF v TEDTF— 5 2881 5,

La— FRIZR TS ERMETESIERBTER W,

IV VA VI T2 ARTATIYbT -5 L a— FEeHET A, 1L I—
FE*#¥uFZEHAF vy FLLTT 2R T 5,

¥begin {record} {" Record Label’|
¥begin |datal

DATA ...

¥end {datal

¥end {record}
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3. AVINV—F#E (F—VESHBLUIVAY Y M F—FEICRE)
F—FEERBIVI LAYV P F—FIZOoWTIIED UDF 774 VDOF— ¥ ESHR
BIVIVRS VM F— s BEEDORAL I ENTES,

BLEBOAL IDF 77 A MIZF—F La— FEFH o Td% bk,

47— FER
¥include {”include_UDF_name”}

S"¥X 1D A L,
- 7include” 13/ NXLF D A,
- "¥" ”include”,” {”, " include_UDF_name”,”} " D& b — 27 Y OREIIIZHANT A > TH B\,

TR END 7 7 A VEIIRADIBET 74 V5 O /SR B 5 VM /SR THE
T 5,

4. 2—HF—EHxB LoV R—x > MEE

4. 1 2—-¥-—ExKHY

UF D7 — ¥ EEWIIBNT, BEADOPIIEREINL F— I BEEICHZVIEERHENE
BRI o THBIGE, T IV EEVBEMICLVFRAADTL b, FRIIHITT EH7-D12,
BEGOESr 21—V —ERBL LTHEATES X)L,

I—H—EHHL L TESINEHKIL, 1-HF—FHESBFOBREE (£ % TF
LICFoOBERERL 25,

FIRREIEE LT,

(1) BEERO 1 ER: LTa—F—E&REEL D,

(2) BHBOZ—F—E&BIIEZ L\,

¥begin {def]
Atom: |
molID:int, // FFAD ID
typeName:string, // AtomType D% Hi
coord: | /) BERE
x:.double,
y.double,
i z.double
vel: | /) RE
x.double,
y.double,
z:.double
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force: | /) H
x:.double,
y:.double,
( z.double
; totallID:int, /) VATAP=FZNVDID
Aiom.show[”point"]:i”point(coord,l)”l;
¥end {def}
C e EEE . -

¥begin {component}|
Molecule: |
name:string,
atom[]:Atom,
bond (] :Bond,
angle(]:Angle,
torsion(]:Torsion,
interactionSite[]:InteractionSite

¥end {component}

4. 2 aVE-RV I EE
I —HF—FHREHIZHF L T show- test -unit -help ® UDF BENRE SN TV BEE,
FORBYY L BERICEREEIDFIVER—F L MEBTH B,

£

Atom. show[”point”]: {"point (coord, 1)} ;

T, BEHIC

Molecule. atom[]. show([”point”]: {"point (coord, 1)”} ;
D show BHEAEE S NS,

5. UDF 30k

UDF 1357 — ¥ EHE & F— F ERL» % 5.

abel &k : 51

F— 5 ERBII LRI R ODT— S L ERRE F— F BRERR, S 2 5.
F Iy AEBERIT - I —ENREHNITEIT) RO LERRSTH .

F— I BUEERIRIERRC, NVTOEBIICASEDIILELRTTTHS.

N

\‘

F— ¥ ZEZBIVLTLETHLH, F—BHEZRRE L EIRW.
7 — ¥ ERER
F— Y EEICBBE T~ ¥ T FRNF -5 R AR—R, R, &7, V)7, hED
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XY RF TR o T, XFHF— 5 ZLTFIHF(" £ 7 ) THEA.
TV ERBL TV EERIE—D2DA M) —2BIIRBEL TV THEWVD, HEAHD
T= I OWTIET = Y ERIHF T — F EFRTICLTHITL TR ITIER & %20,

(1) L
T ERICUTOFRELH 5,
¥def
TTT =5 OBV ET T 25E0F 7~ F
¥begin {def}
BEEL EOBET— ¥ P ERBBF—T7-F
¥end |def!
BREERLEOEET— S ERKRTI7-F

2)7—s 8
F—FOREEETALDIIUTOXF—T7—-FERAWVAS,
int
F—INRERTHALILEESTAHEIIHV S, (long&HL)
long
T PRERTHHLEEETAHAICHVS, (int EFEL)

short

F-IPEERTHLILEFESTIHEICHV S,
float

T PEBEER THHILEETTAHEICH V5, (single LFIL)
double

F— I HEBEERTHLILABEETAHAICHV S,
single

Ty PEREERTHHILEESTAHEICAV S, (float LR L)
string

T DPXFRTHLILEEETAHEICH A,

(XY EH
BEK - B2 EOERRTY 2RI 720U TOXF-—T7—-FEAV5,
i
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F— SN REERTHLIEEFETIEREGB LV
BERDOR -7 (EREH) 2HRTIHEICHVS,
(]
F— N THIEXESTAHEB LV
TS RFIDRAa—-7 (E&&EH) HRTAHEIHVS,
<>
F— Y ERETEIRA VI —THAEFEETAIHEICHN S,
F— Y ERKHE TR EDERDFRA V5 —TH 5P EHRTEAEEIHNVS,

- REORT e FRT BHEIAV S,

T EREDRTRT—IEERDYF L LTHWS,
F— ¥ ERRTETF—FEXYHDFELTHNS,

F— YRR TIXFTFT - DEEICHAV S,

(4)Platform IZ4KFF L 7= F 58
platform TiX Python I AE B EZ Y R— FLTWAELDUTOF— 77— FidfE

RAT&%Wun,
and del for is raise
assert elif from lamhda return
break else global not try
class except < if or while
continue exec import pass def
finally in print

UDF filekPython®interfaced L TLUTFTDF—7— FHREFHENR TS,
UDFPythonParse UDF val

T2, DFEBOEF [JNTIZPythonD Y A MCERATELASARAEEF [ ] *
FHTHIERTER, DFF— 5 %E%K® MBS & [Python® V) A M1 L I1X5I#
TH 5,

UDF ZEFZ2WTIE, DTIORT &) 2 ERARECI W F— S 2EETHIELC
e L 2w e ET 5,

a, b, c=%x,9, z=y, X, X +y

BT cZ858LFERE 2w (IDFDEERL D, 2EHLE23) b DET 5,

atm position ->atom?positionZz && § 5,

c, chtEx IV VORRESHEE L TVAEEE ¢,ct+DFHETHLUTOXF—7—
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FIERTE 2\,

asm auto break case catch
char class const continue default
delete do double else enum
extern float for friend goto

if inline int long new
operator private protected public register
return short signed sizeof static
struct switch template this throw
try typedef union unsigned virtual
void volatile  while

FORTRAN 2 £ > ¥V ORFEEFEL LT 2354513 FORTRAN OFHETHEF—7— F
IR TER V. (FORTRAN CEESER)

5. 2 T EREHRN

(1) BT — 50T~ EH

1 DOEFEREMLEERDNDEL IR 154 Y TEDERDRERITE 2HARUT
DL S IC¥def XEFWT, F— Y DEERITI ZEHTE 5,

¥def Variable Name. Type,

T ZIZ., Variable Nameid a-Z THREZHEEDERAE T, Dpe 37— DEITH 5,

¥def OBRBICEILT; 22T 5,

(1)

¥def temperature: double;

¥def wvec:!| x:int, y:int, z:int |;

(2) —T—5DTFT— IV EER
T = DT~ S ERIZLT DL (Z¥eginldefl XEAWVT, F—FDEHEZIT
Tt B,
¥begin |def}
Variable Name: Type
Variable Name: Type;
¥end {def}
Z ZIUZ. Variable Name 3 a-Z THEIBEEDOERET. Npe 37— DETH 5,
¥begin |def! DEFZITLT endidefl TRT T 5,
(#1)
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¥begin |def!
atom: | pos: | x:int, y:int, z:int |,
vel: { x:int, y:int, z:int |,
id: int

kind:string
bs
end ldef!

(2) BRF—5 07— EH
ENTF— 07— BB ILTOIHCHERANWT, TV DERETHI L ET B,
Variable Name([]. Type
(#1)
¥hegin |def!
config: |
time:double,
atom[]: {pos[]: {int},
vel: |x:int,y:int, z:int},
id:int
|
kinetic_energy:int,
pressure: int
b
¥end {def!

(3) FA VI ERDT— I EHR
FAVIERDT— ¥ ERIIUTOL I COFHAVT, F=YDERFTOILET
S
Variable Name<*>;
¥begin {def}
pl:<*>;
p2:<*>;
p3:<*>;
x:double;
vec: {x:int,y:int, z:int};
atom: |
vec: |x:int,y:int, z:int},
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1d:int
bs
¥end |{def}

4) T-IBHEDT -y EE

F=BUHDTF— Y EZRIZILUTDL S T help, .test, .unit, .show *xHWVT, F—
FOEREITIZLLET B,

Variable Name. help. "Expressions”;

Variable Name. test. “Expressions”;

Variable Name. unit. "Expressions”,

Variable Name. show. “Expressions”;

INLIET— 5 OFEHRFETR (help). EEF = v 7 (test). BEMIFE (wmit). MFRIEE
(show) 72 £ %475 b DT, Expressions PIZIIEEDOLFHI 2k T AT LA TE S,

¥ 7. show Tid Expressions FIZBM ID # WA I EXTE, ZhIiZXy, ¥—%
DERELHEIIERT LI EDPTRTH S,

5. 3 7—¥EKTRLG

(1) BfiF— 207 - 245
1 DDERREMEBERDL I L 154V TEOERDRRABLS TE ZFEIIUT
D& ic¥ata XEAWVT, F— I DEREITITENTE S,
¥data Variable Name: Value;
(#1)
¥def temperature: double;

¥data temperature:. 1.0;

(2) T —2DT—2REE
—#x T = DT - FERIIDT D L iC¥beginidata]l XEAVT, F— ¥ DEHRFIT
HTEET B,

¥begin {datal
Variable Name. Value
Variable Name. Value;

¥end {datal

(#1)
¥begin ldef!

config: |
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time:double,

atom[]: pos[]: lint],
vel: {x:int,y:int, z:int},
1d:int
I

kinetic_energy:int,

pressure: int

{;

¥end {def}
¥begin ldatal
config: |
time 10.0
atom [
{(10,11,121, -10,-11,-12{, 15},
{[20, 21, 22], {-20,-21,-22, 25},
{[30, 31, 32], 1-30,-31,-32}, 35
]
40
5
f
¥end {datal
(iF)

22T, 2§l pos DEKIZ[ITRYY . Mkt vel DEMKIR || TR T 2,
AT FVHRTRETXTHETF =5 2R o Twed’, TR TIIRRAIEERPE
FINDORFAT— & EFRBTAUAETH 570, UF BHIML EEHHS7 7 A VATK
ECHALTVRBELRELT— S OREND VIR o), 27 -ABFH T
CRBIEERITBHIZOTH B,

(3) 1 2 EHOFIEE
RA Y FEBROFNAERLUTO&EY) TH 5,
Variable Name< Variable Name 2>,
¥begin {def}
pl:<*>;
p2:<*>;

p3:<*>;
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x:.double;

vec: {x:int,y:int,z:int};

atom: |
vec: {x:int,y:int, z:int},
id:int
s
¥begin {datal
pli<x>;
p2:.<vec>,

p3.<atom. vec>;
x:1.0;
vec: 11,4,5!;
atom: 113,4,5¢,7} ;
¥end {datal
ZDBE
pl = 1.0
p2.x = 1
p3.x = 3
(iE)
ZIZTIIRASL VI RECLERBERAVTV S,
)T FNVAEBTEEFETTHVAZ LI o TW D, FDBEH AT —F DR THE
BROESFTEL20hE, BERLAERMERLRTIENTEZ20HALTH S,
T/, BEIOBEEIDTO L) 2ERENSTRTH S,
- BEF D
¥begin |def}
pd:<*>;
p5i<*>;
array(]: lint} ;
¥end {def}

