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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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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:
<B00k ISBN=”0439139597”>

<Author>D. scar!atti</Author>
<Title>The Big Fight: Harpsichord vs. Violin</Title>
<Author>A. Stradivari us

<Emai1>strad@violin.org</Emai1>
</Author>

</Book>
5. 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 attribute 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. XSIL is 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.ca1tech.edu/xsiL

• The World Wide Web Consortium standardization effort for XML: http://www.w3c.org/XML

• Seybold publishing XML site: http://www.xm1 .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 Dim 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 cl ass Banana extends xsil. 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 Timeseri es. 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 JavaSD 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. Asa flexible 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. As a documentation 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: <Frui t>Banana</Frui t>, 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 <EmptyEl e- 
ment/>; note the position of the slash.

b) Elements may contain attributes, for example: <Frui t col or=”yel 1 ow”>. There can only be one instance of 
a given attribute name in any tag.

2. XML is case-sensitive, so that <Appl e>, <appl e> 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:

<?xml version="1.0"?>
2. The second line of an XML file may make a reference to an externally 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:

<!doctype 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 T^pe
1. Any of the XSIL elements may have a Name attribute, for example:

cTable 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.MyObject” Name=”jack”>
causes the linker to look for the file $XSIL_HOME/extensions/MyStuff/MyObject.class to act as a handler for the 
object called jack.

C. The Container Object
1. XSIL
There is a generic <xsil> element which is a container for other elements, including other <xsil> 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”>
ocsil Name=”YellowFruit”>

<Array><Di m>7</Di mx/Ar ray>
<XSIL Name="Banana">

<Param Name=”inductance”>l.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) Stream 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:

•crime Type=”lSO-8601”>1998-ll-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 <col umn>, 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>
cColumn Name="ChannelName" 
<Co1umn Name="site"
<Co1umn Name="clock" 
•cColumn Name="Description" 
<Stream Delimiter*”, > 

“History Channel”, 405 
“Math Channel”, 307.0, 

</Stream>
</Table>

Type="strinq"/>
Type="float unit="meter"/>
Type="float” unit="hour"/>
Type=“string"/>

0, 3.7, “Another Channel"
2.1, “channel about Math"

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 <Di m>, 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:
<url href="http://www.cacr.caltech.edu/xsiL">xsiL Home Page</url>
<url href="http://www.caltech.edu/">caltech Home Page</url>

There is an href attribute, containing the URL, and the text part is a 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 Parana 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" Encodi ng=”Littl eendian’’> 

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.cal tech.edu/blahblah/datafi1 el.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”>AAAAAAAAAAEAAAACAAAAAWAAAAQAAAAFAAAABgAAAACAAAAIAAAACQ==
</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. In the ImageList code, a Java inputstream is obtained from the <stream> 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)
• i nt (32) (int_4s)
• long (64) (int_8s)
• float (32) (real_4)
• doubl e (64) (real_8)
• f 1 oatcompl ex (64) (complex_8)
• doublecomplex (128) (complex_16)
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• string (arbitrary length) (lstring, char, character)

5. To read 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.Data!nputStream, 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 toStringO method.

C. Stream Encoding
1. The Encodi ng 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 Del i mi ter: 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 API, 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 <xsil> 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=”TimeSeri es", 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 (tO), and delta time between samples 
(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

Page 5 of 14



XSIL: Java/XML for Scientific Data

</Stream>
</Array>

</XSIL>
The XSIL parser looks from its current classpath to find code to handle this object. In this case, the code is in 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.uti1.*;

public class TimeSeries extends XSIL { 
double tO = 0.0; 
double dt = 0.01; 
int ndata = 0;
Array a;

public void construct(){
for (int ichild=0; i chi Id < getChildCountQ; ichild++){ 

XSIL x = getchild(ichild); 
if(x instanceof Param){

Param p = (param)x;
if(p. getNameQ. equal s("t0")){

tO = new Double(p.getTextO) .doublevalueO;

i f(p. getNameO. equal s("dt")) {
dt = new Double(p.getTextO).doublevalueO;

if(x instanceof Array && ((Array)x),getNdim() == 1){ 
a = (Array)x; 
ndata = a.getNdata();

if(ndata == 0){
System.out.println("error: improper TimeSeries");

public double gettOQ {return tO;}

public double getdt() {return dt;}

public int getNdataO {return ndata;}

public double getData(int i) {
return a.getPrimArray().getDouble(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 getoata 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 doubl e [] getDoubl eArray(i nt start, i nt 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 constructQ method of the child has been called before the constructQ 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" Delimiters", ">icocoord.dat</Stream> 

</Array>
<Array Name="Colors" Type="float">

<Dim>60</Dim>
<Dim>3</Dim>
<Stream Encoding=”Text" Type="Remote" Delimiters",">icocolor.dat</Stream> 

</Array>
</X5IL>

<XSIL Type="Java3DGeometry">
<Param Name="Java3DGeometryType">LineStripArray</Param>
<Array Name="Coordi nates" Type="float"><Dim>5</DimxDim>3</Dim>

<Stream Encoding="Text" Type="Local" Delimiters", ">
-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,
</Stream>

0.0, -1.61803399,

</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"?>
<!D0CTYPE XSIL SYSTEM "xsil.dtd"><XSIL>
<XSIL Type="Simple.Label" Name="Example">

<Raram 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 IUrl|Param |Tab!e|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 "" >
<!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.cal tech.edu/XSlL/ 

by following the link “available software”.

2. Javadoc documentation comes with the distribution, or else from

• http://www.cacr.cal tech.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/j dk/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.eom/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 JavaSD 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 samp!es/al1.xml

9. For Windows users, 
c: setup
c: xlook samp!es\al1.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 extensi ons/Simpl e directory.
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¥begin|header I 
¥begin|def|

EngineType:string;
EngineVersion:string;
IOType;string;
ProjectName;string;

¥end|def|
¥begin Idatai

EngineType: ” EngineTypeName”
Eng i neVers i on; ”Engine VersionName”

IOType: V#_flKT
Pro j ectName; ” Pro.jectNameSt ring’

¥end idatai
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¥end IheaderI

UDF^#^(±mT(7)Z9^^6o //y^ameliUDF^^^-F^T^

EngineTypeName. EngineVersionName. IN_OUT. ProjectNameString. file_name

/yye_/7aae^UDF^#^^^6o

2. 2 Ess
(^m#m (±m&LT

1 O(7)T - ^ T (iT - ^ ~ iZ'jkt'Jcft L T l > &

T-^ESSK(i3 >* ? > F r- ?S&«£ If r- 9 1/ 3 - KS-e^ffl16 tof 
- ^ OES^E^ ^ ^ ^

2. 3 3>%^>Fy'-^^
uyTs^y r- ? y x ? y

1 o (?) f - ^ (: o v ^ T (i T- ^ ^ ##S ^ L T v ^ it

CC(:3>^^>FT-^S^ ##### 4: (i## ^ T v 7d?# ^ cT t mf b L ^

2. 4 7"-^ 1/3- KS
1/3- KSC(iT-^#&S<0 * >f A*t "j 7°&<£>r~ ? £E#t 60 

1/3- MSC(±T-^^#S^#< ZtteX£%\s\
X7y"/^>^-7i^^7^y7,J^^f-^h3- KS&#fpf&8#W\ 1 1/3- 

KB^4fn#B%T7yh ItT^-feXt^o

¥begin irecord} j ”Record_LabeF I 
¥begin Idata}

DATA ...

Vend| data |
Vend i record}
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3. >?.■?>
T-j'ESSBjs j:y='3>xi' > FT-5'6Blcov»ri±'l6ro UDF 7 7 d1 jwor-^Eb® 

joJ;yi'n7X3'>

fflUKtoS-trUDF 7 7 d )H:f-^ U-n-

d >^;v- KWS

¥include I”inc1ude_UDF_name”I

• ”¥”t±lfiri (:*•?> i to
• ” include”
• ”¥”, ’’include”, ” I”, ”include_UDF_name”, ”1 ”0-§ 1— ^ >015ICI±S6^s'Xo T 6
• DfU?ai5tL-E>7 7'f ;V^I±eaotiS7 7 d

4. ul—if-gask3>*•-*> F«#

4. 1 JL—if-6*S
UDFror-^EeaKisv'r, tBStiw* i:$Eztihr-5 

iSffic^orv^je-g-, t'- ? iz% <om&-3b <

#iSff <9S bt^ —If-5el*Si: LTttffl-r-#* <t 7 Kit:,
21 -mm zr

eijEVSh lti±,
(1) #s*fs<7) 1 ltci—y-6Ea*ttx.i.o

(2) e?!1S022.—y-$asi±«l»vv

¥beginIdefl 
Atom: I

molID: int, // id
typeName!string, // AtomType
coord: 1 //

x:double, 
y:double, 
z:double

|
vel: ! // 3E

x:double, 
y:double, 
z:double
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force! ! // ±
x:double, 
y:double, 
zldouble

I

total ID :int, // 1—¥ )]/CO ID
(;

Atom, show ["point"]: j "point (coord, 1)”( ;
Mend I deft

Mbegin I component!
Molecule:1

name:string,
atom[] :Atom,
bond [] :Bond,
angle[]:Angle,
torsion[]:Torsion,
interactionSite[]:Interact!onSite

t;

Mend jcomponent I

4. 2
^ 1:# LT show - test - unit - help O UDF ± TV'S *lr£\

±150

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

Molecule. atom[]. show["point”]: {"point(coord, l)"t ;
O show o

5. UDF£&

UDF Itr- 9 1517* 96^3.

r- 9fetfeffi tT-9

r- ?K(iMr- 9 ttzl±X^\£6, 3fcfr, ";","("^±o
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h V -Af 1:%LTV^T6 Av^^,

f- ^ (:cv^TI±T- LTv^^^Uf^ ^ ^v\

5. 1?##

¥def

¥begin|def I

9 7 - K
¥end |def{

#3=#^^ t'CD]Uitf'— 9 7 — K

(2)T-?m
K^mv^o

int
dong hiwic)

long
T- 2 a (int &|W|l:)

short

float

double

single

string

T- ^ & Mt 6#Ai:mv'&o

(single hiwio

r-mmm £ t ^MtsSA-uffiv^o

T- ^ & a c a & M ta # ^ ^ 6« (float t itio

m&fc- mtet’vfemmjjn xemv^o
ii
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<>
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t- ?$#Sr-lir'- ?SSE® U d1 d LtSv'Jo 
f- ?#E% Oft LtffiV'J.

r— 9 <D!£;e(:fflv>.£,0

(4)Platform IZ##: L^:?#@o
platform r-li Python IZ i Z>ffi<ift#*-d-d?- P LTV^^AMTO^-V- Kliffi

and del for is raise
assert elif from lambda return
break else global not try
class except * if or while
continue exec inport pass def
finally in print

UDF filed Python® interfaced L TJiPT® 4-— 7 — P*/5?:F#)§;h-"CV'.Z>0 
UDFPythonParse UDF val

$/z, UDF%E®E9l n rt-ettfvthonCP') * P (Zfgffi fi^^7-f %»#?- NJ £ 
ffiMt-6idl±T*g*v^ UDFt*-:FEEC> fSS^iJJ li [Python® V 7. PJ d l±glj»

UDF $&tzov>ri±, ftTtzStJ:) &#-l-RAWElz J: U t*- ? SrEE-tZ, Cdlz
(ijhflDL^V'idd-rz.,

a, b, c= x, y, z= y, x, x +y
«T® .£ 7 tzSet-S-trUDFEEti&vi (UDF®5e#£ U. 2EBd&Z>) 
atm position ->atom?position&d'd~9Z><,

c, c++Sr^>->*>toM%SBd LTv>.E>%-§-ti c,c++®?%R?&6MT®^-7-
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asm auto break case catch
char class const continue default
delete do double else enum
extern float for friend goto
if ini ine 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 t LTw£it£Ti FORTRAN (Of#nn'C h Nr '

(FORTRAN

5. 2

(1) %3fc7*-9<D7*'-9%M

(7)^9 l:¥def Z^:^T#6o
¥def Variable Name'. Type',

¥def ; Srctta*
m)

¥def temperature: double;
¥def vec:I xlint, ylint, z:int i ;

(2)

9 C¥begin idefl t-*<7);eS£1t

9 Z £ t~f&o 

¥begin Idefl
Variable Name'. Type 
Variable Name'. Type',

¥end idefl
ZCC, ^rya6yeA^e(ia-ZT^^6e^(D^^-e,

¥begin Idefl CtijlflUM'T end idefl i~&o
m)

Copy right © The Japan Research Institute, Limited All rights reserved.
-7-



UDF v2.doc

¥begin |def|
atom: I pos: I x:int, 

vel: 1 x:int, 
id: int 
kind:string

i;

end jdefl

(2)

Variable Name[]\ Type

(#1)

¥begin |def( 
config: | 

time:double, 
atom[]: ipos[]: lint},

vel: jx: int,y: int, z: inti, 
id:int
I

kinetic_energy: int, 
pressure:int
I;

¥end jdefl

y:int, z:int I, 
y:int, z:int I,

(3)
#4>9Wk<r>7*'-9%M\t£xr<n&b f-9 zttt

o

Variable Name<*>’, 
¥beginldef| 

pl:<*>;
p2:<*>;
p3:<*>; 
x:double;
vec:|x:int,y:int,z:inti ; 
atom:1

vec: lx: int,y: int,z: inti,
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id:int

¥end idefi

(4)

T— Z 9 C. help, . test, . unit, . show §rV^T> f—

Variable Name.help: ’’Expressions”;
Variable Name, test: ’’Expressions”;
Variable Name, unit: ’’Expressions”;
Variable Name, show: ’’Expressions ”;

#@f-^7^(test), #f&^(unit), |g^^ 
(show) & frd i> Expressions ^ & ISi&'t' & Z-1 § h 0
i tz> show "CIt Expressions 41 ^2## ID 1 ^ CfUC j: 0 \ t— ^

5. 3 T-f

(1) fir-

(DZ9t:¥data^:^^V^T,

¥data Variable Name: Value;
(mi)

¥def temperature: double;
¥data temperature: 1.0;

(2)

-f - ^ <7) T - ^ (±mT (7) Z 9 l:¥begin Idatal % & # v' T, t

¥begin Idatal
Variable Name: Fa/t/e 
Variable Name: Value',

¥end Idatal

(mi)
¥begin|def| 
config; I
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time:double, 
atom[]: ipos []: I inti,

vel: |x: int,y: int, z: inti, 
id:int

i
kinetic_energy:int, 
pressure:int
i;

¥end Idefi

¥begin Idatai 
config: | 
time 10.0
atom [

I[10,11,12], |-10,-11,-12(,15|, 
I[20,21,22], |-20,-21,-22(,25i, 
I [30,31,32], 1-30,-31,-321,351

]
40
5

i;
¥end Idatai

(&)

CCT, POS [] o > lilt#: vel

(3)

Variable Name< Variable Name 2>;
¥begin Idefi 

pi:<*>:

p2:<*>;
p3:<*>;
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xidouble;
vec: |x: int, y: int, z: inti ; 
atom: I

vec: |x: int, y: int, z: inti, 
id:int

I;

¥begin jdatal 
pl:<x>; 
p2:<vec>; 
p3:<atom. vec>: 
x:1.0;
vec: )1,4,5| : 
atom: 113,4,5|, 7| :

¥end jdatal

pi = 1.0 
p2.x = 1 
p3.x = 3 

(&)

¥begin jdefl 

p4:<*>; 
p5:<*>;
array []: I inti :

¥end jdefl

¥beginIdata} 
p4:<array[2]>; 
p5:<array>;
array[]:[0,1,2,3,4,5];

