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Abstract

New standards for geospatial data representation are emerging. For example, the ISO
(the International Organization for Standardization) geospatial metadata draft standard
defines a new object-oriented representation schema. Existing collections of geospatial
data and metadata need tools to transform them to the new standard. This research
investigated how mapping from existing geospatial metadata standards can be formally
specified and implemented using XML. In addition, we investigated how large collections
of geospatial data can be indexed to permit fast search for data queries combining spatial
ranges with keywords and date range.

To test out research ideas, we implemented the translation of Canadian NTDB
(National Topographic Database) metadata files into the FGDC (Federal Geographic Data
Committee) CSDGM (Content Standard for Digital Geospatial Metadata), which can then
be translated into XML files. A tool for transforming FGDC CSDGM XML metadata
files to ISO XML metadata files was designed and implemented in two ways: XSLT
(eXtensible Style Language Transformations) and a Java program written for this
research. A formal grammar for ISO geospatial metadata standard was proposed as a way
of generating the XML DTD (Document Type Definition). Search engines for searching
ISO XML metadata files on the Web by geospatial coordinates, dates and strings were
developed by using a GSDindex (geospatial data index based on R-tree and AVL trees)
approach and a relational(Oracle 8) database approach.

Experiments comparing the two search engines on a testbed containing 6979 geospatial
metadata files showed that, on average over a set of seven search experiments, the

GSDindex approach was 2.5 times faster than the Oracle database approach.
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Chapter 1 Introduction

1.1 Problem Definition

As the amount of geospatial data (especially digital geospatial data) continues to grow
exponentially and becomes even more complex, users of all levels of experience and
needs are faced with the increasingly frustrating burden of large undifferentiated
geospatial data, ambiguous displays, and less-than-satisfactory search & retrieval aids
[Gluck 1995]. Users are retrieving more data, but systems provide less-than-desirable
support in differentiating relevant from nonrelevant geospatial objects.

Metadata is the foundation for success of web-based query processing of geospatial
data. Metadata refers to data about data. Geospatial metadata refers to metadata regarding
geographic objects [Gluck 1995]. There are now several standards for geospatial metadata
including AACR2/USMARC [e.g., OCLC 1988, 1995], the U.S. Federal Geographic
Data Committee [FGDC 1998 and OGC, 1999], and the Government Information Locator
Service (GILS) [Christian 1996; OMB 1995]. Generally, each standard was devised by
experts, released for public comment, revised, and implemented. Identifying,
understanding, and transforming disparate geospatial data into an integrated data resource
so that they can be readily shared and reused within an organization and across
organizational boundaries is mandatory for developing a unified geospatial metadata
standard that meets international requirements. The draft ISO geospatial metadata
standards [I[SO/TC 211, 1998 and 1999] were written to address these needs. Little

research on the systematic, scientific transformation of different geospatial metadata
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standard files to the draft ISO geospatial metadata standard files has been conducted. As
far as we can determine, no fully documented examples of search engines designed for
ease of administration, scalability, and displaying relevant results are implemented to
search ISO geospatial metadata files on the Web so as to aid discovery and browsing of

geospatial data.

1.2 Research Questions

The following research questions guided the research:
(1) Are existing geospatial metadata standards adequate to describe geospatial data? Does
the ISO geospatial metadata standard meet geospatial data user requirements?
(2) Is XML an effective methodology for geospatial data query processing in a web-based
environment?
(3) Is geospatial data search using a relational database more efficient than a direct
spatial data index for handling web-based geospatial data queries on very large volumes

of geospatial data?

1.3 Metadata

The concept of metadata is familiar to most people. For example, a map legend is pure
metadata. The legend contains information about the publisher of the map, the publication
date, the type of map, a description of the map, spatial references, the map's scale and a
symbol legend, among many other things. Geospatial metadata are simply that type of

descriptive information applied to a digital geospatial file. Metadata includes traditional
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descriptive and subject cataloging of information objects; metadata may also include
extensive descriptions of the context, quality, and accuracy of data. They are a common
set of terms and definitions to use when documenting geospatial data. Some digital
geospatial files now have some associated metadata [FGDC, 1999], particularly those
from the U.S. and Canadian Federal governments.

Metadata helps people who use geospatial data to find the data they need and to
determine how best to use it. Metadata benefits the data producing organization as well.
As personnel change in an organization, undocumented data may lose their value. Later
workers may have little understanding of the contents and uses for a digital database and
may find they can't trust results generated from these data. Lack of knowledge about other
organizations' data can lead to duplication of effort. It may seem burdensome to add the
cost of generating metadata to the cost of data collection, but, in our opinion, it is worth

the extra effort in the long run.

1.4 XML (eXtensible Markup Language)
1.4.1 What is XML?

XML is an ISO compliant subset of SGML (Standard Generalized Markup Language)
and is designed to make it easy and straightforward to use SGML on the Web [W3C,
1998].

XML is a human-readable, machine-understandable, general syntax for describing
hierarchical data, applicable to a wide range of applications (e.g. databases, e-commerce,

Java, web development and searching). XML is a database-neutral and device-neutral
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format; it is likely that XML will play a major role in connecting heterogeneous data
resources [Sall, 1998]. With XML content markup, queries are more likely to retrieve
relevant files due to contextual information. Search engines could retrieve a specific
portion of file; they also could be much faster if the added context eliminates numerous
irrelevant matches. This facilitates more precise declarations of content and more
meaningful search results across multiple platforms. In addition, XML will enable a new
generation of Web-based data viewing and manipulation applications [MSDN,1999 and

Norman,1999].

1.4.2 Advantages of XML
1.4.2.1 Extensible

In XML you can define an unlimited set of tags [MSDN, 1999]. While HTML tags can
be used to display a word in bold or italic, XML provides a methodology for describing
structured data. As XML tags are adopted throughout an organization's intranet, and by
others across the Internet, there will be a corresponding ability to search for and
manipulate data regardless of the applications within which it is found. Once data has
been located, it can be delivered over the Internet and presented in a WWW browser in
any number of ways, or it can be handed off to other applications for further processing

and viewing.

1.4.2.2 Structural Representation of Data

XML provides a structural representation of data that has proved broadly
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implementable and easy to deploy. Industrial implementations in the SGML community
and elsewhere demonstrate the intrinsic quality and industrial strength of XML's
tree-structured data format [MSDN, 1999]. XML documents are easy to create. If you are
familiar with HTML, you can quickly learn to author in XML. Figure 1.1 illustrates an

XML document used to describe a weather report.

<weather-reports>
<dates>March 25, 1998</date>
<time>08:00</time>
<area>
<city>Seattle</city>
<state>WA</state>
<region>West Coast</regions
<country>USA</country>
</area>
<measurements>
<skiess>partly cloudy</skies>
<temperature units="Celsius”>46</temperatures>
<wind>
<direction>SW</direction>
<windspeed units="km/h”>6</windspeed>
</winds>
<h-index>51</h-index>
<humidity>87</humiditys>
<visibility>10</visibility>
<uv-index>l</uv-index>
</measurementss>
</weather-report>

Figure 1.1 An example XML document describing the weather from [MSDN, 1999].

Rather than describing the order and fashion in which the data should be displayed, the
tags indicate what each item of data means (whether it is a <date> element, an <area>
element, and so forth). Any receiver of this data can then decode the document, using it
for their own purposes. For example, an individual might use it to make plans for the day,
while a weather researcher might use it as data in a historical record of Seattle.

XML is defined by the World Wide Web Consortium (W3C), ensuring that structured
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data will be uniform and independent of applications or vendors [W3C, 1998]. This
resulting interoperability is kick-starting a new generation of business and
electronic-commerce Web applications [MSDN, 1999].

Once the data is on the client desktop, it can be manipulated, edited, and presented in
multiple views, without return trips to the server. Servers now become more scalable, due
to lower computational and bandwidth loads. Also, since data is exchanged in the XML

format, it can be merged from different sources.

1.4.2.3 Data Separated from the Presentation Process

XML maintains the separation of the user interface from the structured data. Hypertext
Markup Language (HTML) specifies how to display data in a browser, and XML defines
the content. In XML, you can use stylesheets such as Extensible Style Language (XSL)
and Cascading Style Sheets (CSS) to present the data in a browser. XML separates the
data from the presentation process, enabling you to display and process the data as you
wish by applying different style sheets and applications.

This separation of data from presentation enables the seamless integration of data from
diverse sources [MSDN, 1999]. Customer Information, purchase orders, research results,
bill payments, medical records, catalogue data, and other information can be converted to
XML on the middle tier of a three-tier architecture. Data encoded in XML can then be
delivered over the Web to the desktop. Legacy information stored in mainframe databases

or documents can also be adapted to XML format for web-based access.



1.4.3 Applications of XML
1.4.3.1 XML as data

XML is gaining popularity as a data storage and exchange format as well as a
document markup language [Boumphrey, etc, 1998]. Extra tags are required in an XML
file besides the content, so it may not be suitable for large sets of records in a spatial data
warehouse. Developers may prefer to use a traditional database, and convert its content

into XML on the fly or use XML to store data extents.

1.4.3.2 Describing domain documents

XML is valuable on the Internet because it provides a universal standard mechanism
for describing a “domain document” [Ken, 1998]. Different XML domain-specific
vocabularies or XML dialects (e.g., mathematical, chemical, medical and geospatial
metadata markup) can be invented for any purpose. These domain documents can be
understood by all browsers with XML parsers so that data with specific meaning for this
community can be freely exchanged and shared within the community of interest. This

results in more efficient data exchange and more accurate searching on the web.

1.4.3.3 Combining different sources

XML enables structured data from different sources to be combined in an efficient
manner [Boumphrey, etc, 1998]. Since XML is database-neutral, it is likely that it will
play a major role in connecting heterogeneous databases [Ken, 1998]. With XML content

markup, queries are more likely to retrieve relevant files due to contextual information.



Search engines could retrieve a specific portion of file; they also could be much faster if

the added context eliminates numerous irrelevant matches.

1.4.3.4 Non-human interaction

XML files describe their contents, so it is designed for non-human user agents, such as
the programs sent out by search engines, to process the information in the file. In the
specific case of search engines, it will mean that they can provide more accurate results to

queries [Boumphrey, etc, 1998].

1.5 Thesis Objectives

The overall objective of this thesis is to design and implement a client/server
application which allows a user to query geospatial metadata files over the Internet.

The major objectives of this thesis are
(1) investigating the use of XML to markup geospatial metadata;
(2) exploring the differences between existing metadata standards: FGDC CSDGM and
the ISO Metadata Standard ISO 19115;
(3) developing tools for transforming XML metadata files in the FGDC CSDGM standard
to XML metadata files in the ISO 19115 standard;
(4) proposing a formal grammar for ISO 19115;
(5) building search engines for searching XML metadata files by geospatial coordinates,
dates and strings on the Web.

(6) comparing the performance of a web-based spatial indexing data structure to an
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existing relational database (e.g. Oracle) indexing the same data.

The remainder of the thesis is organized as follows. Chapter 2 introduces two existing
geospatial metadata standards: FGDC CSDGM and ISO 19115. The proposal of a formal
grammar for ISO 19115 was also presented. Chapter 3 describes how to use XML to
represent geospatial metadata in these two standards and the metadata file
transformations. Translation from Canadian NTDB metadata to FGDC metadata was
implemented using a straightforward parsing and translation process. Transformation
from FGDC XML metadata files to [ISO XML metadata files was implemented using both
XSLT and a Java program called XML translator developed in this research. Chapter 4
shows the building of the search engines for querying ISO standard geospatial XML
metadata files. Search engines for searching ISO standard XML metadata files by
geospatial coordinates, dates and strings were developed by using a GSDindex
(geospatial data index based on R-tree and AVL trees) approach and a relational database
(Oracle 8) approach. Chapter 5 illustrates the multi-tier client/server architecture being
implemented in this research: Java Applet and Java Servlet communication was used to
provide the client/server connection, the JDBC (Java Database Connectivity) API was
used to access an Oracle 8 database, and a Java Applet was used to provide the user
interface. Chapter 6 discusses the testing and testing results. Chapter 7 gives conclusions

and proposes future work in this research area.



Chapter 2 Geospatial M etadata Standar ds

A geospatid metadata tandard is smply a common set of terms and definitions that describe

geospatial metadata.

2.1 FGDC (Federal Geographic Data Committee) CSDGM (Content Standard for

Digital Geospatial M etadata)

2.1.1 General information

The Federad Geographic Data Committee (FGDC) recently adopted Content Standard for
Digita Geospatia Metadata (CSDGM) as a metadata standard [FGDC, 1998]. This standard
specifies the information content of metadata for a set of digital geospatial dataand providesa
consstent approach and format for the description of data characteristics. The standard
provides away for data users to know what data are available, whether the data meet their

specific needs, where to find the data and how to access the data.

2.1.2 Purpose and goals
The objectives of the standard are to provide a common set of terminology and definitions
for the documentation of digita geospatia data. The standard establishes the names of data

elements and compound el ements (groups of data € ements) to be used for these purposes, the

10



definitions of these compound eements and data eements, and information about the vaues
that are to be provided for the data elements [FGDC, 1998].

The standard was devel oped from the perspective of defining the information required by a
prospective user to determine the availability of a set of geospatia data, to determine the fitness
of the set of geospatial data for an intended use, to determine the means of accessing the set of
geospatial data, and to successfully transfer the set of geospatia data. The standard does not
specify the means by which thisinformation is organized in a computer syssem or in adata
transfer, nor the means by which this information is transmitted, communicated, or presented to
the user.

The standard is designed to describe al possible geospatia data. There are 334 different
eementsin the FGDC standard, 119 of which exist only to contain other eements. These
compound e ements are important because they describe the relationships among other
edements. CSDGM uses both SGML and XML for structuring information.

Mgor sections of the CSDGM are: Identification Information, Data Quality Information,
Spatid Data Organization Information, Spatid Reference Information, Entity and Attribute
Information, Distribution Information, and Metadata Reference Information.

Minor sections of the CSDGM include: citation information, time period information, and

contact information.

2.1.3Tools

11



Figure 2.1 shows the architecture of severa tools available on the Web page of metadata

tools [FGDC, 1999]. Mot of the tools are written in standard C.

213.1cns

cns (chew and spit) isa pre-parser for formal metadata designed to assist metadata
managers in converting records that cannot be parsed by np into records that can be parsed by
np. It takes as input a poorly-formatted metadata file and, optiondly, alist of dement diases,
and outputs. (1) ametadatafile that can be read by both np and xt me ort kne; and (2) a

fileliging dl of the linesthat it couldn't figure out where to put.

metadata
' Keyboard

@@ input data

FGDCMetadata— i
Vietadatal:=—=casoptional

Sl XML | [SGML| |HIML| |TEX

Figure 2.1 FGDC metadata tools.
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2132mp

np is designed to parse metadata encoded as indented text, check the syntactical
sructure againg the the FGDC Content Standard for Digita Geospatid Metadata, and
reexpress the metadata in severd useful formats (HTML, SGML, TEXT and XML). The
output is suitable for viewing with aweb browser or text editor. It runs on UNIX systems and
on PCs running Windows 95, 98, or NT. np generates atextud report indicating errorsin the
metadata, primarily in the structure but dso in the vaues of some of the scalar eements (e.g.
vauesfor latitude and longitude must be expressed as decimal fractions of degrees; vauesfor
day and month of year, and for years, must follow the cdender date convention as

YYYYMMDD).

2.1.3.3 xtme/tkme

xt me/ t kme isan editor for formal metadata, thet is, structured documentation conforming
to the Content Standard for Digita Geospatia Metadata developed by the Federd Geographic
Daa Committee (FGDC). This editor is written using Standard C. xt me runs on UNIX
sysems with the X Window System, release 11, verson 5 or later. Whilet kme isaport to
the PC platform. The editor is intended to Ssmplify the process of creating metadata that
conform to the standard. Its output format is the input format for mp.

Figure 2.2 is an edit screen shot of tkme [FGDC, 1999].

13
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Figure2.2. An edit screen shot of tkme from FGDC [1999].

2.1.4 A small example

The FGDC metadata file (063c03.txt, see Appendix I1) was obtained by using software
developed for this research. It converts the demonstration data set [NTDB,1999] (063c03.met
in this example, see Appendix I) metadatain NTDB (Nationa Topographic Data Base) format
to FGDC format. It iswritten in Borland C++ (total of 630 lines of source, including
comments), using a sraightforward parsing and trandation process. The FGDC metadatafile
was converted to xml file (063c03.xml, see Appendix 111) using metadata tool np [Phillips,

1999]. The procedureisillugrated in Figure 2.3.
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NTDE Metadata

.

-'.“I};ITDB t1'a]1slau_1§_1._'.,':

FOGN Metadata

.--""'--.
Cop

XMI. file

Figure 2.3 Process to trandate NTDB metadatato FGDC XML.

2.2.1S0 (ThelInternational Organization for Standar dization) M etadata Standard

2.2.1 General information

International standard 1SO 19115 was prepared by Technical Committee ISO/TC 211,
Geographic information/Geomatics [1SO/TC 211,1999].This standard identifies the metadata
required to describe digital geographic data. Metadata is applicable to independent datasets,
aggregations of datasets, individual geographic features, and the various classes of objects
which compose afeature. Metadata is mandatory (required) for each geographic dataset and

may, optionally, be provided for aggregations of datasets, features, and parts of features.
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This Internationd Standard defines [ISO/TC 211,1999].
- mandatory and conditional metadata packages, metadata entities, and metadata

elements — the minimum s&t required to serve the full range of metadata
gpplications (data discovery, determining data fitness for use, data access, data
trandfer, and use of digital data).
- optiona metadata e ements — to alow for a more extensive standard description of
geographic data, if required.
- amethod for extending metadata to fit speciaised needs.
Though this Internationd Standard is gpplicable to digital data, its principles can be

extended to many other forms of geographic data such as maps, charts, and textua

documents.

2.2.2 Purpose and goals

The objective of the sandard is to provide a Sructure for describing digita geographic
datasets and a procedure to extend the existing structure so that users will be able to locate,
select, purchase, and access geographic data, determine whether the datain a holding will be of
use to them, and useit in the most efficient way. By establishing acommon set of metadata
terminology, definitions, and extension procedures, this standard will promote the proper use
and effective retrieva of geographic data. Supplementary benefits of this tandard for metadata
are to fadilitate the organi zation and management of geographic data and to provide information

about an organization's dataset to others. This stlandard for the documentation of data furnishes
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data producers the appropriate information for them to characterize geographic data, and it

makes possible dataset catd oguing enabling data discovery, retrieva and reuse.

The metadata are gpecified usng UML in a hierarchy to establish relaionships and an
organization for the information [1SO/TC 211,1999]. The metadata is categorized into the
following main sections: Identification Information, Maintenance Information, Metadata
Extenson Information, Reference System Information, Spatid Representation, DataQuadlity,
Data Congraint Information, Digtribution Information, Feature cata ogue Information, Portraya
cata ogue Information and Application Schema Information. The sections are subdivided into
entities, which are further divided into metadata e ements that carry the individud units of
metadata. The supporting repeatable entities provide common information called for by main
sections, and are never used aone [ISO/TC 211,1998].

Figure 2.4 defines the class “Metadata’ and shows containment relationships with other
metadata classes which, in aggregate, define geographic metadata.

Figure 2.5 defines the metadata classes required to identify a dataset. It dso definesa

Specidization subclass for identifying images.

2.3. FGDC/ISO M etadata Standard Har monization
2.3.1 Comparison of the two standards
SO and FGDC metadata standards have some differences.

The 1SO standard addresses known deficiencies in the FGDC CSDGM (eg.
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Ragter and Imagery datatypes are both avallable in 1SO standard but only raster isavailablein
the FGDC standard). For example, the FGDC CSDGM does not provide a compound

element that contains the coordinates of the four corners of satdllite images.
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Figure 2.4. Metadata entity set information from 1SO/TC 211 [1999].

ISO has 2 levels of compliance: essentid and comprehensve. Essentid metadatalis required
to uniquely identify a dataset, and includes 7 elements from MD_Metadata class and 12 from
the MD_Identification class. Essential metadata is used for the purposes of cataloguing datasets

and dataset series and to support data dearinghouse activities  facilitating deta discovery.

Comprehensive metadata provides the metadata required
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Figure 2.5. MD_ldentification from ISO/TC 211 [1999].

to document a dataset completely (independent dataset, dataset series, or individua geographic
features and attributes). Thisleve of conformance fully defines the complete range of metadata
required to identify, evaluate, extract, employ, and manage geographic information. A data

producer would typicaly provide metadata at thislevel.

FGDC CSDGM and the SO standard dso have terminology and element name
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differences. For example, the bounding box of ametadatafilein the FGDC CSDGM standard has
four dements: West Bounding Coordinate, East Bounding Coordinate, North Bounding Coordinate
and South Bounding Coordinate and the four eements have the following short names : westhc,
eastbc, northbc and southbce. In contrast, the bounding box of a metadata file in the 1SO 19115
standard has four e ements. westBoundL ongitude, eastBoundL ongitude, northBoundL atitude and
southBoundL atitude. These four elements have the short names as follows westBL, eastBL,
northBL and southBL. The only difference, then, is the dement short name. The semantics are
identical. Appendix IV gives a complete description of the 1SO metadata elements and their
corresponding FGDC equivaents (if any). Table 2.1 showsthe structura comparison of thesetwo

geospatial metadata standards.

There are atotd of 509 dements in the | SO metadata definition, and 334  ementsin the

FGDC metadata. All FGDC dements have an equivaent dement in the |SO standard.

Table 2.1 Comparison of FGDC and |SO metadata primary sections.

FGDC I SO section Description FGDC 1SO
section name obligation | conformance
name level
Metadata Metadata Aggregate of the M E
sections below
|dentificationi | Identification Informetion to identify M E
nformation informetion the data
Data qudity Data qudity Assessment of the O C
qudlity of the data
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FGDC I SO section Description FGDC 1SO
section name obligation | conformance
name level
Spatid data | Spatid Information about the @) C
organization | representation | mechanisms used to
information information represent spatial data
Spatia Reference Spatid and tempora @) C
reference system referenceusadin a
information information dataset
Entity and Feature Information identifying @) C
Attribute cadogue the feature catdogue
information used
Digribution Didtribution Information about the @) C
information information distributor of, and
options of obtaining a
dataset
Metadata Metadata Informetion on the M C
reference extenson currentness of the
information information metadata information
and the responsible party
Maintenance Information about the C
information scope and frequency of
updating data
Data congraint | Information concerning C
information the redtrictions placed on
data.
Portrayal Information identifying C
cadogue the portrayd catalogue
information used
Application Information about the C
schema gpplication schema used
information to build a dataset

M (Mandatory) and E (Essentid) have the same meaning; O (Optiond) and

C(Comprehensive) dso have the same meaning.
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2.3.2 Activitiesin Progress

Since 1996, the Internationa Organization for Standardization (1SO) Technical Committee
211, project item 19115 (formerly 15046-15), has been drafting an International Metadata
Standard. The FGDC, through the United States ANSI L1 committee, has been an active
participant in this project and has had a significant impact on the working drafts of the 1ISO
Metadata Standard. Much of the draft ISO Metadata Standard is closely aligned with the
CSDGM [FGDC,1998]. In June 1998, the status of the SO Metadata Standard progressed
from that of aworking draft to a committee draft [|SO/TC 211,1998]. With the status changed
to that of a committee draft, the proposed |SO Metadata Standard was reviewed in the United
States by over 230 individuas, with over 500 comments submitted by the reviewers. The ISO
Metadata Standard has been modified based upon the US and other national comments and
has now been reissued as the 2nd Committee Draft [|SO/TC 211,1999]. This document is now

ready to be reviewed again by the national bodies.

Numerous organizations, including many in Canada, plan to use the ISO Metadata
Standard once it has been approved by the SO Standards Committee. The FGDC is
committed to harmonize the CSDGM with the 1SO Metadata Standard and has numerous
activities ongoing to assure that the harmonization is successful [FGDC, 1998]. To protect the
ggnificant existing metadata investment, it is important to assure that the proposed |SO
Metadata Standard allows the maximum compatibility with exising FGDC compliant metedata

records.
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2.3.3 Discussion

The 1SO standard is necessary to meet “international” requirements. This Internationd
Standard defines the schema required for describing geographic information and services. It
provides information about the identification, the extent, the quality, the spatial and tempora
schema, spatid reference, and ditribution of digital geographic data. This Internationa
Standard is gpplicable to the cataloguing of datasets, clearinghouse activities, and the full
description of datasets. This International Standard is aso gpplicable to geographic datasets,

dataset series, and individua geographic features and feature properties.