¥begin |datal
p4:<array(2]>;
pb:<array>;
array(]:[0,1,2,3,4,5];
¥end {datal
FEOBD pd 3K array P 3EFEEBDPEFE array[2]DERA ¥ 2L,
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pS I3ZE K array DFRAL Y ¥ L TWBEDOT, EXREILUTOL STk S,
pd =2
p5[1] =1

4) T-IBMDOT —2EHK
T ¥ BT — 7 ERIL show BRHLSMIRERTFTHREL T i v, ZOHEH
¥ Python ¢ DA V¥ —T72—ALEEL T, TOHBEZRETLILENDHLNPLTH
b Lo TZ T Tid show (TR THHT 5,

a) show BHENEFR

a.1 show BHOEX

Variable Name. show/”label”]: "Expressions”/

UDF 7°— % D/RFEE (show) 2179 b DT, Expressions FIIELAUFIZ/RT Python #
BRI % &% Python . F 7213t show B Z BT 2 I EASTE S,

¥ 72, Expressions POEE T, Variable Name EEDHSE LTES SR
2 show BiEiZ, LHEICEUFF () #0052 kI2& ). Variable Nawe Dtk %4
BTX5D,

(5 7% show BiEDH)

Atom: |
molID:int, // GFAD ID
typeName:string, // AtomType D&Hi]
coord:Vector3d // FERE
vel:Vector3d // HE
force:Vector3d /A
totalID:int, /) VATAR=FNVDID

;
Atom. show[”ball”]: {"sphere(. coord, 2)”}

Bond: |
typeName:string, // bondType ® % Hj
atoml : <*>, // WD Atom DR ~ ¥
atom?:<*> // (45K Atom. id 28> TdH L\,

ts
Bond. show[”stick”]: {”cylinder (<. atoml>. coord, <. atom2>. coord, 6) "} ;

¥begin {component|
TotalMolecules: |
molecule(]: |
name:string,
atom[]:Atom,
bond[] :Bond,
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b
TotalMol

i

angle[]:Angle,
torsion[]:Torsion,
interactionSite[]:InteractionSite

i

ecules.molecule[]. show["ball-stick_c”]: |
> .bond[]. show["stick”]’
*.atom[]. show["ball”]’

¥end |component|

a.2 Python BRI

LEED
I T
Python Y

coordin
Thhbo
Python VJ
-
=

- UK
- ZHER
- K1) 5

-H

- faH

- A

- BK

1. show B D "Expressions &y %° Java 7 54 7 ~ + 3 DHEBE ? Python AN
R TELHEMETUTIIORT, 518D coordinateN 1%, [x, v, z[EZFD
Ab, Fhd x 9, 2) EROELTOD DFEEREKTH 5,

ate_list X, 3XTCEEE[x, v, z]® Python VA P A2 X 52V A MIEDIDLD
attribute_id XBMIEEMEE 21X, TiL0 4. FERBE IR THREREE Y B

AMITFEDLDTH D,

line( coordinatel, coordinate2, attribute_id )

point ( coordinatel, attribute_id )

tetra( coordinatel, coordinate2, coordinate3, coordinate4, attribute_id )

polygon( coordinate_list, attribute_id )
4
polyline( coordinate_list, attribute_id )

disk( coordinatel, attribute_id )

ellipsel ( coordinatel, attribute_id )

ellipse2( coordinatel, coordinate2, attribute_id )

cylinder ( coordinatel, coordinate2, attribute_id )

sphere( coordinatel, attribute_id )
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- FEFE

ellipsoidl( coordinatel, attribute_id )

ellipsoid2( coordinatel, coordinate2, attribute_id )
- £El (%X coordinatez DHIZAH L)

arrow( coordinatel, coordinate2, attribute_id )

-y — (WHE. SEm)
contour ( element_type, node_number, node_coordinate_list, node_value_ list )

I8 —HEHEHRO 1 BEERREZET 5,

Ex element_type node_number
=Ak "triangle” j 3
U2bz:5i ”quad” 4
oS "tetra” ‘ 4

/B
ANHEK "hexa” 8

BiE DIEE
cplane( point_on_plane, normal vector, attribute_id )

contour CHEE L7-EROMEHESER*# <

SEE L NVOEE
clevel ( min_value, max_value, attribute_id )
contour THEE L 72FAKIC min_value & max_value DEjICH HEZFEOS
EORVWIEEERERHE <,

a.3 fiBhy — WVEE

- BHIH A XEE

sizeof( UDF_data_name )
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UDF_data_name DEAWREIIIH 2EZHTET,
TEHITIZ hexa[10]1D T2 % gid[]DEZ % KT,
hexa[l0]D 10 BFES R TV WE 2T, YA APBFETEL VO T None 187,

(B1)
elesize=sizeof (hexa[10]. gid[])

CcAVTFE T ATy TERK

indexmap ( UDF_data_name )

UDF_data_name DEEERHA VF v 7 ADT v 7% ER L.~ 7+ 7Y = 7 b % Python
F7Vx22 bELTERT,

ErSA4 YTy 7 AxBEBTAHICE, find AV y FEFERT S,

find AV v FA%:E3{#EiX UDF_data_name DEF|{77 772D Python J A P REHZIT Y
AHMELZZbDTH S,
FELZVMEX find THE L7:& 21, None &,

(1)
GridData[2].grid[3].gid B UFGridData[3].grid[4].gid DfEAT6 TH B H,
imap=indexmap (GridData[].grid[].gid)
idlist=imap. find(6)
&35 &.idlist[0][0]=2, 1dlist[0][1]=3 R T~ idlist[1][0]=3. idlist[1][1]=3 TH %,
BREHIL. len(idlist) TiELN D,

a4 HEEM

a.4.1 HEEE7 71V

LFROBEBKIC, T ORTELTHERE id TET, ShICX), BEHETHE
CEETAZEDTEETH S,

REBMOT 7+ VIEE7 7 A Vit Java b —N—DEEF 1 L7 P IZBL, REE
W77 ANVDEIRIL ShapeDrawingdtir. txt” TH 5,
F7ANIEEBYET 7 A VOERBE TSR,

### Shape Drawing Attribute ###
LineAttr <- Shape Key

Copy right © The Japan Research Institute, Limited All rights reserved.
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$#ID R G
1 1.00.00.
2 0.01.00.
3 0.00.01.
4 1.01.00.
5 1.0 0.0 1.
6 0.01.01.
7 0.00.00.

bbb

PointAttr

$ID R G
1 1.00.00.
2 0.01.00.
3 0.00.01.
4 1.01.00.
5 1.00.0 1.
6 0.0 1.0 1.
7 0.00.00.

LineAttr XU Po

B

O
é
[¥p]

#OOOOOOO

-Q:tr—‘»-—‘b—-»—tt—-dr——AH
+
**

#OOOOOO

$is

&
w

OO OOODOO
bt et e et et e e
OOOOOOOE

intAttr X, FRZPNRS & AOBERMEEF—7— FTd 5,

F-—J—- FIEHEIATIS, EREFRORBEBRZERT b, # THIATIRIAX L PER

3

WEE e ¥ —

T— FiZid, T2ED (1) WWRTLIOPH Y, FRLFIOHEEMEIZ

(2) ILRTEBYTH B,

(1) #=7—F
O LineAttr Y
O PointAttr 5
O PolygonAttr : =HF. WAK. - - ZHAE
O DiskAttr L
o EllipselAttr : #5381 (.0 1 SOEIEHEE)
o0 Ellipse2Attr : fF#& 2 (= 2 AOEEEE)
0 CylinderAttr : P&
O SphereAttr : %k
o EllipsoidlAttr CFEEAE L (Ul 1 EOBERE)
o Ellipsoid2Attr C KK 2 (BN 2 BOREERE. Bi#i2a)
o TetraAttr : HHEHE
O ArrowAttr  : RE]
0 CplaneAttr BfE I > ¥ —
o ClevelAttr | ZE@E

(2) HERE%

Copy right © The Japan Research Institute, Limited All rights reserved.
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© (RGB. EBIEE) i, 0.0~1.0 THET 5,

0 LineAttr 1D, & (RGB. EHE)

O PointAttr : I D, £ (RGB, ZHE)

o PolygonAttr : I D. & (RGB. EHHE)

o DiskAttr : ID. & (RGB. EHE). F&E. BB MV (YD)

o EllipselAttr . I D, & (RGB, ZEHIRE). £k (a,b). £ a HENZ PV (XYZ), #E#K
N7 MV (XYZ)

o Ellipse2Attr : I D, & (RGB, ZEHE)., FEk(a). EH~T MV (XYZ)

0 CylinderAttr : I D, £ (RGB, ZEHE). ##&£

O SphereAttr : ID. & (RGB, ZEHHE). =

o EllipsoidlAttr I D.f (RGB.ZHE) . ZFEEK(a,b,c) . FaFmXT MV (XYZ),
B cHmE X7 bV (XYZ)

o Ellipsoid2Attr 1D, & (RGB, :ZEHE). #&(a)

o TetraAttr : ID. & (RGB. EHE)

o ArrowAttr I D, & (RGB. EBHE). R¥HE, &5

O CplaneAttr : I D. ®/ME® (RGB. ZHHE). & AfER (RGB. EHE)

o ClevelAttr : ID. & (RGB. ZHE)

(3) ##

QF— 7 EOBITEHTRY %,

@1#E? £ofFida x> M,

@7 7 ANBENEIZ, 74V MERERT S,

@RI ]I DIREND LA, BOFIZELNL-BHRESRA SN S,

a.4.2 UDF CORBEMT — 5 18E
UF 07— EEMIUTOERXCHERBE T~ 5 ¥ RET 2 L. TOBER LT — 5 4°
BEERBIERA SRS, '

¥begin {def}
LineAttr([]: ]

1d: int,
} color:{ r:float, g:float, b:float, t:float |
PointAttr[]: |

id: int,
} color: | r:float, g:float, b:float, t:float |
PolygonAttr[]: |

id:int,

color: | r:float, g:float, b:float, t:float |

Copy right © The Japan Research Institute, Limited All rights reserved.
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bs
DiskAttr{]: |
id: int,
color: | r:float, g:float, b:float, t:float f
radius:float,
f vertical: | x:float, y:float, z:float |
Ellipse2Attr{]: |
id:int,
color: | r:float, g:float, b:float, t:float |
radius_a:float,
} vertical:| x:float, y:float, z:float |
CylinderAttr[]: |
1d: int,
color:{ r:float, g:float, b:float, t:float
} radius:float
SphereAttr[]: |
1d: int,
color:{ r:float, g:float, b:float, t:float |
} radius:float
Ellipsoid2Attr[]: |
id: int,
color:{ r:float, g:float, b:float, t:float |
radius_a:float,

|
TetraAttr(]: |
id:int,
i color:| r:float, g:float, b:float, t:float
ArrowAttr(]: |
1d: int, v
color:{ r:float, g:float, b:float, t:float |
hat_radius:float,
hat_height:float

£

CplaneAttr[]: |
id:int,
min_color: | r:float, g:float, b:float, t:float |
max_color:{ r:float, g:float, b:float, t:float

f
ClevelAttr[]: |

id: int,

color: ! r:float, g:float, b:float, t:float
£

¥end |def}
¥begin {datal
LineAttr[]:[
1, {1.01.00.0 1.0} |
12, 11.00.01.0101} }
{1, 10.01.01.01.01} 1

Copyright © The Japan Research Institute, Limited All rights reserved.
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PointAttr(]:[
{1, 10.01.00.01.01 |

]
PolygonAttr{]:[
| {1, 11.00.00.0 1.0} |

DiskAttr[]: [
{1, 11.01.00.01.01 0.5 {1001} 1}

]
Ellipse2Attr[]:[
: {6, 11.00.00.01.0}1 0.8 11001 |

CylinderAttr(]:{
: {1, 11.00.00.01.0! 0.5}

SphereAttr[]: [
{1, 11.00.00.01.01 0.5 |

1;

Ellipsoid2Attr(]:[
{1, 11.00.00.01.01 0.5}
{5 10.0001.01.0¢% 0.5
{5 11.00.00.01.0% 0.51

1;
TetraAttr(]:[
{1, 11.00.00.01.014 |

A;rowAttr[]:[
] {1, 11.00.00.01.0} 0.5 0.5

CplaneAttr([]: [
{1, 10.00.01.01.0f {1.00.01.0 1.0 |

1;
ClevelAttr[]:[
{1, 11.01.00.0 1.0} {

1;
¥end {datal
a.4.3 BEEETOEREEE

HWEBMYZ B, Python WMEREHICETAEL LT, £5C a.4.1 (2) OHERBRMED ]
DBV E% Python V XA M O THERBICET I ENTE S,

(#) line([1,1,1],[2,2,2], [1,0,0,1])

a.5 BMEREOERG

¥begin theader}
¥begin {def}
EngineType:string;

Copy right © The Japan Research Institute, Limited All rights reserved.
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EngineVersion:string;
[0Type:string;
ProjectName:string;

¥end {def!