¥end I data}
p4 array 3 #B (7)## array[2] <D^4 > 9 Srfe L>
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p4 = 2 

p5[1] = 1

(4) 5s-* *140)7*-*111*
show

(i Python
60 ZcTCC-e(ishowt:mcTMmf6o

a) show ##(7)#5^

a.1 show
Variable Name, show [’’label ”]: [’Expressions ”f

UDF 7*' N (DIHtf-HI/E(show) ^rfT'9 6 (E>X\ Expressions Python #
if Python ~X.^ $. fzltjfoff) show 2>Z.b ^S”C§ &0

5 /viN Expressions Variable Name LTjES$
^show##(i, (.) %r/a6/eA^e <%:&&&#

B&T#&o

show
Atom:|

molID:int, // jM-## ID
typeName:string, // AtomType
coord:Vector3d 
vel:Vector3d 
force:Vector3d 
totallD:int,

// ^7
// A F-*;PO ID

Atom. show[”bal 1”]: 1” sphere (. coord, 2) ”| 

Bond: j
typeName:string, // bondlype <D%m
atoml:<*>,
atom2:<*>

// W5e<7) Atom CD#[ y N 
// (MB Atom, id

Bond, show[”stick”]: |”cy 1 inder (<. atoml>. coord, <. atom2>. coord, 6)"|;

¥begin I component! 
TotalMolecules: I

molecule[]: I
name: string, 
atom[] :Atom, 
bond[] :Bond,
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angle[]:Angle,
torsion[]:Torsion,
interactionSite[]:InteractionSite

TotalMolecules. molecule[]. show[”bal 1-st ick_c”]: 1 
’. bond[]. show [’’stick”] ’
’. atom[]. show ["ball”] ’

I
¥end I component I

a.2 Python

_bjE<0 l . show "Expressions'^*? Java ? 7 4 T > b 3 DJh@®!qcD Python XX
^ V 7 o 511^7) coordinated [x, y, z]#3r#c>
Python V 7. K t.fzlt (x, y, z) LT o UDF -5>0

coordinate_l ist 3 -XteS*#[x, y, z] 7> Python ]) 7 t it £ b iz ’J 7 h iz^tsbfz £> 7>
attributejd Tfd<© 4 . #®##^

Python V7

1ine( coordinate!, coordinate2, attribute_id )
• A

point( coordinate!, attribute_id )
• E##:

tetra( coordinate!, coordinate2, coordinates, coordinate4, attribute_id )
• #-##:

polygon( coordinate_list, attribute_id )
• # ij y 'i y

polyline( coordinatedist, attribute_id )

• R
disk( coordinate!, attribute_id )

•fIR
ellipsel( coordinate!, attribute_id )
ellipse2( coordinate!, coordinate2, attribute_id )

• R%

cylinder( coordinate!, coordinate2, attribute_id ) 

sphere( coordinate!, attribute_id )

Copy right © The Japan Research Institute, Limited All rights reserved.
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-

ellipsoidl( coordinate!, attribute_id )
el 1ipsoid2( coordinate!, coordinate2, attribute_id )

• coordinate2 (2# ( )
arrow( coordinate!, coordinate2, attribute_id )

- mm, mm)

contour( element_type, node_number, node_coordinate_list, node_value_list )

mmogiTE.

cplane( point_on_plane, normal_vector, attribute_id ) 
contour L < 0

clevel( min_value, max_value, attribute_id )
contour min_value t max_value 6

a.3

• mm

sizeof( UDF_data_name )

Copy right © The Japan Research Institute, Limited All rights reserved.
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UDF_data_name II & 3 o
TEeHTW: hexa[10](DTC^)6 gid[]f)m#m&mf o

hexa[10](7) y^X^#^"e#^v^(7)"eNone

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

- >T v ^^-7 v

indexmapC UDF_data_name )

UDF_data_name C>{S<h EB^J d' > T 7 7 7.7)7 7 7 7 7°d* 'TV x. 7 h & Python
fTVx.? F h LTlIto 
#^^^yy7 77&%#'f^llli, find77 7
find 7 V 7 UDF_data_name <7)E^iH>f"7^X60 Python V 7 F V

7 HbL/:<)(7)"e^6o

find Tr-HI/E L/i <h # None Jtj&'t0

m)
GridData[2].grid[3].gid S.LFGridData[3].grid[4].gid 7)#^6 K
imap=indexmap (GridData[j. grid []. gid) 
idlist=imap. find(6)
bf &Wdlist[0] [0]=2, idlist[0] [1]=3 Rif idlist[1] [0]=3> idlist[1] [1]=3 T'$>Z>0 

len(idlist)r#^K6o

a.4

a. 4.1 #@##7 7^)1/

y- 7id « acj:^ 
ti^Ef ^ ^ h^oT#7r^6o

ImWM&OT'y * ^ F Wm.’y 7 d' ;Wi Java 1/7 F V HE<o
#7 7 ShapeDrawingAttr.txt” T"&>h0

t7 *;v F####7 7 >f ivoS^J^TEH^-to

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

Copy right © The Japan Research Institute, Limited All rights reserved.
- 15-



UDF MPftiH v2.doc

# ID R G B TRANS
1 1.0 0.0 0.0 1.0
2 0.0 1.0 0.0 1.0
3 0.0 0.0 1.0 1.0
4 1.0 1.0 0.0 1.0
5 1.0 0.0 1.0 1.0
6 0.0 1.0 1.0 1.0
7 0.0 0.0 0.0 1.0mmmmmmmn

PointAttr
# ID R G B TRANS

1 1.0 0.0 0.0 1.0
2 0.0 1.0 0.0 1.0
3 0.0 0.0 1.0 1.0
4 1.0 1.0 0.0 1.0
5 1.0 0.0 1.0 1.0
6 0.0 1.0 1.0 1.0
7 0.0 0.0 0.0 1.0

LineAttr S.U5'PointAttr — 7KTab&o

o

KCli, TE<7) (1)
(2) IZTF't £ &*)’?$> 2>o

(1) Ar — 7 — K
□ LineAttr
□ PointAttr
□ PolygonAttr
□ DiskAttr
□ EllipselAttr
□ Ellipse2Attr
□ CylinderAttr
□ SphereAttr

□ EllipsoidlAttr : iR#l(^L 1 A <%###$&)
□ Ellipsoid2Attr : #R#2 (#A 2 2a)
□ TetraAttr !
□ ArrowAttr : 3^£P
□ CplaneAttr : I0f@3 > ^ —
□ ClevelAttr I ##®

A 

r m
#R#i (^L'i 

#R# 2 (#A 2 
R#

(2) ffillft

Copy right © The Japan Research Institute, Limited All rights reserved.
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□
□
□
□
□

□
□
□
□

□
□
□
□
□

(RGB, mgm)

LineAttr : I D, A 
PointAttr : I D, A 
PolygonAttr : I D, A 
DiskAttr : I D, A 
El 1ipselAttr I I D, A

#, o.o-i.o
(RGB,

(RGB, imm)
(RGB,
(RGB, p;i/(nz)
(RGB, @#(a,b), @ a P;i/(XYZ), ##

P;l/(XYZ)
EllipseZAttr : I D, 6 (RGB, ^9%), @#(a), P;l/(XYZ)
CylinderAttr : I D, fe (RGB, ^99%),
SphereAttr : I D, 6 (RGB, &WBO,
EllipsoidlAttr : I D,6(RGB,m99m),@^(a,b,c),#a^^^ P;l/(XYZ),
#c^[6] b;l/(XYZ)
Ellipsoid2Attr : I D, A (RGB, It99Jt)> @#(a)
TetraAttr : I D, A (RGB, 1199E)
ArrowAttr : I D, A (RGB, lt99Jt),
CplaneAttr : ID, */MIA (RGB, il9to), #±#A (RGB, il99Jt) 
ClevelAttr : I D, A (RGB, ^S99S)

(s) ms
®r- ? m<D im

a. 4.2 UDF

¥begin jdefl 
LineAttr[]: I

id:int,
color:I r:float, g:float, b:float, t:float I

I;

PointAttr[]: | 
id:int,
color:! r:float, g:float, b:float, t:float i

i;

PolygonAttr[]:I 
id:int,
color:I r:float, g:float, b:float, t:float i

Copy right © The Japan Research Institute, Limited All rights reserved.
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DiskAttr []: j
id:int,
color: I r:float, g:float, b:float, t:float I 
radius:float,
vertical: 1 x:float, y:float, z:float I

I;

El 1ipse2Attr[]: j 
id:int,
color: j r:float, g:float, b:float, t:float I 
radius_a:float,
vertical: I x:float, y:float, z:float I

CylinderAttr[]:I 
id:int,
color:| r:float, g:float, b:float, t:float I 
radius:float

SphereAttr[]:1 
id:int,
color:1 r:float, g:float, b:float, t:float I 
radius:float

I;

Ellipsoid2Attr[]: j 
id:int,
color:I r:float, g:float, b:float, t:float ( 
radius_a:float,

TetraAttr[]: 1 
id:int,
color: j r:float, g:float, b:float, t:float I

I;

ArrowAttr[]: I 
id:int,
color:1 r:float, g:float, b:float, t:float I 
hat_radius:float, 
hat_height:float

I;

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

I;
ClevelAttrD: j 

id:int,
color:| r:float, g:float, b:float, t:float (

I;
¥end Idefi 
¥begin jdatal 
LineAttr[]: [

1 1, | 1.0 1.0 0.0 1.0 | |

! 2, I 1.0 0.0 1.0 1.0 I i
I 1, I 0.0 1.0 1.0 1.0 1 I

]

Copy right © The Japan Research Institute, Limited All rights reserved.
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PointAttrG: [
I 1, I 0.0

]
PolygonAttrG: [

! l, 1 1..0
]
DiskAttrG: [

1 l, ! 1. 0
]
El 1ipse2Attr[] :[

1 6, I 1..0
];
Cyl inderAttrG :[

1 l, ! 1. 0
]
SphereAttrG: [

1 1, 1 1. 0
];
El 1ipsoid2Attr[]::[

1 1, I 1. 0
1 5, i 0. 0
1 5, j 1. 0

];
TetraAttrG: [

j 1, 1 1. 0
];
ArrowAttr[]: [

1 1, I 1. 0
];
CplaneAttrG: [

1 1, I 0. 0
];
ClevelAttrG: [

! 1, 1 1. 0

1.0 0.0 1.0 I |

0.0 0.0 1.0 l |

1.0 0.0 1.0 I 0.5 I 1

0.0 0.0 1.0 I 0.8 I 1

0.0 0.0 1.0 I 0.5 (

0.0 0.0 1.0 I 0.5 |

0.0 0.0 1.0 I 0.5 1
0.0 1.0 1.0 I 0.5 I
0.0 0.0 1.0 I 0.5 I

0.0 0.0 1.0 I I

0.0 0.0 1.0 I 0.5 0.5

0.0 1.0 1.0 I | 1.0 0.

1.0 0.0 1.0 I I

0

0

0

0 I I 

o i !

1.0 l.ol i

];
¥endidata I 

a. 4.3

Python ±E a.4.1 (2) I
Python

(n) line([l, 1,1], [2,2,2], [1,0,0,1])

a.5

¥begin i header!
¥begin idefl

EngineType:string;

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

¥end Idef (
¥begin jdata!

EngineType:”MSC_NASTRAN” 
EngineVersion:”V01”
IOType:”IN”
ProjectName: ’’RelationSample” 

¥end I data}
¥end 1 header}

¥begin idef}
Coord: I

x: double, 
y: double, 
z: double,

};

Grid: I
gid: int, 
coord: Coord 
// User DATA, 
valuel: double 
value2: double 
valueS: double

Element: 1
eid: int, 
gid[]: int

Material: I
mid: double, 
e: double, 
g: double, 
nu: double

I;

¥end idef}

¥begin i component}
GridData: i

grid[]: Grid

ElementsData: I
hexa[]: Element 
mat1:Material

ElementsData. show ["flame”]: i’ 
# Creating index map.
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imap=indexmap(GridData. gridTl. gid)
# Getting size of "ElementsData”. 
elesize=sizeof(ElementsData. hexafl)
for n in range(0, elesize): 

pt=[]
for i in range (0,8):

idlist=imap. find(.hexarnl.gidril)
if(idlist is None):

raise "no index” 
id=idlist[0][0]

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

pt.append(pp) 
line(pt[0],pt[l], 1) 
line(pt[l],pt[2], 1) 
line(pt[2],pt[3], 1) 
line(pt[3],pt[0], 1) 
line(pt[0],pt [4], 1) 
line(pt[l],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"]: j’
# Creating index map. 
imap=indexmap(GridData. grid[]. gid)
# Getting size of "ElementsData”. 
elesize=sizeof(E1ement sData. 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. gr id [id]. coord, y, GridData. gr id[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)
»i
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ElementsData.show[”contour”]: I’
# 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. gridtid]. coord, y, GridData. grid[id 
]. coord, z]

pt.append(pp)
vd. append(GridData.grid[id].valuel) 

contour("hexa”,8,pt,vd)
Icontour level 
cplane([l, 1,1], [1,1,1],2)
# i

Vend Icomponentl

Vbegin Irecordl l”step 1”] 
Vbegin Idatal 
GridData :I 
[

10, 10,0,01,0,0,01,
11, 11,0,01,1,0,01,

12, 12,0,01,2,0,01,

13, 10,1,01,3,0,01,
14, 11,1,01,4,0,01,
15, 12,1,01,5,0,01,
16, 10,2,01,6,0,01,
17, 11,2,01,7,0,01,
18, 12,2,01,8,0,01, 
19, 10,0,11,8,0,01, 
110, 11,0,11,8,0,01, 
111, 12,0,11,8,0,01, 
|12, |0,1,1|,8,0,0|, 
|13, 11,1,11,8,0,01,
114, 12,1,11,8,0,01,
115, 10,2,11,9,0,01,
116, 11,2,11,9,0,01, 
|17, |2,2,1|,9,0,0|,
118, 10,0,21,9,0,01,
119, |1,0,2|,9,0,0|,
120, 12,0,21,9,0,01,
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121, 10,1,21,10,0,01, 

122, 11,1,21,10,0,01,

123, 12,1,21,10,0,01,
124, 10,2,21,10,0,01,
125, 11,2,21,10,0,01,
126, 12,2,21,10,0,01,

ElementsData: I
[

I 0, [0,1,4,3,9,10,13,12] I 
I 1, [1,2,5,4,10,11,14,13] I 
I 2, [3,4,7,6,12,13,16,15] I 
I 3, [4,5,8,7,13,14,17,16] I 
1 4, [9,10,13,12,18,19,22,21] I 
I 5, [10,11,14,13,19,20,23,22] I 
I 6, [12,13,16,15,21,22,25,24] I 
I 7, [13,14,17,16,22,23,26,25] I

]
I 0, 21000, 0.0 0.0 I

I;

VendIdatal 
Vend Irecord!