Since XML isameta-markup language that provides aformat for describing structured

data, it is a suitable technique for the implementation of the 1SO metadata standard.

Toolsthat are useful for the ISO metadata standard would be smilar to those for the
FGDC metadata; e.g. editors that can create the | SO metadata file from keyboard input or
from FGDC metadata files, and software that can create XML, text, HTML or SGML files
from the 1SO metadata files [ Teng and Nickerson, 2000]. These tools make it much eader for
users to creaste machine-readable XML filesfor their ISO geospatia metadata. In addition, user
acceptance of the new 1SO standard will be much greater if tools exist to automaticaly

transform existing metadata files to XML files conforming to the 1SO standard.

2.4 Formal Grammar Representation Proposal for 1SO 19115

This section summarizes the work given in [Nickerson and Teng, 2000].
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2.4.1. Introduction

A context free grammar (CFG) isaformd system that describes alanguage L by
gpecifying how any legal sentence can be derived. Noam Chomsky [1956] first investigated
the gpplication of aforma mathematica modd to the structure of natura languages.
Computer scientistsimmediately recognized the vaue of Chomsky's work for formaly
representing computer languages [e.g. Aho, 1986, Appdl, 1998 and Sebasta, 1996]. A
language L is asubset of the closure set of an aphabet. Vaid sentences of alanguage are
generated usng agrammar G = (V, V1, S, M), where V) = the st of nontermina
symbols, V1 = the set of termina symbols, S = the starting nonterminal symbol, and
M = the set of productions.

Productions define rules on how proper sentences in the language can be derived. For
example, the following grammar defines rules for the language of expressonsin alarge number

of computer languages.

<E>:=<T>|<BE>{"+" |“-"} <T>

<T> =<k |<T>{"*" |“I"} <F>

<F>i=<I>|"-"<I>

<I>:n="(" <B>")" | <id> (2.1
The <id> nontermina stands for any lega identifier. Note that <id> can be consdered a

termina in practice asit is returned directly as atoken from the lexical analyzer. The notation

used here is the Extended Backus Naur Form (EBNF), and is summarized in Table 2.2.

Table 2.2. Meaning of EBNF symbols (adapted from [OMG,1999)).
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Symboal Meaning
= IS defined to be
| Alterndtively
<text> Nontermina
“text” Literd (termind)
* The preceding syntactic unit can be repeated zero or more times
+ The preceding syntactic unit can be repeated one or more times
{} The enclosed syntactic units are grouped as a Sngle syntactic unit
(] The enclosed syntactic unit is optiona (may occur zero or one time)
For a context free grammar, M contains only productions of theform ** ::=$, where " isa

sngle dement from V) and $ has one or more dements from {V;, V1}. Theway inwhich

context free grammars are used is powerful. For example, the way in which the above grammar

(2.1) is stated ensures that, when the parse tree is congtructed, multiplication and division have

a higher priority than addition and subtraction, that unary minus has a higher priority than

multiplication and division, and that expressions in parentheses are dways evaduated first.

Due to the fact that the grammar above is unambiguous, there is only one possible way to

construct the parse tree for the sentence <id> + <id> * <id>. Context free grammars are the

formal bass of amost dl modern day computer languages and computer representation

schemes, induding Java[Goding, 1996] and C++ [ISO/IEC,1998 and Stroustrup, 1997].
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2.4.2 A context-free grammar for geographic infor mation metadata

It isimportant for any computer representation scheme such as the 1SO geographic
information metadata standard CD 19115 [ISO/TC 211, 1999] to use aforma grammar. In
fact, aformd grammar isthe only way to clearly define the language of geographic information
metadata. This dlows the development of tools that can accurately parse the metadata
information and that can supply good error messages back to the user defining the metadata
files. Currently, the ISO standard [ISO/TC 211, 1999] uses UML diagrams (see e.g. [Teng,
and Nickerson, 2000] aswdll as[ISO/TC 211, 1999]) to define how the metadata objects

relate to one another.

Asadart a defining aforma grammar for the ISO geographic information metadata, two
tables (B.2 Metadata entity set information and B.3 Identification information) from [ISO/TC
211, 1999] have been trandated into aforma context free grammar. Table 2.3 showstheinitia

part of the Table B.2).

Table 2.3 Initid part of the Table B.2 from [ISO/TC 211, 1999].
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spatialReprese

tationinfo |spatial information in thp dataset

Name / Role |Short Definition Obligation |Maximum [Datatype Domain
name Name / occurrenc
Condition e

1 MD_ Metadata |Metadata |Information about the njetadaid 1 Class Lines 2-22

2 fileldentifier filelD Unique identifier for thi§ meta@ata fil 1 CharacterString JFree text

3 language lang Language used for danM' by 1 Class LanguageCode(IpO 639)
metadata encoding?

4 characterSet [charSet [Full name of the ISO cﬁm 1 Class CharacterSetCode(ISO
standard used for the etadsd%et 10646-2 ISO 8849)

5 parentldentifier |parlD Unique identifier of the parenOnetaddqta 1 CharacterString |Free text
file

6 hierarchyLevel |hierLev | Scope to which the me)f]ﬁt;&':mﬁ,ds 1 Class MD_Scope <<CgdeList>>
(see informative AnneXtdfdataeet"?
information about metaflata heirarchy
levels)

7 hierarchyLevelNamd evNaidame ofthe hierarchyle @I_chnsrueq,li 1 CharacterString |Free text

to“dataset”?

8 contact contact |Party responsible for the met@data 1 Class Cl_ResponsibleFarty
information <<DataType>>

9 date date Date that the metadatajwere ©reatedjor 1 Date 1ISO 19108
last updated

10 |metadataStanddrabataeNajieame of the metadata tandacd use 1 CharacterString [Free text

11 metadataStand%Versnon of the metadath stanoard Uska. . 1 CharacterString [Free text

12  |Role name: spatRepInf@igital mechanism use1 to re@esent N Association MD_SpatialReprgsentation

Figure 2.6 below shows theinitid part of the grammar for Table B.2 from [ISO/TC 211,

1999]. The suggested complete grammar for Table B.2 and B.3 from [ISO/TC 211, 1999] is

givenin Appendix V and VI.

(B.2)

—r—

p— — p— p—

<MD_Met adat a>

“<filel D>
“<l ang>"
“<char Set >”
“<par | D>"

“<Met adat a>"
<string_ literal> “</filel D>" ]
<LanguageCode> “</| ang>" ]

<Char act er Set Code> “ </ char Set >" ]
<string_literal > “</parl D>" ]

{“<hierLev>" “dataset” <MD Scope> “</hierLev>"} |
{“<hi erLev>" *notdataset”
“<hi er LevName>" <string_literal >
“</ hi er LevNanme>"
“</ hierLev>"} ]

“<cont act >”
113 <dat e>”

<Cl _Responsi bl eParty> “</contact>" ]
<Dat e> “</date>" |

“<mdSt anName>" <string_ literal > “</ nmdStanName>" ]
“<mdSt anVer >" <string_literal > “</ nmdStanVer>" ]
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{ “<spat Repl nfo>" <MD _Spati al Represent ati on>
“</ spat Repl nfo>" }°

{ “<refSyslnfo>"<RS_ReferenceSystenp“</refSyslnfo>" }°

{ “<met Extensl nf>" <MD _Met adat aExt ensi onl nf or mati on>

“</ met Ext ensl nf>" }*

{ “<idlnfo>" <MD Identification> “</idlnfo>" }*

{ “<featColl>" <FT_FeatureCollection> “<featColl>" }*

{ “<featCatlnfo> <FC_FeatureCatal ogueDescri ption>

“</featCatlnfo>" }*

[ “<distlInfo>" <MD Distribution> “</distlnfo>" ]

Figure 2.6. Initid part of the forma grammear for Table B.2 from
Nickerson and Teng [2000].

In summary, the systematic mapping from 1SO metadata standard to the context free
grammar (CFG) was conducted according to the following rules:
(1) Every tablein Annex B of the ISO CD 19115 [ISO/TC 211, 1999] is mapped to one

production in the CFG.

(2) Every entry of the table is mapped to one term of the corresponding production and the

table number is mapped to the maiching production number.

(3) Employ XML tag representation that uses the "Short Name'” atribute of the tables for the

beginning and ending tag definition.

(3) Entrieswith “O” in the “ Obligation/Condition” column and “1" in the “Maximum

occurrence” column are represented as terms within square brackets|[].

(4) Entrieswith “O” in the “ Obligation/Condition” column and “N" in the “Maximum
occurrence” column are represented as terms within curly bracesfollowed by an ™ (i.e. {} 7).
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(5) Entrieswith “M” in the “ Obligation/Condition” column and “N" in the “Maximum
occurrence’ column are represented as terms within curly braces followed by a* (i.e. {} 7). (6)
Entrieswith “C” in the “Obligation/Condition” column are tregted as those with “O” in the

“Obligation/Condition” column.

(7) Entrieswith “Free text” in the “Domain” column are mapped to the terms with
<dring_literd> between beginning and ending tags. Smilar termind entries (i.e. integer, red,

boolean etc) are aso mapped to token classes.

(8) Entrieswith aclass, association or st inthe“Datatype’ column are mapped to anontermina
with the name given in the “Domain” column between beginning and ending tags. (eg. 12
gpatia Representationinfo has*MD_Spatia Representation” inthe” Domain” column. Thisentry will
be mapped to aterm with <MD_ Spatid Representation>  between its beginning and ending tags

as shown in Figure 2.6).

Conditiona items are problematic. For example, item 3 "language’ from Table B.2 of
[1ISO/TC 211, 1999] is "Conditiond (C) / not defined by encoding?’. The meaning of this
"obligation” isunclear, asisthe meaning of the following item 4 "characterSet” "C/1SO 10646-2
not used?'. For the time being, we have smply indicated that these items are optiond (0 or 1
time). To be useful, the definition of these conditiond items should be replaced as either
Optiond (O) or Mandatory (M). For example, we have changed the syntax dightly for entities
6 and 7 in Table B.2 from [ISO/TC 211, 1999]. Instead of having the obligation "C/ Scopeis

not equal to "dataset"?', we have the keyword "dataset” indicating that a<MD_Scope>
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nontermina production follows. The keyword "notdataset” indicates that a“<hierLevName>”
<dring_literd> “</hierLevName>" entity follows thet gives the name of the hierarchy level. This
is one example that illustrates how a context free grammar can precisdy and clearly define how
the metadata must be constructed.

Another instance where we have used the context free
grammar to modify the syntax of [ISO/TC 211, 1999] to make it precise is shown below in

Figure 2.7.

(B.3) <MD .ldentification> ::= *“<ID>"
{ “<lang>" <LanguageCode> “</I|ang>" }*
[ “<char Set>" <CharacterCodeSet> “</char Set>" ]
“<abstract>" <string_literal> “</abstract>"
[ “<purpose>" <string_ literal> “</purpose>" ]
[ “<supplnfo>" <string_literal> “</supplnfo>" ]

[* stuff snipped */

{ “<descKey>" <MD Keywords> “</descKey>" }°
{ “<dsSpecUse>" <MD Use> “</dsSpecUse>" }-°
[ “<dsConst>" <MD Dat aConstrai nts> “</dsConst>" ]
[ “<lImagel D>" <MD _| nagel dentificati on>
“<passSeql D>" <integer literal > “</passSeql D>"
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“<imagOrbl D>" <string Literal > “</imagO bl D>"
“<orbNun»” <integer_literal > “</orbNunmp”
“</1 magel D>" |

“</ 1 D>

Figure 2.7. Part of the forma grammar for Table B.3 from [ISO/TC 211, 1999].

Row 51 of Table B.3 from [ISO/TC 211, 1999] contains the "C/ Image series exigs?'
obligation. Our gpproach isto precisaly define thisin the grammar; i.e. if the“<ImagelD>" ...
“</Imagel D>" tags exist (they are optiond asindicating by the enclosing [ ]), then the pass
sequence number, image orbital identifier and orbit number are al required to be given. Thereis

no confusion about how the conditiona obligation applies.

2.4.3. Discussion

We have made afirg attempt at defining aforma grammar for geographic information
metadata. This forma grammar uses XML tagsto precisely define the limits or each metedata
entity. We ddiberately chose the XML syntax to smplify understanding the often long metadata
text descriptions. Beginning and ending tags for each digtinct metadata entity are extremely
helpful for syntactic and semantic andlysis of computer languages. A formd context free
grammar representation is required to precisdy define how the geographic information

metadata sentences are correctly constructed.

The sysematic mapping from 1SO metadata standard to the context free grammar (CFG)

described above are vaid because the grammar describes the correct hierarchical syntactic and
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semantic structure of the ISO metadata standard. The mapping is complete as dl possible ISO
data types have a mapping. Some open questions and problems remain. For example, aformd
grammar defines production rulesin a specific order. This meansthat for the example grammar
given in Appendices V and V1, the metadata tags must be given in the same order asthey are
specified in the grammar. Conditiond entities in the metadata deta dictionary are problematic.
Asmentioned in Appendix 111 of [Nickerson and Teng, 2000], it isimportant for these tags to
be changed to either optiona (O) or mandatory (M), and moved to their appropriate place
within the other parts of the data dictionary definitions. Thiswill enable accurate and meaningful

error messages to the end user from toolkits used to parse metadata files.

We have found an inconsstency; in Table B.2 from [ISO/TC 211, 1999], feature
Collection (item 16) is listed as mandatory, but in the UML mode A.2 of Metadata schemas
(Annex A of [ISO/TC 211, 1999)) it is not displayed. In addition, it would be very hpful if
XML type tags were mandatory (and not optional as explained on p.27 of [ISO/TC 211,
1999]) to make parsing the metadata easier and more consistent with metadata representation
in other domains (e.g. medica and manufacturing eectronic datainterchange). A forma
presentation of comments for the ISO/TC 211 Secretariat is given in Appendix IV of

[Nickerson and Teng, 2000].

A good gart has been made in formally defining geographic information metadata. It is
important that work continue to formally define the standard [ISO/TC 211, 1999 to benefit

from the modern approaches to representing a language (e.g. that used in [OMG,1999)).
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The context free grammar is useful in the development of DTD (Document Type
Definition), aformd definition of the structure of a document, of 1SO XML metadata files
because the ISO standard does not define the order of the data elements. The XML DTD, on
the other hand, redtricts the XML tags are in the same order as defined in the XML DTD. The
formal grammar for the SO metadata standard provides an unambiguous mapping for the ISO

XML DTD.
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Chapter 3 XML for Geospatial Metadata

3.1 XML Tags for FGDC CSDGM and I1SO 19115

Although HTML describes how to display the data in a Web page, we use XML to
describe the data itself. In other words, XML is most often used as a data description
language, allowing us to organize data into data structures---even complex data
structures, if we so choose. You can tailor the data as you want it; the most attractive
feature of XML is that you can create your own tags. This lets you structure the data in an
XML document as you like [Holzner, 1998]. XML tags for both FGDC CSDGM and 1SO
19115 XML metadata come from the short names of the metadata elements provided in

the standards.

3.2 Implementations
3.2.1 Translation from Canadian NTDB (National Topographic Database) Metadata
to FGDC Metadata

My first investigation explored the availability of metadata for the NTDB (National
Topographic Data Base). Metadata for the NTDB exists, but it uses its own metadata
definition which is different from the others. FGDC metadata files for NTDB metadata
were obtained using software we developed called "NTDB translator”. NTDB translator
converts the metadata [NTDB,1999] to FGDC format. The NTDB translator is written in
Borland C++, using a straightforward parsing and translation process. An example of

NTDB metadata before and after translation is shown in Appendix I and Il respectively.
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The translation rules used in the NTDB translator are:
(1) Semantic Mappings
Foremost in the transformation is the determination of the semantic mapping of elements
between the source and target metadata standards [St. Pierre and LaPlant, 1998]. The task
involves specifying a mapping of each element in the source metadata standard with a
semantically equivalent element in the target metadata standard. The prerequisite to a
meaningful mapping requires a clear and precise definition of the elements in each
standard. The NTDB metadata standard is defined in [NTDB, 1998] and the FGDC
CSDGM standard is specified in [FGDC, 1998].

(2) Content Conversion

Metadata standards typically restrict the contents of each metadata element to a particular
data type, range of values, or controlled vocabulary. For example, conversions are
required between NTDB dates (e.g. 23-SEP-98) and FGDC dates (e.g. 19980923).

The following cases can occur during the transformation that may affect the accuracy
of the resulting target metadata files.
(a) Many to One. There is only one semantically equivalent element in the target metadata
standard for more than one element in the source metadata standard. If the values of all
source elements are allowed to be appended to a single value in the target element, there
is no problem. Alternatively, if only one source element value is allowed to be mapped to
the target, there is a consequence of information loss. For example, NTDB polygon

details are mapped to one FGDC element called Entity Type_Label.

(b) Extra Elements in Source. Another important case is the handling of a source element
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that does not map to any appropriate element in the target standard. For example, the
NTDB “PCT_OF_LAND?” element (percent of land) was left out of the FGDC target

standard.

(c)Unresolved Mandatory Elements in Target. In some cases, there may be mandatory
elements in the target that have no corresponding mapping in the source metadata standard.
Because the target requires a value for the mandatory elements, the translation must provide
its value from the available resources of the source metadata files. This value may not be as
accurate as they should be. For example, in FGDC, the Metadata Reference Information is
mandatory, but was not provided in NTDB. | used “FGDC Content Standards for Digital

Geospatial Metadata” as the content of Metadata_Standard _Name element.

Other than the cases discussed above, the “one to one” semantic mapping of the data

items of both source and target metadata files are correct because

(1) It maps the data elements from the NTDB source metadata file to the FGDC target
metadata file based on the semantics of the data elements as defined in both metadata

standards .

(2) It implements proper data type and domain changes for the data elements during the
translation.
(3) The result metadata files meet the requirements of the FGDC CSDGM.

No one-to-many mappings were encountered.
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3.2.2 Tools for Translating FGDC Metadata to XML Representations
The FGDC metadata files were converted to FGDC XML files using metadata tool np
[Phillips, 1999]. The procedure is illustrated in Figure 2.3. The result of translating the

NTDB metadata in Appendix Il is shown in Appendix Ill.

3.2.3 Translation from FGDC XML Metadata Files to ISO XML Metadata Files

The ISO standard is necessary to meet “international” requirements. Numerous
organizations plan to use the ISO metadata standard once it has been approved by the ISO
Standards Committee. This research used both XSLT (eXtensible Style Language
Transformations) and a Java program called XML translator to translate FGDC XML
metadata files to ISO XML metadata files because of the significant already existing
FGDC metadata investment.

An XML document may optionally contain a document type definition (DTD) that
specifies which elements are and are not allowed in an XML document. The DTD
specifies the exact context and structure of those elements that are allowed. A validating
parser can read a document and compare it to its DTD, and report any mistakes it finds.
This allows document authors to check that their work meets any necessary criteria.
DTDs are essential for large document management projects. One thorny issue when
managing large volumes of documents (up to several thousands of pages) is to enforce
coherence. Due to the large amount of geospatial metadata (6979 FGDC metadata files
of about 100MB), an XML DTD was generated according to the formal grammar

described in section 2.4. This XML DTD is listed in Appendix VII.
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3.2.3.1 Transformation Rules

The transformation from FGDC XML metadata files to ISO XML metadata files are
carried out by applying the following rules to map from the FGDC XML DTD [Nebert,
2000] to the ISO XML DTD (see Appendix VII):
(1) Semantic Mappings, as described in section 3.2.1, except that the source standard is
FGDC XML DTD and the target standard is ISO XML DTD. Appendix IV shows the
complete mapping.
(2) Content Conversion, as described in section 3.2.1.
(3) Hierarchy
Hierarchy of the metadata is the organization of metadata elements relative to each other,
e.g. hierarchical parent-child relationships. FGDC and ISO XML DTDs have a different
hierarchy, but there is a semantic “one to one” element mapping for all elements. The
hierarchical structure of the source metadata file does not affect that of the target

metadata file.
(4) Properties

The FGDC metadata standard indicates a lower and upper bound on the number of times
an element may occur. The 1ISO metadata standard indicates whether or not an element is
mandatory or optional. According to the grammar defined in Chapter 2 for the ISO
metadata standard, a lower bound of zero indicates an optional element, whereas an
inclusive lower bound of one indicates that the element must occur at least once and thus

is mandatory.
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The discussion of the correctness of the NTDB translator also applies to the XML
translator, except that the result metadata files strictly meet the requirements of the 1ISO

XML DTD.

3.2.3.2 Transform Implementation
3.2.3.2.1 XML Translator

Microsoft XML parser MSXML [Microsoft, 2000] was used to parse XML files. The
building of the Java program was conducted according to the structure of an ISO
metadata file illustrated by the Universal Modelling Language (UML) diagram (see
Figure 2.4 for MD_Metadata) from the ISO TC/211 Geographic Information/Geomatics
Metadata draft standard [ISO/TC 211, 1999]. Figure 3.1 illustrates the transformation

from CEONet FGDC metadata XML files to ISO 19115 metadata XML files.

FGDC XML
metadata

ISO XML
metadata

Microsoft

com package

Figure 3.1. Translating FGDC XML metadata to ISO XML metadata.

There is a total of 2450 lines of Java source code in the XML translator program. An
architecture diagram explaining how the different classes interact is shown in Figure 3.2.

Figure 3.2 (a) displays the relation between the two packages XML translator and
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com ns. xm . om Every class of the XML translator package has to import the

com ns. xm . ompackage to enable the parsing of XML files. Figure 3.2 (b) shows a
set of the classes drawn from the implementation of the XML translator package. The
figure focuses on the classes involved in the identification and distribution of the
matadata files. The XML translator is an object-oriented program and the hierarchy of
the program is constructed according to that of the ISO XML DTD. For example, in ISO
XML DTD, a metadata tag has idInfo and distInfo etc as its direct sub-tags. So, in the
XML translator program, class MD_Met adat a has class MD_| denti fi cati on and
class MD _Di stri bution asits aggregate classes. Every class except class

codelLi st and its subclasses has a constructor and a toXMLString function. The
constructor of each class parses the equivalent part of the class in the hierarchy of the
XML file and return an object of this class. The toXMLString function takes an object of
this class and return the part of the text in the result XML file that represents this class.
Each subclass of the abstract class codeLi st is a flexible enumeration for expressing a
long list of potential values, such as MD_Progresscode list (e.g. completed, obsolete,

planned, in Work etc).
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(b) A UML diagram of part of the XML translator program.

Figure 3.2 Architecture diagrams of the XML translator program.
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3.2.3.2.2 XSL T(eXtensible Style Language Transformations) implementation

The Extensible Style Language (XSL) includes both a transformation language and a
formatting language [Harold, 1999]. Each of these, naturally enough, is an XML
application. The transformation language provides elements that define rules for how one
XML document is transformed into another XML document. The transformed XML
document may use the markup and DTD of the original document or it may use a
completely different set of tags.

In an XSL transformation, an XSL processor reads both an XML document and an
XSL style sheet. Based on the instructions the processor finds in the XSL
style sheet, it outputs a new XML document or fragment thereof. There's also special
support for outputting HTML. With some effort it can also be made to
output essentially arbitrary text, although it is designed primarily for XML-to-XML
transformations.

To implement the transformation of XML metadata files from the FGDC standard to
the ISO standard, the author used LotusXSL (version 0.19.1), an XSL processor - a
software component that implements the XSL standard. This XSL processor is available
at [IBM, 2000]. Like most XML tools, LotusXSL is written in Java. The download and
install details are listed in Appendix VIII. The XSL style sheet used in the transformation
was written according to the translation rules discussed in section 3.2.3.1 and the XSL

style sheet is listed in Appendix IX. Figure 3.3 illustrates the process.
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FGDC to ISO
XSL style
sheet

Lotus XSL
Processor
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geospatial
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/'

ISOXML
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Figure 3.3. Using XSLT to transform two XML file structures.
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Chapter 4 Search Engines for Geospatial XML Metadata

4.1 Search Types Implemented

There are three search types that have been implemented in this research: geospatial
coordinates, strings and data production dates.

“Geospatial coordinates” represents the geographic areal domain of the dataset:
western-most and eastern-most longitude of the limit of the dataset extent expressed in
decimal degrees; southern-most and northern-most latitude of the limit of the dataset
extent expressed in decimal degrees. Both the FGDC CSDGM and the 1SO 19115 have [-
180.0, 180.0] as the domain for longitude, but the user interface uses [0.0, 360.0] as the
domain for longitude. The correct casting between these two different domain
representations is discussed in Appendix X. “Strings” are the theme and place keywords
which are the common-use words or phases used to describe the theme and place of the
dataset. “Date” is the date when the dataset was produced.

