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l. INTRODUCTION

1 Today, the broad availability of geographical data puts a user in the comfortable situation of
having access to many different data sources. Unfortunately, the available datain most casesis only
sparsely described; this renders more difficult the evaluation of the fitness of use of the data for specific
requirements. Effortsin standardizing data transfer have led to the requirement that a data set be
accompanied by so-called metadata which report on the quality of the transferred data. The Spatial Data
Transfer Standard SDTS (Nationa Ingtitute of Standards and Technology, 1994) specifies five magjor
elements consisting of lineage, positiona accuracy, attribute accuracy, completeness and logical
consistency to comprehensively describe the quality of a data set. The ICA Commission on Spatial Data
Quality agreed on two additional elements for quality assessment: semantic accuracy and temporal
information (Guptill and Morrison, 1995). However, the quality elements are described on a somewhat
conceptual level without specifying concrete measures for individua quality parameters. Therefore,
subsequent research has focused on the development of such measures. Whereas much effort has been
expanded on the quality elements of positional accuracy, attribute accuracy and completeness (for
instance, Tveite and Langaas, 1999, Leung and Y an, 1998), the lineage element received only very little
attention. However, it is recognized that particularly lineage tracking and thus the comprehensive
description of lineage is one of the key requirements for the operational use of geographic information
within a multi-user and multi-organization application (Sargent, 1999).

2. Besides formalizing data quality, categories and attributes to describe the content, condition and
other characteristics of data have been researched. Standards such as the "Content Standard for Digital
Geospatial Metadata' (CSDGM, Federal Geographic Data Committee, 1997) reflect the work initiated in
thisfield. The CSDGM is one of the most used standards (at least in the US) and provides a common set
of terminology and definitions for the documentation of digital geospatia data. It establishes the names
of data elements, their definitions and information on the values that must be provided for the data
elements. Data elements are identified for information on the identification, data quality, spatial data type
and reference, entities and attributes and distribution. Since about 200 different data elements are defined,
the standard can be considered as comprehensive. However, this number of different data elements make
the interpretation and assessment of a data set for its fitness of use for a specific application a difficult
task.
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3. This paper concentrates on the development and integration of tools that enable fast and effective
access to metadata, in particular to lineage, one of the most important data quality components. The tools
consist of "de-facto" standard and freely accessible software applications which mainly alow for
graphical assessment of data suitability. The main characteristic of the tools is their interoperability which
may be defined as the capability to communicate with other software tools and the ability to be used from
different platforms and operating systems.

4, The work described hereis part of alarger project conducted in collaboration with the Swiss
Agency for the Environment, Forests and Landscape. The content of the project is the design and
implementation of a database for the storage and management of data of environmental protection areas
of mires, riverine forests, semi-arid meadows, etc. (Grinig, 1992). In addition to geometric objects which
represent the extent of these areas, base documents such as images, documents containing the criteria for
selecting protection areas and governmental documents which build the legal base for the areas must be
stored. As well as the database part of the project, access software enabling the exploration of the spatial
database has to be implemented. This paper mainly reports on results obtained from the implementation
of the access software.

. REPRESENTATION OF LINEAGE IN THE CSDGM

5. Lineage can be simply defined as "the history of a data set" (Clarke and Clark, 1995, p. 13).
History is explained as "the recounting of the life cycle of a data set, from its collection or acquisition,
through the many stages of compilations, corrections, conversions, and transformations to the generation
of new interpreted products’ (Clarke and Clark, 1995, p. 13).

6. The following example (http://water.usgs.qov/Gl S/metadata/usgswrd/ag _chem.html) shows
which data elements the CSDGM uses to record lineage, and how lineage is usually presented. Of course,
data elements necessary for the description of lineage are only a subset of the full metadata set.

Lineage:
Saurce _Infarmation:
matiree_meade Denominator: 2,000,000
Frocess Siep:
FPracess Deseription: EESELECT COUNTY2M COUMNTY WEW POLY
matree Used Citation Abbreviation: None
FProcess Dater 19911112
FProcass Timer 1528
matiree Froduced Citalion Abbreviation: MNone
FPracess Siap:
Frocass Deseripéion: LABELEEROES COTINTTY MEW
satree Used Citation Abbreviaiion: MNone
FProcass Dater 19911112
FProcass Timer 1529
satree_FProduced Citalion Abbreviation: None
FProcess Step:
FProcess Description: LABELEERORS COTINTY NEW
Source_Used Citation_Abbreviation: IMone
FProcess Date: 19911112
Frocess_Time: 1506
sonree Froduced Citation Abbreviation: None

Fig. 1. Extract of a metadata set consisting of lineage information. The full lineage description
contains additional process steps.