(5) S ?IJ IByyES ndexOrder)
f- ?2read/write f 

UDF t±SB9Si£i*F>*v>0 %XX\ UDF 7 r 4 

i> EF'JOEXJUOTSS^-ZWcifZ, :ti: t
z<0E?iJi±r- ?i>ox$>&ox\ r-?m 

i> E$-e
¥ indexOrder I Variable Name [ i ] [ j ] I
(«)

Vbegin Idefl 
array: I

array2[] []: I lint! I, 
arrayS[] [][]:!! lint! 11

I:
Vend Idefl 
Vbegin Idatal 
¥indexOrder I

array. arrayS[1][2][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]
],

[
[
[110,111,112,113,114], 
[120,121,122,123,124], 
[130,131,132,133,134], 
[140,141,142,143,144] 

],
[

[210,211,212,213,214], 

[220,221,222,223,224], 
[230,231,232,233,234], 
[240,241,242,243,244] 
],
[
[310,311,312,313,314], 
[320,321,322,323,324], 
[330,331,332,333,334], 
[340,341,342,343,344]

]
]

VendIdatal
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ftft 3. 2 JavaGo
Web Site http://www.yl. is. s.u-tokyo. ac. jp/amo/JavaGo/doc/index.html

X 0

itm 3 . 3 NASTRAN
Web Site http://www.engineering-e.com/software/index.cfmJ: 0



am3. i amo

Web Site http://www.yl. is. s.u-tokyo. ac. jp/amo/<£



3.2 J avaGo
Web Site http://www.yl. is. s. u-tokyo. ac. jp/amo/JavaGo/doc/index.html 

«fc 0



public class Contact implements java.io.Serializable | 
public static String MessageBoard = ""; 
public static void gmain(String args[]) I 

try |
undock |

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

I
i catch (Exception e) i

System.out. print In ("migration failed!");
System, out. print In (e.getMessageO);

7 MessageBoard &

(f)y°U If y 1<± flute <D MessageBoard K mountain h# ritsuko
K## x<D MessageBoard river h ##•'E' LX
X hX MessageBoard <7)|*lWi?3E7F'f~%>o

7°P ^*7A03>/U;i/

JavaGO v-f 7V- v 3 > 9 7°n 7*7 A
translator (jgoc) "C jSiE 4" ~ir i> o jgoc ii go undock 4ir "a" A/ ft 7° n 7*
yAiXUtL-C&m*). SM& Java 7) 7°n 7*7 A 4: & 0
tlfz Java 0 7°n 7*7 A (± #fiCD Java <T> 3 7 3
bif^hh c

±®5J1TV^7°3 7*7 A ^ Contact, jgo 7 7 -f LTi5 < 0
-5"itjgoc b javac t?3 &0

jgoc Contact.jgo 
javac Contact, java

7p 7‘7 A(7)|3SJ

X 7 7 ^ ^ J migration server 6 0 JavaGo 7
^ i tlTV'* javago.Run <h 7 y°U y A 7 0

java javago.Run //flute:12002/ Contact.class ST*.class
£ 7 KA/lT3 i flute mountain^ ritsuko river h it7F$ ii



int maxx = 260 + Size * 4 + (j - 1) * 170; 
int y = 192 - i * 8;
offgraphics. fi1IRect( minx, y, maxx - minx, 6

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

public void Move( int From, int To ) | 
int i, j;
for ( i = Size - 1; i >= 0; i— ) 

if ( Tower[From][i] != 0 ) 
break;

for ( j = 0; j < Size; j++ ) 
if ( Tower[To][j] == 0 ) 

break;
Tower[To][j] = Tower[From][i];
Tower[From][i] = 0; 
repaint(); 
try |

Thread, currentThread(). s1eep (30);
I
catch ( InterruptedException e ) |

public int TheRest0ne( int i, int j ) I 
if ( i == 0 ) | 

if ( j == 1 )
return 2;

else
return 1;

I
else if ( i == 1 ) | 

if ( j == 0 ) 
return 2;

else
return 0;

I
else |

if ( j == 0 ) 
return 1;

else
return 0;

public void Solve( int k, int From, int To ) | 
if ( k == 1 ) 1

Move( From, To );

else 1
Solve( k - 1, From, TheRest0ne( From, To ) ); 
Move( From, To );
Solve( k - 1, TheRest0ne( From, To ), To );

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 - i * 8;
offgraphics. fillRect( minx, y, maxx - minx, 6 );

g.drawlmage(offscreen, 0, 0, null);
i
public void Move( int From, int To ) I 

int i, j;
Counter++;
for ( i = Size - 1; i >= 0; i— ) 

if ( Tower[From][i] != 0 ) 
break;

for ( j = 0; j < Size*, j++ ) 
if ( Tower[To][j] == 0 ) 

break;
Tower[To][j] = Tower[From][i];
Tower[From][i] = 0; 
repaint(); 
try |

Thread.currentThread().s1eep (30);
I
catch ( InterruptedException e ) i

public int TheRestOne( int i, int j ) | 
if ( i == 0 ) | 

if ( j == 1 ) 
return 2;

else
return 1;

I
else if ( i == 1 ) | 

if ( 3 == 0 ) 
return 2;

else
return 0;

I
else |

if ( j == 0 ) 
return 1;

else
return 0;

public migratory void Solve( int k, int From, int To ) throws NotifyGone i 
if ( Counter >= 100 ) I



Self.setSize( 520, 200 );
Self.setResizable (false);
Self.setBackground (Color.black); 
Self.setForeground (Color.green); 
Self. show();
Self.Solve( Self.Size, 0, 2 );

1/ — y a >£fr9 7°□7 A

ssfcLrtt %<ntztb

®5r#L/iiaS:5rBx-ri5< A^y5'-*#lttlDx.-E.o a >i±ro<7)*X

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 off graphics,* 
public Hanoi() |

super (’’Tower of Hanoi”); 
int i;
Tower = new int[3][20]; 
for ( i = 0; i < Size; i++ ) I 

Tower[0][i] = Size - i;
Tower[1][i] = 0;
Tower[2][i] = 0;

Destination = new StringT2l: 
DestinationlOl = V/ritsuko:12002/”;
PestinationTil = ’’//flute! 12002/”;
NextDestination = 0;

public void update( Graphics g ) 1
int i, j *,
if ( offscreen == null ) |

Dimension d = size();
offscreen = createlmage(d.width, d.height); 
offgraphics = offscreen. getGraphicsO *,

t
for ( j = 0; j < 3; j++ ) I

for ( i = 0; i < Size; i++ ) I 
if ( Tower[j][i] 1=0) {

int x = 260 - Tower[j][i] * 4 + (j - 1) * 170; 
int y = 192 - i * 8; 
int width = Tower[j][i] * 8; 
offgraphics.setColor (Color.gray); 
offgraphics.fi1IRect( x, y, width, 6 );
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cgiemu.html:

<html>
<head>
<title>JavaGO CGI emulation</title>
<script>
function invoke() j

var arg = document.forms[0].elements[0].value;
var docj = document, applets [’’TestApplet”]. Invoke (arg);
var doc = docj +
document.open(”text/html”);
document. writ e1n(”<htm1><head>”);
document.write1n(”<tit1e>The CGI Result</title>”);
document, writeln(”</head>”);
document.writeIn(”<body>");
document, writeln(doc);
document. writeln(”</bodyx/html>”);
document, close();

I
</script>
</head>
<body>

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

<hl>JavaG0 CGI emulation</hl>

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

</body>
</html>
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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. Our 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

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 lGB/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

1 This paper has been submitted to the IEEE, ACM International Workshop on Grid 
Computing (Grid’2000), 17-20 Dec. 2000, Bangalore, India



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.

CERN

data store

computing
facilities

Regional 
Centre (RC)

data store data store data store

computing
facilities

computing
facilities

computing
facilities

University
Iniversh

liversity
computing

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/O 
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/O functionalities, i.e. batch I/O and scheduled I/O. In contrast, 
parallel file systems like Vesta [5] and Galley [16], provide collective I/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[ll] 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. Our 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.

Application Areas _______________ ______________________ _______________
( Physics Appl. (WP8)~j ( Earth Observation Appl. (WP9p ( BiologyAppl. (WPlof)

Data Grid Services
( Workload Management (WP1) ]

( Data Management (WP2) )

...............I-
( Monitoring Services (WPS) ]

Core Middleware ( Globus Middleware Services (Information, Security....) )

Physical Fabric
( Fabric Management (WP4)] ( Networking (WP7) j ( Mass Storage Management (WP5))

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 Management 
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.

High Level Services

( Replica Manager )

Medium Level Services

Core Services
(Meta Data Manager)

Query Optimisation & 
Access Pattern Manag.

Storage Manager

Castor

Storage Manager

HPSS

Storage Manager

Local Filesystem

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 
’’use” 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 met a 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 
[6], 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 Nexus. 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 c 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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CORBA (Common Object Request Broker Architecture)
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CAD, CAM, CAE (Computer Aided Design, Computer Aided Manufacturing, Computer Aided 
Engineering)
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zmmr-?z&m*), x&m&tswitwn,xmmr-?££.j%'t

a 3^7cCADO#%t:#v\ v V 7 K^r^KT) 3-&7UCAD v^tA t

omm^mAz-ev^ao

CAE Computer Aided Engineering
IfnlUC^^ax^y^T'J >^^P>Ea-^-tMtav^7A0 -HfcHli, WEE

mm##. m##^mm##^^&v^o cae t* lesosdrc

n>e*-*-±Kam*«rf&£

U ttft, SB*# ? <7) £ IWoOTt£ n y jl - ^ - >> 5 a. v- v a y ^ o HE<7W^Dnq
tfzimitt?a 7 y n - -^-e w a 0

CAE Zh#T#a<9
T\ 3^ l/> hx'yy'^T'J CAE yXjAli, CfL$r
immmrmfa »t <*> y - * t l x$&m L.##t y;v & uyu^y3>

t^C^Wo/Co L^U 3#7CCAD?)#%t:#o-C, 3 ^tc CAD Ztitz^rnsZX 
(Dttmmtx, cAE&##r#aoti^
(i&A/^03^7cCADyXTA^ CAE##e#^LA:##^ tcT^D.

CAE &i#m%#az^c&oTV'ao cae a. 2$
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tiXZfzhK 4-#It, i:*5it-$>$£C>S,RfF<0 ^frotzebo^tet
31 ?m 5n5,®s»ff^#ai$it=5r $ tix g £ c t
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CSG (Constructive Solid Geometry)
■/') 5 f <yhwn-BSMBBS r«&fc*) ros-g-ss (r-vr>-

kj; i) 3^7n®«es*L, rossase2it'7v-#$T'E

BrRgB.l-JtR1"5 itBtftOXA^SE^'SSr* i), r’- wr? hr-*6„

6Eti6@£:E$|KSB ■: t CSG B-Rep -
65SST-&4„
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CRM (Customer Relationship management)

(CRM) ^
> ^ ^ v h ^ ^ ^^ f A &t:##

f C9 CRM
yXrAt^o

CRM li.ffig&t i)V£ D^^--Xi:^L^iiDDp 
Mg£M£%'''/ttM&£{/F&Zt£B}glTi'&o f-nfc&iz, SS7°n-trx^-r-^^-x^r 
E£*'!> KE^Ut - t ^*6 £> *i£ o

zfL$T#AmamL -7-^T/r ma,

xft 6KT# ^ii£Eg*>L't:E^#x. 62^: ^ i SEE £%%><>

> ^ ^ 6 o

^-%(±CRM v%TAO^b&&o E^(7)##, j&£<DM
5il*lS^iObnTv^0 £fc, rz-;v-tr HEi-<£ &a:SC6£& "66 A,, 7

77^4^ E^t-^-X CRM
'>XTA<7)7n > h K£

CRM '>XTA(if"eir®ES#^#Em^^-eSX«A'ev^o S fc, V-
A ^*gE£^tfto&*8E&n £ n - ;v-tr y ?—^#x.'t^ift^3&J’CT § Tv^c 

CRM i> X t A ic J: £SSO’^iUi-^^ J: 7 % i><DT&Z0

If, E^^6 3-;i/t>^-^:#El:Z6 7^tX^3 hf 60 7-;p*t >*-Kt± CTI 

(a>ei-^-fl/7*^"f>7^U-y3>) b^Sf^iot, SE£;NtT£/dE 
g<7>T*“ * ^ - 9 <DS*7 7 >(7)®Iic^$ tih ttE<^fio f ^ 1/- 9 MM

tt:. m&r-?

b, '&-%KfcCX%'&T- ? *xt}t& Z.ti>X%2>0 Z<D-r-?im&*&
mur^w&r'ttz^'y

^n@nDn6S^'^ntL(i\ ^vziymmz%%tfbm<vi%&zwL%;tz>z.ti>vimx&z>om 

%<d®wj y?-*v h urnslTv^tui\ m^tt^u-^^mtmm^^Lx, tkntm
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m±<7)Z 9 H. taSriWC^CfoU-aZZ:^ >/<%> A#<7)

#^^EgH##^4f6Che77 K/<7> K^:#^oCRMi/^f A(if<7)77 h/<7> KH6

7 7 h A7 7 KT'SES %#l <7)(±T-7 7 j:7/^7 7T^6o7^7 7^7/\7 7H

l:"7 2 h^7 7 h/<7 > K(D-e!lT^6o%m^^#&^7 C h HZ c

TDM (DY.V ^£[^±£-££>1 ttfnifetft&o

t tz, r?-;l/-tr > 7 t'ftfe<7)-te7 v a > l*zhttfz&(DV
7 bt LT7-7 7n- &MT&&C 7-7 7n-ii,
^#Sf6##e#"7o r&^:L^m^(i^^OZanmm$fLTv^O^J 2:V^C

^E^^ 6 <7) ^ v ^H t 7 - 7 7 a - fUf f C H#Ef ^ 2 2: ^T & 6 Z 7 H ^ 6«

:<7)i9i:> CRM '>X7A(i$Z£"Z& IT riWB£iU E^Oit^Ei6]± j:E^OWSU 
6^)02:%#$fLTv^o
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Data ware House
T-f • 7x7^772fi, t-9<D Fl-SJ 

£>UiiM&7 7v a

TV'&o f 9 - 7x7/^7x-e^6o
77^7> i/Xf

9 a LTV'&o 7 7^7> H/^-/<- KJ%--f - 3

fBo;%?4';i/'C&6o

29 o, tLx^h0 a^s-eiism^

##gijt: V !/-'> 3 ^;v- r-^-x^SXLTf-^-x^SSLTi^o K^—7 

K&7y7U

Lti'U -^*CKfi^fe}g«$#vrv^0

-hf3o fO^:^t:#^(7)##<7)7yV^-y3>^^%LT<6o

2 9 m±m&t- 9 zmm u &mr- ? kxz ss&teHt 9
fbiLZ’O^'T-^ • 7 j:7/\7XbV'9 7-4rf f ^4rT&&o

t?-? • ^xTA^Xii, ^iliOf-^IiL, 6<DT

hho t-9 • 7^7;\7%CZcT#^6tt#^fTc"CV^^;l/-y^^f'^LC-7-^ & A 

A Lftm Lt *> t % h r- ? ii m £ xh *),MW %M£fi19 21 a*-e£ & it-eh h 0 
7-^-')x7^')xiiv'oT*tiif> T-f e##L/:g±^#$"e^6o ^-os

<, r^-7- ^jT%^>oM#tcZ’ 2 x.tLii\
iho mmts h v 9&&r-? • 7 x 7^7*0*°^ > t

T^>^o

AT - 7 e-7C% (:##f 6 ^ A (: (ig±^ A ^ 6 o ttz, &±%Mmfrb$ub

3# (T-?) *%htztb\zt±\Ztnho L^ot29 Ltz7*-9 • 7x7
/N^x£H^’t&£*M:(£Ea£?iJ:3>fc:x-?&2f<7)j^$r-7^-x-v'y y^vx- K7x7

£ LTMt^^o
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- T^i/3 ><oynt:%&fEi)#LTV'< C2:H^6o

Z(7)Z 9 tzT-9 • ^ jl7/Wx££ fbt^E£-£fcn 'y-fcT9 h Lfcrr > h°^l - y • 
y-^k-fcltv^0$b<n>xbf- kt#Mte*|6]±ltv<

/f6 9o

h 7 7-<7)£jg1££0]ftj^[S]_h£-££ Z &-C&&o3

7^, - ^k:- &C&&0 f LT##y%TA<7)^

(±^RTXT^)6o

t-7 • 7 >7t^-'>3> • -r ^ y ny-tidkS<7>SS^5:x.