Two different types of search engines were developed for web-based querying of XML
metadata files by geospatial coordinate bounding boxes, strings and dates. The first
approach is called the "GSDindex" method as it uses classical data structures (the R-tree
[Guttman, 1984] and AVL tree [e.g. Weiss, 1996]) and search techniques to answer
combined geospatial data queries. The second approach was to use the Oracle 8i
relational database to build a standard relational database index that can subsequently be
queried using SQL statements issued through the JDBC interface. Figure 4.1 shows the

procedure used to build these two search engines. The remaining sections of this chapter
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describes the implementation details of these two search engines.

4. Coordinates

Figure 4.1. Constructing the GSDindex and Oracle search engines.

4.2 R-Tree and AVL Tree Index Construction

An R-tree is a height-balanced tree similar to a B-tree with leaf nodes containing
pointers to data objects [Guttman, 1984]. Let M be the maximum number of entries that

MO
will fit in one node and let m = E?Hbe a parameter specifying the minimum number of

keyword
ISO XML bujld index
metadata GSDindex date
index
) Oracle database | bounding
buli}_,ﬂig{ade ‘>Tables; box index
1. FileldName | | GSDindex
2. Keywords
3. Dates

entries in a node. An R-tree satisfies the following properties:

(1) Every leaf node contains between m and M entries unless it is the root.

(2) Each entry in a leaf node has the smallest rectangle that spatially contains the

n-dimensional data object represented by this entry.

(3) Every non-leaf node contains between m and M children unless it is the root.
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(4) Each entry in a non-leaf node has the smallest rectangle that spatially contains the
rectangles in the child node.
(5) The root node has at least two children unless it is a leaf.
(6) All leaves appear on the same level.
The source code for R-tree index construction consists of 650 lines of Java code. Figure

4.2 shows the architecture of the Java class structure for R-tree construction and search.
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Figure 4.2 A UML diagram of the Java class structure for R-tree construction and search.
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The sear chRTr ee class imports com ns. xnl . ompackage and uses its Docunent ,
El ement , Nane and El ement Col | ect i on classes to parse XML files and extract
the bounding box information in the XML files. The RTr ee class handles the Rtree’s
insert and search. The RTr eeNode class represents the Rtree nodes in the Rtree. Class
BBoxi nf o represents each entry in an Rtree node. Class boundi ngBox and class

dat aCbj ect represent the bounding box and the data object of the Rtree nodes. Class
Uni on handles the different references to internal and leaf nodes.

An AVL tree is a binary search tree with the additional balance property that, for any
node in the tree, the height of the left and right subtrees can differ by at most 1 [Weiss,
1996]. The AVL balance condition implies that the tree has only logarithmic depth. A
consequence of this is that all searching operations in an AVL tree have logarithmic
worst-case bounds.

Two AVL trees were built: one for the keywords and one for the dates of all the ISO
standard XML metadata files obtained from the XML translator program illustrated in
Figure 3.1. The construction of the AVL tree for the keywords needed a little bit more
work than the building of the AVL tree for the dates. Since the keywords of the XML
metadata files have long strings like “EARTH SCIENCE> LAND SURFACE> LAND
USE/LAND COVER> LAND COVER?”, the long strings were broken down by using
string tokenizer “>”, and inserting the shorter strings (e.g. “EARTH SCIENCE?”) into the

AVL tree.
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4.3 R-Tree and AVL Tree Search Algorithms

The search algorithm of an R-tree descends the tree from the root in a manner similar
to that of a B-tree. More than one subtree under a node visited may need to be searched,
leading to a time of O(N) to find all rectangles (out of N) intersecting a query rectangle .

The pseudo code of the search algorithm used in this research is shown in Figure 4.3.

private Vector SearchRTree(RTreeNode T, boundi ngBox S){
int i;
Vector searchResult = new Vector();
/'l check internal nodes
if (T.islnternal ()) {
for (i =0; i < T.Entry; i++)
if (T.Data[i].Bound.Intersect(S))
SearchRTree (T.Datali].internal, S);

/'l el se check | eaf nodes
el se {
for (i =0; i < T.Entry; i++)
if (T.Data[i].Bound.Intersect(S))
searchResul t.add((T.Data[i].leaf.fileld));
}

return searchResult;

}

Figure 4.3 R-tree search algorithm.

The search algorithm of the AVL trees is the typical search algorithm of balanced binary
search trees, and requires an exact match. A total of 500 lines of source code were written
to implement the AVL tree part of the GSDindex.

Combined geospatial data query results were obtained by intersecting the three result
sets of searching geospatial coordinate bounding boxes, strings and dates. The source

code of the algorithm used for this intersection is shown in Figure 4.4.
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private static Vector commonV(Vector vl1, Vector v2) {
AVL2 result = new AVL2();

for(int i = 0; i < vl.size(); i++)
result.Insert(((Integer)vl.elenmentAt(i)).intValue());
for(int i = 0; i < v2.size(); i++)

result.Insert(((Integer)v2.elementAt(i)).intValue());
return result.comonyV,

Figure 4.4. The algorithm for GSDindex intersection.
The AVL2's “Insert” method puts the duplicates in its commonV Vector. When getting
the intersection of three sets was required, the main program called this function twice
and used the result from the first call and the third Vector as the parameters in the second
call. The time complexity of this algorithm is O(N), where N is the number of geospatial
objects being searched.

Figure 4.5 shows the architecture of the Java classes used for range search with the
GSDindex search engine. This program includes the program shown in Figure 4.2 and an
AVL class. The sear chRTr eeAVL extract information about keywords and date besides
that of the bounding box from the XML files. The AVL class handles the insert, search

and the balance functions of the AVL tree.
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Figure 4.5 A UML diagram of the Java class structure for GSDindex range search.

4.4 Relational Database Implementation

A Relational Database Management System (RDBMS) is one of the best solutions for

searching data when the amount of data grows [Hunter, 1998]. An RDBMS organizes

data into tables. These tables are organized into rows and columns, much like a

spreadsheet. Particular rows and columns in a table can be related to one or more rows

and columns in another table.
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An “insertTables” function was written to read data from 1SO standard XML metadata
files and insert all the information items into database tables created on the Oracle 8 NT
server of the Faculty of Computer Science, University of New Brunswick. Table
FileldName stores the relation between the file ids and the file names of all the 1ISO
standard XML metadata files in the directory; table Keywords has fileld and keyword
columns; table Dates has file id and date value columns; table Coordinates has fileld,
west, east, south and north columns. Tables 4.1-4.4 illustrate portions of the four tables

created for this research.

Table 4.1 Relational FileldName Table.

fileld fileName
0 com==Aquariu...
1 com==Atlantis...
2 csr==Canada_...
3 csr==AAFC_@..

Table 4.2 Relational Keywords Table.

fileld keyword
0 LAND SURFACE
1 BIOSPHERE
2 CANADA
3 CRYOSPHERE
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Table 4.3 Relational Dates Table.

fileld dateVal
0 19981010
1 19990410
2 19750512
3 19890901

Table 4.4 Relational Coordinates Table.

fileld west east south north
0 -102 -95 49 54
1 30 60 34 39
2 -76 -56 16 89
3 78 120 -48 -36
Figure 4.6 shows the relational schema defining the database design.
Fi | el dNane
fileld fil eName
Keywor ds
fileld keyword
Dat es
fileld dat eVal
Coor di nat es
fileld west east sout h north

Figure 4.6 Relational schema of the database.
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Data in the tables can be read, updated, appended and deleted using the Structured
Query Language, or SQL. Figure 4.7 shows the SQL command used to query the

Relational database for the three query types referenced above.

SELECT distinct FileldNane.fil eNane
FROM Fi | el dNane, Coor di nat es
VWHERE west <= Coordi nat es. east and
east >= Coordi nat es. west and
sout h <= Coordi nates. north and
nort h >= Coordi nat es. sout h and
Coordinates.fileld = FileldNane.fileld

(@) The SQL command for querying only coordinates.

SELECT distinct FileldName.fil eName
FROM Fi | el dNane, Coor di nat es
WHERE (west1 <= Coordi nates. east or
west <= Coordi nates. east) and
(eastl >= Coordi nat es. west or
east >= Coordi nat es. west) and
sout h <= Coordi nates. north and
north >= Coordi nat es. south and
Coordinates.fileld = fileldNane.fileld

(b) The SQL command for querying only coordinates with longitude domain casting.

SELECT di stinct FileldNane.fil eName

FROM Fi | el dNane, Coordi nates, Dates

VWHERE west <= Coordi nat es. east and
east >= Coordi nat es. west and
sout h <= Coordi nates. north and
north >= Coordi nat es. sout h and
Dat es. dat eVal between datel and date2 and
Coordinates.fileld = Dates.fil eldand
Coordi nates.fileld FileldName.fileld

(c) The SQL command for querying both coordinates and dates.
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SELECT distinct FileldNane.fil eNane
FROM Fi | el dNane, Coordi nates, Keywords
VWHERE west <= Coordi nat es. east and
east >= Coordi nat es. west and
sout h <= Coordi nates. north and
north >= Coordi nat es. sout h and
Keywor ds. keyword |i ke %ey% and
Coordi nates.fileld Keywords.fileld and
Coordi nates.fileld FileldName.fileld

(d) The SQL command for querying both coordinates and keywords.

SELECT distinct FileldNane.fil eNane
FROM Fi | el dNane, Coordi nates, Dates, Keywords
VWHERE west <= Coordi nat es. east and
east >= Coordi nat es. west and
sout h <= Coordi nates. north and
nort h >= Coordi nat es. sout h and
Dat es. dat eVal between datel and date2 and
Keywor ds. keyword |i ke %ey% and
Coordi nates.fileld Dates.fileld and
Coordi nates.fileld Keywords.fileld and
Coordi nates.fileld FileldNane.fileld

(e) The SQL command for querying coordinates, dates and keywords.

Figure 4.7 SQL commands used to query the relational database.

After connecting to the relational database using the JDBC API, as shown in Figure

4.8, these SQL statements can be created and executed on the tables of the database.
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public void JdbcConnecti on()

{
[linit JDBC driver's paraneters
String dbUser Name = "*****":
String dbUser Password = "****x**xx".
String dbUrl =
"jdbc: oracl e:thin: @l cuin.cs.unb. ca: 1521: fcsg";

[/ connect to the database
try
{

Driver Manager.registerDriver( new OracleDriver() );
Connection con = DriverManager. get Connecti on(
dbUr |, dbUser Nane, dbUser Passwor d) ;
}
catch (SQLException ex)

while (ex !'= null)

{
out.println("SQ.State: " + ex.getSQ.State() );
out.println("Message: " + ex.getMessage());
out. println("Vendor: " + ex.getErrorCode());
ex = ex.get Next Exception();

}

} [//end of function JdbcConnection
Figure 4.8 The connection function of JDBC Java Servlet.

The first step in using a JDBC driver to get a database connection involves loading the
specific driver class into the application’s JVM. This makes the driver available later,
when we need it for opening the connection [Hunter, 1998]. An easy way to register the
driveristousej ava. sql . Dri ver Manager . regi sterDri ver () method as
shown in Figure 4.8.

The next step is to ask the Dr i ver Manager class to open a connection to a given
database, where the database is specified by a specially formatted URL. The method used
to open the connection is the Dr i ver Manager . get Connecti on() . It returns a
class that implements the j ava. sqgl . Connect i on interface, as shown in Figure 4.8.
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A JDBC URL identifies an individual database in a driver-specific manner. Different
drivers may need different information in the URL to specify the host database. JDBC
URLSs usually begin with jdbc:subprotocol:subname. For example, the Oracle JDBC-Thin
driver uses a URL of the form of jdbc:oracle:thin:@dbhost:port:sid, as shown on line
seven of Figure 4.8.

During the call to get Connecti on(), the Dri ver Manager object asks each
registered driver if it recognizes the URL. If a driver says yes, the driver manager uses
that driver to create the Connection object.

To really use a database, we need to have some way to execute queries. Figure 4.9
shows how the test SQL statements are issued from the Java servlet program used to test

the Oracle search engine. Other SQL commands are shown in Figure 4.7.

public Vector Sel ectTables(int datel, int date2, double
west, doubl e east, double south, double north, String key)
t hrows SQLException
{ Vector result = new Vector();
Statenent stnmt = con.createStatenent();
Resul t Set rset;
String select = "SELECT distinct fileldNane.fileNanme";
String from=" FROMfil el dNane, Coordi nates";
String where = " WHERE " + west + " <=
Coordi nates. east or " + east + ">= Coordi nates.west or
" + south + " <= Coordinates.north " + " or " + north
+ ">= Coordi nates. south ) and
Coordi nates.fileld = fileldNane.fileld ";

String queryString = select + from+ where;
rset = stnt.executeQuery(queryString);
while (rset.next()){
resul t.addEl enent (rset. get Cbject(“fil eNane”) );
}

stnt.close();
return result;

}

Figure 4.9 The query function of JDBC Java Servlet with example (a) of Figure 4.7.
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The simplest way to execute a query is to use the j ava. sql . St at enent class.
Statement objects are never instantiated directly; instead, a program calls the
creat eSt at enent () method of Connect i on to obtain a new St at enent object.
A query that returns data can be executed using the execut eQuer y() method of
St at enent . This method executes the statement and returns a
j ava. sgl . Resul t Set that encapsulates the retrieved data. You can think of a
Resul t Set object as a representation of the query result returned one row at a time.
You use the next () method of Resul t Set to move from row to row. The
Resul t Set interface also boasts a multitude of methods designed for retrieving data
from the current row. The get St ri ng() and get Qbj ect () methods are among the
most often used for retrieving column values. The Resul t Set is linked to its parent
St at enent . Therefore, if a St at enent is closed or used for executing another query,
any related Resul t Set objects are closed automatically.

As mentioned in the beginning of this section, an “insertTables” function was written
to insert data from ISO standard XML metadata files into database tables created on the
relational database (Oracle 8) server. This was implemented using the
execut eUpdat e() method of St at enent . It returns a count that indicates the
number of rows modified by the statement. It was used like the following when inserting
data into the fileldName table:

int count = stnt.executeUpdate(“insert into fileldNane

values (” +j + “, *” + filenames[j] + “’)” ):
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where j is a fileld, filenames[j] is a fileName with fileld j and fileldName is the table
listed in Table 4.1.

The Java source code used to build and search the relational database consists of a total
of 550 lines. Figure 4.10 shows the UML diagram of the JDBC Java servlet program used

to create and test the relational database search engine.
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Figure 4.10 A UML diagram of the JDBC Java servlet program.
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The JDBCQuer y class is a subclass of javax.sevlet.http.HTTPServlet. Class
JDBCUt i I'ity importscom ns. xm . ompackage and uses its Docunent ,
El ement , Nane and El ement Col | ect i on classes to parse XML files and extract
the bounding box, date and keywod information in the XML files. It also imports the
oracl e.jdbc. dri ver package and uses its Dri ver Manager and

Oracl eDri ver classes to connect the Oracle database so as to insert and query tables.
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Chapter 5 Multitier Client/Server Architecture Implementation

5.1 Introduction to Multitier Client/Server Architecture

The term client/server was first used in the 1980s in reference to personal computers (PCs)
on a network. The actual client/server model started gaining acceptance in the late 1980s.
The client/server software architecture is a versatile, message-based and modular

infrastructure that is intended to improve usability, flexibility, interoperability, and ¢ .o api| ity

as compared to centralized, mainframe, time sharing computing [Sadoski, 1997].

The client/server model has become one of the central ideas of network computing. On
the Internet, the Web browser is a client program that requests services (the sending of
Web pages or files) from a Web server (e.g. a Hypertext Transport Protocol or HTTP
server) in another computer somewhere on the Internet.

The two-tier client/server architecture has some deficiencies. For example, because
database access functionality and business logic were often contained in the client
component, any changes to the business logic, database access, or even the database
itself, often required the deployment of a new client component to all the users of the
application, resulting in a fragile application.

These deficiencies with the “two-tier” client/server approach were addressed by the
multitier client/server architecture. Conceptually, an application can have any number of
tiers, but the most popular multitier architecture is three-tier, which partitions the system

into three logical tiers: the user interface layer, the business rules layer, and the data
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access layer. A three-tier client/server architecture is illustrated in Figure 5.1.

First Tier | User Interface

Second Tier | Business Rules

Third Tier Data Server

Figure 5.1. 3-tier client/server architecture.

A multitier client/server architecture enhances the two-tier client/server architecture in
two ways. First, and perhaps most importantly, it makes the application less fragile by
further insulating the client from changes in the rest of the application. Also, because the
components (e.g. database, web server) are independent, it allows more flexibility in the
deployment of an application.

It is also possible to put each server component on a separate machine. Multiple
business logic components (and multiple database access components, if multiple
databases are being used) can be created for a single application, distributing the

processing load and thus resulting in a more robust, scalable application.

5.2 Multitier Client/Server Architecture Implementation

Two different implementations of the three-tier architecture were carried out in this
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research for metadata search. Figure 5.2 illustrates the two implementations.

First Tier

Second Tier

Third Tier

(a) Implementation 1 of a 3-tier architecture using Oracle database in the third tier.

First Tier

Second Tier

Third Tier

(b) Implementation 2 of a 3-tier architecture using GSDindex persist data in the third tier.

Figure 5.2. Implementations of 3-tier client/server architecture for metadata query.

Web Browser

JavaWebServer

Java Servlet

AN

DBMS Server

Metadata files

Web Browser

JavaWebServer

Java Servlet

GSDindex

Metadata files
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The user interface layer was implemented using a Java Applet program so that clients
can use any Web browser supporting Java to run the client component. The business rules
layer was implemented by using Java Servlet to achieve Java Applet-Java Servlet
communication. In implementation (1), shown in Figure 5.2 (a), the author used JDBC to
get Java Servlet and database communication and employed the Oracle 8 database server
as the server layer. In implementation (2), shown in Figure 5.2 (b), the GSDindex

persistent data described in chapter 4 was used as the third layer to provide data.

5.3 Client User Interface

Figure 5.3 shows the user interface extended in this research from the work of Xiao
[2000]. Two sub systems were designed and implemented in this application. The first
subsystem, implemented by Jun Xiao, was designed as an information system of the
world map, which provides a user with context information about the political borders,
rivers, lakes, and islands in a lake for the whole world [Xiao, 2000]. This subsystem also
helps a user to locate and define a query of metadata in the second subsystem. The second
subsystem, implemented in this research, enables a user to create and submit a metadata
query combining latitude, longitude bounding box, date and keyword searching and then

to list the metadata query results.
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Figure 5.3 User interface of the 3-tier client/server architecture.

The first subsystem provides the following services [Xiao, 2000]:

(1) Shows a map in a view window.

(2) Allows a user to select different thematic layers of the map information, and to

overlay any thematic layers (i.e. show a map with both political borders and

rivers ) if desired.

(3) The map shown in the view window can be expanded by choosing a rectangular

region to “Zoom in” on. The region for zooming in is selected by a mouse click and drag,

and the coordinate information of the region can also be shown in the text fields at the
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same time.

(4) Allows “zoom out” operation.

(5) Provides a global view service to help a user find the location in the world map of the

area which he/she selected to zoom in or zoom out (i.e. provides context information

about where in the world the user is searching).

(6) Provides a refresh service to allow a user to refresh all the parameters of the system.
The following components displayed in the interface were implemented in this research.

(1) “Set keywords” defines the keywords used in the metadata query. When searching, the

keywords searched are from the theme and place keywords of the ISO standard XML

metadata files.

(2) “Set date range” defines the date range for the metadata query. There are three

methods by which a date range can be set. The first method locates data within a certain

date range. For example, get all data between January 1, 1998 and August 7, 1998. The

second method locates data relative to a specific date. For example, “Get all metadata for

all dates before, equal to or after August 7, 1998”. The last method (which is also the

default method) is that XML metadata files with any dates will be returned.

(3) After a metadata query is defined (including latitude and longitude coordinates,

keywords or dates) the user can click the “Submit Metadata Query” button to submit a

metadata query.

(4) A list of XML metadata file names is returned after a metadata query is submitted.

“No Match” is displayed in this list if there is no metadata satisfying the query criteria.

(5) After a list of metadata file names are shown in the query result list, if the user clicks
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on any file name to select it, and then clicks the “Show Metadata” button, the XML
metadata file is shown on the screen.

As mentioned above, the author’s client Java applet program extended previous work
[Xiao, 2000]. This extension consists of adding one Java class f i | eFr anme and adding a
total of 500 lines of Java source code to Xiao’s existing applet of 1500 lines of Java

source code. The UML diagram showing the class structure is given in Figure 5.4.
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Figure 5.4 A UML diagram of the client applet program.
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5.4 Middle Tier Design

One common place for servlets, especially servlets that access a database, is in what is
called the “Middle Tier” [Hunter, 1998]. A middle tier connects the database to the client,
and is responsible for routing all client requests for services to the proper server
component.

On the Web, middle tiers are often implemented using servlets. Servlets provide a
convenient way to connect clients built using HTML forms or applets to back-end
servers. A client can communicate its requirements to the servlet using HTTP, and the

business logic in the servlet handles the request by connecting to the back-end server.

5.4.1. Introduction to Java Servlet

Java Servlet is server-side Java technology. The rise of server-side Java applications is
one of the latest and most exciting trends in Java programming. A servlet is a generic
server extension— a Java class that can be loaded dynamically to expand the
functionality of a server [Hunter, 1998]. Java Servlets provide web developers with a
simple, consistent mechanism for extending the functionality of a web server and for
accessing existing business systems. A servlet can be thought of as an applet that runs on
the server side [Sun, 1999a]. Servlets are the Java platform technology of choice for
extending and enhancing web servers. Servlets provide a component-based,
platform-independent method for building web-based applications. Unlike proprietary
server extension mechanisms (such as the Netscape Server APl or Apache modules),

Servlets are server- and platform-independent. This leaves you free to select a "best of
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breed" strategy for your servers, platforms, and tools.

Written in Java, servlets have access to the entire family of Java APIs, including the
JDBC API to access enterprise databases. Servlets can also access a library of
HTTP-specific calls, and all the benefits of the Java language, including portability,

performance, reusability, and crash protection.

5.4.1.1 Java Servlet Lifecycle

Servlets are always dynamically loaded, although servers usually provide an
administrative option to force servlet loading and initialization when the server starts up
[Hunter, 1998]. Servlets are loaded using normal Java class loading facilities, which
means that they may be loaded from remote directories as easily as from the local file
system. This allows for increased flexibility in system architecture and easier distribution
of services in a network.

Servers also vary in how they know when to load servlets. When a request comes in,
the server knows how to map it to a servlet, which may first need to be loaded. That
mapping is usually done in one of these common ways:

(1) Server administrators might specify that some kinds of client requests always
map to a particular servlet. For example, one servlet might handle all requests for a
particular database.

(2) Server administrators might specify that part of the client request is the name of
the servlet, as found in an administered servlets directory. At many sites, that directory is

shared between servers which share the processing load for the site's clients.
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(3) Some servers may be able to automatically invoke servlets to filter the output of
other servlets, based on their administrative configuration. For example, particular types
of servlet output can trigger postprocessing by other servlets, perhaps to perform format
conversions.

(4) Properly authorized clients might specify the servlet which is to be invoked,
without administrative intervention.

After being loaded, three main methods are involved in the lifecycle of a servlet:

(1) Servlets are activated by the server through an init call. Servlet writers may, if
they wish, provide their own implementation of this call, to perform potentially costly
(usually 1/0O intensive) setup only once, rather than once per request. Examples of such
setup include initializing sessions with other network services or getting access to their
persistent data (stored in a database or file; e.g. the GSDindex data structures).

(2) After initialization, servlets handle many requests. Each client request generates
one service upcall. These requests may be concurrent, which allows servlets to coordinate
activities among many clients.

(3) Requests are processed until the servlet is explicitly shut down by the web server,
by calling the destroy method. The servlet’s class may then become eligible for garbage
collection [JavaServer Product Group, 1999], which releases its memory back to the pool
of available storage.

5.4.2. Java Servlet Implementation
Figure 5.4 combines the 3-tier implementations shown in Figure 5.2 with the showfile

Java servlet and Jun Xiao’s GSDW Java servlet [Xiao, 2000]:
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Figure 5.4. Architecture for testing combined geospatial data queries. A medium

web browser supports Java applets.

(1) The GSDW Java sevlet was implemented by Jun Xiao [Xiao, 2000] and it
handles the proper display of the map images.

