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Abstract. Trying to support the presentation of large amounts of heteroge-
neous data on the World-Wide Web normally results in relocating and restruc-
turing the original data. Our approach avoids these disadvantages by generating
metadata imposing an arbitrary logical structure on existing and new data. This
paper proposes a new high-level visual language as a user-friendly means to
control the process of generating metadata, i.e., information repositories. The
language has been designed to be useful even for unexperienced users. Its
applicability is demonstrated by a real example, creating a repository of judicial
opinions from publicly available raw data.

1.0  Introduction
Information technology is expected to expand faster than any other technology in his-
tory. Large amounts of data are already available on international data-networks, e.g.,
the Internet and in particular the World-Wide Web (WWW). Two main categories of
data have to be distinguished in this context:
1. Data already prepared for the WWW, i.e., formatted usingHypertext Mark-up Lan-

guage (HTML), etc.
2. Unformatted, heterogeneous data, e.g., legacy data, or data processed not primarily

for WWW use, e.g., judicial opinions from the U.S. Supreme Court.

Until recently, the only way of homogeneously integrating the second kind of data into
the WWW was to reformat the data and place it at a WWW site. Moreover, even HTML
documents may be fairly primitive and require restructuring to achieve desired presen-
tation. Such reformatting and restructuring are often impractical because of the amount
of human and computing resources they require for the initial conversion and mainte-
nance of information.

As a solution, we have presented theHarness system, which provides rapid access
to large amounts of new and existing heterogeneous information through WWW brows-
ers without any relocation or restructuring of data [9]. The idea of the system is to im-
pose a desired logical structure on raw data by performing an analysis of the original
information and generating metadata to encapsulate portions of this information. Har-
ness offers an opportunity to easily integrate existing heterogeneous information into
the WWW and to support new sophisticated presentation of data already available on
the WWW. The system constitutes a user-adjustable, parameterized, high-order filter-
ing scheme for arbitrary information.

Initially, the generation of metadata entities, which contain knowledge of how to in-
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terpret, filter and compose the original information, has been controlled by a textual
modeling language [10]. In this paper, we present a new visual language VRDL (Visual
Repository Definition Language) replacing the textual language. There are two main
reasons why the introduction of the new language serves to increase the usability of the
system:
1. VRDL is easier to comprehend than the original textual language. The language

design is inspired by Nassi-Shneiderman diagrams, which are quite popular when
teaching programming to novice programmers [8]. Although results from ``real-
life’’ experiments are still missing, we expect non-programmers to be able to easily
use our visual language.

2. Using an automatic diagram editor generator [7], we have built a graphical editor
dedicated to syntactic editing in VRDL. This way, the user gets maximal help when
using VRDL.
The rest of the paper is structured as follows: In the next section, we provide a short

overview of our object framework. Then, we discuss the main highlights of VRDL. In
section 4.0, we present an example of using VRDL to define a structured repository of
judicial opinions from the U.S. Supreme Court that are available as plain text files for
anonymous ftp from ftp.cwru.edu. Finally, section 5.0 briefly discusses related work
and is followed by conclusions.

2.0  Building Information Repositories
An important advantage of our approach is in providing access to a variety of heteroge-
neous information without making any assumptions about its location and representa-
tion. This is achieved by generating metadata entities, which determine processing
needed for presenting the associated portions of raw data. We begin with describing the
underlying object model and proceed to discussing method sharing between objects.

2.1  The Object Model

The most basic concept in our approach is that of anencapsulation unitthat is defined
as a metadata entity, which encapsulates portions of the original information of interest
to end-users. An encapsulation unit may be associated with a file (e.g., the text file rep-
resenting this paper), a portion of a file (e.g., a section within the text file), a set of files
(e.g., the set of images used in this paper), or an operation (e.g., a database query). The
text file and a section that occurs in this file may be encapsulated by different units be-
cause, in different contexts, each may present a unit of interest.

An Information Objectin the Harness model (IHO) is either asimple object, com-
posed of a single encapsulation unit, or acollection object, composed of references to
other objects, or acomposite object, combining a simple object and a set of references
to other objects. Each object may contain an arbitrary number of additional attributes
(e.g., owner, last update, security information, etc.). A sample composite object may en-
capsulate this paper’s abstract, combined with a set of references to simple objects that
encapsulate text, html, and postscript versions of the full paper.

Collection objects may contain references to multiple independent indices that ref-
erence their child objects (Figure 1). An index may be created either from encapsulated
contents of child objects or from their attributes (an information source of the index).
By abuse of notation, we refer to such collection objects asindexed collections, and say
that an object belongs to an indexed collection if it is a child of a collection object.



It is not necessary for every index to reference all child objects. An indexedsub-col-
lection is a metadata entity that contains information about a single index, including its
source, type, and the location of the index data structures. The type ensures the proper
selection of query and mapping methods. These mapping methods are responsible for
mapping selected information into Harness objects (Figure 1). Consequently, any in-
dexed collection may make use of external data retrieval methods that are not parts of
the system, making it possible to utilize existing heterogeneous index structures.