>77hv^x.^)/f59o
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f f — 7-A DBMS (DataBase Management System)

f-M-XflyXrA (DBMS) It, (DB) =Ht 7 MM<7) V 7 h

%-##LT##L, CfL#^'m^L"C*^rf6'7-;i/^DBMS^hv^6o 

f&<7) A^#mr # ^ 2 h mm-c& a«

n > h°^L - ^ - '>Xt A-e DBMS V 7 h Kfi, &T<D t 7 & i><Dtflglfhti2>o
d)T-^^#m%, mm^cT^vy-i/a> use) 77 &
#%y V ^r-i/ 5

(2) 7"-^om^# (-mm ^{%-c,
(3) r-tmmvMmw'?§. ^77^7^7<0t:^^«
(4) f-^ (##)

DBMS u\
#cT^D, DBMS r##LTv^

/f'y^X) 5"fSffli"^)o f@St~‘v»7 t*— ?'~<—7Oi^i'fiijO'tt7W^ ') z> V ■*?i$t<DjSLfr'u
t>*£b ITHlLtv^IiC^^o

(1)^7 bv-tm, (2)^11, (3) V v-'>3^;vs, (4)t/yx^j|

|6]S----- 76^60 #%. l)7^Ii;<f^tiTv^Wli'Jl/-y3t*^^o f V l/-
v 3 i-)Vm<D DBMS Ennn^'t 7"'7xc 7 h %&**6#TV'&o
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DCOM (Distributed Component Object Model)
#-74^077 b#f7'i/^7 bfma##KrC&& COM ^r^7 b7-?±?#;l&

L^^)#o BE^#C0Mf7^^7 b^rf#$^$7 b7-7±r#mT#/5Z9l:. DCOM## 
##OSk^;!/T'9-df--l'$fi&o 77^7>b-^7i/j:7b(±. 77^;^#ftt)Dt:URL

b &##)€?& 6 #%\ ^>^-^7 b±T^#m#&#%f'2)2 
tii a.rfg*?£>&0 70DV7 b It DCOM & 'i y 9-^v b±#^#m@##%l:f6^&b(:, 

IETF (^>7-^7 b . JL>i/ZLTV>^' 7^7 7 t-7.)
#(±#7^ -<7^ 7 77 > b%^ VMS UNIX%77 b 7 J:7 AG 2: ^ MVS^3

ZU?UNIX)K&;3%LTV'6o Macintosh (:W>yV7>bt6?^"f&6o Java7Y 
1/7 b £ COM/DCOM # 17y x 9 bbL/:^ Java 7 7° 1/7 b^6 COM/DCOM t7"'/x^ b 

^22:^T#6Z9(:f 6o
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DXF (Data eXcahnge Format)
Autodesk a >d?#&a AutoCAD imf'CimmT'-f&'f 0 h Of /<

7 7d';l/<?)7f-'7 7 h, AutoCAD #<D^< (7)CAD^

CG 7 7 FT&fF $fLTV^o
L^L DXF (i, IGES, STEP, VRML fzMR& a "eeti^G$ n/c 7 * - v y hfli

Z#^DXF7 7^;i/T^62hem^f6mm6^v^ 

iot, #t:#OCAD h +5M&IE LX frbmf&'t %>'$!&&
&> Z> O

DXF <7)&Syi|
T4r7 FB^DXF 77^;l/^/Wf V#^ODXF 77^;l/02@M^6o
AutoCAD *“-F LTv>a#\ m±<D CAD T-ti, FDXF 7 7 ^ ;v L
:^f f— F LTv^v^tD^v^
T^7F#^:r(i. DXF77^;i/^LTailrf62:&t:, A^Mm^f&^LTfa^ /WfV

f4r^F#^(7)DXF77d';i/(iprme^6o

L^L,DXF 7 7 ^ ;w± AutoCAD <T>t'<X<r)T-9 *%MX i * t v^ tt#TAutoCAD 

ya>7 7 7°$ T~~ ? X.T £ 0. 2: DXF £f f°-
Ff ach$rZ 0B#^t<D6: LTv^o

DXF77/fa2o. l/i^'ot^&dxf 
77^^, m33m& DXF 7 7 ^ ;l/(7) 2 a C 2: t: & a o "ftiktgi DXF 7 7

t^r^^ya >rt*#£f a DXF 77^m^ gg^^DXF 7 7 -
3 7^# L*DXF77'f;K7)^£i^o a ENTITIES -b * v

a 7 Zif<7) DXF 7 7 >f ;VTr *>, R13 \m<D AutoCAD ^^>66 HfUffl'C ltv>/:0

LVF<7) URLtc# < <7) AutoCAD, DXF t:^f a $ tiT <7)-e#B8 $ ft/-1>0

http://www. autodesk.co.jp/
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ERP (Enterprise Resource Planning)

7 — 7° 7 'i X • V V — X • ~f y y ~y >? * r*>"j *r — V (Enterprise Resource Planning Package)

#Lv^ >/<? E&6/:6f

ERP/<vX-i/(±. ERP/<7

7 E7^7T^6oERP@#:(ilA#l:(i. F^U Atmi:(i. FA 

$r^fo f LT. (ERP#%##7^-7

Ai:Z6)o

ERP/<7f-^^##LTv^^±hLT(i. SAP. /<->. QAD. J.D.Edwards. SSA^h'^ 

#OERP/<vy-^ - /oy&^:#L$6#"CV'&o 

ERP/<7^-y#A(T)^ V v

S sb i:SAi:$ S $mK V7 YV ^TZlfufrhmfktZ £ 0@#$fi6o

#Z1:7X MtOSflSo /<7 ^r - vi#:(±S^Oi><Dltfr%<) HU • SAJWW

OEH^#AtUf7X HOE^m-e^^o

SEC ERP/-Wt--:/!*. 7 7 E 7 ^ 71:##/ 7 /' 7$ fLT ^ i). #r L A

£#HL^1"V'£ W#s£>&o

Sii.S-OXkf- E^SEOnx I)#5#®:%#(37df ERP/<y f-y
f#W#Cli. 6B$A#OBPR Of

'7*X • 7pn-trX • ’Jx>y'7'J >70

BPROgm. tf'7*X • T’n-tzxSra^mcjliEU 6 C h l: Z -o T##-^l #ibf 
mi:. ERP/<7^-7#^,^. $nzrssyn-trxCS^VTfEE$*it

V'btf. BPR ^v^7 <^^^m#^ERP;<7^-v/fh#A6o

$6i:. c & *?. bTtosc&oTv^r^ erp
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Z(7)Z9C, ERP/<vX-X4i^^ ^"^^7 V v Ee#cT^6o Z:'^ M8#Cw<^/Mm

A/J3X E - 7 V v < ^r6o
M#T^6o *xE-7<Xr#^^^fUj!\

%%(D^26, ERP/^vX-X^±^(i)$^#r^^X /<vX-X - /<>

E v^#X)^^)6o ^ /2^ ERP v X — LT X X X 9 X X X A - -f
XXXX-f & ERP/<vX-vl:^t6$m'^m^^LT^0, 'X'f 

^:XXXAX##T#

$/:, .%-'tfcO#J&^#H ERP^7X-XC#e^#t6(D^^%#T^v^, XX) X V v E 
B#dk#60# < ERP ;< v X-Xl:^t6#g^ LTw6f2|%T&

0. /<vX-X' - ^XX, XXXA-^XXXX-^, &CBz|0:j3tt&ERP/<7X

-X'#%X)/2^X)&#fX0 XB^TV^ < 2 ^g±fL6o

X^ L/:AX(±, 96 ^9 ^C/<v X-X - /<XX, XXXA-^XXX'X-X, 7.-XX?# 
^-oTERP#%#m7^-9Ae$^mLTj30, ERP/<vX-X#%^X)#^t:^62(E^mf# 

$^160
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L-cim#ffm#m, m±m=c^v^T(iGis<7)#A^z^##^fft,^Tv^f« u 

m#M=<D#A(il990# (?^2#) &cv'#;a-c&ix m±^C^v^T(±GIS(7)##t:

B^U&vc GIS :

gis imm&m, ki

OGis ^#Af o.

(9, Gis^z 9 & m* x\th%>

01t#S#<7)SSto^$tLTV^VV

OGis Kcv^-cf (7)^#a h & c#&#f

ommrmm $ titz gis v 7 h 7 mM* b b ttn&izn t
fitz GIS V 7 h 7 x 7 -h'/pt£^>0
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IGES (Initial Graphic Exchange Specification)

oc (ansi) ci^ 1981 -*?vimt ixm^ztifzo ipo

IGES (i, Ef & CAD i/Xf CAD7"-^^#mo#
$7^-"7v EbLT#&Z<#M2iiTV'&0 7^T71/-A, ^—7^^^, Wv 

i—2 7 V v

A,£"fljffl£ftTV>&v0 IGESTli. CAD^>^

$/:, 7 V v KtfV >^^^3^7cCADO###$#l:mv^ov^ 

Tv^v^2:\3>^lx> E%->y-7V

LTeu^m^^fL-cv^^Tvyi:#^u-cv^o 
ztibW fc# JS JSt lt\6$bSS#&*r±n-e 

IGES (DMHMfo (tr-b^ E) B$Si$Il^i'^bt 1993 ^
JAMAIS ('7>/Vy • *- E -t-T >f 7" • 7 7 * f-7 V > 7 • TVyi-ys

>-iGEs-^ytv E) ?cL 
"Cv*>g>0
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'i y 9 — ^^*7 fcf U 7~'f (Interoperability)

#&zad?mm"c&6o
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Java

v^6o 77 7*7-77 b ^ Web *7-/^^ 7 7-^7 b^mV7 brV-7-77

7 bX7-X- 3< ^"7-73 >Xo f LT, WWW (7-;l/K-7^K'7j:y) 0##kT7

^%T##<7)&#:^^6m#^m#t6T7-o2 9 h 6l:Em^^v^^*7
7 . "7^ ^ai/^TAX'e^6o

■7 7 • V>f 7 n7X7AXii, 7-n7-'/3> • 7 - 7 £ Lt^I £^ltT £ Tv^^\ 

$ftTt^01il^tt75'EELfc$rLv>wE^&& Fjavaj <Dft&"?$>2>0 
Java (i, ^7 bXX-X^XvX;!/, df-7 7 K, 7V 37 - 7'77^ x7X, I BM, "? 

^^n77 b&J:\ 37t:^-7^|^(7)±#EA#7^74't7X#^#L'Cv^o v^6(f, ^77- 

^7 h±(7)7x>;x“'>3>-v7 M^rnfflynx^ASEh ixmmvmzfcb?i&m: vs 

<DrabSo
Java 12*77 • W 7 ntf5ll^L7t70n X7 ASE"C&S^', f o * < $f Lvftfgi: v*7 frit 

-eii&i>0 UNIX J8SET:'abS C l'E<7^Ei:'f3:Eolt 6 tLS #\ Cfii <0 i> 7°nX7^ 7X^ 
##hV'9#@c&#o<, -!*LX, ipfl 0 Java (2^7 t 7-7 (/f 77-^7
h) ±<7)3 7f 77 Srfto&L, @d$L, itl /:&<7)SEt:± v^) 2 £-?*£> S0 of 0, Java 12 

a 77-^7 h tty DS'tr&vSEd: LTS^r LT § 7":Ot%S0 
L/H, %6<7) WWW FIISJ ^(DTabS^lCttL, Java ^111%L±3 77 77 £ ^ 7 7 - 

^7 b±"CAffSi:,3.--7(2f <737T77rmA^O#A/fOf S2h^»r#l:^So -7 

f 19, Jl-T^M y 9 y ? 7- A 7\Z^lNX^ %><DX'&2>o 2<D F###J ^Java 
t V±S0

Java TM 77-*7 b±077°V X-7 a 7 • 7 7 h (Applet b vt) £#< 77 h# 

ttiiSft-ejava^X^L, #MfS2^^r#So 
$61:, Java 12 OS £iil2'&v0 Windows, MacOS, UNIX &^0±-el6< 0 of 0, Java 12, 

OS "e # 6 ##ft <D ^ 7 7-^7 hfflTXUX-va '/iMEtl)^>o

2 21: Java B$tLS#A^f)Sc
£ 0 bit, 77 h^iCtot Java ffL(277 b<7)^#^§E±

SW##$r Java b>f>^-^7 h rt5'3#oT vStf'6 ti0 
2flf T, 77 b^±(±77 ^#l:m^LTV^<

i: CD-ROM ^7n -7 tf ^ t >f X7ft> Mt^^7^“-y, $ 61:12«E^&
Ultv^o Java fc>f 7 7-*7 h £fiJfflt;hJ2itot:;M'bS nx
iiS0 7 7 hi;ttl2^t:Si:tni2'vv0 Java t 4 7?-* 7 h f ifil

##1:^3^ 6^0

Java 2: <b & 1:&B $ilS<7):^ Hot Java "CabSo Hot Java 12 Java SEt'S^tv/s: X 7 7*7 • 7 
7 b Tf) 60 Java &^,S 1:12 Hot Java #s'±'il t: & S o Hot Java li*7 7 • v-t 7n v^tAX(7)
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- 6 Java hv^#Lv^

4f> . ^fni/XTAX-ca, 9 Java(7)#^^^m$^r6/:^t:?-^±^ LT
JavaSoft &#3:LTV'&o LT(i,(l)Java#^,^^ - #55 - h

(3)^vh7-^^mOS
& Java^^-XC^#t6 2h-^^#f^fL"Cv^o JavaSoft

Hi, /f V h ' 3< jL'T/f

H ^ ^ISI1<7)«(: i o Til It ^ /:0 Jtti£j-'-7°>%±iMt v^ & b, 

>.-7^^Di/XTAX<7)ik#m±^A#m«&2:tm^(9*9o ^ h(7)##(7)
metmLv^o Java 

Lv^^, Java^,W>^-^v
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Linux

3 > OS ffUi. Linux ^v^^#<7)0S^#mc^m
LTV'6Z:#-C&6o CfL^T. X73> OS WindowsNT. ^y^7>P^6

Windows95 (98) t v*-? Windows r 7 h • 7 9 > 7— ^i6tv^:0 fzi^^
Linux X o"C. 6 9 1 {±53^,

Linux (i. 7^r >7> KOU-77 - L-77;i/X^^%L/:7V-77 L#UNIXo 

-^7 -Ox^MMPU (386 &
±)Tt RISC^MPU"e6##t6^^.PC^-/<(D0S h LT##f

Linux (i. 94 ^3 B l^-ya > 1 i)^^Ltz0 Linux ii OS O * - 4-y W7) 7 - 7 • 3- K£ 
^ILTv^o ^(Dtztb. $#43(7)3.--^^^a >7 7 XLT^T 

#O%0ST*6o Linux(D3L-4f(i##43-rm^A.

fc/f U Linux A#T Linux
0)zl-t~ 4 v T < ^3 4 73 V %)%# LTvVci$d riMEfij/io t"CT. Linux t: OS Hi2<^7 7 
KT^n-ys > • 77 L£-try M: LT CD-ROM OsfLlI^y 7-yt LT##f&#W) 
m5n##^^#LT#Tv^o Linux £7-7n • y 7 L ^ Web 7"y 77'^EA^b
-d-^y<7 7->aWc$fLTo

Linux (7)#Eii. OS t LT<7)£;et££SA^IB"e£> & 0 ^14^ov^r(i. g< 
#V'&2 tLT # /c UNIX ^^-7 CLTV^C^:. $ if <7)JgIj§££l& LT%# L
TV^ i & b'fr b, Linux iiiSffl UNIX X 0 ^teLTV'S i: H

■?> O

X.3(D6A#^7 V 7 LT\ SXlffl^ov^-C(i7 v - • 77 fT^^^6|277 h£^76T

2 9 Lfc Linux <7)7 V 7 L £ ti. A#7.—4f C Linux L"Cv^6 A#<?)
77 b - ^>7^) LinuxLinux <DMtLJi£ <bCC3£@K&oTv^Q SB 
77 7;L^T(tX7 L77-7- 7 < zL^7-y 3 >X. ^ >7^- < y ? 7 & £'j)m>X^X* Linux 

<W*°- h LTV^0:^ L£^>7<7)S&Stif Linux tW kh 0
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7 V - - 77 V v L ^ Z i:, iWB