(2) “GSDindex” is composed of three separate data structures: one for bounding
boxes of the geospatial metadata (using an R-tree), a second one for geospatial metadata
dates, and a third one for strings to hold metadata keywords. An AVL tree is used for
both the date and keyword indexes. The GSDindex Java servlet handles the XML
metadata file query by loading the date, boundingbox and keyword GSDindex persistent
data (files storing serialized objects) and carrying out searching on the loaded R-tree and
AVL trees, as explained in chapter 4.

(3) The JDBC Java servlet deals with the XML metadata query by using the JDBC
API to generate and send SQL queries to the Oracle 8 database server.

(4) The showfile Java servlet accepts the XML file name as a parameter from the

client and returns the corresponding Ceonet ISO standard XML metadata file to the client.
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In summary, two different techniques were used to perform geospatial XML metadata
searches, as shown in Figure 5.2: (1)our own hybrid geospatial index data structure called
"GSDindex" and (2) connecting an Oracle database using JDBC.

The Java Applet-Java Servlet communication happens when all four different Java
servlets in Figure 5.4 exchange data with the client. Java servlet-database communication
techniques were used in the JDBC Java servlet programs. These two communication

techniques are discussed in the following sections.

5.4.2.1 Applet-Servlet Communication

There are two options for applet-servlet communication [Hunter, 1998]:
(1) Have the applet establish an HTTP connection to a servlet program on the server
machine. The applet acts like a browser and requests a page, parsing the response for its
own use. The applet can provide information using a query string or POST data and can
receive information from the returned page.
(2) Have the applet establish a raw socket connection to a non-HTTP servlet running on
the server machine. The non-HTTP servlet can listen to a particular port and
communicate with the applet.

Each of these approaches has advantages and disadvantages. Having an applet make an
HTTP connection to a servlet program works well for the following reasons:
(2) It’s easy to write. The applet can take advantage of the java.net. URL and

java.net. URLConnection classes to manage the communication channel.
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(2) It works even for applets running behind a firewall. Most firewalls allow HTTP
connections but disallow raw socket connections.

(3) It allows a Java applet to communicate with a program on the server side written in
any language. The server side program doesn’t have to be written in Java. It can be in
Perl, C, C++, or any other language.

(4) It works with applets written using JDK 1.0, so it works with all Java-enabled
browsers.

(5) It allows secure communication. An applet can communicate with a secure server.

The HTTP connection to a servlet program also has some problems, as follows:

(2) It’s slow. Due to the HTTP request/response paradigm, the applet and the servlet
program cannot communicate interactively.

(2) Only the applet can initiate communication. The servlet program has to wait passively
for the applet to request something before it can respond.

An applet and servlet can also communicate by having the applet establish a socket
connection to a non-HTTP server process. This provides the following advantage over the
HTTP-based approach: it allows bidirectional, sustained communication. The applet and
servlet can use the same socket to communicate interactively, sending messages back and
forth. For security reasons, the applet must always initiate the connection by connecting
to a server socket on the server machine, but after a socket connection has been
established, either party can write to the socket at any time.

A socket connection also has disadvantages versus the HTTP-based approach. It fails

for applets running behind firewalls. Most firewalls don’t allow raw socket connections,
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and thus they disallow this sort of applet-servlet communication. Therefore, this
mechanism should be used only when an applet is guaranteed to never run on the far side
of a firewall, such as for an Intranet application.

Since the author can not guarantee that the applet user will not run the applet behind a
firewall, and can not be sure if the user’s web browser supports Java 1.1 or above, the
HTTP data communication protocol was selected for this research.

Java object serialization has simplified the issues involved with formatting responses.
With both applets and servlets written in Java, it is only natural that they should
communicate by exchanging Java objects. In this research, the search result set’s XML

metadata file names were returned to the applets as a VVector object.

5.4.2.2 Servlet-Database Communication

The GSDindex Java servlet uses file storage on the local disk to store its persistent
data. The use of a flat file is fine for a small amount of data, but it can quickly get out of
control [Hunter, 1998]. As the amount of data grows, access times slow to a crawl. One
solution to this problem is a Relational Database Management System (RDBMS). Java
servlets, with their enduring life cycle, and JDBC (Java Database Connectivity), a well-
defined database-independent database connectivity APl (Application Program Interface),
are an elegant and efficient solution for web masters who need to hook their web sites to
back-end databases. In this research, the technology used in Java servlet and database
communication is JDBC, an API that enables database access in Java. It consists of a set

of classes and interfaces written in Java that allow the programmer to send SQL
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statements to a database server for execution and, in the case of an SQL query, to retrieve
query results.

An individual database system is accessed via a specific JDBC driver that implements
the java.sgl.Driver interface. Drivers exists for nearly all popular RDBMS systems [Sun,
2000]. A JDBC technology-based driver ("JDBC driver™") makes it possible to do three
things [Sun, 1999b]:

1.Establish a connection with a data source.
2.Send queries and update statements to the data source.

3.Process the results.

5.4.3 Java Web Server

Although many web server vendors support Java Servlet [Hunter, 1998], Sun’s Java
Web Server 1.1 was chosen as the web server in this research. Java Web Server was
written entirely in Java and fully supports Java Servlet. Starting the Java Web Server is
easy. Look for the httpd script (httpd.exe program under Windows) in the server_root/bin
directory (where server_root is the directory where the server is installed). This should
start the server if running under Solaris or Windows. In the default configuration, the
server listens on port 8080. There are several ways to access a servlet. In this research, the
author used explicit URL access with /servet/ prepended to the servlet’s class name. In
the Web browser enter: http:server:8080/servlet/classname. If the servlet is part of a
package, it would need to be placed in the server_root/servlets/package/name and

referred to with the URL http:server:8080/servlet/packagename.classname. For this
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research discussed here, the URL was

http:apollo.cs.unb.ca:8080/servlet/Ying.thesis.GSDW.

5.5 Oracle 8 Database Server

The Oracle 8 database server running on a Windows NT server in the Faculty of
Computer Science, University of New Brunswick was used as the server layer of the 3-
tier architecture showed in Figure 5.2 (a). As described in section 4.3, a relational

database with four simple tables was used.

5.6 Source Code Summary
Table 5.1 shows a summary of all source code written for this thesis.

Table 5.1 Summary of all source code written for this thesis.

Item Program Name Code language No. of lines
1 NTDB translator C++ 630
2 XML translator Java 2450
3 searchRTreeAVL Java 1300
4 GSDindex servlet Java 276
5 ShowfFile servlet Java 61
6 JDBC servlet Java 550
7 GSDWThinClient Java 2000 (1500 lines from
Xiao [2000]
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Chapter 6 Test Results

6.1 Test Data

Testing was carried out using 6979 geospatial FGDC CSDGM XML metadata files
from CEONet [CEONet, 2000]. Fugun Zhou of the CCRS Department of Natural
Resources Canada kindly supplied us these metadata files. The metadata files require a
space of about 100MB and they all look like the file in Appendix Ill. For example, file
“com==Canadian_Seabed Research_Ltd@DOT@==Canadian_Beaufort_Sea Ice_Scour
_Database” has the contents as shown in Appendix XI. The same file after transformed to
ISO standard is listed in Appendix XII. These FGDC standard XML metadata files were
transformed to 1SO standard XML metadata files by the XML translator and XSLT. The
XML translator 1862.16 seconds and and XSLT required 6 hours 14 minutes and 57
seconds, i.e. XSLT took about 12 times longer to do the translation.

Two different techniques were used to carry out geospatial XML metadata queries; our
own hybrid geospatial index data structure called "GSDindex" and connecting to an

Oracle database using JDBC.

6.2 Test Results of R-Tree, AVL Tree Index and Oracle 8 Database

Test results with 6979 CEONet ISO XML metadata files have been obtained for both
the GSDindex and Oracle 8 database implementations. Testing was carried out using a
Sun Ultra 5 workstation pituit with 1228MB RAM running the Solaris 2.6 operating

system. For testing purpose, both the client Web browser and the Java Web Server were
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running on the same workstation.
The times to build the R-tree and AVL trees from the 6979 CEONet ISO XML
metadata files are listed in Table 6.1.

Table 6.1 Time to build GSDindex data structures.

Run Time (in seconds)

Build the Tree Build and Write to a File
bounding box R-tree 602.37 621.40
date AVL tree 425.29 425.59
keywords AVL tree 1510.54 1663.29

The times to load the R-tree and AVL trees in the GSDindex Servlet are listed in Table

6.2.

Table 6.2 Time to load the GSDindex into the Java servlet.

Time to load the GSDindex in servlet (in seconds)

bounding box R-tree 46.17
date AVL tree 0.62
keywords AVL tree 97.43

A relatively long time is required to initially load the GSDindex data structures (saved
as serializable Java objects) into the GSDindex Java servlet. This may slow down the first
time query when the GSDindex servlet is initialized by the Java Web Server. |
encountered difficulties in loading bounding box the R-tree object. Due to the large
amount of data (724KB), when loading, the readObject() method of ObjectinputStream
class gave a “segmentation fault”. This was overcome by changing the R-tree
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implementation m (see section 4.2) value from 4 to 50.

The time to build the Oracle tables was 3989.12 seconds.

The search time is the time that it takes the client to get query results after the request
is sent out. Both the web browser and the server programs were running on the same
workstation for the tests. Search times for querying only bounding boxes of both
approaches are listed in Table 6.3. The results in tables 6.3 to 6.9 are the average of 10
separate runs for each trial, and were timed using the getTime() method of java.util.Date
class.

Table 6.3 Comparison of average search times for bounding box queries.

Average Search Time (in seconds)
Trial | Bounding Box Number of | GSDindex | Oracle Ratio
NO. [ Size (degrees) | files returned database | (Oracle/GSDindex)
1 360 x 180 6977 69.50 114.62 1.65
2 160 x 160 3324 27.43 53.46 1.95
3 120 x 80 2162 17.38 41.84 241
4 160 x 80 3406 29.05 65.84 2.27
5 80 x 80 3896 33.03 78.04 2.36
6 40 x 40 1780 14.82 34.57 2.33

The average ratio for the query time of the Oracle database approach to that of the
GSDindex approach was 2.16.

Search times for querying only keywords of both approaches are listed in Table 6.4.
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Table 6.4 Comparison of average search times for keyword queries.

Average Search Time (in seconds)
Trial | Keywords Number of GSDindex | Oracle Ratio
NO. files returned database | (Oracle/GSDindex)
1 | earth science 6537 61.95 137.18 2.21
2 | oceans 1523 9.41 33.56 3.57
3 | Canada 718 5.14 13.69 2.66
4 | transportation 119 0.85 3.00 3.53
5 | new brunswick 108 0.89 2.88 3.24
6 China 74 0.50 242 4.84

The average ratio for the search time of the Oracle database approach to that of the

GSDindex approach was 3.34.

Search times for querying only dates of both approaches are listed in Table 6.5. The dates

are in YYYYMMDD format.

Table 6.5 Comparison of average search times for date queries.

Average Search Time (in seconds)

Trial Dates Number of GSDindex | Oracle Ratio
NO. files returned database | (Oracle/GSDindex)
1 0-21001010 825 6.91 15.87 2.30
2 before 669 5.54 12.90 2.33
19991117
3 19981010- 517 4.58 10.36 2.26
19991010
4 after 19991010 250 2.11 5.36 2.54
5 |equalto 2 0.24 0.66 2.75
19991117
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The average ratio for the search time of the Oracle database approach to that of the
GSDindex approach was 2.44.
Search times for querying bounding boxes and keywords of both approaches are listed in

Table 6.6. The keyword searched was “Canada”.

Table 6.6 Comparison of average search times for bounding box and keyword queries.

Average Search Time (in seconds)
Trial | Bounding Box Number of | GSDindex | Oracle Ratio
NO. Size files returned database | (Oracle/GSDindex)
1 360 x 180 710 6.48 16.80 2.59
2 160 x 160 346 3.05 9.70 3.18
3 120 x 80 39 0.65 3.10 4.77
4 160 x 80 115 1.59 5.32 3.97
5 80 x 80 597 4.82 15.19 3.15
6 40 x 40 39 0.68 3.05 4.49

The average ratio for the search time of the Oracle database approach to that of the
GSDindex approach was 3.69.
Search times for querying bounding boxes and dates of both approaches are listed in

Table 6.7. The date range is from October 10" , 1998 to October 10", 1999.
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Table 6.7 Comparison of average search times for bounding box and date queries.

Average Search Time (in seconds)
Trial | Bounding Box | Number of [ GSDindex | Oracle Ratio
NO. Size files returned database | (Oracle/GSDindex)
1 360 x 180 594 5.41 11.26 2.08
2 160 x 160 356 3.18 6.86 2.16
3 120 x 80 206 1.79 4.13 231
4 160 x 80 278 2.71 5.95 2.20
3) 80 x 80 416 3.55 8.23 2.32
6 40 x 40 179 1.53 3.50 2.29

The average ratio for the search time of the Oracle database approach to that of the
GSDindex approach was 2.23.
Search times for querying keywords and dates of both approaches are listed Table

6.8.The dates are in YYYYMMDD format.
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Table 6.8 Comparison of average search times for keyword and date queries.

Average Search Time (in seconds)

Trial keywords dates Number | GSDindex | Oracle Ratio
NO. of files database (Oracle/
returned GSDindex)
1 earth science 19981010- 517 4.42 10.11 2.29
19991010
2 Canada 19981010- 246 1.88 5.63 2.99
19991010
3 oceans before 180 1.38 5.24 3.80
19991212
4 new brunswick | after 104 0.93 3.16 3.40
19990000
5 | transportation | after 26 0.36 1.89 5.25
19981010
6 China 0- 4 0.26 1.08 4.15
21000000

The average ratio for the search time of the Oracle database approach to that of the
GSDindex approach was 3.65.

Search times for querying bounding boxes, keywords and dates of both approaches are
listed Table 6.9. The keyword searched was “Canada” and the date range is from October

10" ;1998 to October 10", 1999.
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Table 6.9 Comparison of average search times for bounding box, keywords and date

queries.
Average Search Time (in seconds)
Trial Bounding Number of | GSDindex | Oracle Ratio
NO. Box Size files returned database | (Oracle/GSDindex)
1 360 x 180 245 3.16 6.55 2.07
2 160 x 160 141 1.73 4.32 2.50
3 120 x 80 16 0.53 1.85 3.49
4 160 x 80 29 1.03 2.09 2.03
5) 80 x 80 173 1.61 5.10 3.17
6 40 x 40 16 0.48 1.76 3.67

The average ratio for the search time of the Oracle database approach to that of the
GSDindex approach was 2.82.

Table 6.10 summarizes the ratios for the search time of the Oracle database approach to
that of the GSDindex approach when the search domain changes.

Table 6.10 Summary of search time ratios.

Search Domain Ratio (Oracle/GSDindex)
Bounding box 2.16
Keywords 3.34
Dates 244
Bounding box + keywords 3.69
Bounding box + dates 2.23
Keywords + dates 3.65
Bounding box + keywords + dates 2.82
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From Table 6.10 we can see that GSDindex approach is about two and a half ((2.16 +
3.34 + 2.44)/3 = 2.65) times as fast as the Oracle database approach when only one type
of data (e.g. bounding box) is queried. GSDindex approach is about three ((3.69 + 2.23 +
3.65)/3 = 3.19) times as fast as the Oracle database approach when two types of data (e.g.
bounding box and date or bounding box and keywords) are queried. When all three types
of data are searched, the GSDindex approach is also about three (2.82) times as fast as the
Oracle database approach.

From the above observations, we can say that search using data structure indexing (e.g.
R-tree) is more efficient than the Oracle database table search. When combined data
queries are carried out, it appears that the GSDindex approach’s set intersection
procedure is also a little faster than that of the Oracle database. The test results agree with
what was expected. The Oracle relational database was expected to be slower due to SQL
queries against a database stored on disk. The GSDindex approach was expected to be
faster because it carried out its queries on the data objects loaded in memory. Considering
the ratio of memory access speed to disk access speed, which can be thousands of times

greater, the Oracle database performance is better than expected.
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Chapter 7 Conclusions and Future Work

7.1 Related Work

The proliferation of applications that retrieve geospatial data from multiple
heterogeneous data sources has served as a catalyst for the research in areas of geospatial
metadata integration and query processing. Much of the work on geospatial metadata
search engines has focused on one or more local metadata representations. FGDC has a
clearinghouse search site [FGDC, 1999] which allows users to search FGDC metadata
files by defining search criteria (geospatial coordinates, date range and/or keywords) and
servers. Other similar search site are the CEONet server sponsored by Natural Resources
Canada [CEONet, 2000] and the Master Environmental Library sponsored by the U.S.
Dept. of Defense [MEL, 1999]. No search engines has been built to search 1ISO
geospatial metadata files.

This research provides the first systematic, scientific transformation of FGDC
geospatial metadata standard files to ISO geospatial metadata standard files. This research
has also built efficient search engines to search ISO geospatial metadata files on the Web

so as to aid discovery and browsing of geospatial data.

7.2 Conclusions

We have defined an XML standard for geospatial metadata based on the ISO/TC 211
draft standard that appears to work effectively. In addition, we have made a preliminary
pass at defining a formal grammar for geospatial metadata. This formal grammar uses
XML tags (based on the 1ISO “short name”) to precisely define the limits of each metadata
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entity. We have also described an initial formal context free grammar representation that
precisely defines how the geographic information metadata sentences are correctly
constructed.

Building on previous research, a complete three-tier system for Web-based geospatial
data search was designed, implemented using Java servlets in the middle tier and tested.
Two different search engine approaches were used. The first, called GSDindex, is based
on three independent data structures (i.e. an R-tree and two AVL trees). The second
approach used a relational (Oracle 8) database.

Test results (carried out on 6979 geospatial metatada files) indicate that the GSDindex
approach for web-based querying of geospatial metadata handles each query about 2.5
times as fast as the Oracle 8 database approach when only one type of data (e.g. bounding
box) is searched. GSDindex approach is about 3 times as fast as the Oracle database
approach when two types of data (e.g. bounding box and date or bounding box and
keywords) are queried. When all three types of data are searched, the GSDindex approach
is also about 3 times as fast as the Oracle database approach.. From the test results, we
can conclude that search using data structure indexing (e.g. R-tree) is more efficient than
the Oracle database table search. When combined data queries are carried out, it appears
that the GSDindex approach’s set intersection procedure is also faster than that of the

Oracle database.
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7.3 Future Work

We expect that the GSDindex performance can improve if we develop a data structure
capable of supporting efficient search of combined spatial (e.g. bounding box), keyword
and date queries. Such a data structure would be particularly valuable if it supported
hierarchical organization of very large collections of spatial data. In addition, a formal
investigation of how to specify XML for such combined geospatial data queries and

geospatial data update operations would be worthwhile.
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APPENDIX | Sample NTDB Metadata

The demongtration data set 063c03.met [NTDB, 1999] metadatain NTDB (Nationa

Topographic Data Base) format.
BEG N FI LE
BEG N TERRI TORY_SECTI ON
NTS 063C03
DATA_SET_NAME SWAN RI VER
PROVI NCE MB ( Mani t oba)

ZONE_NUMBER 1 14
ZONE_NUMBER 2 -1
PCT_OF_LAND 100

SPECI AL_LIM TS N (Nor mal )

END TERRI TORY_SECTI ON
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrred
BEG N DATA_SET_SECTI ON

EDI TI ON_VERSI O 2. 02

NTDB_SPEC 3.1

DATE_AVAI LABLE 23- SEP-98

FORMAT | FF- BNDT- 3. 0

FORMAT CCOGE F-P3. 0

UNI T_CONTOURS P (Foot (feet))
CONTOUR_| NTERV 25
CONT_AUXI LI ARY -1

DI MENSI ON
MAP_EDI T1 ON
COMVENT
END

BEG N
NORTH_EDGE
SOUTH_EDGE
EAST_EDGE
WEST_EDGE
END

BEG N
NB_POL YGONS
BEG N
| D_POLYGON
COORDI NATES

5791789
COORDI NATES
ENTI TI ES
ENTI TI ES
ENTI TI ES
SOURCE_TYPE
SOURCE_NANME

2D
2

DATA_SET_SECTI ON
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnd

| NTEGRATI ON_SECTI ON

O (Yes)

I (I nperfect)

O (Yes)

O (Yes)

| NTEGRATI ON_SECTI ON
rrrrrrrrerrrrrerrrrrrerrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrnd

POLYGON_SECTI ON

2

POLYGON

0001

362705 5762926 345545 5763428 328386 5763989 329344

346408 5791229 363471 5790728 362705 5762926
P 1-1849, 1856- 2047

L 1-1809, 1825-2047

S 1-1829, 1834-2047

REPRO (Reprographic material)

063C03- ED2



VALI D_DATE 1976/ 00
PLAN_ACCU_QUAL E (Esti mat ed)
PLAN_ACCURACY 50

ALTI _ACCU_QUAL E (Esti mat ed)
ALTI _ACCURACY 5

RES PLAN_ACC 50

PLAN_ACCU_QUAL

ACTI ON ACQ. COWP. SCAN (Conpl ete acquisition of entities by
scanni ng)

| MPACT_ACT_C S (Systenmtic)

| MPACT_ACT_P N (No)

POL_ED_ VER 2.00

COMMENT

END POLYGON
I

BEG N POLYGON

| D_POLYGON 0002

COORDI NATES 362705 5762926 345545 5763428 328386 5763989 329344

5791789

COORDI NATES 346408 5791229 363471 5790728 362705 5762926

ENTI Tl ES P 1850- 1855

SOURCE_TYPE BDN+CARTE (Di gital data base and paper map)

SOURCE_NAME BDTC- MB- 1995

VAL| D_DATE 1976/ 00

I (Unknown / Non-applicabl e)

PLAN_ACCURACY -1
ALTI _ACCU QUAL | (Unknown / Non-applicabl e)
ALTI _ACCURACY -1
RES_PLAN_ACC -1

ACTI ON ACQ TO (Acqui sition of toponyny)
| MPACT_ACT_C S (Systenmtic)

| MPACT_ACT_P N (No)

POL_ED_ VER 2.00

COMMENT

END POLYGON
I

END POLYGON_SECTI ON
prrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrd
BEG N THEMES_SECTI ON
NB_THEMES 14

BEG N THEME

NAVE AD (Designated Area)
AVAI L_THEME O (Yes)

RESCLUTI ON 50000

NB_KM 17

NB_PO NTS 2

END THEME
I

BEG N THEME

NAVE CH ( Roads)

AVAI L_THEME O (Yes)

RESCLUTI ON 50000

NB_KM 207

NB_PO NTS 0

END THEME



BEG N
NAVE
AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE
AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE
AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE
AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE
AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE
AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE
AVAI L_THEME
RESOLUTI ON
NB_KM

THEME

CO (Mannade Feat ures)
O (Yes)

50000

36

1737

THEME

THEME

FO (Reli ef and Landf ormns)
O (Yes)

50000

0

1

THEME

THEME

CGE (Ceneral)
O (Yes)
50000

124

0

THEME

THEME

HD ( Hydr ogr aphy)
O (Yes)

50000

923

1

THEME

THEME
HP (Hypsography)
O (Yes)

50000

1769

0

THEME

THEME

LA (Admini strative Boundari es)

N (' No)
-1

0

0
THEME

THEME

RE ( Power Net wor k)
O (Yes)

50000

38



NB_POI NTS
END

BEG N
NAVE

AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE

AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE

AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE

AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

BEG N
NAVE

AVAI L_THEME
RESOLUTI ON
NB_KM
NB_POI NTS
END

|

END

0
THEME

THEME

RF (Rai |l Network)
O (Yes)

50000

51

0

THEME

THEME

RR ( Road Net wor k)
O (Yes)

50000

670

0

THEME

THEME

SS (Water saturated soils)
O (Yes)

50000

34

0

THEME

THEME

TO (Toponyny)
O (Yes)

50000

0

43

THEME

THEME

VE (Vegetation)
O (Yes)

50000

1381

0

THEME

THEMES_SECTI ON



APPENDIX Il SampleNTDB FGDC Metadata

The 063c03.txt metadata file in FGDC format obtained from the software developed by
Ying Teng in the Faculty of Computer Science, University of New Brunswick using

063c03.met asinput file.