¥begin ldatal
EngineType: "MSC_NASTRAN”
EngineVersion:”V01”
I0Type:”IN”
ProjectName:"RelationSample”

¥end |datal

¥end {header}

¥begin ldef}
Coord: |
x. double,
y. double,
z: double,
bs
Grid: |
gid: int,

coord: Coord
// User DATA.
valuel: double
valueZ: double
value3: double

f

Element: |
eid: int,
gid[]: int

bs

Material: |
mid: double,
e. double,
g: double,
nu: double

by

¥end |def}

¥begin {component |
GridData: |

grid[]: Grid
{s

ElementsData: |
hexa[]: Element
matl:Material

i

ElementsData. show[”flame”]: {*
# Creating index map.

Copy right © The Japan Research Institute, Limited All rights reserved.
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imap=indexmap (GridData.grid[]. gid)
# Getting size of "ElementsData”.
elesize=sizeof (ElementsData. hexa[])
for n in range(0,elesize):
pt=[]
for i in range(0,8):
idlist=imap.find(. hexa[n].gid[i])
if(idlist is None):
raise "no index”
id=idlist[0][0]

pp=[GridData. grid[id]. coord. x, GridData. grid[id]. coord. y, GridData. grid[id

]. coord. z]

pt. append {pp)

line(pt[0],pt[1],1)
line(pt[1],pt[2],1)
line(pt[2],pt[3],1)
line(pt[3],pt[0],1)
line(pt[0],pt[4],1)
line(pt[1],pt[5],1)
line(pt[2],pt[6],1)
line(pt[3],pt[7],1)
line(pt[4],pt[5],1)
line(pt[5], pt[6],1)
line(pt[6],pt[7],1)
line(pt[7],pt[4],1)

'

ElementsData. show[”surface”]: {’
# Creating index map.
imap=indexmap (GridData. grid[]. gid)
# Getting size of "ElementsData”.
elesize=sizeof (ElementsData. hexa[])
for n in range(0, elesize):
pt=[]
vd=[]
for i in range(0,8):
idlist=imap. find(. hexa[n]. gid[i])
if(idlist is None):
raise "no index”
id=idlist[0] 0]

pp=[GridData. grid[id]. coord. x, GridData. grid[id]. coord.y, GridData.grid[id
]. coord. z]
pt. append (pp)
vd. append (GridData. grid[id]. valuel)
contour ("hexa”, 8, pt, vd)
#contour level
clevel (7.5,8.5,1)
|

Copy right © The Japan Research Institute, Limited All rights reserved.
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ElementsData. show[”contour”]: {’
# Creating index map.
imap=indexmap (GridData. grid[]. gid)
# Getting size of "ElementsData”.
elesize=sizeof (ElementsData. hexa[])
for n in range(0, elesize):
pt=[]
vd={[]
for i in range(0, 8):
idlist=imap. find(. hexa[n].gid[i])
if(idlist is None):
raise "no index”
id=idlist[0][0]

pp=[GridData. grid[id]. coord. x, GridData. grid[id]. coord.y, GridData. grid[id
]. coord. z]
pt. append (pp)
vd. append (GridData. grid[id].valuel)
contour ("hexa”, 8, pt, vd)
#contour level
cplane([1,1,1],11,1,11,2)
']

¥end {component}|

¥begin irecord! {”"step 17]

¥begin {datal

GridData : |

[
0, 10,0,01,0,0,0t,
i1, 11,0,0},1,0,0},
{2, 12,0,01,2,0,0},
{3, 10,1,01,3,0,01,
{4, 11,1,01,4,0,01,
5, 12,1,01,5,0,0t,
16, 10,2,01,6,0,01,
17, 11,2,0},7,0,01,
8, 12,2,01,8,0,0t,
19, 10,0,11,8,0,0!,
10, {1,0,1},8,0, 01,
111, 12,0,11,8,0,01,
12, 10,1,1},8,0,0},
13, 11,1, 1},8,0, 0},
{14, 12,1,11,8,0,0!,
115, {0,2,1},9,0, 01,
{16, 11,2,1},9,0,0!,
117, 12,2,1},9,0,01,
118, 10,0,2},9,0,0},
119, 11,0,2},9,0, 0%,
{20, 12,0,2,9,0, 0%,
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{21, 10,1, 2/,10,0,0!,
122, 11,1,21,10,0,0},
123, 12,1,2},10,0, 0},
{24, 10,2,2},10,0, 0%,
125, 11,2,2},10,0,0!,
126, 12,2,2},10,0,0!,

]
fs
ElementsData: |
[
{0, [0,1,4,3,9,10,13,12] |
{1, [1,2,5,4,10,11, 14,13] |
{2 1[34,7,6,12,13,16,15] |
{3, [4,5,8,7,13,14,17,16] |
{ 4, [9,10,13,12,18,19,22,21] |
5, [10,11,14,13,19,20,23,22] }
{6, [12,13,16,15,21,22,25,24] |
{7, [13,14,17,16,22,23, 26, 25] |
]
{0, 21000, 0.0 0.0 !
s
¥end {datal

¥end {record|

(5) BFIDECRIER 18 F(IndexOrder)

T— B 2RITUDEDRFITH BHELH HNDRITLE KT read/write THPLEHE
Lz, UDF BECEHE L2 5%\v, 22T, IDF 774 VAICZ DIEFZRET
LHEFDEBIEFIEEFRITAHI EIZLT,

COEFIDERIEFIEEFIZIT —F DEKFOKELRTIDTHALDT, 7—FE
KR TETHRBTELDDEE R,

¥indexOrder | Variable Name [i][jl}

(B1)
¥begin {def!
array: |
array2[][]: {{intt},
array3[1[1[]1: {{1int} ]
b

¥end {def}

¥begin {datal

¥indexOrder !

array.array3[1]1(2]1[3],
array.array2(2][1]
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array:i
[
(10,11, 12,13, 14],
(20,21, 22,23, 24],
(30,31, 32,33, 34],
(40,41, 42,43, 44]
1,
(
[
(110, 111,112,113, 114],
[120, 121,122,123, 124],
[130, 131,132,133, 134],
(140, 141, 142, 143, 144]
1,
[
(210, 211,212,213, 214],
(220, 221, 222, 223, 224],
[230, 231, 232, 233, 234],
(240, 241, 242, 243, 244]
1,
(
(310, 311, 312, 313, 314],
(320, 321, 322, 323, 324],
[330, 331, 332, 333, 3341,
(340, 341, 342, 343, 344]
]
]

fs

¥end {datal
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public class Contact implements java.io.Serializable |{
public static String MessageBoard = "”;
public static void gmain(String args[]) |
try |
undock |

go ("//flute:12002/”);
MessageBoard = "mountain”;
go ("//ritsuko:12002/”);
MessageBoard = "river”,
go ("//flute:12002/”);
System.out.println ("MessageBoard = ” + MessageBoard) ;
go ("//ritsuko:12002/");
System. out.println ("MessageBoard =

”

+ MessageBoard) ;
{

t catch (Exception e) |
System. out.println ("migration failed!”);
System. out.println (e.getMessage());

f

D70 T T Lt MessageBoard &\ ) BHUC_HBIOEEZRALTWSE, B
LA T L= arzfthhnwr/urs 7o ThIBEROLVWI ETHD, T
D787 T Ll flute D MessageBoard {Z mountain & F Z3AA, £ D% ritsuko
WCRBE) L. £DHETD MessageBoard 12 river L H &AL, £ L TCENFRODK
A T MessageBoard DABEZERRT 5o

a7 L0321V

JavaGO DBE AR T, ¥4 7L —2arxfr) 7urs s AixEAD
translator (jgoc) T WEH % T HUEDdH 5, jgoc i go X undock ZFAZZ 70V
FSAEANE LTI, BENE Javad TR0 1T5, A
N7z JavaD 7O TS AT EED JavaD IV INA G HFSTAas 4 VT 52
EHTE S,

LB INTWS T L% Contact. jgo &) 774 WITBREZ LTBL,
ZN% jgoc & javac TI /8 V¥ 5,

jgoc Contact. jgo
javac Contact. java

70595 LDOEEE)
TaF S LERETALZOICIE, COTOTFLEERLTVWETRTOY S

A7 7 4 V% migration server IR S LENH B, £ DOMEIL JavaGo 7%y
F—JIZ&ENTWV5 javagoRun &£\ 70577 AT ),

java javago.Run //flute:12002/ Contact.class ST*.class

CDXHIZATT AL flute 1213 mountain, ritsuko 2% river& FREN S 1T
TTHhb,




int maxx = 260 + Size * 4 + (j - 1) * 170;
int y =192 - i *8;
offgraphics. fillRect ( minx, y, maxx - minx, 6 )

} |
g.drawImage (offscreen, 0, 0, null);

public void Move( int From, int To ) |
int i, j:
for (i =Size-1;1i>0; i—)
if ( Tower[From][i] !=0)
break;
for (j =0; j <Size; j++ )
if ( Tower[Tol[j] == 0 )
break;
Tower[Tol[j] = Tower[From][i];
Tower [From][i]l = 0;
repaint () ;
try |
} Thread. currentThread().sleep (30);

catch ( InterruptedException e ) |
* |
public int TheRestOne( int i, int j ) |
if (i==0) {
if (j==1)
return 2;
else
} return 1;
else if (i==1) |
if (j==0)
return 2;
else
} return 0;
else |
if (j==0)
return 1;
else
return 0,
| }
public void Solve( int k, int From, int To ) |
if (k==1) |
} Move( From, To );

else |
Solve( k - 1, From, TheRestOne( From, To ) );
Move( From, To );
Solve( k = 1, TheRestOne( From, To ), To );

i

public static void main(String args[]) |
Hanoi  Self = new Hanoi():



offgraphics. setColor (Color.black);

int minx = 260 - Size *4 + (j - 1) * 170;

int maxx = 260 + Size * 4 + (j - 1) * 170;

offgraphics. fillRect( minx, y, x - minx, 6 );
! offgraphics. fillRect( x + width, y, maxx - (x + minx), 6 );
else |

offgraphics. setColor (Color.black);

int minx = 260 - Size * 4 + (j - 1) * 170;

int maxx = 260 + Size * 4 + (j - 1) * 170;

int y =192 - 1 * §;

offgraphics. fillRect( minx, y, maxx - minx, 6 )

|
|
g.drawlmage (offscreen, 0, 0, null);

public void Move( int From, int To ) |
int 1, ],
Counter++;
for ( i =Size - 1; i>0; i— )
if ( Tower(From][i] != 0 )
break;
for ( j =0; j < Size; j++ )
if ( Tower[Toll[j] == 0)
break;
Tower[To][j] = Tower[From][il;
Tower [From][i] = 0;
repaint () ;
try |
' Thread. currentThread().sleep (30);

catch ( InterruptedException e ) |
‘ |
public int TheRestOne( int 1, int j ) |
if (1==0) {
if (j==1)
return 2;
else
‘ return 1,
else if (1 ==1) |
if (j==0)
return 2;
else
| return 0;
else |
if (j==0)
return 1;
else
return 0;
} f
public migratory void Solve( int k, int From, int To ) throws NotifyGone {
if ( Counter >= 100 ) |