7 7 L 7-^7<=^7 fT/<f#lEe^9 & M-jf- LTV^

6^. 7 V-77

# tz0 Ltf* L> Linux #)!§'£■ litfy >7 4 T\zX L <DiklgLMty( 7 9 — ^ v h £3 CT
#3z:^fL, f/7TA-^7T/7-^t Linux L ^^7^7 ^ 0, L

B:£t% Linux OjkSflJffl^forv^0 WWW *9—^7 ~ )l • /*& t\ ^7?
-*y UNIX(7)7-;v^'fijffl-e§^Zc*WSUfiJffl-e^^o5 7t,S^c7)J: ^ U,

RDB <) LinuxT##f 6Z 9 tl^cTv^o

tztz, Bim&3W&#;t62x UNIX Up Lv^#f#^'Wc($ ? ^ Lv^ ? £'0

Linux UNIX t:#0a/L-e#tA#d?#wZ 9"C&
%> O

PCi—/«D0S^LT, WindowsNT 
# L^: 2 h 2 ^ /f 5 9 o
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X y b 7 — 7 • 3 y b: ^ — 7 (Network Computer)
^ y7-$y v b7-7^U:(i#A^ft
^<^oT#7^o A#A(0##i/^TA(7)^fL6. LANe^-X^f6779'7yp/y-/<- 
^XTA^%#LT#^:o 7 7^7y b/7—/<- i/Xf A(±,
7^-X^77 b 7:c7&?7^7> y 7-
Xy b(DWWW (7-;i/K - 7^ K - 7x7)
Z> O

29 L/Z^y b7-^(7)m#l:#^-C, 3ytf^-76^ibLZ9 bLTV'&o 
i> (DffZ' y b 7 — 7 • 3y bfx-7"C&6o X y b 7 —7 • 3 y if jl — 7 tdu /ty 3 y £ PC ^ 

B&’t"£ 9 l-> NC NC RDBMS (Relational Database Management System)
<0 V — y-Mfc&T&Z *y? ;i/tt*C* 6 o 

^y b7-^ - 3>tfjL-?&(iMv'9 f(Dm%^m%LZ9o
LTCL RISC 7^7(7) CPU yt Vli&y bo Xy b7-7 -

-fy7 7x-X, I/0^>7 7x-^^#A, ^y b7-7^^i6#f 6 2^^T#6o 
5 0 0 F;veS^SSLTv^0

*y b 7-7 • 3 > tfx- ^<Df^<7)#t^N'V3 y<D X 9 C 7 7° V 7"-v 3 y • V 7 b 7 x
7$r#ALT/\- K^/f 7.7C^#:f 30TI±^<^ 7 b7-7±(7)7-/<^67 70 7-y 

3>-77b$rf7>n - Kf 7y77k- K^/s'7'?)#]E&J:\ 7
7 b 7 x 7 • 7 70 7-- V 3 3L-4f(i g bmttht. t% uzm.
m<7) V 7 b 7 X 7 *m%t2> ;i/tt*e (ijE^Tv^ o

*7 7;i/*tJi*y b 7-7 • 3> }'3.'-?<7)-ifji§t LXh: V ** • 3--7, *-A •

#m (^6vy±WWW) 7-Ai;77n-y3>-y7b?:fiLt^^ 3L-7M'Etcj£C 
T77 b £77>n- WWW C77t%f 6o Ay 3 y tzJt^TX y b 7 - 7 • 3 y if
ji-7 <9 #&#&#?) l-C%Dx A#(±##y%TA#:#&Ml$IJf 3 2^^T#6o 

X y b 7 — 7 • 3 y bf x — 7 tiS-—7)Mo( > Sena7 t < 0 — b LTS"/t C) tLTV^&o 
##:%(:(i. (i)y-7x>f -
#7 6, (2)PDA=^(DXT#mt:X Z>^faMOTTilEo SB#-^X7 v x - ;P & ^ 
#B#9##^##f 3/<-yf ;l/ • 7"y7;l/ • 77X7 > b, (3) 7 x 7 - 7-< 7;l/ = 7% 
7h77It\ (4)ISDN K>XhEB=
7 b y 7°ST\ Ifrt • 7 yfe-y^bf-TT* • 7 0 7 7<^)flM • (5)t

y b • b y 7- 7X = Tl/kTt:c>^(f-C#mf 6 
t77;Hio^y b 7-7 •7yex-7SSii>WWW^^-xu^’®$iLTv^J: 9T^^E>o 

E^OOS ir^lbtiri'&o 7 7 7;M±7>n -y y7 • JLV y y
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? b JirS]x— 9 7" A OODBMS (Object Oriented DataBase Management
System)

b^^oyay^A

62 6^#(7)^6 b 7>y? V 3
(yy^^^b) ^A#f622:^T#6j:^

c&6o yy^^^
xmrm&y-?&%9 2^:mLTw&av';bfiTV'&c 

^^,2: LT(±, ^yy^jc^ b^y^xT) ryy^.%? b^ byj, ^yy^^^y^r 
rty^jzfy< tfy^/DBj, byy^jc^ by^vov-<7) P<-y> bj

fc> 6 o

ttz, ^/iA7b“>y^7AXO f'yjLAX b->J Tit, RDBMS £ OODBMS £ LT^mt 

a;!*-XA&m#LTjS(X ORDBMS h LT^6 2h 6T#6o
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b jHfo]7°n y 7 \ y (Object oriented programing) 
y^rAl^^x- Yi)K K^xTri^ 7 7 7 7 b 7x7

bmfpiyn^7< 7y^^6o
^-y7x7bh(i r##l "7$0##l:*^t7(7)2hT^O, ^y7x7b#f^Mh(i

ty^x7 T-y
Z—iflt (7 7°-tr;Wb) ^ tizh&o

m±^±W]hgGT

WzZftto ot *), 2RTizit$nrv^bireab^0 :ti^7pn^7 < v/ci 

Ta#fuf, (^-y^xy b)
caT^6o^L#^&(±f-ec^y^x^ bt:-#f(:$fi-cv'6d' 

b, ya f 7 A e# < ^X>tzt>\z 77 b^i704it

29 L/:#A^e%OAfL^o^^yi/x^ b#^#m-e
Simula ^7 7 7 • 7* ir Smal 1 talk ti. <h''"v& -© o UNIX

> 7;ib“ '>3 7ffls gpO

c'fijffl $ *u> c wsk *> * y v
x? b^^ynyy^

#j&"e(±yayy < >y^iyr^<, 77 b 7x707^ 77-^ y^^^-y^xy 
b^^%i)AKZ9 2:f6##^#fbLoc^^.yay7< >y(±77 byxT^f&Td' 

7'W?;i/<o-aG&6#6cf^&v'o ^yTA^#j-^6yay7<>y$T,

t<t07i“X|:tyyx^ b 0 7 7 b7x7illlitl^v^

;Wb"C&6o
29 L?zm&frb, B^tuyyx^ bt&fpj^yny^^ 7y/ftt-e&<> 77 b7x%m

Ltftg$tl^)ct7 IZtevX&tZo

^-yt/xy b#im^&m(i^T#AL, y-ei: 20 2 K-o,' &, ±
ri- K • 3-K7j£*0MT\ BOOCHftfc^fc «9> f Kf'fbCASE

V' -?) o

29 L/:^mm(±.v%TA^#^77TAmt(7)7x-X"e7XTAil:0#&'e^6##(D 

&3%2:7-;i/&##f 6 WT&&0 v^;bti\ S: &#0 frfr2>fr%x*?WLl\<D 

^m#^[6]±$^6 2h$rB%l:LTv^t»itT^6o 

tyyx^ bm^^&maf y^x^ b^isjynyy^ ymmjjzmHtz ztizx^-c,
±5t^brm^77b7x7£±If & 2 t A*T§ & J: 9 K*4£6 

9 o
t7vx^ b^[6]M(±y-^^-xu^^oxtLib^ tyvxy b -r-y^-xkM
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&& t&t>tl&0
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7 5 b 7 — '> > 5~ (Out Souring)

7-i/>5"^6o 75 bv-i/7X(i. . ^/X7Aom
Me-#LT#P!A# (ny • y-7^f#7“ex£|£) <1 £: 7 IT 7 5 b

7-i/>X^v^o f b 5^7^%^7 >Tf

7 5 b7-i/>X(i##0#m7^C##ef i/X7AO

K (7 5 b 7-5—) (ii/X7AX - 7^1%-i/ s 7 2:#^-:^ 7X7AX-
f/<7-i/3 X±, 7X7A 77X7-7 3 7X7AX-
^-/<7-7 3 7 b &#< ot:#U 7X7A-^ 775"7-7s 7(i±@.
izjj *£iv>T^& b%z.XM'tz?> 9 o

75 b7-775'd#mt:&IX ^*#l^^75 b7-775'^t»tb%A*OC(i. J%-"7

$f\ b7-5iL - i/Xf AO##fWm*. x.-^#0
IT L S ft* < & o Tv>£ Z £tfhoo t < K. % v b v-5 - 7X7AK
zo-c^mo7'-5 - ^5-f o 7x^^o**). ^aeffeTwax-x-c#, if7^xo% 

b55< y 5^7-5#Oi#±t:#LT, #X bO#^i#±^7X7A - X57##(: 

li^btlTV^ b\^Wfc.tfhZ>o ^#OITSBMT(i, m^M^tzt^lZ^y br7-5±0 2f 

^ izmm^ Z>(Dfr&mtZ> z t ^'BEo ttz, ^^^7bWXb7VybOi^t:, 
75 7 n y(OlI^tT\ ±m<D IT SF^WS l £ ;h-& vt? fliJW & & £ o 7^T\ yXj
AOlffl^fP^ctt^J;^ hv^:ii:*4o

ttz.ziy %^o JXU1 tt<Dmi* 7*n-lx is
&*k • m&z&mL%tftiis% b% < &

o*c v^^^-7;i/7^>XM)504:Ty-5 0##-tmL$ei#L, f ^*^#^05^7-7 
^5;i/^m< ^oTv^o x.—fOi/X7A^P9^5 t v7f"<#^#(±##ikL"Cv^
&o 2CTt, r/7t>-y3>. 757 nv- (IT) 5^5*^ti-?>o 7
o IT 7 i> 1ztX'$>2>o

^l±OZ 9 t:. %ffOi/X7A^#ibL^^6m%, 75 / ni/-omm&m##75 b 7

-77XO##C*3o

*gmi, 7-X b v7 • 3^7511^75 b 7-775'£ IT/X7A • nx b £j|lJ'M£5:
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#L/:o P v-i/>^(7)B%(i2<7)Z 9

#TV^6 ^ 6v^o

^-e(i7 ^ h v - v > 6 ^ ^\#mim:iav'7 7 h v - ^ t
m#LTV^6oi/XTA(7)##<7)t)0 v / n^##A&

S C d£rll ik ^P'il't It 7 7 P V “ v > 7 L X v* < fi'b ■? 0 BPR (Business Process
Reengineering) Cft#SKa<MC,

^%TA@GP9(i,

ECir77^1/-'> 3 >^''MLTV^0
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PDM (Product Data Management)
£SroS6#i-A4-(S]±S*"E>#fti: LT-t7■ -rib's* 's StiTV'B*1/

"y'H-x.-'s ■ -?*-s* 's UTttB £PDM
(Product Data Management/#^####; T't>Z>0

PDMi±, fiyiy ap 7
XT©: ti^to •9-79-ff-x-J' ■ -r%v* s Mi, Kft/S'i##WiS, K5ti:v>o 
/c&*(0-a/)SliK0S:ffei8tEli.^ftT-*5o-e<7)z.fnro^/i'T-,PDMttl5:tt^»-L'lZ4E,

lottij, -ero/ciejica^, PDMi2#t & w-w^ a ^ T v»&«

PDM »$roir*#l± CAD ng&tf&Zo SSSTti CAD U 1A1 ^A!fao; tt%

m*(DZ i TR;+&#oTV'/: -cm//

celt#/:»'% 3^tri-?x-mtfztztuzzzt*or#*„-«ic

CAD a* 10 6£@x.£ i:, t'<7)3 >
#12^3 bWtotiT's'&o

flTWOftiSjcSUTKftSsE^'S^ff^nsr 1L < &v>#\ !$!+$$ £ff 7 12 ti, t* 

zronykfxL-x #*:$#<- •>' a > ® l$tf"El^*> £ »> £W3 L T *5 < Z ttfmmx&i>0ztut
7 dm i±. zmz©&c a*%$##T*

£/x PDM(2l±KIW#07’n-bX!ta«tt<>ffl®Sti.TV'^0 Slt«fcB*t'Mt**12M

t-j7-?7Ds/L, Ettyn-bxB2t«i5t

gp.12. saeasigt) PDM<7)*s^aig-e*B„ actcz^T

#a«PDM#*a LTsg?tLBoi±o atae
m##-cu##@Gn a a ogga ^ % p a z a ima ^ x p®®j«i2o^^*0
@B&3X P6|lJ*TB/:»l2ti$annro*ffl-(l;^#lST*B.„ -5-rT, *#S|3P,!tf5#ffl£#ltta 
gES6 V X P 7 7 7 L/cgBApr’- 7^-X t PDM 6 SB £ *, S Z Xffit Z t s 12#
fflassvx pss,rs«i-BttaA5-fptLif, tux p gBa%#%#m#i2#x a» pdm^&v*
$-S-l±fl-Sv'$nan*^ibgE=0a5:aK1"-Bl:V'©^*l2^^/i'ib,'^*xe- KOitt/ V 7 P
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60 2<7)##(imtEDI 2:1#

b^^O^v b7-^$r#mLT

C -9 L^BItH^SW If) t <0 HB|Fbe]:^>/poT& 1), PDM £fljffl Lfz K^r-x^ > h<D^y b 

7 - Mbtc J; oTfESBtF^£ 3 ft(D 1 izM.ffi'tz i ttfvjmz%& tWfrtiX's'&o

PDM P/4j—

/<#(DPDMma^## LT & TV^ o ^ 6 Web 77 7 4f "C^mr # 6 <k 9 1:^cTj3 (9,
b ^ril M,tz EDI (Electronic Data Interchange/%fT — ^^C#) U^IS LTV^0
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V V — 's 3 RDBMS (Relational DataBase Management System)

MME £ t - ? ^ - ;vy 7 hoMo^-7 ^ xy 7 > HM't £ t - ? ^ - x tm £ A,

a % - y ^ ^t>-± ^ c a r z o, & %#(% f - ? & fm L
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"7 4 b*b4Vy? (Right Sizing)

hV'92kt:t&o
##4:, at. 2K6^^vh7-XT#

mf 6 2 2:^-e#6o^gK7)m^

u. v*y y*t4 yy ?t&&%&&&&h ?4 h-^^f yy y
;#-e#9&wf \mmm<D^y\£^~^mm\

X7>^^y>Xh7^ 3&#kLT. a*#

2:v^9 2h^^^t%mTa>6o 
ffuc^LT, h-w^x#. *6m#v%TA^#mf6mc#6^$t>Li/^^x<7)

t^^. x^ f"Wy:/X"C(±. fOf/Xf At:hcT^T^fUf±#aM#$rA^ 7- 
XXx-i/3 >eAK./<V3>&AfL6 hv^9 2 ht:t6oX^ v>?'&%&;&Lt$&%.
2Mm#^^t:^ct^v^9 a 9t:X7>^^v>XHt^2h ta>*)#6o 

V'yyy-4 v>Xfi. 80 $fWN:as#t/\- K^j:TWi(Dmm (&kK7-XXx-'>
3 y*??*vu y(Om'&jfcik)^ 4rtiiz^y h 7 - XjaSoMMa o T/M!r? > tf o.- ^tf'K

% ##%#&<?)&&?#'%: # t##-e*6o
ZtuzttLT. 7 4b t'fyV XtiX7 y*Y4 v > ttfUBBM

t59„ L^L. 2fL^,
at.