I dentification_Information
Citation:
Citation_Information:

Originator: Canadi an Government Agenci es: NRCan
Publ i cation_Date: 1998-09-23
Title: SWAN RI VER
Edi tion: 2.02
Onl i ne_Li nkage:

http://ww. ccg. rncan. gc. cal/ ext/ htm /english/products/ntdb/denontd5. htm
Descri ption:
Abstract:
The Nati onal Topographic Data Base (NTDB) is a digital data base
devel oped by Geomatics Canada. It covers the entire Canadi an
| andmass and contains the features normally found on topographic
maps at the scales of 1:50 000 and 1: 250 000: hydrography,
hypsography (contours), vegetation, the road network, roads, the
rail network, the electric power network, designated area, |and
form wetlands, and manmade features.

In addition to allowing map production, the NTDB is highly usefu
to users of geographic information systens (G5S).

This data set has been extracted froma conplete NTDB
Denmonstration Data File at the scale of 1:50 000. It covers the
area of SWAN RIVER , MB Mani toba), Canada and bears the nunber
063C03 based on the National Topographic System (NTS).

Pur pose:



To provi de Canadi ans with topographic and toponym c information
to support the sustainable devel opnment of natural resources,
envi ronnental protection and the managenent of Canadian territory.

Spati al _Domai n:
Boundi ng_Coor di nat es:
West _Boundi ng_Coordi nate: -101.50
East _Boundi ng_Coordi nate: -101.00
Nor t h_Boundi ng_Coordi nate: 52.25
Sout h_Boundi ng_Coor di nate: 52.00
Keywor ds:
Therme:
Theme_Keywor d: AD( Desi gnated Area)
Theme_Keywor d: CH( Roads)
Theme_Keywor d: CO( Manmade Feat ures)
Theme_Keyword: FO(Relief adn Landformns)
Theme_Keywor d: CGE(General)
Theme_Keywor d: HD( Hydr ogr aphy)
Theme_Keywor d: HP(Hypsography)
Theme_Keyword: LA(Adni nistrative Boundari es)
Theme_Keyword: RE(Rail NetworKk)
Theme_Keywor d: RR(Road Net wor k)
Theme_Keywor d: SS(Wat er Saturated Soil s)
Theme_Keyword: TOQ( Toponyrny)
Theme_Keywor d: VE( Veget ati on)
Pl ace:
Pl ace_Keywor d: SWAN RI VER
Pl ace_Keyword: MB ( Mani t oba)
Pl ace_Keyword: Canada
Pl ace_Keyword: North Anmerica
Access_Constrai nts: None
Use_Constraints: None
Data_Quality_Information:
Posi ti onal _Accuracy:
Hori zontal _Positional _Accuracy:
Hori zontal _Positional _Accuracy_Report: 50
Vertical _Positional _Accuracy:
Vertical _Positional _Accuracy_Report: 5
Spati al _Data_Organi zation_I nformati on:
Direct _Spatial _Reference_Method: Vector
Spati al _Reference_I nformation:
Hori zont al _Coor di nat e_Syst em Definition:
Pl anar:
Map_Proj ecti on:
Map_Proj ecti on_Nane: UTM projection
Geodet i c_Model :
Hori zont al _Dat um Nane: North Anerican Datum of 1927
Vertical _Coordi nate_System Definition:
Al titude_System Definition:
Al titude_Datum Nane: Mean Sea Level
Al titude_Distance_Units: 25.0
Al titude_Encodi ng_Met hod: feet
Entity _and_Attribute_Information:
Det ai | ed_Descri pti on:
Entity Type:



Entity Type_Label : Pol ygon
Met adat a_Ref erence_I nf ormati on:
Met adat a_St andard_Nane: FGDC Content Standards for Digital Geospatial
Met adat a
Met adat a_St andard_Ver si on: CSDGM Version 2 - FGDC- STD-001-1998



APPENDIX Il SampleNTDB FGDC XML M etadata

The 063c03.xml obtained from mp using 063c03.txt asinpt file.

<?xm version="1.0" encodi ng="1S0O 8859-1"?>

<! DOCTYPE net adat a

SYSTEM' htt p: / / wwww. f gdc. gov/ met adat a/ f gdc- st d- 001- 1998. dt d" >

<net adat a>

<i di nf o>

<citation>

<ci t ei nf o>

<ori gi n>Canadi an Governnent Agenci es: NRCan</ori gi n>

<pubdat €>1998- 09- 23</ pubdat e>

<title>SWAN RIVER</title>

<edi tion>2.02</edition>

<onl i nk>http://www. ccg.rncan. gc. cal/ext/htm /english/products/ntdb/denont
d5. htm

| </ onlink>

</citeinfo>

</citation>

<descri pt >

<abstract>

The Nati onal Topographic Data Base (NTDB) is a digital data base
devel oped by

GeomaticsCanada. It covers the entire Canadi an | andmass and contains the
features normally found on topographic maps at the scales of 1:50 000
and

1: 250 000: hydrography, hypsography(contours), vegetation, the road
net wor k,

roads, the rail network, the electric powernetwork, designated area,

| and

form wetlands, and manmade features.

In addition to allowi ng map production, the NTDB is highly useful to
users of
geographic information systens (GS).

This data set has been extracted froma conplete NTDB Denonstration Data
File

at the scaleof 1:50 000. It covers the area of SWAN RI VER , MB
(Mani t oba) ,

Canada and bears the nunber 063C03 based on the National Topographic
System

(NTS) .

</ abstract >

<pur pose>

To provi de Canadi ans with topographic and toponym c information to
support the

sust ai nabl edevel opnent of natural resources, environnmental protection
and the

managenent of Canadian territory.

</ pur pose>



</ descri pt >

<spdon®

<boundi ng>

<west bc>- 101. 50</ west bc>

<east bc>-101. 00</ east bc>

<nort hbc>52. 25</ nort hbc>

<sout hbc>52. 00</ sout hbc>

</ boundi ng>

</ spdomn»

<keywor ds>

<t heme>

<t henmekey>AD( Desi ghat ed Area) </t henekey>
<t henmekey>CH( Roads) </t henekey>

<t henmekey>CO( Manmade Feat ures) </t henekey>
<t henmekey>FQ( Rel i ef adn Landf orms) </t henekey>
<t henmekey>CE( Gener al ) </t henekey>

<t henmekey>HD( Hydr ogr aphy) </ t henekey>
<t henmekey>HP( Hypsogr aphy) </ t henekey>
<t hemekey>LA( Adni ni strative Boundari es)</thenekey>
<t henmekey>RE( Rai | Networ k) </t henekey>
<t henmekey>RR( Road Networ k) </t henekey>
<t henmekey>SS(Wat er Saturated Soil s)</thenekey>
<t hemekey>TQ( Toponymny) </ t henekey>

<t henekey>VE( Veget ati on) </t henekey>
</t hene>

<pl ace>

<pl acekey>SWAN RI VER</ pl acekey>

<pl acekey>MB (Mani t oba) </ pl acekey>
<pl acekey>Canada</ pl acekey>

<pl acekey>North Ameri ca</ pl acekey>

</ pl ace>

</ keywor ds>

<accconst >None</ accconst >
<useconst >None</ useconst >

</i di nf o>

<dat aqual >

<posacc>

<hori zpa>

<hori zpar>50</ hori zpar >

</ hori zpa>

<vertacc>

<vertaccr>5</vertaccr>

</vertacc>

</ posacc>

<spdoi nf o>

<di rect >Vector </ di rect >

</ spdoi nf o>

<spref >

<hori zsys>

<pl anar >

<meppr oj >

<mappr oj n>UTM pr oj ecti on</ mappr oj n>
</ mappr oj >

</ pl anar >



<geodeti c>

<hori zdn>North Anerican Datum of 1927</hori zdn>
</ geodeti c>

</ hori zsys>

<vert def >

<al tsys>

<al t dat unkMean Sea Level </ al t dat un»
<al tuni ts>25.0</al tunits>

<al tenc>feet </ al tenc>

</al tsys>

</vertdef>

</spref>

</ dat aqual >

<eai nf o>

<det ai | ed>

<enttyp>

<enttypl >Pol ygon</enttypl >

</enttyp>

</ det ai | ed>

</ eai nf 0>

<net ai nf o>

<net st dn>FGDC Content Standards for Digital Geospatia
Met adat a</ net st dn>

<net st dv>FGDC- STD- 001- 1998</ net st dv>
</ nmet ai nf 0>

</ net adat a>



APPENDI X IV Comparison of FGDC and |1 SO elements

ISO 19115 standard | FGDC CSDGM I

or the

data
pdated

ata

sion of

S

ation

Name / Role Short Name Definition Name / Role Short Definition
name name Name
MD_Metadata Metadata Information about the Metadata metadata data about the conte
metadata quality, condition, andjother
characteristics of dath
fileldentifier filelD Unique identifier forfthis
metadata file
language lang Language used for
documenting metadhta
characterSet charSet Full name of the 1SC
character coding
standard used for the
metadata set
parentldentifier parlD Unique identifier of fhe
parent metadata filg
hierarchyLevel hierLev Scope to which the
metadata applies
hierarchyLevelNamiehierLevName Name of the hierarchy
level
contact contact Party responsible fqr thetadata Contact | metc the party responsible|
metadata informatioh metadata information
date date Date that the metadptietadata Date metd the date that the met
were created or lagt were created or last
updated
metadataStandardNamiStanName Name of the metaddtaVletadata Standarq metstdn the name of the meta
e standard used Name standard used to docgment
the data set
metadataStandardViedStanVer Version of the metadMatadata Standarq metstdv identification of the v
on standard used Version the metadata standarj used
to document the datafpet
Role name: spatReplnfo Digital mechanism ys&patial Data spdoinfo the mechanism used
spatialRepresentatjonin to represent spatial] Organization represent spatial info
fo information in the d3tastetrmation in the data set
Role name: refSysinfo Description of the spagjstial spref the description of
referenceSystemihfo and temporal referqne@ference the reference frame
systems used in thg | 1t ormation for, and the means
dataset
to encode,
coordinatesin the
data set




d
rd

ISO 19115 standard FGDC CSDGM
Name / Role Short Name Definition Name / Role Short Definition
name name Name
Role name: metExtensinf Information describihdvetadata Extensiopsnetextns a reference to exten
metadataExtensiofinfo metadata extensionfp elements to the stan
which may be defineq by a
metadata producer ofla user
community
Role name: idInfo Basic information alpddentification idinfo basic information ab(ljt the
identificationInfo the resource for wiidhformation: data set
the matadata is abolt
Role name: featColl A collection of
featureCollection geographic data to which
metadata applices
Role name: featCatlnfo Information about a
featureCataloguelfifo catalogue which defines
and describes the fpature
types, functions,
attributes, and
relationships, occurfing
in a set of geograpljic
data
Role name: distinfo Provides informatiof Distribution Informétidistinfo -- information about tl
distributionInfo about the distributof of distributor of and optipns for
and options for obtdining obtaining the data se
the dataset
Role name: dataQuallnfo Provides overall Data Quality dataqual a general assessmerl of the
dataQualitylnfo assessment of qualtyndérmation quality of the data se
data
Role name: portCatinfo Provides informatio
portrayalCatalogugInfo about the catalogud of
rules defined for th
portrayal of data
Role name: metConst Provides restrictiong on
metadataConstrairjts the acess and use pf data
Role name: appSchinf Provides informaitol
applicationSchemgIinfo about the conceptugl
schema of a datasqt
Role name: metaMaint Provides informatiol
metadataMaintenghce about the frequency of
metadata updates, §nd the
scope of those updhtes
Role name: propTyp Metadata is associdted
propertyType with the property of a
feature
Role name: featTyp Metadata is associdted

featureType

with feature types
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ary of

q

tions
t was

ation

*

ho
set.

nance
set.

ta set

latitude

Name / Role Short Name Definition Name / Role Short Definition
name name Name
Role name: featAtt Metadata is associgdted
featureAttribute with the characterigtic(s)
of a feature
Role name: feat Metadata is associgdted
feature with an abstractionjof real
world phenomena
Role name: aggbDS Metadata is associdted
aggregateDataset with multiple datasefs
MD_lIdentificat | idInfo Basic information alpddentification idinfo basic information abojt the
ion data Information: data set.
language lang Language(s) used yvithin
the dataset
characterSet charSet Full name of the 1SC
character coding
standard used for the
data
abstract abstract Brief narrative sumastract abstract a brief narrative sum
of the content of th the data set.
dataset
purpose purpose Summary of the intgnftarpose purpose a summary of the int
with which the datgset with which the data
was developed developed
supplementalinformatigoplinfo Other descriptive | Supplemental supplinf other descriptive info
n information about the Information about the data set
dataset. Example; Djata
Model
credit credit Recognition of thosg Bdita Set Credit datacred recognition of those
contributed to the dptaset contributed to the dat
status status Status of dataset | Status status the state of and main
information for the d
environment envir Description of the dhtsaétve Data Set native a description of the
in the producer's Environment in the producer's progessing
processing environfent. environment
geographicBox geoBox Geographic areal d@nigaanding Coordingtémunding the limits of coveragelof a
of the dataset data set expressed b
and longitude
geographicDescrigtigroDesc Commonly used or jvell
known name of a place,
area or region whigh
describes a spatial
domain of the dataget
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application(s) for w
the dataset has begq
being used by diffe
users

hich
n or is
ent

erence

an

about

Name / Role Short Name Definition Name / Role Short Definition
name name Name
spatialResolution | spatRes Factor which provides a
general understand|ng of
the density of spatidl data
in the dataset.
category category Keywords, describihg a
subject of a datase
datasetCitation dsCitation Recommended refdreditation Informatio} citeinfo the recommended rq
to be used for the dataset to be used for the dath set.
datasetExtent dsExt Additional informatign
about the bounding
polygon, vertical, ard
temporal extent of the
dataset
datasetPointOfContasPOC Identification of, anq Point of Contact | ptcontac contact information fg
means of communidation individual or organizagon
with, person(s) angl that is knowledgeabld
organisations(s) the data set
associated with th
dataset
Role name: dsMaint Provides informatio
datasetMaintenange about the scope angl
frequency of updating
Role name: graphOver x Provides a graphif that
graphicOverview illustrates the dataspt
Role name: dsFormat Provides a descriptfn of
datasetFormat the form of the datg{to be
distributed
Role name: descKey Provides keywords] their
descriptiveKeywolds type, and referencg
source
Role name: dsSpecUse Provides basic
datasetSpecificUse information about specific
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Rt of

ssing

dataset

Name / Role Short Name Definition Name / Role Short Definition
name name Name
Role name: dsConst Provides informatio
datasetConstrai about constraints vfhich
nts the dataset must fa
under
MD_Imagelde ImagelD Information requireg
ntification identifying a series pf
images.
passSequenceldeptiassSeqID Number that uniquely
identifies the pass
performed by a plajform
imageOrhbitalldentiffeimagOrbID identifier for the orbjtal
path of a platform ahd the
row along an orbita] path
of a platform
orbitNumber orbNum Numer of the orbit i}
which the image wgs
taken
MD_Keywords | Keywords Keywords, their type l€egwords keywords words or phrases
reference source summarizing an aspe
the data set.
keyword keyword Common-use word[s) or
phrase(s) used to
describe the subjeqt
type type Method used to gropip
similar keywords
thesaurusName thesaName Name of the formall
registered thesaurys or a
similar authoritative
source of keyword
MD_DataConst | DataConst Restrictions on the
raints access and use of p
dataset or metadatg
useLimitation useLimit Any limitation affecfng
the fitness for use ¢f the
dataset
MD_LegalCon LegalConst Restrictions and legal
straints prerequisites for
accessing and usinf the
dataset
accessConstrainty accConst Access constraintg ohccess Constrainfsaccconst restrictions and legal
limitations on obtainhg prerequisites for acc
the dataset the data set.
useConstraints useConst limitationson using theéJse Constraints useconst restrictions and legal

prerequisites for usin

the

data set after accessfs

granted
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Name / Role Short Name Definition Name / Role Short Definition
name name Name
otherConstraints | othConst Other restrictions apd
legal prerequisites
MD_Maintena Maintinfo Information about the
ncelnformatio scope and frequengy of
n updating
maintenanceAndUpdaaintUpFreq Frequency with whidiaintenance and | update the frequency with which
Freq changes and additignslpdate Frequency changes and additiong are
are made to the dathset made to the data set jfter the
after the initial dataget is initial data set is comfeted.v
completed.
otherMaintenancelpestbMaintPer Maintenance periodjother
d than those defined
updateScope upScp Scope at which chgnges
are applied
updateScopeDesdiptxscpDesc Additional informatign
n about the range or gxtent
of the dtataset
MD_SpatialRe SpatRep Digital mechanism ys&patial Data spdoinfo -- the mechanism usejl to
presentation to represent spatial] Organization represent spatial infofmation
information Information in the data set.
representationTypg repType Method used to repfesent
geographic informagion
MD_ImageSpa | ImgSpatRes Relevant data abou] the
tialRepresent image used to reprgsent
ation geographic informagion
imageldentifier imagelD Unique discriptor fof an
image within a datapet
series
imageType imageType Identifies the generdl kind
of image representqd by
the data
meanGroundSampleDieanGrSampDsy Geometric mean of fhe
stance across and along sgan
centre-to-centre diftance
between continuou
ground samples in
metres
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Name / Role Short Name Definition Name / Role Short Definition

name name Name

groundTolmageCdef§clolmgCoAvI Code which indicatgs

ientAvailability whether or not Groyind-
to-Image coefficiengs are
available and contafed
within the product data

MD_RasterSpa | RastSpatRep Types and numberg dRaster Object rastinfo the types and numbefe of

tialRepresent raster spatial objecfs information raster spatial objects jh the

ati the dataset data set

ion

cellType cellType Raster spatial objeqsRaster Object Typg rasttype raster spatial objects jpised to
used to locate zergt, two- locate zero-, two-, orrhree—
, or three-dimensiorjal dimensional locationsjn the
locations in the datgdset data set

cellOrigin cellOrig Location of pixel 1,1
(example NW corndgr)

rows rows Maximum number of Row Count rowcount the maximum number pf
raster objects alond the raster objects along tfje
ordinate (y) axis ordinate (y) axis

columns cols Maximum number of Column Count colcount the maximum number pf
raster objects alond the raster objects along tfje
abscissa (x) axis abscissa (x) axis.

verticals verts Maximum number of Vertical Count vrtcount the maximum number pf
raster objects alond the raster objects along tfje
vertical (z) axis vertical (z) axis

ScanResolution scanRes Units used to exprelss
data density along the
axes

groundSpacing grSpac Unit of measuremerjt
used to describe the
distance

MD_GroundSp

acingResoluti

on

Role name: cellDom Provides informatio

cellDomain about the domain ofa
raster cell

MD_VectorSp VectSpatRep Information about the Point and Vector Qhjeettinf the types and numbefg of

atialRepresen vector spatial objec}sliformation vector or nongridded point

: the dataset spatial objects in the data set.

tation

geometricObjectTypgeometObjTyp | Name of point and yeSTS Point and Vecidtstype name of point and vegtor
spatial objects used t@bject Type spatial objects used t§ locate
locate zero-, one-, and zero-, one-, and two
two-dimensional sphtial dimensional spatial logations
locations in the datdset in the data set

geometricObjectCqugeometObjCnt Total number of the|pBioint and Vector Qhpeettcnt the total number of th§ point
or vector object typp Count or vector object type
occurring in the dathset occurring in the data et
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Name / Role Short Name Definition Name / Role Short Definition
name name Name
topologyLevel topLevel Code which identifigs the

degree of complexify of
the spatial relationships

MD_Cellvalue CellvValDom Information about the
Domain domain of the rastef cell
toneGradation toneGrad Number of colours

present in the image

bitsPerBand bitsPB Maximum number o
significant bits for tihe
value in each band pf
each pixel without
compression

cellAttributeDescriptamilAttDesc Description of the
attribute described py the
measurement valuej

cellUnit cellUnit Units of the cell attrpute

MD_GroundSp GrSpac Geometric mean of the

acing distance between
continuous ground
samples

spacing spac Center to center didtance
between continuou
samples

unit unit Unit of measuremerjt
used to depict groupd
spacing

MD_GroundSp GrSpacRes The distance repredented

acingResoluti by a pixel in ground

on space units in up to}3
dimensions

xSpacing xSpac The distance repregented

by a pixel in the x
direction on the gropind

ySpacing ySpac The distance repregented
by a pixel in the y
direction on the gropind

zSpacing zSpac The distance repredented
by a pixel in a direcfon
perpindicular to the|x-y

plane
MD_ImageSuit | ImagSuitDsc Information about al
abilityDescript image’s suitability f¢r use

ion
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Name / Role Short Name Definition Name / Role Short Definition
name name Name
illuminationElevatiqniBlevAng llumination elevatiory

gle measured in degreds

clockwise from the farget
plane at intersection} of
the optical line of sight
with the earth’s suffface

illuminationAzimuthAtgziAng llumination azimuth
le measured in degregs
clockwise from trug north
at the time the imagé¢ is

taken

imageOrientationAhgegOrieAng Angle from the firstjrow
of the image to true|North
in degrees, clockwise

imagingCondition | imagCond Code which indicatgs
conditions which affect
the quality of the impge

imageQualityRatingSygyQualRatSys | Rating system on which
tem the Image Quality Cpde
is based

imageQualityCode| imagQualcode Specifies the image
quality

cloudCoverPercergagdeudCovPer Area of the datasef]
obscured by cloudd,
expressed as a
percentage of the spatial
extent

preProcessingTyp¢QuoePrcTypCde Image distributor’'s qode
de that identifies the leyel of
radiometric and
geometric processifig
applied against the
image
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Name / Role Short Name Definition Name / Role Short Definition
name name Name

compressionGenefatimmpGenQuan | Counts the number pf
nQuantity lossy compression fycles
performed on the infjage

triangulationindicafotrilD Code which indicatgs
whether or not
triangulation has befn
performed upon the

image
radiometricDataAvjitadDatAvail Code which indicatgs
ility whether or not Starjdard

Radiometric Produc} data

is available
ESDAvailability ESDAvail Indicates whether gr not

Image Exploitation
Support Data (ESD)|is
available such as p¢sition
and attitude informagion

MD_PixelReso | PixRes Average unit of

lution information in a gridjcell

pixelsPerUnit pixPerUnit Number of pixels
contained in one unjt of
measurement

unit unit Units of measure uged to

describe pixels \perqunit

MD_ScanReso | ScanRes Units used to exprelss

lution data density along the
axes

xResolution xRes Units used to exprelss
data density along the x
axis

yResolution yRes Units used to exprelss
data density along the y
axis

zResolution zRes Units used to express
data density along the z
axis

MD_SensorPa | SenPara Identifies the parameters

rameters defining the sensor

focalLength focLen Focal length of the I|gns

in millimetres
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Name / Role Short Name Definition Name / Role Short Definition
name name Name
obliquityAngle oblAng Angle off vertical of

image in degrees

imageSensorTime | imgSenTime The precise time atjwhich
the image was captured
in the sensor’s time
system

sensorCategory | senCat Identifies the specifjc
category of imagery

sensorMode senMode Identifies the senso)
mode used in captu
the image

ing

spectralProperties| spectProp Electromagnetic
spectrum sensitivity of
sensor

fieldOfView fieldOView Area of measuremgnt of
sensor

orientationOnPlatfgrorieOnPlat Orientation of instrujnent
relative to platform

operationMode opMode Sensor status Exanjples:
launch, survival,
initialization, safe,
diagnostic, standbyf
crosstrack, biaxial, polar
calibration

Role name: band| band Set of wavelengthsjthat
the sensor operate$ in

MD_SensorBa SenBand Set of adjacent

nd wavelengths in the
electro-magnetic
spectrum with a corthmon
characteristic, suchjas
the visible band

sequenceldentifie] seqld Number that uniquely
identifies instances|of

bands of wavelengths on
which a sensor opgrates

highWavelength | hiwavelen Highest wavelengtH that
the sensor is capalje of
collecting within a

designated band in
metres




Name / Role
name

Short Name

Definition

Name / Role
name

Short
Name

Definition

ISO 19115 standard | FGDC CSDGM I

lowWavelength

lowWavelen

Lowest wavelength
the sensor is capal
collecting within a
designated band in
metres

that
e of

cameraCalibrationl|
vailability

hitsén CallnfAvl

Code which ndicatg
whether or not con
are available whicH
for camera calibrati
corrections

(7]

tants
allow

filmDistortionInfoAl

bility

dilanDistrtInfAvl

Code which indicatd
whether or not

Calibration Reseau
information is availa

b

e

lensDistortionInfoA
bility

viglesDistrtinfAvl

Code which indicatd
whether or not lens
aberration correctig
information is availgy