Self.setSize( 520, 200 );
Self.setResizable (false);
Self.setBackground (Color.black);
Self. setForeground (Color.green);
Self. show();

Self.Solve( Self.Size, 0, 2 );

|
> ~ N /— - Lo LN S—
Y1 L= E o705 4
CDTOATFT LA T VL= arvEIT)IEIICEEBRRIL, <AL —2a V%247
ML LTI (RZI00BBLZ51E~A 7L —Yarafg) ] 2kedh, #0750

WeBLIEBREZBATB AT VI =205, ATV — 3 ViZTDODFRR
FOMERZRAIATER ) 2 LT B,

import javago.*;
import java.awt.*;

public class Hanoi extends Frame implements java.io.Serializable |{
public int Size = 20;
public int Counter = 0;
public int Tower[][];
public String Destination[];
public int NextDestination;
Image offscreen;
Graphics offgraphics;
public Hanoi() |
super ("Tower of Hanoi”);
int 1;
Tower = new int[3][20];
for (i =0; i< Size; i++ ) |
Tower [0][i] = Size - i;
Tower[1][i] = 0;
Tower[2][1] = O;

Destination = new String[2];
Destination[0] = ”//ritsuko:12002/";
Destination[1] = ”//flute:12002/";
NextDestination = 0;

|
public void update( Graphics g ) |
int i, J;
if ( offscreen == null ) |
Dimension d = size();
offscreen = createImage(d.width, d.height);
} offgraphics = offscreen. getGraphics();
for (j=0; 7 <3; j++ ) |
for (i =20; i< Size; i++ ) |
if ( Tower[jI[il !=0) |
int x = 260 — Tower[j][i] *4 + (j - 1) * 170;
int y=192 -1 *8;
int width = Tower[j1[i] * 8;
offgraphics. setColor (Color.gray);
offgraphics. fillRect( x, y, width, 6 );
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cgiemu.html:

<html>

<head>

<title>JavaGO CGI emulation</title>

<script>

function invoke() |

var arg = document. forms[0].elements{0].value;

var docj = document.applets[”TestApplet”]. Invoke(arg);
var doc = docj + 7”;

document. open(”text/html”) ;

document. writeln("<html><head>");
document.writeln("<title>The CGI Result</title>");
document.writeln(”</head>");
document.writeln(”<body>");

document. writeln(doc) ;
document.writeln("</body></html>") ;

*v document. close();

</script>
</head>
<body>

<applet codebase=".” name="TestApplet” code="TestApplet.class” width=10 height=10 MAYSCRIPT>
</applet>

<hl>JavaGO CGI emulation</hl>

<form>

<input type=text name="Message” value="default”>

<input type=button name="Click” onClick="invoke()” value="Click”>
</form> '

</body>
</html>

CDR=JIIZEXFHNRZTRE T+ — L ERY VHPE—DERENT VDS, T—FBEFDT +— 42
XFHEADL, KF Y %HT L invoke & v 9 JavaScript ® BEAFIFTHEINE, ZOBBIET 7 + —
LOABEZWYHEL, FOREZFHRLELT7Z7 Ly FDInvoke E W) AV Yy RERUFHT, REIC
Invoke 2V v FOKREZAHEE LT, BEOR—VE2EBEHRZI 5,

JavaScript @ invoke &\ ) BD P TEIXFH|ZMA T EEITPH 5, 9 LTWHHEHIT
JavaScript & Java DETHOTF— I DOZHE L OHRN & BRI H 5, T dogg DAZIL Java DR DR Y
fETHLXFHTH S, JavaScript i ZZFNEIR) T EDNTE LV, FD728 Java DILFEF| % JavaScript
DXFITNERT 2LEVDH L, INEIT)OPEXFHDOEETH %,

7O L0 INqMIb
TN VERD X Iz T T L v,

jgoc Moving. jgo
javac TestApplet. java

ZOBRICER SN class 77 A NVE JavaGO D7 T AT 7 A VBER TSy Fhrbu—FTEL L2
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Data Management in an International
Data Grid Project

Wolfgang Hoschek!'3, Javier Jaen-Martinez!, Asad Samar?+4,
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Abstract. In this paper we report on preliminary work and architec-
tural design carried out in the "Data Management” work package in
the International Data Grid project. OQur aim within a time scale of
three years is to provide Grid middleware services supporting the I/O-
intensive world-wide distributed next generation experiments in High-
Energy Physics, Earth Observation and Bioinformatics. The goal is to
specify, develop, integrate and test tools and middleware infrastructure
to coherently manage and share Petabyte-range information volumes in
high-throughput production-quality Grid environments. The middleware
will allow secure access to massive amounts of data in a universal names-
pace, to move and replicate data at high speed from one geographical
site to another, and to manage synchronisation of remote copies. We
put much attention on clearly specifying and categorising existing work
on the Grid, especially in data management in Grid related projects.
Challenging use cases are described and how they map to architectural
decisions concerning data access, replication, meta data management,
security and query optimisation.

1 Introduction

In the year 2005 a new particle accelerator, the Large Hadron Collider (LHC), is
scheduled to be in operation at CERN, the European Organization for Nuclear
Research. Four High Energy Physics (HEP) experiments will start to produce
several Petabytes of data per year over a life time of 15 to 20 years. Since
this amount of data was never produced before, special efforts concerning data
management and data storage are required.

One characteristic of these data is that most of it is read-only. In general,
data are written by the experiment, stored at very high data rates (from 100
MB/sec to 1GB/sec) and are normally not changed any more afterwards. This
is true for about 90% of the total amount of data. Furthermore, since CERN
experiments are collaborations of over a thousand physicists from many different
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universities and institutes, the experiment’s data are not only stored locally at
CERN but there is also an intention to store parts of the data at world-wide
distributed sites in so-called Regional Centres (RCs) and also in some institutes
and universities. The computing model of a typical LHC experiment is shown in
Figure 1.
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Fig. 1. Example of the network of one experiment’s computing model

These RCs are part of the distributed computing model and should com-
plement the functionality of the CERN Centre. The aim is to use computing
power and data storage in these Regional Centres and allow physicists to do
their analysis work outside of CERN with a reasonable response time rather
than accessing all the data at CERN. This should also help the collaboration to
have many scientists working spread around the world. Regional Centres will be
set up for instance in Italy, France, Great Britain, USA and Japan.

By its nature, this is a typical Grid application which combines two aspects
of today’s Grid technology: Computational and Data Grids. In order to meet
this challenge, the HEP community has established a project called “Research
and Technological Development for an International Data Grid”. The objec-
tives of this project are the following. Firstly, establish a Research Network
which will enable the development of the technology components essential for



the implementation of a new world-wide Data Grid on a scale not previously at-
tempted. Secondly, demonstrate the effectiveness of this new technology through
the large scale deployment of end-to-end application experiments involving real
users. Finally, demonstrate the ability to build, connect and effectively manage
large general-purpose, data intensive computer clusters constructed from low-
cost commodity components. Furthermore, the project does not only cover HEP
but also other scientific communities like Earth Observation and Bioinformatics.

The entire project consists of several work packages for middleware devel-
opment, computing fabric and mass storage management, testbeds and appli-
cations. In this paper we present the data management aspects of the project.
The objectives are to implement and compare different distributed data man-
agement approaches including caching, file replication and file migration. Such
middleware is critical for the success of heterogeneous Data Grids, since they
rely on efficient, uniform and transparent access methods. Issues to be tackled
within three years include:

the management of a universal namespace
efficient data transfer between sites
synchronisation of remote copies

wide-area data access/caching

interfacing to mass storage management systems.

A major aim of the project is to build on existing experience and available
software systems. For the startup phase we have chosen the Globus toolkit as
the starting point for our middleware research and development. Globus is a
promising toolkit and has already proved several times that it is applicable for
large Grid projects [12].

The paper is organised in the following way. The section on related work gives
an overview of data management in current data Grid projects and discusses
related issues of distributed database management systems and distributed file
systems. Section 3 emphases the challenging requirements of data-intensive Grid
applications. In sections 4 and 5 we present the overall architecture of the data
management middleware components and give details on the individual compo-
nents. Finally, conclusions and future work are presented.

2 Survey and Discussion of Related Work

Traditional distributed file systems like Network File System (NFS) [18] and
Andrew File System (AFS) {15] provide a convenient interface for remote I/0O
with a uniform file name space. However, this approach does not support mul-
tisite replication issues and also cannot achieve good performance due to a lack
of collective I/0O functionalities, i.e. batch I/O and scheduled I/O. In contrast,
parallel file systems like Vesta [5] and Galley [16], provide collective 1/O but do
not address complex configurations, unique performance trade-offs and security
problems that arise in wide area environments. Finally, remote execution systems



enable location-independent execution of tasks scheduled to remote computers,
but do not support parallel I/O interfaces or access to parallel file systems.

In distributed database research replication becomes more and more impor-
tant. However, the research emphasis is on update synchronisation of single
transactions on replicas [1] rather than considering the problem of transferring
large amounts of data, which is an issue in our case.

None of these legacy systems are able to satisfy the stringent requirements,
posed by both the scientific community and the industry, of having geographi-
cally distributed users and resources, accessing Petabyte-scale data and perform-
ing computationally intensive analysis of this data.

The notion of the "Grid” has been related to having access to distributed
computational resources, resulting in being able to run computation intensive
applications. The concept of having a Grid infrastructure which can support data
intensive applications is new to the Grid community. There are a few projects,
like Globus [4] and Legion [13], which were initially directed towards computa-
tional Grids but are now also adding support for distributed data management
and integrating this with the computational Grid infrastructure. There is yet an-
other class of on-going projects which have directed their efforts to support the
distributed-data intensive applications from the very beginning. These mainly
include Particle Physics Data Grid (PPDG)[17], Grid Physics Network (Gri-
PhyN)[8], Storage Request Broker (SRB)[21] and the China Clipper[11] project.

The Global Access to Secondary Storage (GASS) API provided by Globus
is the only component in the latest version of the toolkit which performs tasks
related to data management. The scope of GASS API, however, is limited to
providing remote file I/O operations, management of local file caches and file
transfers in a client-server model with support for multiple protocols [3]. The
Globus group is currently working on some of the data management issues includ-
ing replica management and optimising file transfers over wide area networks [4].
The Globus philosophy is not to provide high level functionality, but to develop
middleware which can be used as the base for developing a more complicated
infrastructure on top.

The Legion project does not have any explicit modules working on data
management issues. However, it does provide very basic data management func-
tionality, implicitly, using the backing store ”vault” mechanism [13]. High level
issues like replica management, optimised file transfers and data load manage-
ment are not addressed.