uy\£z.-*n^ ?-
XXt-v 3 >. /<V3>fc/>SffcU mmg'Jt:X3>k:ZL-^, &

Mmmtzv&mtetyjjy • byyy*? 3 yymmn on? xyv*.-?.
7 >f X 3 7 If a. — 9 & £\ 0 3 > fcf jl — X #4§nMb£ *IT # to

*m^t2>Z.ttf$itbbtiX^2>o ^oSfiTe. ?4 b *T4 V yy\tn y t? a-X O&telkizft 

EmLTt6tv^2h(i. 7 4 b*b4Vy7<r>WM\z\± X f A &
##-3fBLtv\| tv^x-fo^-7W4t^)-i:tab^>o a-fctotii^otoJ:
9 t:/\- K^iTO*^ti$HirM-c*i*< *oTv^0 a—FfcfcoTfigfcoii. i##x 
XTAt:Z^TA#Bme^a>3v4i-4-#- btZ>yXT^ZW%tZ>ZtX'&&Q4:<V1iM
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SET (Secure Electronic Transaction)
^1/^ h n — 7 ^ . 3 v — x (I) A§ J otv^o T y ^ ^ 7 T

6 A ^ LTV^^ >7 a-9-

*7 3X 3% tfo
6c 2 9 LAAmuv^txf,

ttz,
0^'Tr (t & & - £ (O "C # * v >jgnDp K ft £ 1 A -V > X i!)*i> tz b £ ft & o

v 3 7 y^mA-tam-ma, @m± 

vy#ji:m6o
?l/i/7 b*- K-e^-C^fumAt3#M:h-DT(±##T^)3o 

L^L> T y$-^"j M tt-’f'y • T y b 7-^"eab i), ZtitfMWi’e $> h *9, M&rTi>& 
%>t^i #J@£ TVS o ? 1/ 7 v b*- KfHa^jEA^S tlzHt&lz**- V t T We<7)

^#&#2f!TV'6(7)T&6o

tf&Zo LX SET £W*L£7°n b 3;v^96 ¥ 6 n^ttftbtitzo SET
ii, -tr 4r jl T • x 1/ 9 b n — 7 f? • l>7'/f^y3> v9B&"C\ ^ 1/ v 7 b * — K0i## (z&A#

COSET#%(i%AX l/i/ 7 b*- K^iT^a VISA^ y^-y sf ;i/^TX^- - y^ 
-f $/3f Ef-7% (GTE, I BM, 7^n 77 b, A 7 bxy-
y. 3 < ^.^y-y 3 yx, s A1 c, y vy - i/% TAX, /<vyT y) aw&i&LTa 

A^o-e^ao
VISA (ihTX^1:-3^0 VISA (ivT * n y 7 Y tm 

#§Ltz rSTTj -A?>vx *-(;** 7 hxy-y, I BMttt>\zm
5&Ltz rSEPPj Ev^%%^±mLTV^^, 96 # 2 ^ a G 2:1:^#L, 6 M K

SET<0##/<-i/3 y^%#L, ^1/i/v b*- KCZa^y^-^7 b - i/3 7tfyX<7)^ 
(Vffi—Mfefr'JfciL Lfz<7)X*$>&0

£ (omM * - V 3 y \z it, if v * x ± i cry 3 y yt- ic*j~t & #31 §
fttva0 3 y^'i: tio/! SET (i, &<Offl&b LT SET (D#mfkK#t:Aa

2EC^6o yy b7J:T^#%^ SET #5^77 b7^T$r^#L, VISA
7X?-a- K(if ftTft(Dm#T##^h h ^ 1:, #K r«i:U^M

7 h±<7)lTM^tItt^<0
> b i±*Amm*i-z>tztb<Dm-^itm:i^%>z>t^frtiz>0 sET-emm^^ 

R S A y — 9 •■b^a1j7/f L 6 „
R S LT(7)@:m^&ATv^oB#:A#6 RSAttO
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W"ti“Vv>.£>0
atz re^&Ej wishes i:&-=t< -b„ % 7 >7-?±t-i??i^>ffi

h7-^_bT-ffx.6 J;7tc1--ari:^'*euc^4o $£, iRSI^ffo/drei, ^-coTOIrtS^ 
*■7 h7-^±lc-(g#5nrv>5.j);.$»s*5,„*|||*iSW5ll*lSeet&!fX=#!#ii6#:^i:’ 

L, MS1"5tt« A^S^-SEMET * S „
iHlixv? hnx??' 7v-x$jlV*(7)4=T\ e^SESJEl^vTSIffllkKlW/-: 

yny^j7 he*ii)Tv^o **6)1214, (l)&K)i#W@fii, (2)*iHg]R?I, (3)STtti®,
A#(D4 v^TA(:^v^T#E%#e#7. i*, $7 t-7-^± 

t* r#«)j t»s4tx.-e. (7)*m-fkt:t%omM+m-r*6.
rojc^U'i'yj'-^v h±(D%g|f $/ a -y k">?*KM-t-£-b* J.V T-f BT<7>it4l®(±$ £

?'i 477n-ftJ! <9 il*:*5&£;fvCV>.z,0-tM/-!--> a -7
!±,i7fc<D&*<75£'L'® £4X £ '>7. f A ± £ i; £ £#'* # v> i; Sx. £ tz£„

-46-



SSL, VPN, SDN/VPN, 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

V*r"j P p n;v0 h
X-i/a >X^^&, ^"7^^0 77 HIT?
&<, Telnet, FTP, mai l * News tz t'{Z i> jgffl nTfg0 <T> WWW Z. t £
EB L /z D , ^ X 7 7 T't - ? £^&MZ1x2>1tVk*
/J^ <f

VPN Virtual Private Network

(omm zm^Ltz ^vx mm t £ &
<7)o VPN L: LT, v P — fcfXO CUG (closed user group : 7^2^ 6 o

6 vpn >; xx > p • *7 p 7-7or7o,j v a >o 1 oi: ttis

L*o NH ^ 1994 f7 yA-X* 7 PJ if—SfOffl
SO VPN (i, ftif iuDlif f M ^ L C i o T, #

Pom#^#mt6 vpn, DiAitd'y Py^v p^'SB$nrv^G VPN

SDN/VPN Software Defined Network / Virtual Private Network
ummm t tz immmMM pv-x^sraoj:? -e § * ■* - ex0

AT&T ^ 1985 # 11 ^ C exr & 0, —VPN iH¥{£*i£0 VPN*Cfi
A#^^ouL-'f-x;t/-x#emomm#-e-#:m^m^L,'E-o#^^#cTVPN snxsr^-e 

gfitc mmmum-e § & 0 *□ ns i smovxta^- mxt
0^'#Eo gmm, 94#2^1:NTT^ F7>;<-X^7 PJ -eo#,

iii3!i^iliL/:o IlIiT^KDDO TVIRNETJ LT, ex fcftft

Ltv^o fi£lt SFtWC&C, PT6 VPNWi^#,
p$7 pv-^o#m^mA/Tv^o

SET Secure Electronic Transaction
f-X>^^7 P7-XT*^/f >^-^7 P±T,?1/V7 P^7- 
T^AOXo P n;H±J§0

^>^-^7 7e>xr(±,^ky7 p* - ro##&^&foaa
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L^L, 2(7)#^

SET ^/S^IMIIT**- £££*>, #^<7)^##^^
<t^i^ti^o ttis iSiefcoTt, i3" %. 7 f T# & Z 9

SET(i^kT4f. ^ vsf;:/. K - ^ >?-f v3f;i/(0 2±#- K#%

e(±CA, ^-7^^077 K ^^7 T^y-y- >x, ^iBM.

y ^ 97 ^ 6 ^ 1 IK<7) SET1.0 SETL 0
t:Z6RSAe^mL/:^ %%, e#^#^mA/TV^SET2.0T(mP9Bg-e-^$Rmf6##
^60

S/MIME Security services for MIME
t4 loor/7-^7 T##U6 t i) tt^rj-V-T

^:%#<7)[a]±^#^K"Cv^o &9 lc»^#'^^^-e^6PEM(y74'/<i/-'T -

^-;V) (CA) Ltv^^cj^U S/MIME i£ CA &
t^o i-f-iim0^iifc^i^fii:#oTv^-M^4)O 

#T^>6MIME &&mu M:PJ-*'*{t£}}+&m-$jg!!mtK:¥-*-frfcffift-t&7'iSfinsW 
^«Lo^0^a’jr^ $ fix % x \ > * *, ^
fet LTiMioti^c
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V V y K • 4=-T V y (Solid Modeling)

-*£#o0 7^7i/“A - ^fm-7x-7 • -eTVHcJt^T, WwAQZ&fHBIt: 

f“^(7)»'StLt!t CSG ^ B-Rep ta 6 0
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V V 7 K • 71/ 'S'J>] (Sol id Model ing Kernel)
y V V 0

6Ch^W#h^677 P7 j:7o ffiM<7)£S> %

V v Kf-rv
i%yfvyy##, /^yy

p v 7^-^T- -/<-;% -tfv
g^V7KxT^IH^o

ACIS(vfs: Spatial Technology) > Parasol id(7|C: Uni graphics Solutions) > CAD^
CAE 77 POtT V 7^ - LT^m^fLTV^o
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X t 7 7° STEP (STandard for the Exchange of Product model data)
CAD x X t A B TS=°n T - X £ 3S&-t -£ /c 6 X>ICES K-ftfo-E, CAD r - X 

P i: LT#iBfto?i*»|bnrv'60y V 7 P* t*;v X) t*- X 396 f> #S 
Xy-yT’Wggilt, ICES *'0®r'-XtoaeMfieSftT t>S X>i: SS& D. y 

nO Pf f"A/):t^R&e#ALT, Mfn#S. fi-fir-X. trifle NC (M8J«) f'- 
X*fc\ SdoOxT 7-tp-f XA'-fefrCS At/^SfSeH&f'-X £*#*£ LTv>^ et?*-E>0 Zft 
ICjtoT, 6 Ag7'o t X ^ T(0**& 3 C ): 3. itz, S»S>

t’mmz tlzm&T- 9 <7)mm*?MMZK&Lfz77'') tr-is 3 >7’n P:t;l, (AP, f--
X5967*-V7 P) B6<)i:-S--c.ZcS!8fbeBi8Lrv>50 x

f 7 7't: Z 6r- 9tmMMW.F7> CAD ->Xx A f>®§LT±5 D , 4-f£t± ICES ItftfcoTAf 

7 7"i: i & T- X 396*-zmi: %Z>i<Dt&hiiZ>o tztzL, $g#VC li CAD ^-difBiiE 
-SflTjsC,-^ $RX)CADxXf Ad?b"X)»M &AP &^df- P LTvO^^k', T-X3S# 
<OWmW&t LTjtJilCflJffll

nx* l7> HPyAT'J XXT'id, 7^'J X-y 3 XP^^aiTflJ MT £ ZT-9f7&<7>WM 
tos^<atftTj3D. msh^rfr-kfevT’-93c.mzimt LZcX7L7yx)geffcti, 4«t« 

SS*60SS,P^7-n-kX(7)#a^Sr*S <«x.S"Tsgtt#'*S i><Dt LTttiSnrv^o
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SGML, XML, HTML, Vf \ v X HTML (Standard Generalized Markup Language, extensible 
Markup Language, HyperText Markup Language, Dynamic HyperText Markup Language)
SGML Standard Generalized Markup Language

^ r-?- x j &o me
#ciso

V v CALS &#%faZ:

#<%###%?) icZfo 1986 4U0m:glBm% (ISO 8879-1986)

XML extensible Markup Language
HTMLo fl0T + Xl'i^O7T^ t\ HTML ftlt t EfiJtfi i < $\X jo D > X^\*

^:#(7)#a^DTD ( = ^:#m^#o K4r^7 7
b - x T 7° - f7^'>3 y) 77T;i/i:fac Lr, Jtcjgefc

a z 9 m (D x y e mmr # a A z= o t xz ^ x b mimx) pg#mm## c z a

SGML<7)^#^##&#&, -< 7X-* v bim^kf a#-e^%$ft^oWWW3>7-i/7

HTML HyperText Markup Language
* - aa# izmt> a a vis^ms 0 www www n > 7 - 7 7 a
^em^#^L-cv^ao xxwoma r<j h r>j x^xb#

t4^(DmTF&Wtexv'v y^%<nn^ xx vxboss&^i-ao zti*
www777'f-Tim< h##i-m^$Kaem*t:^^Tv^ao
a K n -^ V 7 b SET» 6 Hjlft U HTML JcWitX § a 7 -;vHTMLib#
# £ mmim t * 7 - y □ zEits 77b **«» u * - a ^ zf it-c & < -
OgS^t:6#m$K"Cv^ao SGML £Slc|l%£fiZ:SEZ:>\

f"T t ^ 7 f HTML Dynamic HyperText Markup Language
Netscape Communicator^ 0 t Internet Explorer4.0"C#ZatL#^'#x.Z:7'a X* y A Win oHTML

O^^EELZ:<)<7)X:\v;v^7tZ 77 7 b0E#&&i^MLf a
t LT&g^tLTvao mmit^fxm
37V-y7A^W„ LTCL mT<7)#£^Wbti%>0
(Dx^t-< vxxx^;i/: xx vYbuza^cex^d'^^m&^^^fk^w^c^ao

(2)f^f < VX77T77 : XX VY bt:Zan7f 7 7<7)#%^EiWPT#&:^ao
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7-^-^3>7>hn-

(5)T-^^g#: ^ HTML hem^LT^A^o -^77
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■9* 7° 7 4 4~.x — 7 • 7^y^>' h (Supply chain management)

2 2(7) a 2 6, B#:A#<7Wll'&##TV'6y7 b 7^7 2: LTERP (Jiyy-X^^X - V 
7-7. - X77-7X) 2: J:

-7 - "7^77 7 b - 77 b 7^7T^)6o
^BT(i2(7)i-X7 4'^j:'-7.'7^7y 7 b . 7 7 b&%mLT##-%&A#TV'aX-X 

^Wv^tv^o ^-y°y 4 4~ x.~-> • *7*77 7 b t li. 4kH<7)ii3i • A# • #3# • ^fr • Wit 

- 7atX(7)#mf[:^im6#x.^"e^6o ERP^A#m<7)#m(7)V 7;^y 
4 A&tii£ B#JU -y-7°7 ^ 7-i- > • T^y7 7 b B#x:
LTv^o

ERP/<vX-7h'9'X74'^J:-7 -"7^77 7 b - 77 h&a&-&:MT/:Kk ERP

4^77^^j:-> - "7^77 7 b - 77 b^T(i. ^g(7) i2 fy 7 o7-X%^'7-jL7 
XT 7 y

4j-77^f-J:-7 "7%77 7 b 77 HiVX "7^(7)tyji-;l/-e#^:$^L6o
X^7^-V 7X^#77 hT(i,##^(7)eiJ^^#mLT#m^X^7zL-;P^^^f < 7 
7 2 t *^M.tZ>o ttz. Ag#t®^:#7 7 b 6A:##j-#(7)7< .x 7-7 3 7^79

2 2:t:Z f)M^41!tI«^Mt^>o ####^#77 b ii, A^(0##^##(7)#m
#io]em^TAm;tmi:K%^4i-6^^(7)7 7 b-e,

Xy ^ -f J: - 7 - "7 % 77 7 b - 7 7 b e#A L /: A#T (i $ $ e ±(f T

v^o7t^x.ti\^^/vyn7-7-*-T(i^SHl^^ 30®^^ 50 i> lz.
^±ife3#i:mn$^^^^y7 7f-(7)i#m(iL^<T^A/fo 22%
-(2X77-77' • 7;V£ 50%tiJ:S*fBLTv>£0 2(7)J: 9 (:, XXy-YXjc-y • v*

7y 7 h • 77 be%mx&^ tHio-t-f y;i/• y < A^mmu^o, v- xy
-f A <7)EHs?:iat #6o^ /j>S^(7)Mt-JS fcf- K 7 7 Xt h <DX\

mcmmAg(:i%&^v^^2h^i%c2 2:^-e#^o ^737 • 7-

EtEXS^ 7^#- - X^ib L /: h # C±#(7)&m 62^(:^oTL^9o f 2T, &
^^&^yn-X7 7X$fLT#/:o

2<7)#^ hcf<##^g|5^(7)#^m^l:^6o ##^§g^(7)#E^#
jgt: T ittLii'^EXUB C£ti%<%&frbtz0 ttz. teltZ^tX frbffl.fr zLX • £E
£ S V - K y ^ A & EH l & tt ii (i\ E£Sj£.£^T^' 0 S^^Tt £ c ^b\z. #

yx x < v y ^ 6 ^v\ x
X7 ^fi“7-7r/7 7 b • 77 bli2? L£F«m*£ 1 ^f^m&t&(7)T(±&< , 
(Oyn-lrXOflfttM^llIil^^y^ 7-7 a 7 3 7-;l/"C^6o

29 LtzTXu-4-\$±nmxkw.Y)®.&tf%itox^z>otbz>m4*-*\$&*m7k-tz>£
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a„ jL-y^mA-c, ^

B#:T(i ERP/<vy-^(7)#A^#(:ov^mpgr^^ ^y7^y%.-> - > h - 7
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■f“7x-X • Hr TV y ¥ (Surface Modeling)

^ LTSmmL/: V LT-o(7)

60 jJDXffl NC t - ? £fEJ& Lfc V > Ul.o Ltf'U

o7(lTX7°n/'?T H OltSii'Cl:
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(Thin Client)
A# y 3 # 7 ^ h # 7 - C& /< y 3 y l A1 -&#$IJ

A@#^yy-l:>T-i/3 >##&?.y 2:

cT/<V3>(i^nTA^m*h^c-CV'6o

9

/<7 3y^#mt 6^:y K3L- 

2 9 J:7 K3.