S

h
ble

MD_Distributi
on

Dist

Information about th
distributor of and og
for obtaining the da
Use
obligation/condition
referencing object

e Distribution Informg
tions
aset

from

htidistinfo

information about thg

distributor of and opt:rns for

obtaining the data se

Role name:
distributionFormat

distFormat

Provides a descripti
the form of the data
distributed

pbn of
to be

Role name:
distributor

distributor

Provides informatiol
about the distributo

Distributor

distrib

the party from whom
set may be obtained

fhe data

Role name:
transferOptions

distribTrnsOps

Provides informatiol
about technical med
and media by which
dataset is obtained
the distributor

ns
a
from

MD_DigitalTransfe
tions

AapigTransOpts

Technical means ar
media by which a d
is obtained from theg
distributor

dDigital Form
htaset

digform

the description of opttan for

obtaining the data se
computer-compatible

n
hedia

unitsOfDistribution|

unitsODist

Tiles, layers, geogrd

areas, etc., in which data

is available

phic

transferSize

transSize

Estimated size of th

transferred dataset|in

megabytes. The tra
size is > 0.0

b Transfer Size

hsfer

transize

the size, or estimate

size,

of the transferred dath set in

megabytes

onLine

onLine

Information about o
sources from whic

lidmline Option
the

dataset can be obte]ined

onlinopt

information required t

directly obtain the datl set

electronically.
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Name / Role Short Name Definition Name / Role Short Definition
name name Name
Role name: offLine Information about offli@&line Option offoptn information about mefjiia-
offLine sources from whicl} the specific options for rgeeiving
dataset can be obtgined the data set.
MD_Distributo Distributor Information about the Distributor distrib the party from whom |1e data
r distributorUse set may be obtained
obligation/condition [from
referencing object
Role name: distOrdProc Provides informatio
distributionOrderPfoce about how the datapet
ss may be obtained, arpd
related instructions jpnd
fee information
distributorContact| distCont Party from whom the
dataset may be obtgined
Role name: distFormat Provides informatio
distributorFormat about the Format ifwhich
the dataset may be
obtained
MD_Format Format Description of the fgrm of
the data to be distriputed
name name Name of the data trpriaienat Name formname the name of the data ransfer
format(s) offered by the format
distributor for an
available dataset.
version verNum Version number of fh€ormat Version formvern version number of thelformat
format Number
amendmentNumbey amendNum Amendment numbeyf of
the format version
specification spec Name of a subset, gr&filenat Specificatiprformspec name of a subset, prdfile, or
or product specificgdtion product specification pf the
of the format format.
fileDecompressionflétDecmTech Recommendations ¢f File Decompressio filedec recommendations of
hnique algorithms or procepseschnique algorithms or procesges
that can be applied fo (including means of
read or expand datgsets obtaining these algorithms
to which data or processes) that cgh be
compression technifjues applied to read or exgand
have been applied data sets to which dja
compression techniqes
have been applied.
Role name: distFormat Provides informatio
distributorFormat about the distributof's
Format
MD_Medium Medium Information about the
media on which the]data
can be distributed




ISO 19115 standard

FGDC CSDGM

Name / Role Short Name Definition Name / Role Short Definition
name name Name
name name Name of the media grOffline Media offmedia name of the media oiwhich
which the dataset dan be the data set can be rgceived.
received
density density Density in which th¢ Recording Density] recden the density in which fhe data
dataset can be recqrded set can be recorded
densityUnits densityUn Units of measure fgr fRecording Density] recdenu the units of measure for the
recording density | Units recording density
volumes vols Number of items in e
media identified
mediaFormat medFormat Options available o Recording Format| recfmt the options available ¢r
method used to wrife the method used to write ghe data
dataset to the medigm set to the medium.
compatibility compat Description of othel] Compatibility compat description of other
limitations or Information limitations or requiremgnts
requirements for usjng for using the medium.
the medium
MD_StandardOrdgrP8tanOrdPrc Common ways in whigtandard Order stdorder the common ways injvhich
cess the dataset may be| Process. the data set may be (ft/ained
obtained or receiveg, and or received, and relatgd
related instructions nd instructions and fee
fee information information
fees fees Fees and terms for| Fees fees the fees and terms fq
retrieving the datasgt. retrieving the data se
Include monetary urjits
plannedAvailableDatelhiAviDatTim Date and time wher] tAgailable Time Perjodvailabl the time period when fhe data
me dataset will be availpble set will be available fipm the
distributor
orderinglInstructiorjsordinstr General instructiong ,Ordering Instructiogh®rdering general instructions gnd
terms and services advice about, and spdcial
provided by the terms and services pgpvided
distributor when orgering for, the data set by t
the dataset distributor
turnaround turnaround Typical turnaround g§mkurnaround turnarnd typical turnaround tirle for
for the filling of an drder the filling of an order
EX_Geograph GeoExt Geographic area offthe
icExtent dataset
extentType extType Identifies whether the
bounding polygon
encompasses an afjea
covered by the datd or an
area where data is hot
present
EX_BoundingPolydoBoundPoly Boundary enclosing the
dataset expressed ps the
closed set of (x,y)
coordinates of the
polygon
polygon poly Sets of points in a

particular coordinat
reference system.
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Name / Role Short Name Definition Name / Role Short Definition
name name Name
EX_Geographi GeoBndBox Geographic area offttBounding Coordingtémunding the limits of coveragq of a
cBoundingBox entire dataset refergnced data set expressed by latitude
to WGS 84 and longitude values
westBoundLongitydeestBL Western-most coorglilvéiést Bounding westbc western-most coordirfiate of
of the limit of the dafjaSebrdinate the limit of coverage
extent expressed ir expressed in longitud
longitude, in decimal
degrees
eastBoundLongitufleeastBL Eastern-most coordingtest Bounding eastbc eastern-most coordinfpte of
of the limit of the dafjaSebrdinate the limit of coverage
extent expressed ir expressed in longitud
longitude, in decimal
degrees
southBoundLatitudesouthBL Southern-most South Bounding | southbc southern-most coordifgate of
coordinate of the linjit@bordinate the limit of coverage
the dataset extent expressed in latitude
expressed in latitudp, in
decimal degrees
northBoundLatitude northBL Northern-most North Bounding northbc northern-most coordifiate of
coordinate of the linjit@bordinate the limit of coverage
the dataset extent expressed in latitude
expressed in latitudp, in
decimal degrees
Cl_Citation Citation Standardized resoyrceitation citation information to be useq to
reference reference the data sef.
title title Name by which the|citét: title the name by which tlle data
information is known set is known
alternateTitle altTitle Short name or othe
language name by hich
the cited informatior] is
known.
date date Reference date for fheublication Date pubdate the date when the dajg set is
cited information published or otherwisp made
available for release
dateType dateType Event used for refefence
data
edition edition Version of the datapeEdition edition the version of the titlg
editionDate edDate Date of the edition
identifier citlD Unique identifier forjthe
data referenced by|the
metadata
identifierType idType Reference form of the
unique identifier
presentationForm| presForm Mode in which the data is
represented




ISO 19115 standard FGDC CSDGM

Name / Role Short Name Definition Name / Role Short Definition

name name Name

seriesName serName Name of the series pfSeries Name sername the name of the seri*
which the dataset i§ a publication of which tRe data
part set is a part

issueldentification| issID Information identifyipg the
issue of the series
publication of whicl] the
dataset is a part

otherCitationDetail$ otherCitDet Other information | Other Citation Detgilothercit other information reqiired to

required to complet
citation

b the

complete the citation

citedResponsibleP

hititRespParty

Name and position
information for an
individual or organis
that is responsible 4
resource

ation
br the

collectiveTitle

collTitle

Common title with
holdings note

page

page

Details on which p3
of the periodical the
article was publishg

hes

o

ISBN

ISBN

International Standg
Book Number

rd

ISSN

ISSN

International Standg
Serial Number

rd

Cl_Responsibl
eParty

RespParty

Identification of, ang
means of communig
with, person(s) and
organisations asso
with the dataset

Contact Person
affoimary

iated

cntperp

the person, and the
of the person, associ
with the data

mandatoryPartyIn{

b mandPartyInfo

Individual, organisat
or position that is
knowledgable abou
dataset

on,

the

individualName

rplndName

Name of the respon
person- SURNAME
given name, title
separated by a
delimiters

kiBlentact Person

cntper

iliation
ted

the name of the indivijual to

which the contact ty
applies

organisationName

rpOrgName

Name of the respon
organisation

KiBlentact Organizatfoentorg

the name of the orgalization

to which the contact
applies

positionName

rpPosName

Role or position of t
responsible person

heContact Position

cntpos

the title of individual

responsibility

resp

Function performed]by
the responsible par

pe



ISO 19115 standard | FGDC CSDGM I

Party

or position that is
knowledgeable abo|
resource

Lit the

Name / Role Short Name Definition Name / Role Short Definition

name name Name

Cl_Address Address Location of the Contact Address | cntaddr the address for the
responsible individual or organization or individpal
organisation

deliveryPoint postAdd Address line for thg Address address an address line for th
physical address address I

city city City of the physical] City city the city of the addre
address

administrativeAreg adminArea State, province of theState or Province | state the state or province pf the
physical address address

postalCode postCode ZIP or other postal ¢oBestal Code postal the ZIP or other postdl code

of the address

country country Country of the phydic@buntry country the country of the agfiress
address

electronicMailAddfestectMailAdd Address of the eledtr@uistact Electronic Meaittemail the address of the eldgctronic
mailbox of the Address mailbox of the organifation
responsible organisption or individual.
or individual

Cl_Contact Contact Information requireq Contact Informatiop cntinfo Identity of, and meang to
enabling contact with the communicate with, prson(s)
responsible person and organization(s)
and/or organisation associated with the dhta set.

hoursOfService | hrsOfServ Time period (includijigHours of Service | hours time period when indigiduals
time zone) when can speak to the orggpization
individuals can conjact or individual
the organisation or
individual

contactinstructiong continstr Supplemental Contact Instructiorfscntinst supplemental instructfpns on
instructions on how or how or when to contgct the
when to contact thg individual or organizagon
individual or organidation

phone phone Telephone numberq aContact Voice cntvoice the telephone numbergby
which the organisa§ohetgphone. which individuals canfspeak
individual may be to the organization or
contacted individual

address address Physical and email | Contact Address | cntaddr the address for the
address at which the organization or indivigual
organisation or indijidual
may be contacted

onlineResource onlineRes Online information that
can be used to confact the
individual or organidation

Cl_Mandatory MandParty Individual, organisagon,




ISO 19115 standard

Name / Role
name

Short Name

Definition

FGDC CSDGM

Name / Role
name

Short
Name

Definition

individualName

mplndName

Name of the respon
person- SURNAME|
given name, title
separated by a
delimiters

kiBlentact Person

cntper

the name of the indivifual to
which the contact ty
applies

organisationName

mpOrgName

Name of the respon
organisation

KiBlentact Organizat

oentorg

the name of the orgalization
to which the contact g/pe
applies

positionName

mpPosName

Role or position of t
responsible person

heContact Position

cntpos

the title of individual

Cl_OnlineRes
ource

OnlinRes

Information about o
sources from which
dataset, can be obt

line
the
ined.

linkage

linkage

Method, source, of
location for online g

Online Linkage
ccess

onlink

the name of an onlin
computer resource thiat
contains the data set

functionCode

functCode

Function performed]by

the resource

protocol

protocol

Connection protoco|
used

to be

applicationProfile

appProfile

Name of an applicagon

profile that can be U
with the resource

sed

name

name

Name of the resou

description

desc

Description of what
resource is/does

the

Cl_Telephone

Telephone

Telephone numberg
contacting the
responsible individy
organisation

for

Al or

voice

voice

Telephone number
which individuals ¢
speak to the respon
organisation or indi

yContact Voice
nTelephone
sible

idual

cntvoice

the telephone numbergby
which individuals canfspeak
to the organization or
individual

facsimile

fax

Telephone number
facsimile machine f
responsible organis
or individual

bf@ontact Facsimile
rTekephone
htion

cntfax

the telephone numbelof a
facsimile machine of ghe
organization or indivigual

other

other

Telephone number
contacting the

responsible individy
organisation

or

al or

otherType

othType

Description of telep
number provided in

hone

“other” phone elemg

nt




Appendix V Suggested formal grammar representation for B.2
M etadata entity set information from [ISO/TC 211,1999]

(B.2) <MD_Metadata> ::= “<Metadata>"
[ “<filelD>" <string_literal> “</fileID>" ]
[ “<lang>" <LanguageCode> “</lang>" ]
[ “<charSet>" <CharacterSetCode> “</charSet>" ]
[ “<parID>" <string_literal> “</parID>" ]
[ {“<hierLev>" “dataset” <MD_Scope> “</hierLev>"} |
{“<hierLev>" “notdataset”
“<hierLevName>" <string_literal> “</hierLevName>"
“</hierLev>"}]
[ “<contact>" <Cl_ResponsibleParty> “</contact>" ]
[ “<date>" <Date> “</date>" ]
[ “<mdStanName>" <string_literal> “</mdStanName>" ]
[ “<mdStanVer>" <string_literal> “</mdStanVer>" ]
{ “<spatReplInfo>" <MD_SpatialRepresentation> “</spatReplInfo>" }
{ “<refSyslInfo>" <RS_ReferenceSystem> “</refSysinfo>" ¥
{ “<metExtensInf>" <MD_MetadataExtensionInformation>
“</metExtensinf>" ¥
{ “<idInfo>" <MD _Identification> “</idInfo>" }
{ “<featColl>" <FT_FeatureCollection> “<featColl>" }
{ “<featCatInfo>" <FC_FeatureCatalogueDescription> “</featCatinfo>" ¥
[ “<distInfo>" <MD_Distribution> “</distInfo>" ]
{ “<dataQuallnfo>" <DQ_DataQualitylnformation> “</dataQualinfo>" }'
{ “<portCatinfo>" <MD_PortrayalcatalogueRef> “</portCatinfo>" |
{ “<metConst>" <MD_DataConstraints> “</metConst>" ¥
{ “<appSchinf>" <MD_ApplicationSchemalnfo> “<appSchinf>" |
[ “<metaMaint>" <MD_Maintenancelnformation> “</metaMaint>" ]
{ “<PropTyp>" <GF_PropertyType> “</PropTyp>" ¥
{ “<featTyp>" <GF_FeatureType> “</featTyp>" }'
{ “<featAtt>" <FT_FeatureAttribute> “</featAtt>" }'
{ “<feat>" <FT_Feature> “</feat>" }
{ “<aggDS>" <DS_Aggregate> “</aggDS>" }
“</Metadata>"

Appendix VI Suggested formal grammar representation for B.3



| dentification information from [I SO/TC 211,1999]

(B.3) <MD_Ildentification> ::= “<ID>"

{ “<lang>" <LanguageCode> “</lang>" }*

[ “<charSet>" <CharacterCodeSet> “</charSet>" ]

“<abstract>" <string_literal> “</abstract>"

[ “<purpose>”" <string_literal> “</purpose>" ]

[ “<supplInfo>" <string_literal> “</supplinfo>" ]

[ “<credit>" <string_literal> “</credit>" ]

[ “<status>" <MD_ProgressCode> “</status>" ]

[ “<envir>" <string_literal> “</envir>"]

{ { "<geoBox>" <EX_GeographicBoundingBox> “</geoBox>"} |
{ “<geoDesc>" <SI_Locationlnstance> “</geoDesc>" } }

{ “<spatRes>" <string_literal> “</spatRes>" }

{ “<category>" <MD_Category> “</category>" }

{ “<dsCitation>" <CI_Citation> “</dsCitation>" }

{ “<dsExt>" <EX_Extent> “</dsExt>" }'

{ “<dsPOC>" <CIl_ResponsibleParty> “</dsPOC>" }'

{ “<dsMaint>" <MD_Maintenancelnformation> “</dsMaint>" }'

{ “<graphOver>" <MD_BrowseGraphic> “</graphOver>" }'

{ “<dsFormat>" <MD_Format> “</dsFormat>" }'

{ “<descKey>" <MD_Keywords> “</descKey>" }"

{ “<dsSpecUse>" <MD_Use> “</dsSpecUse>" V'

[ “<dsConst>" <MD_DataConstraints> “</dsConst>" ]

[ “<ImagelD>" <MD_lImageldentification>
“<passSeqlD>" <integer_literal> “</passSeqlD>"
“<imagOrblD>" <string_L.iteral> “</imagOrblD>"
“<orbNum>” <integer_literal> “</orbNum>"
“</ImagelD>" ]

“</ID>"

(B.3.1) <MD_BrowseGraphic> ::= “<BrowGraph>"
“<fileName>" <string_literal> “</fileName>"
[ “<fileDesc>" <string_literal> “</fileDesc>" ]
[ “<fileType>" <string_literal> “</fileType>" ]
“</BrowGraph>"

(B.3.2) <MD_Keywords> ::= “<Keywords>"
{ “<keyword>" <string_literal> “</keyword>" }*
[ “<type>" <MD_KeywordType> “</type>"]
[ “<thesaName>" <string_literal> “</thesaName>" ]
“</Keywords>"

(B.3.4) <MD_Use> ::= “<Use>"
“<specUse>" <string_literal> “</specUse>"
[ “<useDatTim>" <DateTime> “</useDatTim>" ]
[ “<usrDefLims>" <string_literal> “</usrDefLims>" ]
{ “<usrContInfo>" <Cl_ResponsibleParty> “</usrContInfo>" ¥
“</Use>"

APPENDIX VII XML DTD for SO metadata files



<l-- edited with XM. Spy v3.0 (http://ww.xm spy.con) by Ying Teng
(University of New Brunswi ck) -->

<l-- 1SO Metadata DTD 3.0.1 1999-11-30 -->

<l-- This is the Docunment Type Declaration for fornmal netadata -->

<l-- confornming to the |1 SO CD 19115. This DTD corresponds to -->

<l-- the November, 1999 version of the standard, |1SO CD 19115. -->

<l-- This file is the XM. DTD. -->

<l-- Entity sets: -->

<l-- Scal ar val ues (neaning the values of elements that are not -->
<l-- conmpound) are here decl ared #PCDATA to all ow parsers to -->
<l-- recogni ze and support entities representing special characters
-->

<!-- such as the degree synbol, |ess, and greater. -->

<!-- El ement ordering: -->

<l-- Generally the order of elenents is now significant. XM. nekes
-->

<l-- it difficult to wite a DID that allows elenments to be in any
-->

<!-- order. -->

<!-- Authors: -->

<!-- Yi ng Teng -->

<! SRR e e e e e e e

<!l ELEMENT netadata (filelD?, parlD?, hierLev?, HierLevNanme?, contact?,
date?, ndStanNanme?, ndStanVer?, spatReplnfo*, refSyslnfo*,

nmet Ext ensl nfo*, idlnfo+, featColl+, featCatlnfo*, distlnfo?,

dat aQual | nfo*, portCatlnfo*, metConst*, appSchlnf*, netaMint?,
propTyp*, featTyp*, featAtt*, feat*, aggDS+)>

<!l ELEMENT portCatlnfo (Port CatRef)*>

<l ELEMENT idlInfo (ID)>

<l ELEMENT | D (abstract, purpose?, supplnfo?, credit?, status?, envir?,
geoBox*, geoDesc*, spatRes*, category+, dsCitation, dskExt*, dsPOC*,
dsMai nt*, graphOver*, dsFormat*, descKey*, dsSpecUse*, dsConst*,

| magel D?) >

<! ELEMENT geoBox ( GeoBndBox) *>

<! ELEMENT dsFormat (Format)*>

<!l ELEMENT | magel D (passSeql D, i magOrbl D, orbNum >

<! ELEMENT gr aphOver (BrowG aph) >

<!l ELEMENT BrowGraph (fileNanme, fileDesc?, fileType?)>

<! ELEMENT descKey (Keywords) >

<! ELEMENT Keywords (keyword+, type?, thesaNanme?)>

<! ELEMENT dsSpecUse (Use) >

<!l ELEMENT Use (specUse+, useDatTi n?, usrDefLins?, usrContlnfo*)>

<! ELEMENT dsConst (DataConst*)>

<! ELEMENT net Const ( Dat aConst) *>

<! ELEMENT Dat aConst (useLinmt*, Legal Const*, accConst?, useConst?,
ot hConst *, Seclnfo*, class, userNote?, classSys, handDesc?,

ot her User Def ?) >

<!l ELEMENT accConst (DataConst) ?>

<! ELEMENT useConst (DataConst) ?>

<! ELEMENT net aMai nt ( Mai nt| nf o) ?>

<! ELEMENT dsMai nt (Maintlnfo)>

<!l ELEMENT Maintlnfo (maintUpFreq, othMintPer?, upScp?, upScpDesc?)>
<!l ELEMENT ScpDesc (attribs, feats, featlnsts, attriblnsts, featColl



ot her) >

<!l ELEMENT spat Repl nfo ( Spat Rep) >

<!l ELEMENT Spat Rep (repType*, | ngSpatRes*, grTol ngCoAvl ?, parans?,

i mgSui t Desc?, Raster Spat Rep*, Vect Spat Rep*) >

<! ELEMENT | ngSpat Res (i magel D?, i mageType, neanG SanpDst ?) *>

<!l ELEMENT Raster SpatRep (cell Type, cell Orig?, rows?, cols?, verts?,
scanRes?, grSpac?, cell Dom *>

<! ELEMENT Vect Spat Rep (geonet Cbj Typ, geonet Obj Cnt?, toplLevel ?)*>

<! ELEMENT cel | Dom ( Cel | Val Don) >

<!l ELEMENT Cel | Val Dom (toneGrad?, bitsPB?, cell AttDesc, cellUnit)>
<!l ELEMENT Gr Spac (spac, unit)>

<! ELEMENT gr Spac (G Spac) >

<!l ELEMENT nmeanG SanpDst (Grspac)>

<l ELEMENT Grspac (xSpac, ySpac, zSpac)>

<! ELEMENT xSpac (G Spac) >

<! ELEMENT ySpac (G Spac) >

<!l ELEMENT zSpac (G Spac) >

<! ELEMENT i ngSui t Desc (| nagSuitDsc) >

<!l ELEMENT | magSuitDsc (illElevang?, ill Azi Ang?, ingOieAng?, inmgCond?,
i mgQual Rat sys?, inmagQual code?, cloudCovPer?, prePrcTypCde?,
conmpCGenQuan?, tril D?, radDatAvail ?, ESDAvail ?)>

<!l ELEMENT scanRes (xRes, yRes, xRes)>

<! ELEMENT xRes (Pi xRes)>

<! ELEMENT yRes (Pi xRes) >

<!l ELEMENT zRes (Pi xRes*)>

<! ELEMENT Pi xRes (pi xPerUnit, unit)>

<!l ELEMENT parans (SenPara)>

<!l ELEMENT SenPara (focLen?, obl Ang?, ingSenTi ne?, senCat?, senhMbde?,
spect Prop?, fieldOview?, orieOnPlat?, opMde?, band*)>

<! ELEMENT
<! ELEMENT

filmDistrtlnfAvl?,

<! ELEMENT
<! ELEMENT
CRS) >

<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

band ( SenBand*) >

SenBand (seql d?, hiWavel en?,
| ensDi strtlnfAvl)>
ref Sysinfo (Refsys)>

Ref sys (Refnane, donDvalid*,

| owavel en?, cantal | nf Avl ?,

TMRef Sys, Sl SPat Ref SysGeol D,
Ref name (ldentifier)>
Identifier (identifier,
citation (Citation)>

S| SPat Ref SysGeol D (t hene,
CRS (ki ndCode, remarks?)>
feat Cat | nfo (Feat Cat Desc*) >

Feat Cat Desc (conpcode, | angCode+,

citation)>

over Owner) >

i ncWthDS, featType?,

featcatCit+) >

<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

featcatCit (Citation)+>

Port Cat Ref (portCatcit+)>
portCatcit (Citation)+>
distInfo (Dist)>

Di st (distFormat+, distributor®,
distribTrnOps (DigTransOpts) >

Di gTransOpts (unitsODist?, transSize?,
di stributor (Distributor)>
Di stributor (distOrdProc*,
di st Format ( For mat) >
Format (name, verNum anmendNunt,

di stribTrnQOps*)>
onLi ne*, offline?)>
di st Cont, distFormat+)>

spec?, fil Decmlech?,



di st For mat *) >

<! ELEMENT
<! ELEMENT
conpat ?) >
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
maxQcc,
<! ELEMENT
<! ELEMENT
swDevFi | e,
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
edDat e?,