The Particle Physics Data Grid (PPDG) project is focussed on developing a
Grid infrastructure which can support high speed data transfers and transparent
access. This project addresses replica management, high performance networking
and interfacing with different storage brokers [17]. This is a one year project and
so the intentions are not to have very high level deliverables but to develop a
basic infrastructure which can fulfill the needs of physicists.

The Grid Physics Network (GriPhyN) project is a new project whose proposal
has been sent to NSF for approval in April 2000. The main goal of the project



is to pursue an aggressive programme of fundamental IT research focussed on
realising the concept of "virtual data” [8].

Storage Request Broker (SRB) addresses issues related to providing a uni-
form interface to heterogenous storage systems and accessing replicated data over
wide area. SRB also provides ways to access data sets based on their attributes
rather than physical location, using the Metadata Catalog (MCAT) [21]. MCAT
is a meta data repository system, which provides a mechanism for storing and
querying system level and domain independant meta data using a uniform inter-
face [14]. The China Clipper project has its high level goals to support high speed
access to, and integrated views of, multiple data archives; resource discovery and
automated brokering; comprehensive real-time monitoring of networks and flex-
ible and distributed management of access control and policy enforcement for
multi-administrative domain resources [11]. The project goals cover most aspects
of a Grid infrastructure and also addresses the middleware development and not
only the high level services.

These are the main initiatives which are looking at data management issues
in a distributed environment. One of the main goals of our project is to work
in collaboration with these on-going efforts, and use the middleware developed
by them if it satisfies our requirements. Qur final work aims at a system which
would integrate or interact with these projects so that end-users can benefit from
the efforts being put in, from all over the globe.

3 Use Cases

In our Data Grid initiative three different real-world application areas are in-
cluded:

— High Energy Physics (HEP)
— Earth Observation
— Bioinformatics

Common to all these areas is the sharing of data in terms of information and
databases, which are distributed across Europe and even further afield. The main
aim is to improve the efficiency and the speed of the data analysis by integrating
widely distributed processing power and data storage systems. However, the
applications offer complementary data models, which allow us to assess how well
a given solution can be applied to a general-purpose computing environment.

HEP is organised as large collaborations where some 2,000 researchers dis-
tributed all over the globe analyse the same data, which are generated by a
single, local accelerator. The data access itself is characterised by the gener-
alised dynamic distribution of data across the Grid including replica and cache
management. As for Earth Observation, data are collected at distributed stations
and are also maintained in geographically distributed databases. In molecular
biology and genetics research a large number of independent databases are used,
which need to be integrated in one logical system.



In order to get a better understanding of some of the requirements for the
Data Grid, let us briefly outline the general characteristics of HEP computing.
Experiments are designed to try to understand the physical laws of nature and to
test the existing models by studying the results of the collisions of fundamental
particles, which are produced after acceleration to very high energies in large
particle accelerators. For example, beams of protons are accelerated in opposite
directions and are forced to collide in all detectors along the accelerator. Each of
these collisions is called an event. The detectors track the passage of produced
particles. Moreover, the analysis of physical contraints of the produced particles
implies computationally intensive reconstruction procedures.

Typical uses in HEP fall into two main categories, namely data production
and end-user analysis:

1. Data production
— central experimental data production at CERN (these data come directly
from the on-line data acquisition system of the detector)
— distributed event simulation
— reconstruction of event data
— partial re-reconstruction of event data
2. End-user analysis
— interactive analysis
— batch analysis on fully reconstructed data
— analysis on full event data including ”detector studies”

A typical interactive end-user analysis job starts with selecting a large initial
collection of independent events. This means that the physics result obtained by
processing the event collection is independent of the sequence of processing each
single event. During the analysis jobs physicists apply some "cuts” on the data
and thereby reduce the number of events in the event collection. In other words,
a cut predicate is developed which is applied to the event collection in order to
sieve out ”interesting” events.

The process of constructing single cut predicates, i.e. optimisations of physics
selections, can take several weeks or months, where the current version of the
cut predicate is applied to the whole event collection or to subsets of it. One
obvious optimisation for such an analysis job is to keep the most frequently used
subset of events on the fastest storage (for example, in the disk cache).

An analysis job can possibly compute some very CPU intensive functions of
all events, for example, a reconstruction algorithm could create a complex new
event object which has to be stored for later analysis. This new object can be
regarded as some additional information for this particular event.

Other jobs could apply multiple functions to every event. However, a consid-
erable amount of time is spent on reading the objects, i.e. fetching the objects
from the disk cache or from tape. Since all events are independent, a coarse
grained parallelism based on the event level allows for a high degree of freedom
in I/O scheduling and thus the events can be processed on different CPUs in
parallel.



The Data Management tasks are to handle uniform and fast file transfer from
one storage system to another. What is more, by studying the access patterns,
meta data and file copies need to be managed in a distributed and hierarchical
cache. In addition, security issues and access rights of the particular users must
be considered.

4 Architecture

The Data Grid is a large and complex project involving many organisations,
software engineers and scientists. Its decomposition must meet a number of chal-
lenges. The architecture must

— be easy to understand in order to be maintainable over time. Complex and
fragile components are discouraged.

— be flexible so that different organisations can plug-in their own packages.
A model based on a layered set of interfaces enables multiple implementa-
tions to coexist. Each implementation of an interface may focus on different
characteristics such as performance or maintainability.

— allow for rapid prototyping. Thus it should leverage previous work as much
as possible.

— be scalable to massive high throughput use cases. Careful design and layering
is necessary to achieve this.

— respect the nature of distributed development. Effort is split between multi-
ple teams, each working on a substantial component. Therefore components
must be well defined and loosely coupled.
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Fig. 2. Overall interaction of project work packages



‘We now sketch the overall architecture of the Data Grid as depicted in Figure
2. WP indicates the work package within the entire project. High Energy Physics,
Earth Observation, and Biology exploit the developments of the project to offer
transparent access to distributed data and high performance computing facilities
to their respective geographically distributed community. Workload Managernent
defines and implements components for distributed scheduling and resource man-
agement. Data Management develops and integrates tools and middle-ware in-
frastructure to coherently manage and share Petabyte-scale information volumes
in high-throughput production-quality Grid environments. Monitoring provides
infrastructure to enable end-user and administrator access to status and error
information in a Grid environment. Globus services form the core middleware.
Fabric Management delivers all the necessary tools to manage a computing cen-
tre providing Grid services on clusters of thousands of nodes. The management
functions must uniformly encompass support for everything from the compute
and network hardware up through the operating system, workload and appli-
cation software. The Networking work package uses the European and national
research network infrastructures to provide a virtual private network between
the computational and data resources forming Data Grid testbeds. Mass Storage
Management interfaces existing Mass Storage Management Systems (MSMS) to
the wide area Grid data management system.

Replica Manager —_— Query Optimisation &
Access Pattern Manag. |

iMedium Level Serwcesi """"""""""""""""""""""""""""

Fig. 3. Overall interaction of data management components

The Data Management work package which is our primary concern in this
paper consists of a layered set of services as shown in Figure 3. Arrows indicate
7use” relationships. Component A uses component B to accomplish its responsi-
bilities. The Replica Manager manages file and meta data copies in a distributed



and hierarchical cache. It uses and is driven by plugg-able and customisable repli-
cation policies. It further uses the Data Mover to accomplish its tasks. The data
mover transfers files from one storage system to another one. To implement its
functionality, it uses the Data Accessor and the Data Locator, which maps loca-
tion independent identifiers to location dependent identifiers. The Data Accessor
is an interface encapsulating the details of the local file system and mass storage
systems such as Castor [2], HPSS {10] and others. Several implementations of
this generic interface may exist, the so-called Storage Managers. They typically
delegate requests to a particular kind of storage system. Storage Managers are
outside the scope of this work package. The Data Locator makes use of the
generic Meta Data Manager, which is responsible for efficient publishing and
management of a distributed and hierarchical set of objects. Query Optimisa-
tion and Access Pattern Management ensures that for a given query an optimal
migration and replication execution plan is produced. Such plans are generated
on the basis of published meta data including dynamic monitoring and config-
uration information. All components provide appropriate Security mechanisms
that transparently span worldwide independent organisational institutions.

5 Data Management Components

5.1 Data Accessor

One of the core problems that any data management system has to address is
the heterogeneity of repositories where data are stored. This is even more of a
critical aspect when data management has to be targeted in a wide area network
environment. The main problem to be solved is the variety of possible storage
systems. These can be either mass storage management systems like HPSS,
Castor, UniTree [22], and Enstore [7], multiple disk storage systems like DPSS
[8], distributed file systems like AFS, NFS [18], or even databases. This diversity
is made explicit in terms of how data sets are named and accessed in all these
different systems. For instance, in some cases data are identified through a file
name whereas other systems use catalogues where data are identified and selected
by iterating over a collection of attributes or by using an object identifier.

To limit the scope of our initial work we will concentrate on data collections
that are stored in either Hierarchical Storage Management (HSM) or local file
sytems, leaving aside the extremely complex case of homogeneous access to data
stored in different database systems. We are targeting specially HSMs because
they provide an automatic and transparent way of managing and distributing
data across a storage hierarchy that may consist of tapes, compressed disk and
high-performance disk. This type of storage system is vital for HEP applications
where the volume of data generated requires the use of tapes as a cost-effective
media, and where data access requirements range from accessing it many times
an hour during analysis to accessing it very infrequently (“cold” data).

Having these assumptions in mind, the problem to be solved within this
component of our system is the definition of a single interface that can be used
by higher level modules to access data located in different underlying repositories.



Thus, this module will have to make the appropriate conversions for Grid data
access requests to be processed by the underlying storage system and to prepare
the underlying storage system to be in the best condition to deliver data in a
Grid environment. For HSMs, strategies like when data should be staged to a
local disk cache before a Grid transfer is triggered, what requests are queued
together to get the best performance in terms of tape mounts, and when files
in the local cache are released to free space for new incoming requests will be
performed by this subsystem in close coordination with the facilities provided by
the storage system (existing internal catalogues, mechanisms for data transfer
between tapes and local disks, etc).

In summary, this subsystem will hide from higher layers the complexities and
specific mechanisms for data access which are particular to every storage system
manipulating the performance factors which are proprietary for each system.

5.2 Replication

Replication can, on the one hand, be regarded as the process of managing copies
of data. On the other hand, replication is a caching strategy where identical
files are available at multiple places in a Grid environment. The main purpose
of replication is to gain better response times for user applications by access-
ing data from locally “cached” data stores rather than to transfer each single
requested file over the wide area network to the client application. Fault toler-
ance, and hence the availability of data, are key items of replication. Replication
yields performance gains for read operations since a client application can read
data from the closest copy of a file. Update and hence write operations need
to be synchronised with other replicas and thus have a worse performance than
updates on single copies. The performance loss of replication depends on the
update protocols and network parameters of the Grid.

The problem of data replication not only involves the physical transfer of
data among sites and the update synchronisation among the different available
copies, but is also related to the more complex problem of deciding which are the
policies or strategies that should trigger a replica creation. In a Grid environ-
ment replication policies are clearly not enforced by a single entity. As an exam-
ple, system administrators can decide for production requirements to distribute
data according to some specific layout, schedulers may require a particular data
replication schema to speedup execution of jobs, and even space constraints or
local disk allocation policies may force certain replicas to be purged. Therefore,
the replication subsystem needs to provide adequate services for task schedulers,
Grid administrators, and even local resource managers within clusters to be able
to replicate, maintain consistency, and obtain information about replicas to be
able to enforce any required policies.

The replication domain includes data and meta data to be replicated. These
impose different requirements on the underlying communication system in the
Grid. Since we are dealing with Petabytes of data that have to be transferred
over the network to Regional Centres, there is an essential requirement for fast
point-to-point file replication mechanisms for bulk data transfer. However, in



case of limited available bandwidth and limited efficiency (not all the theoretical
bandwith is available) a solution that replicates everything everywhere may not
be feasible.