- '7-if%d^#LT#TV'&(3^-c&ao
$/:, 1##i/%TAgGP5t:^cT6#^r^i#A"Cv^o ffUi, 77V7-73 y - 77

7^77 l-7<737^2:1:77 h^AfL#A6f$mi:^ 

K^L—y^@^T77 h<0AfL#;l&4f 9 2 i/7,
TA^M^SB(7)77 h&
AfL#A^)(7)U#^h77. h^W^o

2 1 &/< < ^#LT # tz<Dffi/> --? y 4 7 > h b$$i$ti2> a >£3. — ?

X&>Z>0
y'stli Rio^O Ltz\ hv^S^O^|§0 ZtiKHLX,

7^7% y h (A^X:) PC 7 7 - ?7^77 P&S&J: LT(i, ^7^;i/%
& t'^^e ltv^^'7 h 7-? • 3 >\£j-- ?ff$)2)o ttzs W ?uyy h t4 7f;i/^fT 
%#LTV'& NetPC t>'7 7 • *7^77 YU&Xh&o 

y>-^7^7>>(7)#x.^(i> r-?(D^m^77v^-va>• v7v<D*§m%:t'%■*)-- 

^mx^\ ?y47> bmvnffiZ&Z <tz>ztiz&2>0 ?y 4 7> Fitffot
0, ?y 4 7> b<DMffi*Wp-f ht>\4Xh%0 

^rtiKX'oX, r«1S ^ & o Tv*£/<y n 7<7) TCO ( h - ? ;i/ - 3% h • *7 • t-t-yy^ 
h) TC0h(±, yvynyoSAShtigiJii, ^7 3

ye##-mmf6y:^x7)3 7 h£*gLrv^0 xy K^-wyayoif^

^^a6<7)0#rH^if*lcy 7 h£^ 7* '» • ?y4 7> b £
#Af acht: Zc!% K3L—ovarii TCO

MA(i\ 7 70lJ7-'>3 7 • 77 b&#9#a_6IBt:l:L 7'/hrtCV7
A^x.^.O-e(i^<^y^7> h^'^y h7-^^mCT4—/<t:7^t% L£|gt^6l&Kj 
C#LV^77°V 7-v 3 7•77 b &#A&tr7 f ^ ;i/^(7)"e, 77 hOA-v 3 >7y/#|
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vZ/-?74'7>'t' /& TCO e 20-30%mj^T#6^v^^

A#Kh-3T(±#l)(7)l"Dhv^6o h -

L"C^Mhv^fL6o /<V3>(7)mW^T
7^0, 1,000 K;i/ - /'fV3 >^ v^9V3 :/<b v> - f 7 

^7^ ^O^ATjoO, ;<V3>^v> -?7^7> TCO

- ^7^7> h^#At6/:36C(i^-/<^^v h V-j>(7)^gL^'^^^6o 

f7/f7>H:j:-3Tf9^7:/ A"C, 60
^^1:, Av h V-^(7)em^k:- Kt^mr^3o v> - ̂ y^7> L

t f 7 ^ 7 y h & #mt ^ ^ o

S/> - ^7^7>
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3^17^7^ (Three Tiered System)

f 7^ 7 7 h-f-/<#vXTA(7)##(7)-Oo j3.-4fX 7^ 7^ 7 7 h,
7 7 &3mL/z7yV ^-7a

(0 3|##-C!/7f 6o ±t:±m#v%TAT#m2K&o

3PgMv^A

JL
1
l

$
y
X
I

: &

!'HTTP,3d£LH3: ill
I'A&ttVi.ymzj&L : n. 
itiSU^xXh^bT/tOX I ty
i. 10

—--------------------------------y

ir
4

P

4------------------

TT
1
5
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TCO (Total Cost of Ownership)
4"y hy^y H:

v^o f<7)±#^<)(7)^TC0 (h-^;i/-3Xh -1 y - ;f-y-y y y)
%> o

Tco(±, rmef^xH
m±r(i96$9^1:, ^yh7-yt:# 

mztitzs*v n y l Mtax h It 1 1 75 2,000 t^Ltv^o0$R
-T(i 120^-130a/^-K7^7/77h7j:7%^ s 
jxy pxx-y. y/<y-y3y, dj$#y^-h, f yx7A##-^2:^^cTv^o 

f<7)9^<7), K7xc7/77 h7xc7%^6&!)6#!)^(i26%'r. (3I3T4^(7)1@%T^
6of fLt:ML"C#6#< (7)#U^^6A6<7)^J:y Kxx-y. y^y-y 3 yr 43%^6^6o 

^#y^-h^i7%, yyTA##m4%&^#TV'ao
2<7)TC0 ^ tit, K-)x7/V7 f^xTSf

#C%0x_, x> Kxx-y • y^y-y 3 y fcv'9 B HEx.^v^^'4 t!jn±^
9 h7-xmm^hi:^|f 6yxTA##7x h

& o

TCO W# 1:(iA# 1: js 7 6 /< 7 7 y<7)±##6o *<7>tzi6, f/vynyn
f 2T. XL-y^y rr y t # H

AC&7X hLTS7tt>tre^>>E>o
hy-y;v-yax tco<t>9 ^oxy K xl—y • y^y-y 3 yuit&fiskfWLx 

v^o Trtuzx&t, jny Kxz--y . y^y-y 3 y<7)^Kyn^7A»' 39%££*X 
S—oJt^^^oTv^o^oynyyA^o^^iiE^u^v^rtil^^tc^C^iL^v^^ 

f0i^g{i+^cif^v><o %.y K xl—y • y^y-y 3 yi:lt^f^i 

<7)7X h, a 7 7 h-)x7<0lA * /<y ^7y y^ 14%.
sBmem#d:14%, dSe^W^'13%, f ^oyy-h^'13%, gW?7%by/:M

y-A^yy >y-7T >\z\tt>ti
2>V$m<DZ.t*]feL TV^o

SrLv^77 h^yyx h-;i/L^0/<v^7yy^%6C^^6 v4i/<7 7 y 2

SfrT^L/xO, $6Hiiliie^e»(7)^tcSCTS^^IS:x./xi), £

v^f3r-efL(7)%#(7)kryyy
2 9 L/x TCO a V' 9 T--7 l:#t6###^1: m L T## L 7^(7)^y 7 ^ ;i/ ^ 

t^oTv^?>7 h 7 — 7 * 7 y lx xl — ^ ■£ 0 y y h 7 ~~ 7 • 7 y tx° xz. — ^ <7)%b^:(i y X t
A#@(7)###^7 7 h 7 %.7(7)/<-y 3 y7y yi:xcy KxL-y ^ 6 ^ 9

AT&&C ^>y h 7-X • 7y txxL-^tiXy^ 7y HE!Kc7yv y-y 3 y • 77 h
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ft:, ><7)7yv^-S/3 > - 77 P^##LT^
lf(f^7^77 Hm^-/<C7^t7 L/:^: #t:m#%^#rLv^7 7V f-;/3

^vP7-^-37t:^-^(i, v^^^S/7-^74'77p(7)—#"e*0, 

vODV7 H±(0#]#f& Net-PC t|e|#(7)#^T^%$fLTV^o

6 2 a &#1%-c&6o i A i >P7$vP"e(i^7/f7>p
L. ^ v 6 2 2:^ ^ v P 7-^(?)##&#< f 62^^26^
fi6o f 9L^mT^v P7-^#m7-;i/^mm#m7-;i/^WTi6^^^Tv^o 

$6C, # 1:, 1~ & 7°

TX^6TCOmJWit:%^:^6^^fo --y—
?±d^#LTV'&o

^&mT#TV^o
Z(D£o H, TCO *m:$.tZ>tz&blzii 1 o(7)7 7pn--7-e(i^< , £££"£& 7 7° n-f-e$.
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Web Application Server

IP (^ y ?-$7 b - 7a b a;p) 1
^,0 b9-^<7)^)$%^#m^B%hL"Cv^o $/:. %#Of74'7yb/7-/<-

v77At:^^ y^-^7 b^#^#A$KT#^:o ^ft^Web 77V7-v3 y -7-/<bDf 
7 b 7 j^T-e^^o

Web 77V 7-v 3 y- Web y7TA±T77V 7-^3 y&77 7^f LT
#f7f 6^&b07-/<- 77 bo -f yf-^7 bO#%t: J: 19, ik#MO/<7a yo±4^C77 

V.2t^#&y;%TA&^-CW yf-^v b^#mt6777A^I#^L 
mo Web 7 7°V 7-'>3 y • 7-/<(±2 9 LtzMlPl^IzWJ'&WjLX^tZo

Web 77V 7-7 3 y 7-/<0##^@Wc"e#6 2 2:o %^OWebi/7T
A t5,ii> Web "V- —CT t — ? ■/< —7 • -9- — /<i,z 7 7 -fe7i~&Hrci- CGI (Common Gateway 

Interface) LTV^0 CGI JjfiXli. ? 7 J 7> hfr ?>■$—'< fcftt&M&fcfcCX CGI
77°V 7-'> 3 yri*lE£$:KB5ti, Web *r-^<DMmm±tZ>o 2fW:#LT% Web 77V 7 
-y3/-f-/^ 7 7°V 7 — '> a ye Web ^T~r<tW iTV^y)X Web

fOt&% 77V7-i/3yo^mm6±^^0

Web77V7-'>3y • 7-Aii, b77-7°n ^ - 7-7 3 yx> IBM, S±3&^
frbMuuitZtiX^&o

Web 77V 7-'> 3 y • £i*3-]/? b n— 7 f • n v —7& <h\ Web
T##e^V%0767-7^67^- bUK7^o b • '>3 7 tfy
70 <£ 9 £ Web 7^ b t77^ffx-y-v^y7 y bo

x 9 & ±m n o T'- 9 o ^ v jr v £ t f y ffl $ ti & tz h 9 o

2: 9 Z 9 t 6 ^7 a y ^ 77 7-f $ 1
*>, rsE^twtti^o ss-eti, 24 ftmixnojsmmz-,

Lfcv*<b 9 7 — 7x_ T v & 0 Web 77V 7 —v 3 y • 7 —07— f
7 7*fe7tci6]v^*cv^0

29 L£^77 b 7*7 b#J&flJfflOt$vNC&, Web 77V 7“ v 3 y • 7-^'OflJffl7 V 7 

b^6o -E-Kii^74'7y b - xy3y&##ta%#o=J7 b^mimt 6%#-r*6o
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7 7^77 b/7-/< - 7^ 7 7 b#JC^77V 7-737 - 77bW 77.

b-;^76/:A, 77V 7-7 3 77 b-;i/f6^'^^6o /<
7 3 7^7:##AL"C^0,77V 7-7 3
v^o Web 77V 7-7s 7 - 7-/<&#mtfUf7 7V 7-7s 7 - 77 b ^7-/<#T-7C

77^77b(D##-##37b^@ij^f62h^r#6o v'=b#&
TC0(T)m^t:6^#-76h%9#$fL6o

2(7)Z")t:, Web 77V 7-7 3 7 -7-/<#J:7 7 bv^7 b%^#m^77^77 b<^)3 

7 bmmhV'ctSG##&igM&%X?- b LTv^< A#"e(i&#^777A(:^
Web%#^^0AfL6 2h&##L%ATj3 0, Web 77 7A#V'of 9&d^TV'#f 9T& 
^oWeb 77V7-7 3 7-7-/<(±f0^f $:@6 7 7 b ^ L"C#A^mA/-fV'<
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Windows NT 4.0
4 y 9 —b > f7T'7 h^ffLT&'&c

www (v-;i/K - 9^ K - 7^7) m±m7b^m###c

vd' 7 n y 7 b Ltz WindowsNT coiftSrA —'J 3 y^^h [WindowsNT Workstation
Versin4.0J £>£ZF [WindowsNT Server Version4.0J (vf*;ilk H$"C<7)^^ii 96 # 12 ^ 10 

B) (if 7 L/fd'^b^^y T/Web#m&i#mL;t#LV'0ST&6o

WindowsNT4.0 (i#/<-i/a 'y(D 3.51 7 7°V 7-v a fl
Ui6]±$^rTV^oServer4.0-e(±, 7 7 ^ • f- 3.51 60%m±,
Web f - tf 7l4SEii 40%U±|o]± LTv^0 7 7°0 7-v a > • f-If7 <7)i£fgfi,

7077 b SQL^-/<h^m*^t>"(i-T(i^50%##^[A]±L"Cv^o

* v b V- 7##(Dgmfk^-#hm^-ev^6 A#
WindowsNT4.0<D^#^##"e*6o 6^6A, f<T)±^^^fl:(i4'>7-?'7b/d'>b7?'7
b '‘N'V)^f)iL'pi5^"C & h o

lt\ Workstation. 0 ’C(i> -i y 9 — ^"J b • 7" 7 9 '7 "C #> & *7 >f ^077 b Internet 
Explorer B^inJUst^3 Peer Web Service tz df &#### 4>^“T7 b^4>b777 b?:

Server4.0 Tr(i^ Web "7 —'f 7 n y 7 b Inetenet Information Server2.0 (IIS2.0) 
Domain Name System (DNS) & OS —LTd3 4 y 9 —

T7b, ^ > b7^7 bCttiSLTV'So

IIS2.0 6 Web /<- v (:#f 6 f ##t 6'?d'7ny7b Index Server
BlfWiWL*?^±}ft9 y 4T'y b iyb'i'y 9 b^]#A%^7 7-k7^7[#(:-#'6'7^ 7 ny

7 b Proxy Server flJfflt* - £ t\ i *9 > 7 - * 7 b/4>b7T7b^\

<7)#^"T#C^6o

$ 6 Cx PPTP (Point-to Point Tunneling Protocol) itjv^-te^f
^'Jf^it^#o77^-b47 b7-7hLT^>7-%v bf^ljmf

m±(9 Z 7 WindowsNT4.0 kM >7-*y b/f>b7T7 b^OW^SIEL^ OS t%

o
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'f-XOS-C#, 7K:g"e(iWindowsNTOi/J:7li