<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
resp*,

par Ent +,

citlD*,
cit RespParty*,

of fLi ne (Medi um >

Medi um (nanme?, density*, densityUn?, vols?, nedFormat*,

di st OrdProc (StanOrdPrc) >

StanOrdPrc (fees?, plnAvl datTin?,

nmet Ext ensl nfo (Met Ext nsl nf) >

Met Ext nsl nf (extnsEl el nf*, extnsOnli Res)>

ext nskl el nf ( Ext endEl el nf) >

Ext endEl el nf (nanme, identifier, defin,

rul e*, rationale*, source*)>

appSchl nf (AppSchl nf o) >

AppSchl nfo (Appnanme, schlLang,
swbDevFor mat, feat Cat Sup) >

Appnane (Citation)>

f eat Cat Sup ( Spat Att Sup) >

Spat Att Sup (feat TypLi st) >

f eat TypLi st (Feat TypLi st) >

Feat TypLi st (spat Obj, spar SchNane) >

dsExt (Extent)>

domOval i d (Extent)>

Extent (desc?, ele*)>

GeoExt (ext Type?, BoundPol y*,

BoundPol y (pol y+)*>

GeoBndBox (westBL, eastBL,

Set Locl nst (el ements) >

el e (GeoExt, TenmpExt, VertExt)>

TenpExt (extent, Spat TenpExt) >

Spat TenpExt (TenpExt | GeoExt)>

Vert Ext (minVal, maxVal, uOf Meas,

Citation (title, altTitle*, date,

i dType*, presFornt, serNanme?,

coll Title?, page?, |SBN, |SSN)>

contact (RespParty)>

dsCitation (Citation)>

dsPOC (RespParty) >

usr ContInfo (RespParty)>

over Omer (RespParty)>

featCatCit (Citation)>

portcatcit (Citation)>

di st Cont (RespParty)>

RespParty (mandPartyl nfo,

ordl nstr?, turnaround)>

oblig, datType, donval,

constrlang, schAsc, graFil Typ,

GeoBndBox*, SetlLoclnst)>

sout hBL, northBL)*>

vet Dat) >
dat eType?,
i ssl D?,

edi tion?,
ot her Ci t Det ?,

rpl ndNanme?, rpOrgNane?, rpPosNane?,

contact | nf o+) >

<!l ELEMENT contactlnfo (Contact)>

<!l ELEMENT cit RespParty (RespParty)>
<!l ELEMENT Contact (hrsOfServ?, contlnstr?,
onl i neRes?) >

<! ELEMENT address (Address)>
<! ELEMENT Address (postAdd*,
el ect Mai | Add*) >

<! ELEMENT mandPartyl nfo (MandParty) >

<!l ELEMENT MandParty (nplndNane?, nmpOrgNane?,
<!l ELEMENT onl i neRes (OnlinRes)>

<l ELEMENT OnlinRes (linkage, functCode?,

phone?, address?,

city?, adm nArea?, postCode?, country?,

npPosNanme?) >

protocol ?, appProfile?, nane?,



desc?) >
<! ELEMENT onLi ne (Onli nRes) >
<!l ELEMENT extnsOnli Res (OnlinRes)>
<! ELEMENT phone (Tel ephone) >
<! ELEMENT Tel ephone (voi ce*, fax*, other*, othType*)>
<! ELEMENT aggDS ( DSAgg) >
<! ELEMENT DSAgg (aggDSMet +, agg+, super*, sub*, DSDataset, DSlnit)>
<! ELEMENT aggDSMet (netadata)>
<!l ELEMENT agg (DSDat aset +) >
<! ELEMENT DSDat aset (dataset+)>
<IELEMENT DSInit (initType)>
<! ELEMENT dat aset (DSAgg) >
<! ELEMENT super (DSAgg) >
<! ELEMENT sub (DSAgg) >
<I' ATTLI ST funct Code
OnLi neFunction (access | additionalInformation | downl oad | order
| search) #REQUI RED>
<! ATTLI ST repType
Spat RepType (matrix | raster | text | vector) #REQUI RED>
<! ATTLI ST i nagCond
| mageCondCode (blurredlmge | cloud | degradingOliquity | fog
heavySmokeOrDust | night | rain | sem Darkness | shadow | snhow
terrai nMaski ng) #REQUI RED>
<I ATTLI ST cel | Type
RasterCel | Type (matri xCoded | matrixVal ues | pixel Codes | pixel HSI
| pixelHLS | pixel RGBB | TekHVC) #REQUI RED>
<I ATTLI ST geonet Obj Typ
GeoObj Types (conpl exes | conposites | curvs | points | solids
surfaces) #REQUI RED>
<I ATTLI ST topLeve
Topol ogyLevel (full Topol ogy3D | geonetryOnly | nonPl anar GraphlD
pl anar GraphlD | pl anar G aph2D) #REQUI RED>
<! ATTLI ST type

Keywor dType (discipline | place | stratum | tenporal | thene)
#REQUI RED>
<! ATTLI ST cl ass

classification (codewrd | confidential | secrete | topsecrete

uncl assified | otherUserDefined) #REQUI RED>
<I ATTLI ST mai nt UpFr eq

Mai nt enanceFrequency (continual | daily | weekly | nonthly |
bi annual | annual | asNeeded | irregular | notPlanned | unknown |
ot her Mai nt enancePeri od) #REQUI RED>
<! ATTLI ST upScp

Scope (dataset | series | nonCeographi cdataset | propertyType
featureAttribut | attribute | featureType | featureCollection
di mensi ongroup | collectionHardware | fieldSession | collectionSession)
#REQUI RED>
<! ATTLI ST upScpDesc

ScopeDescription (attributes | features | featurel nstances
attributelnstances | featureCollection | other) #REQUI RED>
<! ATTLI ST uni t

LengthUnitcode (millinetre | centinetre | netre | kilonmetre
internationallnch | international Foot | international MIle | degree
arcM nute | arcSecond) #REQUI RED>



<! ATTLI ST presForm

Present ati onFor nCode (docunment | hardcopyMap | inmage | nodel |
profile | rsterMap | table | VectorMap | view) #REQUI RED>
<! ATTLI ST resp

Responsi bilityCode (contentProvider | custodian | Steward | owner)
#REQUI RED>
<! ATTLI ST category

Category (Agriculture | Aquaculture| Biota | Conmmunications |

Climatol ogy | Economy | Environment | Geoscientificlnfo | Health |
I magery | Infrastructure | InlandWaters | Mlitary | Cceans | Planning |
Political Boundaries | Society | Utilities) #REQUI RED>
<!l ATTLI ST ext Type
Ext ent Type (inclusion | exclusion) #REQUI RED>

<IATTLIST filelD

id | D #REQUI RED>
<! ATTLI ST parlID

id | D #REQUI RED>
<! ATTLI ST passSeql D

id | D #REQUI RED>
<! ATTLI ST i magel D

id | D #REQUI RED>
<! ATTLI ST seqld

id | D #REQUI RED>
<IATTLIST citlID

id | D #REQUI RED>
<I NOTATI ON | SBN PUBLIC "http://ww.isbn.spk-berlin.de/htm/userman. htni'>
<! ATTLI ST | SBN

no | D #REQUI RED

format NOTATI ON (1 SBN) #I MPLI ED>
<! NOTATI ON | SSN PUBLI C
"http://issnic.issn.org:591/issn_check/search. ht ni'>
<! ATTLI ST | SSN

no | D #REQUI RED

format NOTATI ON (1 SSN) #I MPLI ED>
<! NOTATI ON | SO19108 PUBLI C
"http://ww.statkart.no/isotc2l1ll/scope. ht n%#19108">
<! ATTLI ST date

format NOTATI ON (1 SO19108)
<! ATTLI ST useDat Ti m

format NOTATI ON (1 SO19108)
<! ATTLI ST pl nAvl Dat Ti m

format NOTATI ON (1 SO19108)
<! ATTLI ST edDat e

format NOTATI ON (1 SO19108)
<! ATTLI ST dat aQual I nfo

format NOTATI ON (1 SO19113)

#| MPLI ED>

#| MPLI ED>

#| MPLI ED>

#| MPLI ED>

#| MPLI ED>

<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

filel D EMPTY>

parl D EMPTY>

Hi er LevNane (#PCDATA) >
dat e (#PCDATA) >

ndSt anName ( #PCDATA) >
ndSt anVer (#PCDATA) >
abstract (#PCDATA) >
pur pose (#PCDATA) >



<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

suppl nf o (#PCDATA) >
credit (#PCDATA) >

envi r (#PCDATA) >

spat Res (#PCDATA) >
passSeql D EMPTY>

i magOr bl D (#PCDATA) >

or bNum ( #PCDATA) >

fil eName (#PCDATA) >

fil eDesc (#PCDATA) >
fileType (#PCDATA) >
keyword (#PCDATA) >

type EMPTY>

t hesaName (#PCDATA) >
specUse (#PCDATA) >
useDat Ti m (#PCDATA) >
usr Def Li s ( #PCDATA) >
useLi mt (#PCDATA) >
Legal Const (#PCDATA) >
ot hConst (#PCDATA) >

Secl nf o (#PCDATA) >

user Not e (#PCDATA) >

cl assSys (#PCDATA) >
handDesc (#PCDATA) >

ot her User Def (#PCDATA) >
ot hMai nt Per (#PCDATA) >
ot her (#PCDATA) >

i mgel D EMPTY>

i mgeType (#PCDATA) >

gr Tol ngCoAvl (#PCDATA) >
cel | Origin (#PCDATA) >
rows (#PCDATA) >

col s (#PCDATA) >

verts (#PCDATA) >

geonet Cbj Cnt (#PCDATA) >
toneG ad (#PCDATA) >

bi t sPB ( #PCDATA) >

cel | AttDesc (#PCDATA) >
cel l Unit (#PCDATA) >
spac (#PCDATA) >

i Il El evAng (#PCDATA) >
i1l Azi Ang (#PCDATA) >

i mgOri eAng (#PCDATA) >

i mgQual Rat Sys (#PCDATA) >
i mmgQual Code (#PCDATA) >
tri |l D (#PCDATA) >

radDat Avai | (#PCDATA) >
conpenQuan (#PCDATA) >
prePrcTypcde (#PCDATA) >
cl oudCovPer (#PCDATA) >
ESDAvai | (#PCDATA) >

pi xPer Uni t (#PCDATA) >
focLen (#PCDATA) >

obl Ang (#PCDATA) >

i mgSenTi me (#PCDATA) >



<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

senCat (#PCDATA) >
senMode (#PCDATA) >
spect Prop (#PCDATA) >
fiel dOVi ew (#PCDATA) >
ori eOnPl at (#PCDATA) >
opMode (#PCDATA) >

seql d EMPTY>

hi Wavel en (#PCDATA) >

| owavel en (#PCDATA) >
camCal | nf Avl (#PCDATA) >
filmDistrtlnfAvl
| ensSidtrtlnfAvl
i dentifier (#PCDATA) >
t heme (#PCDATA) >

remar ks (#PCDATA) >
conpCode (#PCDATA) >

| anf Code (#PCDATA) >

i ncWthDS (#PCDATA) >

f eat Type (#PCDATA) >

uni t sODi st (#PCDATA) >
transSi ze (#PCDATA) >
name (#PCDATA) >

ver Num ( #PCDATA) >
anmendNum ( #PCDATA) >
spec (#PCDATA) >

fil DecmlTech (#PCDATA) >
density (#PCDATA) >
densityUn (#PCDATA) >
vol s (#PCDATA) >
medFor mat ( #PCDATA) >
conpat (#PCDATA) >

fees (#PCDATA) >

pl nAvl Dat Ti m (#PCDATA) >
ordl nstr (#PCDATA) >
turnar ound (#PCDATA) >
defin (#PCDATA) >

obl i g (#PCDATA) >

dat Type (#PCDATA) >
domval (#PCDATA) >
maxQOcc ( #PCDATA) >

par Ent (#PCDATA) >

rul e (#PCDATA) >

rati onal e (#PCDATA) >
sour ce (#PCDATA) >
schLang (#PCDATA) >
constrlLang (#PCDATA) >
schAsc (#PCDATA) >
graFi | Typ (#PCDATA) >
swDevFi | e (#PCDATA) >
swDevFor mat (#PCDATA) >
spat Obj (#PCDATA) >
spar SchNanme (#PCDATA) >
desc (#PCDATA) >

poly (#PCDATA) >

(#PCDATA) >
(#PCDATA) >



<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

west BL ( #PCDATA) >
east BL (#PCDATA) >
sout hBL (#PCDATA) >
nort hBL (#PCDATA) >
extent (#PCDATA) >

m nVal (#PCDATA) >
maxVal (#PCDATA) >
uCf Meas (#PCDATA) >
vet Dat (#PCDATA) >
title (#PCDATA) >
altTilte (#PCDATA) >
dat eType (#PCDATA) >
edition (#PCDATA) >
edDat e (#PCDATA) >
citl D EMPTY>

i dType (#PCDATA) >
ser Nanme (#PCDATA) >

i ss| D (#PCDATA) >

ot her Ci t Det (#PCDATA) >
col I Titl e (#PCDATA) >
page (#PCDATA) >

| SBN EMPTY>

| SSN EMPTY>

rpl ndNane (#PCDATA) >
rpOr gNane (#PCDATA) >
rpPosNane (#PCDATA) >
post Add (#PCDATA) >
city (#PCDATA) >

adm nArea (#PCDATA) >
post Code (#PCDATA) >
country (#PCDATA) >

el ect Mai | Add (#PCDATA) >
hr sOf Serv (#PCDATA) >
contl nstr (#PCDATA) >
npl ndNane (#PCDATA) >
nmpOr gNane ( #PCDATA) >
npPosNane (#PCDATA) >
I i nkage (#PCDATA) >
prot ocol (#PCDATA) >
appProfil e (#PCDATA) >
voi ce (#PCDATA) >

fax (#PCDATA) >

ot hType (#PCDATA) >
TMRef Sys (#PCDATA) >
altTitle (#PCDATA) >
attri bl nsts (#PCDATA) >
feat Col | (#PCDATA) >
attri bs (#PCDATA) >
category EMPTY>

cel | Orig (#PCDATA) >
cel |l Type EMPTY>

cl ass EMPTY>
conmpCGenQuan (#PCDATA) >
conpcode (#PCDATA) >



<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT
<! ELEMENT

constrl ang (#PCDATA) >
dat aQual | nf o (#PCDATA) >
el enents (#PCDATA) >

ext Type EMPTY>

feat Att (#PCDATA) >

feat (#PCDATA) >
featlnsts (#PCDATA) >
feat Typ (#PCDATA) >

feats (#PCDATA) >

fiel dOvi ew (#PCDATA) >
funct Code EMPTY>

geoDesc (#PCDATA) >
geonet Cbj Typ EMPTY>

hi er Lev (#PCDATA) >

i Il El evang (#PCDATA) >

i mmgQual code (#PCDATA) >
i mmgCond EMPTY>

i mgQual Rat sys (#PCDATA) >
ki ndCode (#PCDATA) >

| angCode (#PCDATA) >

| ensDi strtl nfAvl
mai nt UpFreq EMPTY>

of fl i ne (#PCDATA) >

pl nAvl dat Ti m (#PCDATA) >
prePrcTypCde (#PCDATA) >
pr esFor m EMPTY>

propTyp (#PCDATA) >
repType EMPTY>

st at us (#PCDATA) >

resp EMPTY>

topLevel EMPTY>

tril D (#PCDATA) >

unit EMPTY>

upScp EMPTY>

upScpbDesc EMPTY>

i nitType (#PCDATA) >

(#PCDATA) >



APPENDIX VIl Selected implementation details

1. Microsoft XML par ser

The Microsoft XML parser comes as prewritten Java code that can be placed right into my
own Java gpplications. | made use of that code in my programs to read in XML documents and
determine their structure. The Microsoft XML parser can be obtained from Microsoft [2000].
After downloading and extracting, | got the Microsoft com Java package. | placed this package
into alibrary directory so the XML trandator program could find the parser classfiles easily.
Themgor MSXML classes and their functiondlity are as shown in Table 3.1.

TableVI1.1. Mgor Microsoft XML Parser Classes.

Microsoft Parser Class Function
com.msxml.om.Element Handles XML dements
com.msxml.om.Document Loads and handles XML documents
com.ms.xml.parser.ParseException Handles Parsng exceptions

For example, to load in an XML document, | used the Document class load() method.

2. Oracle JDBC Driver
In this research, | downloaded the Oracle JDBC driver from Oracle [2000]. After extracting, |
got the Oracle package. | placed this package into the JDK (Java Development Kit) library

directory so the JDBC sarvlet program could find the driver classfiles easily.



3. XSL Processor

After download the LotusXSL from IBM[2000], set the Javainterpreter’ s class path to
include the files: xercesjar, xdan.jar and lotusxd.jar and run com.lotusxd.Process Java
program with command line arguments, (i.e. -in fgdcxml -xd FGDC_to 1S019115.xd -out
is0.xml, where fgdc.xml isthe input XML file, FGDC to 1S019115.xd isthe XSL gyle sheet

fileand iso.xml isthe output XML file).

Appendix I X XSL stylesheet

<?xm version="1.0" encodi ng="1S0O 8859-1"7?>



<xsl : styl esheet
xm ns: xsl ="http://ww. w3. org/ 1999/ XSL/ Tr ansf or m' >

<xsl :out put method="xm " indent="yes"/>
<xsl :param name="filei d" select="%$fileid"/>

<xsl:tenplate match="/">
<xsl :apply-tenpl ates sel ect ="netadata"/>
</ xsl:tenpl at e>

<xsl:tenpl ate mat ch="net adata">
<xsl : el enent nane="net adat a" >
<xsl : el ement nanme="filel D'>
<xsl :val ue-of select="%$fileid"/>
</ xsl : el enent >
<xsl : el enent nanme="contact">
<xsl :apply-tenpl ates sel ect="netai nfo/ netc/cntinfo"/>
</ xsl : el enent >
<xsl : el enent nane="date">
<xsl :val ue- of sel ect="netainfo/netd"/>
</ xsl : el enment >
<xsl : el enent nanme="ndSt anNane" >
| SO CD 19115
</ xsl : el enment >
<xsl : el enent nanme="ndSt anVer" >
CD 2.0
</ xsl : el enment >

<xsl :apply-tenpl ates select="idinfo"/>

<xsl : el enment nanme="di stlnfo">
<xsl : el enent nanme="di sFormat" >
<xsl : for-each
sel ect ="di stinfo/stdorder/di gfornm digtinfo">
<xsl : el enment nanme="Fornat">
<xsl : el enent nanme="nane" ><xsl : val ue-
of sel ect="formane"/></xsl: el enent >
</ xsl : el enment >
</ xsl :for-each>
</ xsl : el enment >

<xsl :for-each select="distinfo/distrib">
<xsl : el enment nanme="distributor">
<xsl : el enent nane="di st Cont ">
<xsl : appl y-tenpl at es
sel ect="cntinfo"/>
</ xsl : el enment >
</ xsl : el enment >
</ xsl :for-each>

<xsl : el ement nanme="di stribTrnsOps">
<xsl :apply-tenpl ates sel ect="distinfo"/>



</ xsl : el enment >
<xsl : el ement nanme="transSi ze" >
<xsl :val ue-of select="distinfo/transize"/>
</ xsl : el enment >
<xsl : el enment nanme="onLi ne">
<xsl :val ue-of sel ect="distinfo/onlineopt"/>
</ xsl : el enment >
</ xsl : el enment >
</ xsl : el enment >
</ xsl:tenpl at e>

<xsl:tenplate match="idi nfo">
<xsl : el erent name="idi nfo">

<xsl : el ement nanme="abstract"><xsl: val ue- of
sel ect ="descri pt/abstract"/></xsl: el enent >

<xsl : el ement name="pur pose" ><xsl : val ue- of
sel ect ="descri pt/ purpose"/></xsl : el ement >

<xsl : el ement name="supplinfo" ><xsl : val ue- of
sel ect ="descri pt/supplinf"/></xsl:el enent>

<xsl : el emrent name="credit"><xsl: val ue- of
sel ect ="dat acred"/ ></ xsl : el ement >

<xsl : el ement name="envir"><xsl :val ue- of
sel ect="native"/></xsl: el ement >

<xsl : for-each sel ect="spdonf boundi ng" >
<xsl : el enent nanme="GeoBndBox" >
<xsl : el ement nanme="west BL" ><xsl : val ue- of
sel ect ="west bc"/ ></ xsl : el enent >
<xsl : el ement nanme="east BL" ><xsl : val ue- of
sel ect =" east bc"/ ></ xsl : el enent >
<xsl : el ement nanme="sout hBL" ><xsl : val ue- of
sel ect ="sout hbc"/ ></ xsl : el enent >
<xsl : el ement nanme="nort hBL" ><xsl : val ue- of
sel ect =" nort hbc"/ ></ xsl : el enent >
</ xsl : el enment >
</ xsl :for-each>

<xsl : el ement name="dsCitation">

<xsl:apply-tenplates select="citation/citeinfo"/>
</ xsl : el enent >
<xsl : el emrent nanme="dsPOC">

<xsl : apply-tenpl ates sel ect="ptcontac/cntinfo"/>
</ xsl : el enent >

<xsl : el ement nane="Mi ntl nfo">
<xsl : el emrent nanme="mai nt UpFreq" ><xsl : val ue- of
sel ect ="st at us/ updat e"/ ></ xsl : el enent >
</ xsl : el ement >
<xsl : el emrent nanme="descKey">
<xsl : appl y-tenpl at es
sel ect ="keywor ds/ t hene| keywor ds/ pl ace"/ >
</ xsl : el emrent >

<xsl : el emrent name="Legal Const ">



<xsl : el enent nanme="accConst">
<xsl :val ue- of sel ect="accconst"/>
</ xsl : el enment >
<xsl : el enent nanme="useConst">
<xsl :val ue- of sel ect ="useconst"/>
</ xsl : el enment >
</ xsl : el enment >
</ xsl : el enment >
</ xsl:tenpl at e>

<xsl :tenpl ate mat ch="pl ace| t hene" >
<xsl : el emrent name="keywords">
<xsl : el ement nane="t hesaName" >
<xsl:if test="nane(.) = 'place
<xsl:if test="nane(.) = 'thene
</ xsl : el ement >
<xsl : el ement nanme="type"><xsl: val ue- of
sel ect ="pl acekt | t hemrekt "/ ></ xsl : el enent >
<xsl:for-each sel ect="pl acekey|t hemekey" >
<xsl : el emrent name="keywor d" ><xsl : val ue- of
"I ></xsl el ement >
</ xsl : for-each>
</ xsl : el ement >
</ xsl:tenpl at e>

>pl ace</ xsl :if>
>t henme</ xsl ;i f>

sel ect =

<xsl:tenplate match="citei nfo">
<xsl :element nane="Citation">
<xsl :element nanme="titl e"><xsl:val ue- of
select="title"/></xsl:el ement>
<xsl : el ement nane="dat e" ><xsl : val ue- of
sel ect =" pubdat e"/ ></ xsl : el ement >
<xsl : el ement nanme="edition"><xsl:val ue- of
sel ect="edition"/></xsl:el enent >
<xsl : el ement nanme="ser Nane" ><xsl : val ue- of
sel ect ="sernane"/ ></ xsl : el enent >
<xsl : el ement nanme="ot her Ci t Det " ><xsl : val ue- of
sel ect ="othercit"/></xsl: el ement >
</ xsl : el enment >
</ xsl:tenpl at e>

<xsl:tenplate match="cntinfo">
<xsl : el emrent nanme="RespParty">
<xsl : el emrent name="MandParty">
<xsl : el emrent nanme="npl ndNane" ><xsl : val ue- of
sel ect ="cnt perp/ cnt per"/></xsl : el ement >
<xsl : el ement name="npOr gNane" ><xsl : val ue- of
sel ect ="cnt perp/cntorg"/></xsl : el ement >
<xsl : el ement nanme="npPosNane" ><xsl : val ue- of
sel ect ="cnt per p/ cnt pos"/ ></ xsl : el ement >
</ xsl : el ement >
<xsl : el ement nane="contact">
<xsl : el emrent nanme="t el ephone" >
<xsl:for-each select="cntvoice">
<xsl:el ement nane="voi ce"><xsl :val ue- of



sel ect="."/></xsl : el enent >
</ xsl :for-each>
<xsl :for-each select="cntfax">
<xsl : el ement nanme="fax"><xsl :val ue- of
sel ect="."/></xsl : el enent >