The meta data replication requires a client-server communication mechanism
at each Grid site. The Globus toolkit offers two possibilities: sockets and a more
high level communication library called Nerus. The communication subsystem
is required to implement different replication protocols like synchronous and
asynchronous update methods. An important input factor for the decision of the
underlying update mechanism is data consistency. A detailed survey of replica
updates can be found in [19].

Once data are in place, the Data Locator is responsible for accessing physical
files, mapping location independent to location dependent identifiers. This map-
ping is required in order to enable transparent access to files within a uniform
namespace.

User requests are not directly handed to the Data Accessor, but are routed
through the Replica Manager. The Replica Manager provides high level access
services and optimises wide-area throughput via a Grid cache. It is an “intel-
ligent” service that knows about the wide-area distribution of files. It analyses
user access patterns in order to find out where and how files are to be accessed
in optimal ways. As a consequence of these access pattern analysis, replicas are
created and purged at remote sites.

The Data Accessor simply accesses files which are selected by the Replica
Manager. With the Replica Manager taking care of wide-area caching, the mass
storage system at each site is responsible for the local caching of files.

5.3 Meta Data

The glue for components takes the shape of a Meta Data Management Service.
Particularly interesting types of meta data are:

— Catalogues comprising names and locations of unique and replicated files, as
well as indexes.

— Monitoring information such as error status, current and historical through-
put and query access patterns.

— Grid configuration information describing networks, switches, clusters, nodes
and software.

— Policies enabling flexible and dynamic steering.

The key challenge of this service is to integrate diversity, decentralisation and
heterogeneity. Meta data from distributed autonomous sites can turn into infor-
mation only if straightforward mechanisms for using it are in place.

The service manages a large number of objects referred to by identifiers. Re-
specting the loosely coupled nature of the Grid, it must allow for maintainance
of autonomous partitions and good performance, both over the LAN and WAN.
Thus, the service is build on a fully distributed hierarchical model and a versatile
and uniform protocol, such as Lightweight Directory Access Protocol (LDAP)



[23]. Multiple implementations of the protocol will be used as required, each fo-
cussing on different trade-offs in the space spanned by write/read/update/search-
performance and consistency.

5.4 Security

Certain security aspects of a Grid infrastructure are tightly coupled to Data
Management. Identifying these issues, and adapting the Data Management com-
ponents accordingly, is of vital importance. Some of these issues are discussed
here.

An important global security issue is to deal with the Grid cache. The site
which owns the data has to make sure that the re mote sites hosting its data
caches provide the same level of security as the owner requires for their data.
This will be a serious issue when dealing with sensitive data where human or
intellectual property rights exist. The fact that different sites will probably be
usi ng different security infrastructures will result in more complications. I t
is, therefore, required to evaluate strategies and develop tools which ¢ an be
used to ensure the same level of security with heterogenous underlyi ng security
infrastructures.

Synchronous replication strategies, instead of using an on-demand or time
scheduled approach, raise a lot of security concerns for the participating sites.
A synchronous solution would involve giving time indefinite write permissions
to other nodes in the Grid, so that whenever a replica is updated or deleted,
the same operation can be propagated to all the remote replicas. An on-demand
or time scheduled solution (asynchronous) is more secure and less consistent,
though not as responsive.

The replica selection will depend on many factors, including the security
policies of the nodes which contain these replicas. We may want to select a
replica from a node which is more ”friendly” as compared to one which forces
more access restrictions.

The sensitivity levels associated with data and meta data might be different.
The actual data might be more sensitive for some sites than their meta data or
vice versa. This difference has to be incorporated in the overall design of the
Data Management as well as the security system.

Several policy matters which are expected to vary from site to site include

— the usage of a synchronous replication strategy or something more secure,
— the importance of meta data as compared to real data in terms of security
— how much weight to be given to security when selecting a replica.

The intention is not to force all the sites in the Grid to agree on a common
policy, but to design a system which is flexible enough to absorb heterogeneity
of policies and present a consistent yet easy-to-adapt solution.



5.5 Query Optimisation

Queries are one way for an application user to access a data store. In a distributed
and replicated data store a query is optimised by considering multiple copies of
a file. A set of application queries is considered to be optimally executed if it
minimises a cost model such as a mixture of response time and throughput.

The aim of a query execution plan is to determine which replicated files to
access in order to have minimal access costs. We do not want to elaborate much
further on a cost model here. However, the optimal query execution plan is based
on static and dynamic influences like the following [9]:

size of the file to be accessed

load on the data server to serve the requested file
method/protocol by which files are accessed and transferred
network bandwidth, distance and traffic in the Grid

— policies governing remote access

The outcome of a query can be either the result of the query itself or a time
estimate of how long it takes to satisfy a query. The Meta Data Management
service will be used to keep track of what data sets are requested by users, so
that the information can be made available for this task.

Query optimisation can be done at different levels of granularity. The method
stated above is only based on files and also requires a set of files as an input
parameter to the query execution plan. Often files have a certain schema and
users query single objects of a file. This requires an additional instance that does
the mapping between object identifiers (OID) and files by using a particular
index [20] which satisfies the expected access patterns. This introduces another
level of complexity for the query optimisation because objects can be available in
multiple copies of files and the optimal set of files has to be determined to satisfy
the query. Note that the OID file mapping is not an explicit task of the Data
Management work package and needs additional information from Workload
Management and Application Monitoring.

6 Conclusion and Future Work

In this paper we reported on preliminary work and architectural design which has
been carried out in the work package “Data Management” in an International
Data Grid project which has been proposed recently. We motivated our Data
Grid approach by a detailed discussion and categorisation of existing work on
the Grid, especially of data management in Grid related projects. The aim of
our three year project is to provide Grid middleware services for the scientific
community dealing with huge amounts of data in the Petabyte range, whereas
the essential goal is to support world-wide distributed real-world applications
for the next generation experiments in High Energy Physics, Earth Observation
and Bioinformatics.



Basing the initial work on Globus, we have a Globus test bed running and
preliminary promising prototypes are being implemented and tested. First results
will be available by the end of the year. Furthermore, we are in close contact with
the Globus developers concerning evolving Data Grid ideas and implementations.
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CSG (Constructive Solid Geometry)
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CRM (Customer Relationship management)
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Data ware House
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F— T R—REH X572 DBMS (DataBase Management System)
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DCOM (Distributed Component Object Model)
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DXF (Data eXcahnge Format)
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FEBRZLELVEBERIDE L TAE,

TR DF 774 VEBRFO—BOAZFBTAILEPHFEINTEY, LK >TEL% DXF
TrANE AW EDF 77 A VO 2BENFEET A EIZR 5, Tbb, RE&RDXF 77
ANVER, TRTOEI V3V DHFEETHEDF 774V THY, A EDDXF 774V EZ, —
BOLr arBRELZDF 774VDZ L%V, BIZIIRTEZEET 5 ENTITIES &7 &
a V7 FDODEF 77 A M TH, RI3LIATD AutoCAD %2 5 BHICFIETE Tz,

DXF B# &%k

LLUF @ URL (245 < @ AutoCAD, DXF (2B T AFHRABREN TV EOTEEB I N,
http://www. autodesk. co. jp/

-22-



ERP (Enterprise Resource Planning)
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IGES (Initial Graphic Exchange Specification)
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BFRBORA Y PIEANERETH-0D0BS{LEMICH L Lvwbh b, SET THRAS A
BELERMIIKXERSAF—% - tF2 )71 HPHERLEHTH 5,

RSAHMDESILEMIBELOMFEEL LTONEE LD TV BELELRSAHD
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BESbEMIIKELBLEHFE TS,

BEFRBEOERIIGE: [EFAE] HEISEEIIZ->T %, #v F7— 7 LTHEGIRHE
21O 56 BEEVEET LA, E) 2. BEIREOKUAPEETHEHE I S & v o RS F v
FI— 2 ETITAAHEIICTHIENKYNI R D, T2, BEI% T4 Th, FORGIAFL
2y b= FICRFENTVLLEDNS 5 FHEATCIGIAE L 2 EAT A BER L L
DAWBESREL, BRI 24EHADETFAEFETH 5.

BELIILI Mooy ) av—-AEEFEOPRT, EFAIEREICOVTERLICENT
70Vl P EEDTVE, BRI, (D)AHXEORH. Q)EFHWF]. (3)EFHK.
A EFHBRLEETAEFEED A VAT LIIOWTELEREIT, 72, Fvrb7—2 L
TIHN] 21725 [EFBGIFR] OEBLIZVE)HLEETH 5,

ZDEIIAVT =2y PEDBBIR Y a vV FICBTAEF 2 ) FAHTORTIZS F
LEFLT7 70— FTRNEADPLENTVE HAN—2 a3y TRFAN—F—NVDOERDOAF
B HEBECIGIEDEENRLRYGZ A VATADERIZLBEIANKENVWEEZL LA,
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SSL, VPN, SDNVPN, SET, S/MIME (Secure Socket Layer, Virtual Private Network, Software
Defined Network / Virtual Private Network, Secure Electronic Transaction, Security
services for MIME)

SSL  Secure Socket Layer

W75 HF—BLTWWG—N"—fBITRIEN BT DtF 274 —%F520DER.
Vo PV TORSEB L UREREZERT S 7O ol Kry PRy =703 2=

=2 a v APRE, KA 270V T e EEER WW AR Y- KA L TwbH, HITP 7213 T

% <. Telnet. FIP, mail % News Z &b BT, HFOWNW - N—HPEYTHH I L %

DL, 2= =BT I —TF— 2 WIS ZT)ET. EESRAERE

IMELTHILENTE S,

VPN (RABFL%M@) Virtual Private Network

REBEEEBL LV EARFFALTEBEL-CELREOERABEBLAERKIC, BT AHEX
OHHEATRE L -HEN 2 BEHE2 EXRGEXEOARBEHORBZAALTERLLY
Do FEBD VPN & LT, ¥ v FREBEY — XD CUG (closed user group : BAIRIER:) 2% 5,
EE@EAFIATAVPNEASFUY 2V b2y hT— DT T r—2avD 1ok LTER
L72o NIT #° 1994 £ 64— EAZRBLTVE [ A N—X%k v ] P—FITH S, EFIH
EDOVPNIE, FNPFROBEFSHRRERDL I LICL o T REHCHLUAEERBELR L. B
EIZA V7 =Ry FORBEFIRATS VPN, 2F0EEBA Y 7%y PAEB STV 5, VPN
BEREEEEEORBLSBROFNBENFLRFBETAOT LBEARLEENIIERTE S,

SDN,/VPN Software Defined Network / Virtual Private Network
RERLFEEIERABHEREN. BRAY P72 BRBOL ) CHATE AT —E A,
K AT&T A5 1985 £E 11 BIZER#IATo7xH—EXATH ), —fZEIZIZ VPN & TN D, VPN Tl
RELLEDI—HF -V —-TPREDEBEFFSHREREL.EOFEFEZE > TVINMAEZERT
BHICESZSIHNETE 2, KOG BRI -0, BERABOC AT A%BAT S L OKMER
DOFHER, ERNTIR, M4E2 AICNITTH (A N=XFy b WS H—ER%HLE. FDHK.
FEEIHLERLA, EREETYH KD © [VIRNET] 213 Lo & LT, £ — EX 2R
LTwWa, Bafid. EFERITRL. A5 =%y P T VPNERSER, 32071 —EW
FRRALARBM 2 TS5 AR— b2y bT— 7 DOBEFEATVS,

SET Secure Electronic Transaction
A—TFURAYITI=2THEA VI —Ry PET ZVYy M- FIZLBRBEEREEITD
o7 b Ik,