W'L, WindowsNT <7)##^?#JLTv^o K7^7t^a6/:PC

4j--/t?)7% T/<7f-'?y7(Ofn]±^(OW#C&&o 4"@(DWindowsNT4.OOffCioT 
< OS Hf# C A & # 6 "T##^^ 6o

t fz^ u y \L =l — 9 • y x t A <%>## ^tUt

WindowsNT4.0 >^:|f:ot70nV7 T (i^/hdkS^3 SOHO (X^E-;V:*7^
X/^-A^7/TX) WindowsNT 7

t73> ^0 77 T(iB

#:C^^6yXTA . ^ >Tf 1/-? bm#LT#TV'a/K ^

CSLB*A fiE/St:i> WindowsNT £EtcLTv>< CKii^g 120 j££i±<Dj£
#C WindowsNT4.0 - TNT H'v^X • V V a-v a 7 • 7 X 7.7J 7L

-^WindowsNT4.0^#:#T#6##^o<6t(7)r^6o

#A(D^C7 K;<^X-e#6Z9 t:LTvXo

1995 4fi<7) Windows95 7 >7##(7)^#69^K±^ 6 A 6 L Ao #A • A-A##^
EX#B Co < 70\ A#0 7 y h° jl - X fij)fi<D^R b jM^-ttz0 WindowsNT'4.0 #\ 4 y X - 

*7 b/>f y T 7*7 /<0S t ri'ti$ £ Cl^oTv^
< /f 6 9 7 y k: j, -

#^^y/<X T^#cTv^k#A6^!59o
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7 ^ "V— 7 1/ — A • t V >7' (Wireframe Model ing)

*9 mi/; &(Do
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WWW (World Wide Web)
bl:A#^g0'L^#$cTv^od'>7-Ax7 bO#m#liE#l:%@f62^ 

3,000^A^6 4,000^A^6#t>fb, #%6#%^l:KALTv^o 
v Hi, m

a >T#6 2

-fd 7^r#9, c>$ 0 77 /^77>^77 b^$>K(f&3#:%

H:Zc"CWr#l:^c/:o
L^6,^T >^-^7 bT#A6i##(i^^%#:2:v^4:^7^ ,

HZ'?
TmX^JtM^ LTv^ t^z-ho

-M L/:^ >^-^7 bO##^#^ i <#LTV^(7)^WWW-4—/<hv^##gT^)6o 
WWW li World Wide Web OB&t\ V) Mb $ tL/df#0!»omj hv^I§S^#o

-cv'&o www &m#mm2ircv'&o
WWWi—Mx.ii\ 7fC:@-e(±*7d' b^7X

dfm#tawww'?-xm&&o 2fu:7^t7ffL(fT|tgiA#E#o##^^:#^h\ ^7^ b

b7-?&mCT#%fL&#a*2:o? V > b >±##0^0^ 
& 1.&2 t i)T£tu£M'''M<Dp£ffl< :Ht^0 

tfz, ^S-e(i#S^-*^'www^-/<-eA#SS^lToTv^^-x^)^^0 #A(±€iP

a^-e <>s@ t ? - b ltv^q

Jtti£&MZ-&titfMfclz&vT\'' < o V^(i\ 11

I5CH&&0
bf-cT)#*!:^ >*-*7 b^fiJMLrv^o^Zc, 

b&&M?i>A###^wy*-*v b-efibtL^>^-x^'mr|:Tv^0 
29 L/cd' >*-*7 b&5WiWWW^-/t<ofiJffl£t£B$diAA£&#oyHt/^;£o^n 

^'Mosaic h#(fib/2) V7 b^x7f^0
Mosaic ti, WWW ^b —6^:&bO##7 7 b"C£>£0 Mosaic ^r#9 tIE±(7)7d’ 7 

V v 2 # &o $61:, %%7^t7 LTV^WWW-^-

/<^6Nmt^1##e#cTv^glJ^ WWW V v f L^^6^#l:##LT

2 9 LT^6^a WWW ^-X^ife^ETvX 2 2£*lTOiA7 b^-7d >tH?/o
T*v^o

2 0 Mosaic (id'^^-A'7 b±T#1: AfL& 2 ^#3o Mosaic t:i± UNIX ME, v7 ^> 
b x7 vxlME> Windows ME#^>^/fcHEjTrAc? ^r>x7?r^o Windows MS Mosaic
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fCAK6ZW?'C#&Mosaic#^#[;M>?--:T''7}'<7) F$OM%J h6#A6^6"?o 

Mosaic (±B^mK^#LTv^o m^T^MosaicT^^v^W^^-^v h#^7 

7 l' ^^^^C^m^LTV^/<7 3>6^#LTV^o 
95 4%(7)/<7 n >SSii 94 %■%.% £ b K±E1 6 t M £ftTv6ti5\ B 2Mc is If 6 ^ ? -

^7 hCT^tXf677 HO^c#6/<7 3 7$-
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X. 509 lc$-X<JB8SB
x.509 -ei±n>e-^-y h 7-?±c9EJE*ffi£«:£ U4 q«irt'&-fe* 

iOx-f-9—t^nffimnr
- 9 #i& z" 7E^) T V' 6 ,

(1)

»ro8i±&Makv>b#i., &*?&&. ##(D^A(omii@A#av'

bn, #M3.--Ifi:%6n»^z 9 fiJffl-t-Bo

8Wfil3&£ 3s 0 A-v>t§-g-l4, ##(7)&M#»Af, 1S« 6 -enmx^it L T3s 6 „ @#ibLA 
fiH6£tt-6"e6 6coi4, &H®ici*)S1-^.#Aa*#oS:«s/-itr-$>6o SBmertTJi-xv 
XitlJ,
MLT*5:*T**6o

(2) f-fy?)H8

X.509 LTv>60 o$ q, 3lft#l±if«?r@A«T*e-tft
LTSif), ses-ttisffsro&MB-eitffiSrE t < a-t-e s 4 ; t x\ b m. b n
T & C b zmmt6©T**5o IE L < «£-eS 6(7)14, 6flA«T-®-f-LA#

*A>(b3|ibnAt>(7)T"*6r k»»aB"eS6o

--T'SgHt*6(7)l4, &M«@-tT)i-3-';XAl4to(7)r;i/D*vXA4 q 6BMik, tt-y-oss

-e-rox*, (^y^w #§&«») a s-rase-g-s:

a*-frb-3r-C ,fl]ffl#(7)ftfi5; t 6 f-f V ? SrttM16 „y'7-> i B8SC114,
g#(7)T-f e-&#(128 tf 7 160 tf 7 h)(7)/\ 71/JL#(^R) 6MK?*6o R
t7\ 7-> j.tt^WF-3—^’<07'-^ S-ataj L4: q ,y'7 Clc*6 4-) Kf'-?
L*q, *6y'7->j.®(c*67'-?5rl,ott/i1-WI4ft#l:»C^tg4:i:v>bnrv'6o «
TCf-f

$(&#^(4y'— y Ciy'7 ■>

*g#i4/\7v^memAm-ee-g-fkLx, r-wr-o'jni-wzz &.

w&gitr-? tn vj';v#^sffi^ca6„
### I4 r- 9 <D^ 7 -> Z *a6 6 o

aBStir-f •>’9
t /' 7 -> c&o>i&i4el< m#i4*&#mm, m# t * *> <o t nm-
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(3) E%#
f < LV^ 6 (DT^^fUflE L < $8#(%#m;Mf &A

& v^0 X. 509 (Certification Authority^ CA) ^fflvVcIE Lv^^^co

A3\ CA
kf h V L, f m LT, &(D

a(±-e# %v', CA^-4f(DiELv^^mex#t6 c E
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JDK (Java Developers Kit)
J D K <h Java Developers Kit OI&tfLT, J A V 7 K

(OT, f(0±?fTf(^)

-£ A/o

-e(±,

Oo

■ J DKCT#6#
J DKC-e#6±#^#

javac (n ;P) - • • & tztzif%-\/'tz7 7 ^ A/ £:SbfT'C^ &$vts(class)&C L$i~

java (^) - - -7yD^-^3>e#^f6o 
appletviewer (#J%) • • • 7 7° 1/ 7 h £:^fri~.£o 
Applet <b Application (0#W±#%Elito

^(0#(0##

javap (7'3 >/^4 )]/) • • • class *7 7 A/ £ N V — % (O##(CM L ^ "J"o 
javadoc • • • K^r j. 7 > h <0
C. tlDx^tC & >, V <( o^£> 0 ^###/%"#"<5> <0 (i javac, java, appletviewer <0 3 0(0
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JNI (Java Native Interface)
JNI t v - -) CO it Java Native Interface (OB&'C'f'0 JAVA <b C C++XWri'JfLtz
3-KtOlgltlt* Li Li 9 Ll>9 it-e-t, mi: JAVA

iSiSr*ltS*7"7 '7 JNI i
-Ev>$1-0

(Java T-frl 7f >? -7^-1’ 7 ft#)

Rg
JNI ttli, trF<7)Z 9 »6<7)^#x.6ftS,o

• T7"'jy-->3>7i5\ #$ Java f 9x 9 /f 79 V h L&v>J: 9 SRIg^-l-Ei:
f 3#rn"o

7*5 Java 3- L^v^#^
• * iSil f trf-< § @9- £,

JNI »#mLTyn^7< >yf6cat:j: £IT<9J: 9 S t -f 7‘7 7 7 Ktttffl

- java tyyji? i&f&K ssf-t-Bo )

• Java <7>7 7 7 K£rl^Ui'ifj'f"0
• fWI-S:** 7f\
- ?7%&n- KL, 9 77.<7)##&#6,

• $ff# f4"yf-JL7?&fT9o

• -f r -f ft 7 7 K& Java & 'f7:$'-7x'f7.tLTJNI <7)#l: <>V><
tf 6. #tC, JDK1.0 * -f T -f -/7 7 7 K-f >9- 7 x-f 7sT*li, Java <7)3 yrt 7-9- 
VX^4 > K^roSH^aft-f 7 5--7x-f ^(DfSatc-fSffthUfroWkifl'n-btiX 

-enwi:<) Java <0®|g<7)tiS#< <7>8B976$*'f -9 -f 7"7 7 7 Kt:J: t)518Stit­
t'S f> cOkSbfL, I'-(ff7777 FOtS- h l± Java <7)##<7)-m9-C* & /fijTNi
• < , ®cav>S|59-Sr#®t^> 'fctoo 1 Otis fc#x StiSo
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XHTML (extensible HyperText Markup Language)
XHTML 12, HTML4.0 [HTML] * XML 1.0 [XML] (DT7"'J >r--> 3 > t

XHTML 1.0 12, Strict, Transitional, Frameset 2 V *") HTML 4.0 <D 3 7><7) DTD 

LT, 3 x><n XML 30 3 CD URI lc 2
o THiSIJ $ tUo

XHTML 1.0 12, HTML 2 Wr-k 7 Mi:1~3:|f*<0;3:#8!O7r 5 V-OX^
ttnhi><nx~&ho ;o#iSil,

1.1 HTML 4.0
HTML 4.0 [HTML] 12, mm#t& ISO 8879 l:$#L7: SGMLlSWfimfflT'- 5-777 
fflT/'J y-'> 3 >-e*b, £ < 7-tv K=7T K=-> jL7'0$$to5vt7‘V -y -> >?*8 

laL LT^.57 tL'CV1^) o

SGML 12, v-i-Ty^ii, 2 b jcStiiliKI3Kb;h-3 W
htmli2, sgmlr-6*5tvcsiso—et-*3„

SGML 12, 1980 $ o T j5 b , 3 0$S140
#< 12, 3t 3 2 #*l:2 6 6OT* 3,. to 21, 
30$<M4I2—SO*iffit::2oTSIilStl.3 t OT% I), -e<0*H12l2, 7-A- K=7 4 K 
=7 x 5 3 2 Vffitf 2 ?£3 ST-;fc.3„

HTML 12, 7C*<7>E«T*I2, XSoSMET-^V'SIZ 2 3>fto tc® Lt2, ##^-E-omo 
##K»]i:#(035#07:«()0#m7:3/L2f 3 tO-e&oT:. HTMLI2,

3 O dig L fcfcjtlS 9 9’ti 2 ffSSBKl ? 'fx>'b$k% Srffi5&t 3 3 2 l: 2 b, 
SGML ro^HScD^SmtoL/Zo 3 3 2 l:)mx.T, HTML I2, /\7

lO-fr*-- HrilSDLT:, 7;l/f y(f 4

$ < l$ L'EWfflT* HTML I2£ < *' fcfo. 7 - * t O (7* b , .t-HCx?) § 69 £« A Tig* L 

*0 HTML Ojg3 b (SzB2 LTO)HTML T*fljffl Lit b , HTML 
K#-fb5it7:v->.y I CiS-g-S-tirT: b f 3/r»<D$Lv^Jt 7 

ltTt'3„ 3<7)*S(T)5rLV^l/> > H$, IiJ77y l7t-2Cbfc5itCtOV' 

TOZ##Mm& 12:3 LTt'&.
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77 b 7^Ti3j:Uf7"7 '7 b 7 * -t:#t\ ktib 

07 7 7 b7*-AT-flJffl1"-B r^7V-77*J HTML 4.0 I4H53-R5E? fU, 7
k&mbfr-C$>&0

1.2 XML k
XML kit Extensible Markup Language™ CO £g. |§ tE E£ T'tb) E , extensible Markup 

Language [XML] WK^IfrC&So

XML 14, SGML OMltZO±¥Z%l*)&£%#*> SGML Ots k8<bttkiJlVO Kt^Sc 
k LtfibitTW;0 SGML omf&rMX'&Hl Ki>frfrtob-? XML 14,
SGML OtS^iM%Oltk7k'iU%, teti SGML 0—&&JlZi&t>tiZ>midZOi-<r 

LTi^o

Loo, XML 14, 8 L £ 7 7 b 7 * TOHm*?mii3X b 

%i>OktZ> SGMLOim%®ffi:O0'miffi£i-2>O?&Zo

1.3 XHTML 14
3 7 f 7 7 XHTML

$-14, XHTML l4S:$iJ*gT**5 4 ^ EltSh-Tv^o L<0$$ttl4, 5:*»5'SSS"e
6 < TI4&XML£-a»fltSTtcLTV^0 SGML <0TT*I4, frLt'XU

7 7 b^;k-7'<7iiW DTD Zktft XML ^-40
DTD-C14, EffdDTD KiSingtt^TLACESSbii. L i: 14, ff Lv>il/> 7 b -fe -7 b

IMtiJ: L/iitT-abio Lbt^'frLt'x w 7 b*-g-ff

dRj^sE-g-S-ii L <

S—tc, XHTML l4*"-^t;*VT'f Zfob7Xmt$iiroZ0 #t*X7 b -j 703.-7 
x-->'i7 b SrfIJffl LT -4 7 7 — -7 b±#1477txf 6CLI4, 4 tSt«x.^T”i>
6% 2002^4T-|:4 77-7-7 bS:*ra$<D 75%»$L
*UbO-fUl7”7-7 b7*-XT-SI:fi;StLS LV^C lit A, £'«»£•, itlt>«7’7-7 b7 

*-A14l4r*X7 b -7 7"7*7 7 b 7*-2,<DltSStieTv^t>r*4)67 L,
HTML t, fi-/x> b*f>lfp»1-^>li|Pl^4)^/45, itlfbWT'7-7 b7
7—2,(4<4 4L:Srp|Sb’4‘-5 4 ") (4H$st5"9 o ktlb07- — 4f%.— 7 jl 7
b 14S®S:T*^ v> XHTML S:Sl«oT i>, <7)±#&*^L^< T4t'(OT*3o
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