</ xsl : for-each>
</ xsl : el enent >

<xsl : el enent name=" Addr ess" >
<xsl : el emrent nanme="post Add" >

<xsl : val ue- of sel ect ="cnt addr/ address"/ >

</ xsl : el ement >
<xsl : el ement nane="city">

<xsl :val ue-of select="cntaddr/city"/>

</ xsl : el enent >
<xsl : el ement name="adm nArea">

<xsl :val ue-of sel ect="cntaddr/state"/>

</ xsl : el ement >
<xsl : el ement name="post Code" >

<xsl : val ue- of sel ect="cntaddr/postal"/>

</ xsl : el ement >
<xsl : el ement nanme="country">

<xsl : val ue-of sel ect="cntaddr/country"/>

</ xsl : el enment >
<xsl : el enent nane="adm nArea">
<xsl : appl y-tenpl at es
sel ect ="cntaddr/state"/>
</ xsl : el enment >
<xsl :for-each select="cntemil ">
<xsl : el ement
name="el ect Mai | Add" ><xsl : val ue-of select="."/></xsl:el enent >
</ xsl :for-each>
</ xsl : el enment >
</ xsl : el enment >
<xsl : el emrent nane="resp">
<xsl:if test="nane(..) = "netc
<xsl:if test="nane(..) =
"ptcontac' ">poi nt Of Contact</xsl:if>
<xsl:if test="nane(..) =
"distrib" ">distributor</xsl:if>
</ xsl : el enment >
</ xsl : el enment >
</ xsl:tenpl at e>

<xsl:tenplate match="netadata/cnti nfo">
<xsl : el ement nane="contact">

<xsl : el ement name="hrsOf Serv" ><xsl : apply-tenpl ates
sel ect ="hours"/ ></xsl : el ement >

<xsl : el ement name="contl nstr"><xsl:apply-tenpl ates
sel ect="cntinst"/></xsl: el enent >

<xsl : el ement nanme="phone" ><xsl : appl y-tenpl at es
sel ect="cntvoi ce"/ ></xsl : el ement >

<xsl : el ement nanme="address"><xsl:apply-tenpl ates
sel ect ="cntaddr "/ ></ xsl : el enent >

>ori gi nator </ xsl :

if>



<xsl : el ement nanme="t el ephone" ><xsl : appl y-tenpl at es

sel ect="cntvoi ce| cnt fax"/></xsl : el enent >

<xsl :apply-tenpl ates sel ect ="/ net ai nf o/ net aext
</ xsl : el ement >
</ xsl:tenpl at e>

<xsl:tenplate match="di stinfo">
<xsl : el ement nanme="di gTransOpts">

ns"/ >

<xsl:for-each sel ect="stdorder/di gf orm di gt opt/of foptn">

<xsl : el ement nanme="Medi unt' >
<xsl : el enent nanme="nane">
<xsl :val ue- of sel ect =" of f ned
</ xsl : el enent >
<xsl : el emrent nanme="density">

ia"/>

<xsl :val ue- of sel ect="reccap/recden"/>

</ xsl : el ement >
<xsl : el emrent nanme="densityuUn">

<xsl : val ue-of sel ect="reccap/recdenu"/>

</ xsl : el enent >
<xsl : el ement name="nedFor nat ">

<xsl :val ue-of select="recfnt"/>

</ xsl : el ement >
<xsl : el emrent name="conpat ">

<xsl :val ue- of sel ect="conpat"/>

</ xsl : el enment >
<xsl : el enent nane="fees">
<xsl :val ue-of select="../../
</ xsl : el enment >
<xsl : el enment nanme="ordlnstr">
<xsl :val ue-of select="../..
</ xsl : el enment >
<xsl : el enent nanme="t urnaround">
<xsl : val ue- of
select="../../../turnaround"/>
</ xsl : el enment >
</ xsl : el enment >
</ xsl :for-each>
</ xsl : el enment >
</ xsl:tenpl at e>

~

<xsl:tenplate match="digti nfo">
<xsl : el enment nanme="Fornat">
<xsl : el enent nanme="nane">
<xsl : apply-tenpl ates sel ect ="formane"/ >
</ xsl : el enment >
<xsl : el ement nanme="ver Nuni' >
<xsl :apply-tenpl ates sel ect="fornvern"/>
</ xsl : el enment >
<xsl : el ement nane="spec">
<xsl : val ue- of sel ect="fornmspec"/>
</ xsl : el enment >
<xsl : el enment nanme="fil Decnifech" >
<xsl :val ue-of select="filedesc"/>

../ fees"/>

..lordering"/>



</ xsl : el enent >
</ xsl : el enent >
</ xsl:tenpl at e>

<xsl:tenplate match="citation">
<xsl : el ement nane="citation">
<xsl:element nanme="title">
<xsl :val ue-of select="title"/>
</ xsl : el enment >
<xsl : el enent nane="date">
<xsl :val ue- of select="date"/>
</ xsl : el enent >
<xsl : el ement nane="edition">
<xsl :val ue-of select="edition"/>
</ xsl : el enent >
<xsl : el enment nanme="ser Nane" >
<xsl :val ue- of sel ect="sernane"/>
</ xsl : el enent >
<xsl : el enment nane="ot herCitDet">
<xsl :val ue-of select="othercit"/>
</ xsl : el enment >
<xsl : el ement nanme="citRespParty">
<xsl : appl y-tenpl at es sel ect ="cnt perp"/>
</ xsl : el enment >
</ xsl : el enment >
</ xsl:tenpl at e>

<xsl :tenpl ate match="cnt addr" >
<xsl : el emrent nanme="Address" >
<xsl : el emrent nane="city">
<xsl :val ue-of select="city"/>
</ xsl : el enent >
<xsl : el emrent nanme="admn nArea">
<xsl :val ue-of select="state"/>
</ xsl : el enent >
<xsl : el ement name="post Code" >
<xsl :val ue-of sel ect="postal"/>
</ xsl : el enent >
<xsl : el emrent nanme="country">
<xsl :val ue-of select="country"/>
</ xsl : el enent >
<xsl : el emrent nanme="admn nArea">
<xsl :apply-tenpl ates sel ect="state"/>
</ xsl : el enent >

<xsl :for-each sel ect ="address">
<xsl : el emrent nanme="post Add" >
<xsl :val ue-of select="."/>
</ xsl : el enment >
</ xsl :for-each>
<xsl :for-each select="cntemil ">
<xsl : el enent nane="el ecMi | Add" >
<xsl :val ue-of select="."/>
</ xsl : el enment >



</ xsl : for-each>
</ xsl : el enent >
</ xsl:tenpl at e>

</ xsl :styl esheet >



Appendix X Different longitude domain casting

Longitude is measured from the Prime Meridian (which is the longitude that runs through
Greenwich, England), with pogtive vaues going east and negative vaues going west. So, both
the FGDC CSDGM and the SO 19115 have [-180.0, 180.0] as the domain for longitude.
Since the user interface uses [0.0, 360.0] as the domain for longitude, the correct casting
between these two different domain representations is very important.

The difference between the two domain representations is that the negative half [-
180.0, 0.0] of the metadata filesis represented by [180.0, 360.0] in the user interface. So,
when congtructing the R-tree or the database table, if the dataset’ s western-most coordinateis
in[0.0, 180.0) and the eastern-most coordinateisin [-180.0, 0.0), we need to add 360 to the
eastern-most coordinate so that the dataset has alongitude range faling in the [0.0, 360.0]
domain, i.e. if 8, 0 [0.0, 180.0) and 8. 0 [-180.0, 0.0) then

8ot = 8oy + 360.0. (1

For searching to match, two cases arise. Case 1. if the query window's western-most
coordinateisin [0.0, 180.0] and the eastern-most coordinate isin (180.0, 360.0], we need to
combine two separate searches. One search isto use the origind western-most and eastern-
most coordinates of the query window and the second search is to use the query window with -
180 as the western-most coordinate and an eastern-most coordinate resulting from subtracting
360 from the origind one, i.e.

S=Sow € Sows 2

where S = result set of objectsin range, S,y = Set of objects resulting from arange search with



the origina query window, and Sy, = Set of objects resulting from arange search with QW1,

where

| ont=-180.0, | 2i*=12Y-360.0 €)

Case 2: The query window’s western-most coordinate and the eastern-most coordinate are
both in [180.0, 360.0]. Again, two separate searches are combined. One search isto use the
origina western-most and eastern-most coordinates of the query window and the second
search is to use the query window with western-most and eastern-most coordinates resulting
from subtracting 360 from the origina respective ones, i.e.

S=Sow C Sowz 4
where Sand S,y are as before, and Sy, = set of objects resulting from arange search with

QW2, where

| Q2= | AW _360.0, | 29°=1 27 - 360.0 (5)



APPENDI X X1 Sample CEONet FGDC XML Metadata

A sample CEONet FGDC XML metadata file with file name
“com==Canadian_Seabed Research Ltd@DOT@==Canadian Beaufort Sea Ice Scour_D

atabass’ is listed below.

<?xm version="1.0" encodi ng="1S0O 8859-1"7?>
<met adat a>
<i di nf o>
<citation>
<ci tei nfo>
<ori gi n>Ceol ogi cal Survey of Canada (Atlantic)</origin>
<title>Canadi an Beaufort Sea |ce Scour Database</title>
</citeinfo>
</citation>
<descri pt>
<abstract >
Thi s database consists of quantitative ice scour paranmeters
based on anal ysis of side scan sonar and hi gh resol uti on echosounder
data. Descriptive report avail able. Coverage is of the continental shelf
of the Yukon and Northwest Territories.
</ abstract>
<pur pose>
This data is currently applied in spatial conparison of ice
scour characteristics (width, depth, shape), their distribution,
frequency and effect on the sea floor

Potential applications include: risk assessnent for subsea
installations, correlation of ice scour record to oceanographic,
geol ogi ¢ and neteorol ogi cal factors; determ nation of scour rates.

Data plans are the inplenentation of G S techniques usi ng SPANS
to anal yze and nodel ice scour processes and attributes.
</ pur pose>
<suppl i nf>
DI F Entry_| D: Canada_CdnSeaRes_i cescour
| DN_Node: CANADA/ CCRS
</ suppl i nf>
</ descri pt >
<ti meperd>
<ti mei nf o>
<r ngdat es>
<begdat €>19840101</ begdat e>
</ rngdat es>
</tineinfo>
</tinmeperd>
<st at us>
<updat e>As Needed</ updat e>
</ status>



<spdon®
<boundi ng>
<west bc>- 141</ west bc>
<east bc>-129</ east bc>
<nort hbc>+71</ nort hbc>
<sout hbc>+69</ sout hbc>
</ boundi ng>
</ spdomn»
<keywor ds>
<t heme>
<t henekt >GCMD</ t hemekt >
<t henekey>Earth Sci ence > Cceans > Bathymetry > Seafl oor
Topography > Sea Fl oor Scouri ng</thenekey>
<t henekey>Earth Sci ence > Cceans > Bathynmetry > Water
Dept h</t henmekey>
<t henekey>Earth Sci ence > Cceans > Mari ne Geophysics >
Conti nental Shel ves</thenekey>
<t hemekey>COASTAL ZONE</t henekey>
<t hemrekey>ENG NEERI NG GEOLOGY</t henekey>
<t henekey>GEOMORPHOLOGY</ t henekey>
<t henmekey>SEA FLOOR SCOURI NG</t henekey>
<t henmrekey>MARI NE GEOLOGY</t henekey>
<t henmekey>MARI NE GEOPHYSI CS</t henekey>
<t henekey>SEA BED</t henekey>
</t hene>
<pl ace>
<pl acekt >GCVD</ pl acekt >
<pl acekey>NORTH AMERI CA</ pl acekey>
<pl acekey>CANADA</ pl acekey>
<pl acekey>ARCTI C OCEAN</ pl acekey>
<pl acekey>BEAUFORT SEA</ pl acekey>
<pl acekey>SEA FLOOR</ pl acekey>
<pl acekey>Cf f shore Nort h</pl acekey>
<pl acekey>Arcti c</ pl acekey>
<pl acekey>Canada > Yukon</pl acekey>
<pl acekey>Canada > Northwest Territories</placekey>
<pl acekey>Canadi an Beaufort Continental Shelf</placekey>
<pl acekey>Canada > Nunavut </ pl acekey>
</ pl ace>
</ keywor ds>
<accconst >none</ accconst >
<useconst >none</ useconst >
<pt cont ac>
<cnti nfo>
<cnt per p>
<cnt per >Bob Har mes</ cnt per >
<cnt or g>
Geol ogi cal Survey of Canada (Atlantic) Mrine Regiona
Geosci ence
</cntorg>
</ cnt per p>
<cnt pos>Techni cal Cont act </ cnt pos>
<cnt addr >
<addrtype>mai l i ng and physi cal address</addrtype>



<addr ess>
1 Chal |l enger Drive,
P. O. Box 1006
</ addr ess>
<city>Dartmout h</city>
<st at e>Nova Scoti a</ st at e>
<post al >B2Y 4A2</ post al >
<count ry>Canada</ count ry>
</ cnt addr >
<cntvoi ce>(902) 426-3933</cntvoice>
<cnt fax>(902) 426-4104</cntfax>
<cnt emmi | >bl asco@gc. bi 0. ns. ca</cntemai | >
</ cnti nfo>
</ pt cont ac>
</i di nf o>
<di sti nf o>
<di strib>
<cntinfo>
<cnt per p>
<cnt per>St eve Bl asco</cnt per>
<cnt or g>
Geol ogi cal Survey of Canada (Atlantic) Mrine Regiona
Geosci ence
</cntorg>
</ cnt per p>
<cnt addr >
<addrtype>mai |l i ng and physi cal address</addrtype>
<addr ess>
1 Chal |l enger Drive,
P. O. Box 1006
</ addr ess>
<city>Dartmout h</city>
<st at e>Nova Scoti a</ st at e>
<post al >B2Y 4A2</ post al >
<count ry>Canada</ count ry>
</ cnt addr >
<cntvoi ce>(902) 426-3932</cntvoice>
<cnt fax>(902) 426-4104</cntfax>
<cnt enmi | >bl asco@gc. bi 0. ns. ca</cntemai | >
</ cnti nfo>
</distrib>
<di strib>
<cnti nfo>
<cnt or gp>
<cnt or g>Canadi an Seabed Research Ltd. </cntorg>
<cntper>M. den G Ibert</cntper>
</cntorgp>
<cnt addr >
<addrtype>Mi |l i ng and physi cal address</addrtype>
<address>341 Myra Road, P.O Box 299</address>
<city>Porter's Lake</city>
<st at e>Nova Scoti a</ st at e>
<post al >B0J 2S0</ post al >
<count ry>Canada</ count ry>



</ cnt addr >
<cnt voi ce>902-827-4200</ cnt voi ce>
<cnt f ax>902- 827-2002</ cnt f ax>
<cnt enmi | >csr @t con. conx/ cnt emi | >
</cntinfo>
</distrib>
<di stliab>Not Avail abl e</di stli ab>
<st dorder>
<di gf or np
<di gti nf o>
<f or mane>AUTOCAD DXF; Point Data Flat File; ASCI| Text
file</formane>
</ di gtinfo>
<di gt opt >
<of f opt n>
<of f medi a>Magneti ¢ Tape/ di sk. </ of f medi a>
</ of f opt n>
</ di gt opt >
</ di gf or m»
<f ees>Yes. </ f ees>
</ st dorder >
</ di stinfo>
<net ai nf 0>
<met d>19990603</ met d>
<nmet rd>19990603</ net r d>
<nmet f rd>20000528</ et f r d>
<met c>
<cnti nfo>
<cnt per p>
<cnt per >Susan Merchant </ cnt per>
<cnt or g>
Geol ogi cal Survey of Canada (Atlantic) Mrine Regiona
Geosci ence
</cntorg>
</ cnt per p>
<cnt addr >
<addrtype>mai |l i ng and physi cal address</addrtype>
<addr ess>
1 Chal |l enger Drive,
P. O. Box 1006
</ addr ess>
<city>Dartmut h</city>
<state>Nova Scoti a</state>
<post al >B2Y 4A2</ post al >
<count ry>Canada</ count ry>
</ cnt addr >
<cntvoi ce>(902) 426-3410</cntvoice>
<cnt fax>(902) 426-4465</cntfax>
<cnt emai | >mer chant @gc. bi 0. ns. ca</cntemai | >
</cntinfo>
</ met c>
<net st dn>FGDC Content Standards for Digital Geospatia
Met adat a</ met st dn>
<nmet st dv>19940608</ net st dv>



<nettc>local tinme</nettc>
</ met ai nf o>
</ met adat a>



Appendix XI1 Sample CEONet SO XML Metadata

The CEONet ISO XML metadata file obtained transforming the CEONet FGDC XML

metadata file listed in Appendix 1V using the XML trandator program is show asfollows.

<?xm version="1.0" encodi ng="UTF-8"?>
<met adat a>
<filelD
i d=" come=Canadi an_Seabed_Research_Lt d@OT@=Canadi an_Beaufort_Sea_|ce_Sc
our _Dat abase”/ >
<hi er Lev> dat aset </hierLev>
<cont act >
<RespParty>
<mandParty>
<npl ndNane> Susan Merchant </npl ndNane>
<mpOr gNanme> Geol ogi cal Survey of Canada (Atlantic) Marine
Regi onal Geosci ence </ npOrgNanme>
</ mandPart y>
<cont act >
<t el ephone>
<fax>(902) 426-4465</fax>
</tel ephone>
<addr ess>
<post Add> 1 Chal |l enger Drive, P.O Box 1006 </postAdd>
<city> Dartnmouth </city>
<adm nArea> Nova Scotia </adn nArea>
<post Code> B2Y 4A2 </ post Code>
<country> Canada </country>
<el ect Mai | Add>ner chant @gc. bi 0. ns. ca</ el ect Mai | Add>
</ addr ess>
</ cont act >
<resp Responsi bilityCode="net adat aProvi der”/ >
</ RespParty>
</ cont act >
<date format="1S0O 19108"> 19990603 </ dat e>
<mdSt anNane> | SO 19115 </ ndSt anNanme>
<mdSt anVer > CD 2.0 </ ndStanVer>
<i dl nf 0>
<abstract> This database consists of quantitative ice scour
par aneters based on analysis of side scan sonar and high resol ution
echosounder data. Descriptive report avail able. Coverage is of the
continental shelf of the Yukon and Northwest Territories. </abstract>
<purpose> This data is currently applied in spatial conparison of
ice scour characteristics (w dth, depth, shape), their distribution,
frequency and effect on the sea floor. Potential applications include:
ri sk assessment for subsea installations, correlation of ice scour
record to oceanographic, geol ogic and neteorol ogical factors;
determi nation of scour rates. Data plans are the inplenentation of GS
techni ques using SPANS to anal yze and nodel ice scour processes and
attributes. </purpose>



<supplnfo> DIF Entry_ID: Canada_CdnSeaRes_i cescour
| DN_Node: CANADA/ CCRS </ suppl nf o>
<CeoBndBox>
<west BL> - 141 </westBL>
<eastBL> -129 </eastBL>
<northBL> +71 </ northBL>
<sout hBL> +69 </sout hBL>
</ GeoBndBox>
<dsCitati on>
<Citation>
<title> Canadi an Beaufort Sea |ce Scour Database </title>
<ci t RespParty>
<RespParty>
<mandPart y>
<mpOr gNanme> Ceol ogi cal Survey of Canada
(Atlantic) </npOrgNanme>
</ mandParty>
<resp ResponsibilityCode="originator”/>
</ RespParty>
</ citRespParty>
</Citation>
</dsCitation>
<dsPOC>
<RespParty>
<mandPart y>
<npl ndNarme> Bob Harnmes </ npl ndNane>
<mpOr gNanme> Geol ogi cal Survey of Canada (Atlantic)
Mari ne Regi onal Geoscience </ nmpOr gNanme>
<npPosNanme> Techni cal Contact </npPosNanme>
</ mandPart y>
<cont act >
<t el ephone>
<fax>(902) 426-4104</fax>
</tel ephone>
<addr ess>
<post Add> 1 Chal |l enger Drive, P.O Box 1006 </postAdd>
<city> Dartnmouth </city>
<admi nArea> Nova Scotia </ adni nArea>
<post Code> B2Y 4A2 </ post Code>
<country> Canada </country>
<el ect Mai | Add>bl asco@gc. bi 0. ns. ca</ el ect Mai | Add>
</ addr ess>
</ cont act >
<resp Responsi bilityCode="poi nt Of Contact”/>
</ RespParty>
</ dsPCC>
<dsMai nt >
<Mai nt | nf 0>
<mai nt UpFr eq Mai nt enanceFr equency="asNeeded”/ >
</ Mai nt | nf o>
</ dsMai nt >
<descKey>
<Keywor ds>
<keywor d>Earth Sci ence > Oceans > Bat hynmetry > Seafl oor



Topogr aphy > Sea Fl oor Scouri ng</keywor d>
<keyword>Earth Sci ence > Oceans > Bathynetry > Water
Dept h</ keywor d>
<keywor d>Earth Sci ence > Oceans > Mari ne CGeophysics >
Conti nental Shel ves</keywor d>
<keywor d>COASTAL ZONE</ keywor d>
<keywor d>ENGI NEERI NG GEOLOGY</ keywor d>
<keywor d>GEOMORPHOLOGY</ keywor d>
<keywor d>SEA FLOOR SCOURI NG</ keywor d>
<keywor d>MARI NE GEOLOGY</ keywor d>
<keywor d>MARI NE GEOPHYSI CS</ keywor d>
<keywor d>SEA BED</ keywor d>
<type Keywor dType="t hene”/>
<t hesaName> t henekt </thesaName>
</ Keywor ds>
<Keywor ds>
<keywor d>NORTH AMERI CA</ keywor d>
<keywor d>CANADA</ keywor d>
<keywor d>ARCTI C OCEAN</ keywor d>
<keywor d>BEAUFORT SEA</ keywor d>
<keywor d>SEA FLOOR</ keywor d>
<keywor d>Of f shor e Nort h</ keywor d>
<keywor d>Ar cti c</ keywor d>
<keywor d>Canada > Yukon</keywor d>
<keywor d>Canada > Northwest Territories</keyword>
<keywor d>Canadi an Beaufort Continental Shelf</keyword>
<keywor d>Canada > Nunavut </ keywor d>
<type Keywor dType="pl ace”/>
<t hesaNanme> pl acekt </thesaNanme>
</ Keywor ds>
</ descKey>
<dsConst >
<Legal Const >
<accConst > none </accConst >
<useConst > none </useConst>
</ Legal Const >
</ dsConst >
</idl nfo>
<di st | nf o>
<di st For mat >
<For mat >
<name> AUTOCAD DXF; Point Data Flat File; ASCII Text file
</ nanme>
</ For mat >
</ di st For mat >
<di stri butor>
<di st Cont >
<RespParty>
<mandPart y>
<npl ndNarme> St eve Bl asco </ npl ndNane>
<mpOr gNanme> Geol ogi cal Survey of Canada (Atlantic)
Mari ne Regi onal Geoscience </ nmpOr gNanme>
</ mandPart y>
<cont act >



<t el ephone>
<fax>(902) 426-4104</fax>
</tel ephone>
<addr ess>
<post Add> 1 Chal | enger Drive, P.O Box 1006
</ post Add>
<city> Dartnmouth </city>
<admi nArea> Nova Scotia </ adni nArea>
<post Code> B2Y 4A2 </ post Code>
<country> Canada </country>
<el ect Mai | Add>bl asco@gc. bi 0. ns. ca</ el ect Mai | Add>
</ addr ess>
</ cont act >
<resp ResponsibilityCode="distributor”/>
</ RespParty>
</ di st Cont >
</distributor>
<di stri butor>
<di st Cont >
<RespParty>
<rplndName> M. den G lbert </rplndNanme>
<r pOrgNanme> Canadi an Seabed Research Ltd. </rpOrgNane>
<cont act >
<t el ephone>
<f ax>902- 827- 2002</ f ax>
</tel ephone>
<addr ess>
<post Add>341 Myra Road, P.O Box 299</post Add>
<city> Porter's Lake </city>
<admi nArea> Nova Scotia </ adni nArea>
<post Code> B0J 2SO0 </ post Code>
<country> Canada </country>
<el ect Mai | Add>csr @t con. conk/ el ect Mai | Add>
</ addr ess>
</ cont act >
<resp ResponsibilityCode="distributor”/>
</ RespParty>
</ di st Cont >
</distributor>
<di stribTrnsOps>
<Di gTransOpt s>
<medi unp
<nane> Magnetic Tape/di sk. </nanme>
</ medi une
</ Di gTransOpt s>
</distribTrnsOps>
</ di st nfo>
</ net adat a>
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