AV =329 beFoled 540 avErsTR.IVIY M I—FOESLREZZDTE
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BEFA-NTHE-ZNTEE, BELUIADERPHZ, 2 LIEREBT L0, EF X
—VEDLDERSILL TREBH~ES &) FEFBEIRROA TS, L2 L, Z0BE
Th, BEA—NVEZURoRBIEFIVAFL A - FESZERTLITREEZD 5,

SET 2 fEx i, REEFETH - FEFTEZEBERS I LD TE 22570, EHONEEL %
KT LN TED, F/o, [BEHICE->TH, = FRHEE*HECF 2y 7 TELLHIIR BT
D, MADOH — FIZLE2AEBAL EOEBREAEHET DI LATE L,

SETI3KEF - A V5 —Fath, KvXF¥—H—F -4 F%—=FaF D2k — it
LD, KvA4 270V 7 b, KAy PRy —T7 233224 —2 a3 X, KIBM KXY H A
YRR EDVHETEELEED, 97 F 6 A28 1 RO SETL. 0 AR S /o, SETL. 0 I ARERES
WX BRAZTEALAY, BE. HBROKRFEFEA TS SET2.0 TIIEMARS2RHAT 28 %
BH5b,

S/MIME Security services for MIME

EF A= NVDEFa) T4 —%FEEREARDI DAV F—F v FREEbEDELF2Y T
A =D AV TAY -2 av ¥V IR EEFHEGIPER LI WE@IZS S 720, 2H L
BRI OB ERBENT VD ) 1 DDFENEHFRTHLPEM(TIA N —- TNV A b -
A=) BEFRIER (CA) ICL2BAZFRELTV2DIIH L, SMIMEIZCAZ LTHER
T&5, 21— - 1HOLARBLUTRETENIITR o TV ILEFDH S, BT A — VOFEML
BTHDMME 25k L. BFA-NVEKIIFTIRSRBLEFA-NVIRETETIIVE
ZERBL TS, ¥ 2 ) 74 —DLERPFBEINTE T L9, REREF X — VIEER
B LTHFENE T > TWwa,

-48 -



V1) vy K- EFY 2 (Solid Model ing)
IRTYEOERFED 1 2, WERKEOERZI TR AR OVTHRILEELEDT

—FEHED, AV T L =4 - EFMRH -T2 —R - EFNVIZHRT, EOMIT %247 BRI

R 2 LB AT R,

F—-FDORFHFEL LTIE. CSG R B-Rep &2 EHHHET 5o
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VI R -®F) T - h—3 0V [8Ax ] (Solid Modeling Kernel)

V) FEFIELBETIBIME LDV TP I2T 73477V T T4 AHITED
BHICFIATAZEPTREERDBY 7 MY 27 ERAEROER, HEOALRK. BHEOMM. £
BEEL VSV Y FEFY YV OEREBREHL T 5,

NRYF—FINIC, 2—HF—A 25 —Tx—A, T L. L ¥V ¥ IR, YT X
MUY SEBRBEE, 74— F v — R—X - EFT) s 5BELRE LBLEDNIERELMMT
A2ZLT, BHOV 7Pz TEERSE 5,

e, ACIS(CK Spatial Technology). Parasolid(ZK Unigraphics Solutions). 4% % CAD.
CAEVIZFDEFI) YT - A—FNVELTERHEINTWS,
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A5 v 7 STEP (STandard for the Exchange of Product model data)

b CAD VAFLABETRET— 5 2 XKW 27: 00 ERIEHRBIE, [GES 12f8h 5 CAD ¥— %
RBRHOEE T+ -7y P LTHRELDPEDLN TR,V v FEFTLOTFT— 9 KB HERE
ENTWBE, A7 v 7O8BIE, IGES PRET— 7 DREIBESNTVLIOEIIREY, 7
0§77 FEFVECHIBRSEFEALT, BaBR. HE7—5. MIBO NC (BERIE) 7—
YRE BREOTATHA I NVERICEPLEEALT - E2HRELTEETHS, 2 h
WCEoT, BROR»SEET IR EFTORRYEFILTIIENTEL, T2, BHE,
EMRREEET LR T - OBESEETRAR LT ) r—YaryTa b an (AP, 7
SEPT A+ —< v b)) PHESNIZE, EHL5F. BEMICEo B ERL TS, 2
FyTIEBT - I BBELYHOCD S AT ADBFLTE Y, 4%IT IGES iIfboTAF
Y EBTF— IR EFTICLADDERDLNS, 72720, BIRTIZ CAD N ¥ — D3t i3 %
—ENTBLT., HROCAD VAT AREDEI IR AP ZHR— LT pRE, F—7H
DOBERRZ L LTHBIFIATL200RELH 5,

AVAVVINIYI T TTR. TSI = 3 VETHRBICHATE 27— ¥ X 0EE
EBCETNTEY . BMEEFTVERDT - I RBWERNR L LI AT v TOEHE(LIZ, $5D
BEZFOUGHRBE /Ot ADOHMAALEZRECEZITWHRENHZ2HDLE LTEHER TV 5,
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SGML, XML, HTML, # 1 3 v 7 HIML (Standard Generalized Markup Language, eXtensible
Markup Language, HyperText Markup Language, Dynamic HyperText Markup Language)

SGML Standard Generalized Markup Language
BETXELEENMTLICOONANLEET. XFORER [v— 22 AL TR T %, 1986
FITIS0 (ERREBE{LEE) OEBRREEZ-oTWw 5,

A4 MVREBBEANERE XFOERCEBEPCHA T EELFHIIN -7 2D} 5 2 LT,
BEVESIIRA, WHEREBEERTELEVoL XY v b2 ELNS, CALS 2FERT A
HOBEERIED 1 D72, 1986 £ 10 B ICEIFEHRME (IS0 8879-1986) 2% > Twb,

XML eXtensible Markup Language

RERHM, EBOFFAMEROT7 74 0T, HIML XFELXA LB IBPTE Y, XFH%
Y7 ERIINE FHETHKARLE, B25013, XEOEELZ DD (=XHFEEH, FFax¥
Fe¥A4T-F74=22av) 774V THI LT, RAFEORESLLERDOLFIIIER
EAMT AL 2MBEDY FEHRTES R ATV 27 MemORERBHEE. DIEBEICL 5
FEFRaXY b OF v 7HEE. BOBRNAS—1) Y I HR 2 EV5E8. EFHRE ETHYWS
SCML DAE 2 BRe2EE. A V5 -4y PATICERBELT AR TRES A WMWY —U 7
LD DESES,

HTML HyperText Markup Language

R—bR—TEERT D EEIFELNERA-VRREE. W OBE/LAKWW I > V-2 T A
PHBEREEL TWD, F7EMING [<] & [>] THRINLFHELFE-T. 7F A MO
ERREER T 7 A VORTFBEBS I Y7 %DHEE. A7 VT IODESEREETH, Ih%
WW 75— TR EBR - ZREINLIMAHAAIIL TS, BRIZLTFTA4 5y — L ETRAET
ZON—EZH, FO—%V 7 VERETEEIICHIM XBLTE2REY — v, HIM b
BREEBEERLAT—T7u/RHEV 7 I PBB L. A — AR DR TR —BRARXE
DFEBRIZDFIHEINT VS, SOML 2 RICEREIN-EELEN, FED 77 7F—TLHIERT
ERVIIRSY FPEEESA, MBI TS,

¥4 943X v 27 HIM. Dynamic HyperText Markup Language

Netscape Communicator4. 0 & Internet Explorer4. 0 TIRZ 2% HA -7 07 5 L EEHM
DEEEXIIRLZZBDT RN TFATATRLY Y T4 Y A2 M BORBREEZEEILT 55
ELTEBENRTVS, BAOHMER 77 7 —BOEREN LW & T, FELICHIT T WY
IV T TANRED, ERFELE LT UTOEESBTLNE,
DFAFIVIRIZAN RAZ2Y T MNIEXBXERY A VOB L ELHTRIZE B,
RYFAFIvZavFrY i AZYTMIEBAVT VY OB LT TEEIIC 25,
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QHEEHE X7V T EELT, 7405 —R IV Tay, ToA—Tararia—
VR ERFETR-=VDEZZYIEI OND,

(OPBIEE  CSS 2FVEEZLAR—VHOBRLAGFHICBL 2EHFTED, F—1N—F v
7' T EE,

G)F— S EE . F— I R—-ADTF—F EHIML & 2 EE L TR Do — D7 7 AN TLHEAR
H AT B o
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H754Fx— wHFI A+ (Supply chain management)

ZInEZAH, BEALEORLA2EDTHWEY I M YZTELTER (2% ~-754X )
V=R -T2 7) RNor—IPdb0, FRELBDIFERELZoTWEDOPH 7514 F =
— Ve RRAVAY VT IIITTH A,

KETRIDFTIAF 2= -2V AV VI RERLTHEFNEEOTVES— 2
PHERNTWE, ¥ 754 F2—> - TA2T A i, REOTE - £ - 83 - 2% - ]k
EVH)—EDEVRR - TOULADRBILER S EX FTH S, ERR BEEADEED) TV ¥
ALAZBELENICILTVRIDOIRLT. 774 F - - vh I 22 NIRRT BAIC
LTwa,

BETIE.ERP Ry =V e H TS5 F 2~ TRV XY M-V 7 F2fBEDE/D, ERP
CHTIAF -V - RAVAY MREEEIMA720 T 52 E HEORMENLEE o TV 5B,
KRETELTLIHEEZREWICHAL TSy —APERE Vb Tldt vy,

Y774 F 2= 2T A VT MGFHTR, KED 277 /0 - I#Rev=a?
ATV I AMBELTH %,

754 F 2= - RRATVAVF - V7 MRV OPOET 2~ VTEREINE, 728 2IE,
ArTa=)rrEXBV I P TR EBREEOMPHEER L TRERAT Va2 —NVEFAF Iy
PR T AL AT S, 70 AEFEXEY 7 FAARFEOI I 2L -3 V21T
SR RBELERSEOERYIET 5. RETHIEV 7 M, BEOEBRILHHOTE
L ANTAEHBEICRBREIEL7-0DV 7 T, HEOEVWEETHZTREICT S,

BTIAF 2=V RAVAZ I VT e BALEE TR ST IEIREFETHR L LITT
W ek 2R BBV A-H—TREEREFEZ 30 @4 5 50 BIIHET AL L DI,
FETFE3I/IHEMIELYPLTI U F—DHBER L2 TEAL, /2. HHKRFERA—F
—RT7IT=T A NE SOBRLULEEHELTWAE, TOLHI, ¥ TIAF -2 - T F
AV - VT PRERTAE HEOF A2V - ¥4 2 2EHE L0, MBREED) - F¥
ALDEHEERTEL - THOEME LZEEER-EEPRAE—FT v 7T 50T,
TBBAZRAL Y, BICBRHEEICHELE VoI EZH LI EDNTEL, XV Y - X—
HaETid, EXABCESEESTRIC > TE 2, BONRS*ABEESR TRE -
BETHE, THo— AWEN LA L ELKREDEE.XMI D2 LIk >TLE ) £ T iE
XA THORALTEBBET 2 HENIO—-XT v 7ENTE,

IOBE BELZFETFAICL EOCEMRPBAOFENERILLR S, B CHGOFENK
BICTETHRITREECIE L ENLZL 250675, Tz, EXEZIIT2OMAN T - &£
YBRABTAY—FI A 20 EHLRTAE BEBRESTHVRSIPET T S, 2610, &
EERFERTNE, ZRICEDETHEREELY VAT I v 7 IIEB LIRS v ¥
TG4 F 2=V TRIVAVE VT MRZ) LAEHESE L 1 0T OoBRTHOTIR R, &5
OFOt ADRBLEFMPLEZRY) A5 Iab—Ta Y LTRHEX2BRTLY-LTH 5,