7. The example reveds the textual character of the information, presented in listings which make
the comprehensive exploration of lineage a cumbersome task. The description of lineage consists of the
specification of source information including the scale of the source, and a number of process steps
necessary to produce afinal dataset. A user receiving this lineage information for a given dataset is left
with many questions, such as:

What exactly is the data source? How does it 10ok? The specification of a source scale as the only
information is not helpful for a user to sufficiently assess afinal data set. A reference to the
source, the inclusion of the source or a subset of it would significantly improve data suitability
assessment.

What does the process step do? The data supplier in the given example reduces the event
description to asingle ARC/INFO statement assuming that a potential user of the data set is
familiar with the software, knowing the actual command, constraints to input data sets and
impacts of specified parameters. The actual specification of the CSDGM allows for anon-
standardized and unstructered way of providing process information which means that the
structure, content, and extent of the function or tool description is left to the data set supplier.
However, a more comprehensive description of a process step should include properties such as
the behavior of a function, requirements on input data sets, semantics of and constraints on
parameters used, description of output, etc.

What exactly is the impact of a process step on a given data set? In many cases, it will be difficult
to estimate the impact of a process step on a source or derived data set even if process description
is complete. Access to intermediate data sets or representative subsets which clearly show the
impact would help to get a good fedl for afunction or tool used for a process step.

8. In summary, the current way of providing lineage information with the CSDGM must be
considered unsatisfactory and insufficient. Additionally, the CSDGM is a means to describe metadata for
aparticular data set. Since datais increasingly stored and managed in databases, lineage description and
metadata must be adapted accordingly. The following section briefly describes the database approach
chosen within this project, structuring data according to processes and providing the necessary metadata
information.

[1. PROCESS-ORIENTED DATABASE

0. The database design of the project has to consider different types of data, such asimages, text
documents and spatia objects or entities. The selection of environmental protection areas normally
consists of severa steps starting, for instance, with a governmental decision which initiates the selection
process. In anext step, experts determine criteria for the selection of areas. Subsequently, base documents
(images, maps) are used for digitizing potential protection areas. During subsequent field work, potential
areas and their extents are verified, followed by arefinement of the objects. Finaly, alega document
published by the government determines the exact position and extent of the protection aress.

10. Since the complete selection process may be divided into clearly identifiable steps, the design of
the database was based on this division by introducing a process-oriented data model. Every step of
delineating protection areas is considered an individual process which is related to a certain type of data
and corresponding metadata. A detailed description of the design and implementation of the database
approach, using arelational database management system, is presented in Baumberger and Hageli (2000).
The main components of the data model are process types, which are classes of similar process steps, and
process instances, which are the actual occurrences of process steps. Data resulting from a process step
are associated to the process instance. The interrelationships between process types are modelled by
associating a child process type with its parent types. The linking of the process types essentialy defines
adirected graph which shows the lineage for a given node of the graph. The model enables the tracking
of the history of al entities stored within the database by traversing the graph of processes. An example
of agraph of linked process typesis shown in fig. 2. Metadata - not restricted to lineage information -
may be associated to process types as well as to single processes.



[~IDNL-Process Type Frame

Process type: Provides metadata for the description of the functions, methods and tools to
perform the task specified by the process type.

Process instance: Provides metadata of two kinds: since an instance of a process type usesiits
specific parameters for performing atask, the values of the parameters must be specified
individually. In addition, the process instance also includes the metadata of the related data set,
consisting for instance of accuracy measures.
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Expertise, field work, field mapping

Feature digitalization

Dissolving of polygons to objects {derivation of existing geometries)

Fig. 2: Example of adirected graph for processtypelineage. Visualization of the graph usesthe
"MetaViewer" software described below.
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ACCESSOF LINEAGE INFORMATION

Accessing and tracking lineage information of a selected data collection in order to assess its

fitness for use is implemented using an interactive method of exploring the database. A user may get a
good fed for the content and vaidity of a data collection by interactively selecting data entities, studying
related metadata, and assessing the impact of process steps on subsequent data elements.

12.

The implementation of such an interactive system must fulfill a number of requirements:

Easy access. dl data—including spatia entities — are stored in an Oracle database. Spatial datais
managed by the Spatial Data Base Engine (SDE) of ESRI (ESRI, 1998). Since only a small part
of the expected user community is familiar with SQL and SDE, the user interface for data access
has to be built by omitting the use of these access techniques.