ZHLT 7o FRAEMTOIRVEAIEET o TV . DR A -V IIHE*EET LS
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MELZAMT Ay PTHERERE L KHOEEEEIZS A IV 28be B ELT> T
5, CNEBEERADY T34 F 2 -V 2B T, REHOY TI74F 2 - ORBILEEA S &
THAHETHE. 0L RLERMTHAL LT ERI2BZXIEZI -2y POERE
EBIETETIES o T WL RBES9,

BARTIERP Ny 5 — VOEASEICOWIERRELEDS, ¥ 774 F2—v A2 T XV -V
7 MINTABELEIT->TETEY., 20HEIEEENS,
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#—7zx—R - E5 % (Surface Modeling)
TAXTL—LDESTHEINZLIAIY—T7x—R (H) 2EXL-HEETLV. BV E
F2ONEIERMICORY A LI RNBEHELZZ) BTy L LTHBLAZYLT—2D
HEZERT S, MIAN F— 725K L72Y, TROFEFz v 72 EWT2 5. Lol
EOLEL SPNHEOHRETH 2 POBFHREFLHHLE TV LRVID ETVOKBRELE W
272 ATUNT 4 DETEIXTE 2V,
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- 2547 >+ (Thin Client)

BEIBITDZNNVIVOBEANFERFTA M T T B2 OEEF 1 A1 &5KH
2o TWBERBB L2 k2T 3, 4%, BFA-NMILBEHKIILROZI L ELD,
LEECTLEV TV a vERERAY M-I TRYDLDICERTARE EV AT VI
STV IVIERTRZEEE LR >TWE,

CDIHINVIVDERBETDFRADMBAUIIKELSFS L TVEP. —FTHEEI AT A
DEREVHIBEISIIMELRATETVZ, ZhIT, FT2V F2-FHIOAFOH AL W
AETH 5B,

RNV VIZELAEGBRELL, BESEELTWS, #AST, SV ariFERAT LY Fo—
FHEZ LI ENEZ, BAPELTWEDTHE, 29 LILMEL?BRT LI, = Fa
—PIIRIEFELRHAIDANT TR - H—EARBRLTETCWLIIETH D,

T BHAT LA E o THEMIMWZ TwE, FNUE, TFUr—vavy -V I+ %
BHETABRIIEEIHELTWAEZSA T b Xva vy Teilv7 b AN AEEICFER
BAEPPBILTHE, TV FI—FFEFTY 7 POANBIZTIZLRBELVHS, VR
T AEFRNELD Y 7 ML ENITI Z LI E.EEDTHRXIEICRE2EATY 7+ %
ANBZHOIEEME IR P2 D,

CHOLHBEARBRT A BB LTELOF L V- 27547V P eRENEa Y Ea—%
THb,

TR [EV] B R NIEoFY Lzl L) EROEE, FRISKH LT, fEkD/V
YE77v b (Kof) PC LRI EN DD, ¥V - 75347V MRFELTIE, £ 704
REDPRBLTVERY FT—F -avEa—9ddb, /. 9420V T L V7 ADH
LHLTWABNetPCHY > - 27547 MR TH B,

U TGAT Y IDEZFE, F S OBBERT U r—a v - V7 NOEBR YR —
NETIT, 2547V MADBHRDPRLTHI LD D, 7547 7 MITT > TV
Y= NANIBTIEILE), I5A TV NORBHERDTADIITH B,

FRIZEoT, BBIZR>TWANRYIYOTO (b—%NV-3RF - FT - F—F— 97
=RHEIAL) RHIRT D EHFTEICR S, TCO &id, VIV DOEARK LI, sV
YRR - ERTAODIRAMEREL TS, FOPITIE, LY F2—-FPNVaroikx:
ERIODOBEERF IV I VEA VAP VT IRRLENEINE V- 2547+ %
BATAIERXREoT . ZDE) BRIV F2—FOEFEERL, 0T TCO DHIRZERT
PR ENDEDTH S,

BIZIZ, TF)r—2ary - V7 200 RIBBE, BLADISAT L PTEIZVT M E
ANMBEZEDTRRL 74TV BRI %BUETH—NICT7 7 A LLBIZESY
WKHELWTF I 5 =23y V7 bERBRUGRIANVEDT, VI D=V 3 » Ty 7HHE
BIZLPbERLPITA %,
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CDEIBRIENL, VI IAT Y P EATLHE, TC0 % 20~30%HETEHEVIR
bbb,

Y0 IAT Y VABFO/Y I VITHARTHER Y YTV L TW A, iR VDb
BELES>TRBIND1ID2EWVWE L, 2IT, KA M- Va5 I202% P> TVAMEA.
MFHEV) FLAMKDBERLELTEE VbR, 72751, MBS, 73V I Y OffitgH T
A0, 1,000 BV - 2302y en) EELHP RO TWE, EE TR/ Svareyy - 235
AT MIENRBEDER LS BNROTBY, XV I Ty y - 75472 FRERE) TCO
AR E VO BHAP HBIRTREZEALH EZEX LN,

2, Y0 FAT VM REATALDIIR Y NRRAY VT2 DORBELPLEIZR B,
DY U IAT ML 0TI IAT Y LORABMERERT 5T, Y- \DAMIHKT 5,
EHIL, 2V NI DEREAE- FORMBEICR 2, PV - 94T/ M2EATHIZIEI) L
R IAT Y NUNORGICHERTILENH LS,

IV AYPETRARADERNLBRE R > TWES LY FL—-FOEMERR TCO DHIRI
DEILESTEERT I Thb, V¥ 7347V FEBOEHIIRE WV,
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3P A5 A (Three Tiered System)
27 AT Y MY —NEID AT ADFR

- D—, LA VT T2 — AR ZTHEOrFAT b,

EBMWBOU T v 75 EE LTSI —Yard—NF— 5 EEBRT LT ¥ RX—AH =N

DIWBTY AT LR TL, KBS AT LTRSS,

T2

1 1 >
|
| A HTTP, B30

5 (ABATVROH,
2 HEkBUOTAbEL 2R DA
R S

|
LA

B 271

JE—}FF—AX—-2
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¥ TOER
T »
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H T »
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\:/ : 5 N
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TCO (Total Cost of Ownership)
BETEEIVRAAOBRLLTAVIVHFIACIEGITEEVRLD, T AV PSRy MC
Lo THRHROEEIEATV D, LEL, FRIHE TREIINE T REREINEFLLTET
Whe, FDOKRERDDHTCO (F=FN T ZAb - FT - F—F—Tv7) LRINZLDTH
%,

TCO X, THEFTEIA M b [HEMFEIRA M 2L vbhd, TOO 2 WD B LD
KEORELSHTHEN - F— - TN —TThHb, AHTIEIEIRIL, 2y bT—2 I8
a2y 1 BOEIAMITERICHLIF 2,000 FrhrbeRBERL TWE,BEH
TI120 5 ~130 FHE VI BN TH B, ZORRIF, an—FT7=xT7/V 77 2T7HE. s
IV RZ—HF - FRXL =T ary, dBHTE—F, { VAFLEE - LR ELLZoTWS,

ZFDILDN=FI2T/V T M7 THEFEDLEEIL26% T, 12IZ4 75D 1BETH
B, FNUIIKLTRISZLDEE L EDLIDONIY F2—F - F XL -2 3 T43% % 5D 5,
ZFOMIE, BT R—- I 17%. AT L2EBP 4% HDT W5,

COTCO DIEBICBVWTEERILIE, N—FYx2T/V 7 F72T7THRELVIERP» LD
BIZHA, LY F2—H - ARV =33 EWHHIZRALWIHRENF 48U EL ED TS LW
ITETHB, T/ A PI—VBAREIIHT AV AT LAERIXAMLHEICZ-oTETY
%

TCO IR ENEFRIBLELIBITEA VIV OKEEAND S, F07:D, [/varic
AZDIRMDOT] L) I—FPKEBICEBEL FIT, Z—FPNIV IV EBRETE L EIC
HEULZIAMPHBLTEZbIITH S,

H=bF=V=TF. . TODNIHBDLY FL—H - L =2 a VIZHTIREEIRELT
Wi, FNICEBE, TV RI—H - FRL—3 a0 TTOT T LAREN 39% % ED.
E—DHEEF-TVE, 20707 70RABROESRERIIBVTIRFAFIIRLON 2R D
LhZzwas, #OMOEBIZTSFICHBI VL, TV F2—F - FRV—3 3 VIZET L2204/
DARXFDODHREEFEOBVDIDODPLIERDZE, aV I T2 TOEBA - Ny T v 7H14%.
s HEROBEN14%. d HOEB I 13%. { FBEDOYK— 2 13%. gMEFT R LV > BE
Ths, REOBEBEVIDIR, BoTBBHZERLALY, F—4R%y -7 4 VilfEbR
DEEEOZ LEE/L TS,

FLOYYTIERALA VA=WV LA N 270 7TERBI L HIVRAV I 2FECI 2T
DI EEZRI-VESTEB LAY, EHICIEREEILORDIC U THREZHZ 2D, &
W) FRFROHBDEV R AL IIAROZVEFICHEIBRLIATWVWENDTH S,

THLATCO EI) F—<ICT2ERRLFECE L TER LAONE T 7 Vi £
EBoTWABRY MNI—2 -V a—-9ThHb, 2y b T—2 -T2 DHRIIT AT
LEBORGUR VY 7V 2T7DON=Ta v T v Py F2—FOFRFPRL2VEV)
BThHh, 2V NI—0 -2V ¥a— 337347 M7 TV r—ary -7 bafFie
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TN, = NIEBT S, = NIFH LN —DarnT7 7)) r—33ay - V7 MEEBERLTE
G2 FAT Y MBS —NIT 7 AL EICHEMICH LW T 7)) r—2 3 Y2 FHET
E53E92hB, Ay bMT—=2 - av¥a—Fid, WbWEL Y - 2FAT L MO—FETHY,
<470V 7 M MIO#EET S Net-PC dEBORBTHESI N TV A,

FRCVATLEEETCOIA M RHIRTA:DIE3Ay NI EBY - VoERERY —
VEFIRTAZEOAMTHL IALIEREDA Vb I 2y PTRZIA4T7 2 F OB M
L.k y P7—2RBESDHEHIFBTIDZILR, AV NI 0BATEELTEIEIKDS
Nd, 25 LETHY PT—28BY - LRBRTEY - VHIEEZET TV,

EHIT, T FaI—FHNY a2 BEL T THEIIREL o2 2L, BT H2ALT
FA2 b TCOHIRICHREEDOT, DD ANVTTFRZ - - AXEFAMICRET 4
HABBLTWA, $72, RETRHACAVTFRA BT HET THAZ -2 XET L7 —
AHHETETWVS,

IDEHIT,TCO ZHIRT 27012131 207 Fu—FTid%., 8FEF L2770 —-FTH
DAL EPLERZLITH S,
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Web Application Server

A5 =%y MERDERIHEV, EEADHRI AT 2IZUFH LVRVEFVEBEDH TS,
EFEM@E T IP Ay —Fvb-7Taral) 2HAVTHETIHENZD 1 OTH
5, ZNIIF Y PT— ORFEHZFAZENE LTS, /. ERDZ AT ¥ M/HF—IN-
VATLAIRA VI — Ry FERPEASNTEZ, FNA Wb T TN r— 3 v - H— LW
EnEV 7 M7 THB,

Web 77U r—3ar-H—nNE Web P AFALETT )y —3av %753 9F2FALT
BIET DD =NV T b A5 =2y PO¥ERIZE D, RERONV IV OKFEIZTT
THESBREINTBY IRZREVATLLRETA VS =5y P2HATEV AT DML
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Windows NT 4.0
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