Graphical representation of process type and process graphs. graph drawing agorithms (Di
Battista et a., 1994) must be used to display the directed graphs representing data lineage.
Visualization of different types of data: since the database contains different types of data, the
access software must be capable of interpreting them accordingly, i.e. rendering the geometry of
gpatial objects, images and text documents.

Platform-independence: The database runs on a server machine. Access must be granted from
different personal computers or work stations, running operating systems such as Unix, Windows
or MacOS.



13. Since platform-independence is one of the most important requirements, the programming
language Javais used to implement access and browsing software for metadata and data contained in the
database. In addition, Java provides arich set of graphical user interface components and numerous
different application programming interfaces which enable interoperability of data aswell as processing
resources to a grest extent.

14. The architecture of the currently implemented software, called "MetaViewer", is presented in fig.
3. The central component of the software is a Java-based integration layer which controls access to the
database and integrates components for metadata visualization, lineage tracking through a graphical user
interface, and rendering of data corresponding to the various data types stored in the database. Taking a
closer look at the single components of the architecture reveals that the software for component
integration (APIs) and the components themselves - except the DBMS and GIS - consist of freely
accessible tools or programming code.
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Fig. 3: Architecture of the softwareimplemented for access and visualization of metadata and data
contained in the DBM S. Dashed lines denote a component which is not yet integrated.

15. In detail, access to metadata and data and their visualization is implemented as follows:

i) Javarbased integration layer: the tasks of the integration layer are to control access to the DBMS
by compiling query statements, intermediate storage of retrieved and internally produced data,
distributing data to other components according to the data types and user requests, and dynamic
compilation of metadata and lineage information. The implementation of these tasks utilizes the
basic classes of Java.

i) Accessto the DBMS and retrieval of data and metadata: in order to access and retrieve data from
the Oracle database, functionality for establishing a connection to the database and for submitting
SQL -statements must be available. Thisis provided by the Java application programming
interface JDBC API which supports basic functionality to SQL databases (White and Hapner,
1998). The IDBC API consists of a set of interfaces to open connections to particular databases,
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execute SQL statements, and process the results. Once a connection to the database is
established, the integration layer of the "MetaViewer" software is responsible for preparing SQL
statements based on user requests, executing the statements, receiving the results via the JDBC
interface, and finaly interpreting the result sets accordingly.

Graphical user interface: the graphical user interface (GUI) is responsible for user control of the
complete access and visualization software. The design and implementation is based on the Java
Foundation Classes (JFC) which encompass a group of features to help build particular GUIs.
One of these features is Swing, a programming interface which enables the handling of GUI-
components such as windows, dialogs, text fields, tables, menus, scrollbars, buttons, and many
others. Implementing the Swing-based GUI is straightforward since interface calls to invoke
GUI-components are on a high level. The main part of the actual user interface is the handling
and display of lineage information. Fig. 2 showed a process type graph displayed within a Swing-
based window. The rendering of directed graphs needs specific graph drawing software.
Corresponding searches on the web result in arich set of graph drawing resources
(http://www.cs.brown.edu/people/rt/gd.html). One of these resources is Java code of Erlingsson
and Krishnamoorthy (1997) including classes and methods for interactively drawing different
types of graphs. The code was adapted to display directed acyclic graphs as requested in our
application. Fig. 4 shows the graph of process instances belonging to the process types shown in
fig. 2. From the display of graphs of specified processes or process types, asingle box or severa
boxes may be selected in order to visualize corresponding data or metadata (an example will be
shown below).
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Fig. 4: Example of adirected graph for processes. The graph shows process instances of process
typesdisplayed in fig. 2.

iv)

Image rendering: the database stores images with data formats such as tiff or gif as binary large
objects. The Java application programming interface JAI (Java Advanced Imaging) offers the
necessary functions for image processing and display by supporting a broad variety of image
formats, data types, and image file types (Sun Microsystems, 1999). For the purpose of this



application, only functions for rendering images are used. The main problem for image rendering
isthe large size of a great number of stored images and the corresponding upload time from the
database to the integration layer. For this reason, a user isfirst informed about the size of the
image and may subsequently decide whether the image should be uploaded and displayed.

V) Text document display: the visualization of text could be implemented with Java Swing Classes
by placing text within a specific window. However, text documents are prepared as PDF-files
(Portable Document Format, Adobe Systems, 1999) and then stored as binary large objects in the
database. Since it is not the aim of the presented software to parse PDF-files, the integration layer
establishes alink to a PDF-reader (Adobe AcrobatReader). The text stream received from the
database is sent to the reader by a system call which starts the reader application. The reader
application in turn displays the text document. This solution cannot be considered a true
integration of software components, however, but simple system calls can be implemented
independently of a given hardware and operating system. Releasing the constraint of platform-
independence would enable the implementation of fully interoperable software components, for
instance by using the Component Object Model (COM) of Microsoft and its embedding into Java
(Verbowski, 1999).

Vi) Metadata display: metadata which are dynamically compiled according to a user request are
compiled into a HTML-document (or into an XM L-document in the future) and may be
visualized by standard browser software. The procedure and remarks are the same as for the
display of text. Asfor text, metadata could also be displayed using Swing components. However,
formatting metadata using HTML- or XML -tags and accompanying style sheets and subsequent
display in a browser such as Netscape or Explorer greatly reduces programming effort.

vii) GIS component: the dashed lines of the GIS-box in fig. 3 indicate that this part of the software is
not yet implemented. Although the display of the geometries of spatial objects is not possible at
the moment, corresponding metadata as well as non-spatial attributes of the objects may be
visualized. Actually, the visualization of spatial objects and corresponding metadata is separately
implemented using Gl S-software (Steinmeier, 1999). The planned solution indicated in fig. 3
approaches integration of a GIS component using OGIS interfaces. OGIS is an abbreviation for
Open Geodata Interoperability Specifications which reflect work initiated by the Open GIS
Consortium (OGC). The OGC is a membership corporation consisting of the most important
hardware, software, database and GIS vendors, federal agencies and universities. The goal of the
consortium is the promotion of new technical and commercial approaches to interoperable
geoprocessing by specifying a software framework for distributed access to geodataand
geoprocessing resources (Buehler and McKee, 1998). After four years of work, OGC released the
firgt implementation specifications including the handling of simple spatial features (Open GIS
Consortium, 19983, 1998b, 1998c). However, actua implementations of the standard on top of
existing GIS are not yet available since the GIS-vendors only hesitatingly adopt the
specifications.

16. One of the important properties of the presented architecture is that it is open for the integration
of further components. The current method of acces to the database is mainly metadata-driven. However,
metadata-driven exploration is only one paradigm for effective search of databases in order to assess the
fitness of use for a given data collection. Flewelling and Egenhofer (1999) propose a subset-supported
paradigm which has its origin in the fact that data may be best understood by applying exploratory
analysis. Thistype of analysis needs statistical tools that may be integrated into the proposed architecture.
A challenging question is the selection of a subset which is representative of a given collection of stored
entities.



V. AN EXAMPLE USING THE ACCESS SOFTWARE

17. This section describes one possibility of a user session for metadata and data access and
visualization. First, the user must establish a connection to the database. As outlined above, data of mires,
riverine forests, semi-arid meadows, etc. are primarily stored with a process-oriented data model. If a user
already knows available process types or individua processes, he or she can directly start lineage
tracking by specifying one of these entities after a connection is opened. A second starting point for
lineage tracking is access via the selection of a particular inventory to which the data belongs. Processes
and process types are aggregated to inventories which store the history of the evolution of a particular
type of protection area. A third entry point for database exploration are the different data types available
in the database. A user may, for instance, start lineage traversal by selecting a particular image. Once a
process type or asingle process is selected, the corresponding graphs are displayed. From the graphical
representation, metadata and data of the Ilneage graphs may be selected and displayed, as shown infig. 5.
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V1. CONCLUSIONS

18. Experiences with the implementation of the presented architecture for an effective compilation
and browsing of metadata using the programming language Java are very promising. This language, with
itsrich set of GUI-components and additional application programming interfaces, provides an optimal
base for the implementation of software components requesting interoperability. However, since Javais
an object-oriented language, profound knowledge of and experience with this programming paradigm are
indispensable.

19. The project in which the presented work is conducted is still at an early stage. Therefore,

the user interface as well as the database design have not yet been tested extensively. In addition, the
database is only populated with a small amount of data. However, athough users from particular
application domains have not yet been addressed, the access software has aready demonstrated its
potential as areliable supporting tool for database administrators and data providers. Visualy tracking
lineage permits the verification of the content of the database for completeness since missing links
between successive processes may be identified quickly.

20. Lineage tracking by interpreting listings of currently defined standards is not an effective means
for data suitability assessment. The presented approach enables access to metadatain a more
comprehensive and flexible way, and in addition allows the user to browse source or derived data as
lineage information. In this sense, data themselves become part of metadata.
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