2.2  Method Sharing

Object encapsulation and presentation methods need not be designed from scratch.
Rather, we provide class hierarchies in an object-oriented manner. The hierarchies (Fig-
ures 2 and 3) distinguish betweenabstract andterminal classes. Abstract classes, which
may not be instantiated to IHOs, provide method sharing between groups of terminal
classes.

The abstract class hierarchies arestable because we do not foresee any need for ad-
ditional abstract classes to model different kinds of encapsulation and presentation. This
notion of stability does not preclude evolutionary changes to the abstract class hierar-
chies to take advantage of new technology (e.g., Java) or support new functionality (e.g.,
better flexibility in presenting collection objects).Whenever an appropriate terminal
class is defined, it inherits data access and presentation methods from an existing ab-
stract class. The class hierarchies are open in that new terminal classes may be defined
to accommodate the vast variety of information.

Structure of the Encapsulation Hierarchy

This section discusses the encapsulation hierarchy (Figure 2) and its role in supporting
the metadata extraction process. It is necessary for terminal data encapsulation classes
to provide the following methods:

 1. List of Child Objects 
 2. List of Index     
     References

Child 1

Child 2

Child 3

Child 4

 1. Index Location 
 2. Index Type 
 3. Index Source

Index B

Mapper B

Index A

Mapper A

...

Fig. 1. Indexed Collections.



1. A data encapsulation method, which supports the generation ofaccess-descriptive
metadata containing information about the location of the encapsulated data, its for-
mat and encoding, and its presentation type.

2. A data analysis method, which supports the generation ofcontent-descriptive meta-
data containing additional information about the encapsulated data in the form of
attribute-value pairs. For example, an object that encapsulates a tutorial document
may contain additional information about the intended audience.
The complexity of data analysis methods may vary greatly. As a minimum, they

should assign meaningful names to the Harness objects. The focus of our work is on
supporting the generation of access-descriptive metadata. We not attempt to provide any
general support for the generation of content-descriptive metadata, but we do provide a
general framework for utilizing existing third-party methods designed to perform com-
plex data analysis.

TheASCII Encapsulation class is used when Harness encapsulation units are asso-
ciated with portions of files (e.g., C functions, Prolog predicates, sections of Latex doc-
uments, etc.). TheFile Encapsulation class is used to associate the encapsulation units
with files (e.g., postscript files, Frame documents, image bitmaps, etc.) and groups of
files (e.g., Frame books, judicial opinions related to a single case, etc.). Finally, theRe-
quest Encapsulation class is used to encapsulate requests to external applications (e.g.,
SQL queries and requests for regularly updated video clips). A declarative approach to
generating encapsulation and data analysis methods for new terminal classes is a subject
of our current work.

The encapsulation classes for content-based indices are designed to support meth-
ods, which synchronize the generation of index structures and structures that support
presentation-time one-to-one mapping between indexing units and some set of Harness
objects. The indexing units are defined as portions of information that may be searched
for, given particular index structures. The two different abstract classes in the encapsu-
lation hierarchy are designed to support different levels of openness of third-party in-

Fig. 2. Encapsulation Class Hierarchy with Sample Terminal Classes.
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dexing technologies. TheFile Mapping class is used when the indexing technology’s
query method returns file names, while theUnit Mapping class is used when the method
returns unit identifiers.

Structure of the Presentation Hierarchy

This section discusses the presentation class hierarchy (Figure 3) that was constructed
to serve a triple purpose:
1. Support presenting the encapsulated information.
2. Support pre-processing the encapsulated data for building independent indices.
3. Support executing queries against independent indices and presenting the results of

these queries.
Each instance of the Collection class stores a set of parent-child relationships be-

tween Harness objects. In addition, instances of the Indexed Collection class are asso-
ciated with a physical index (or indices) that is used at run-time to select members of
the collection. Instances of subclasses of theIndexed Collection class are presented
through query interfaces, while instances of classes that inherit fromNon-Indexed Col-
lection are presented as full lists of members.

The distinction between theServer Presentation class and theClient Presentation
class is based on the differences in the execution site of the presentation tools while the
rationale for their subclasses is in the choice of these tools. The classes don’t differ in
their treatment of content pre-processing when building independent indices.

TheServer Presentation abstract class helps to group objects, for which the encap-
sulated information is accessed at run-time by running a process at the Harness server.
The subclasses of this class areServer Formatted Data andServer Executable. The sub-
classes ofServer Formatted Data serve to access raw data by executing external view-
ers at the server but displaying the windows at the client. Instances of the class
Executable serve to encapsulate application programs that get executed at the server.

Fig. 3. Presentation Class Hierarchy with Sample Terminal Classes.
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The subclasses of theClient Presentation class includeClient Formatted Data, Text,
and Audio. For instances of terminal subclasses ofClient Presentation, data is first
transferred to the client and then accessed by running external viewers at that client. Ini-
tially, for security reasons, there was no support for theClient Executable class, but the
emergence ofJava [42] and other mobile code technologies has helped to make it avail-
able.

Most of the data types may be defined by either a subclass ofServer Presentation or
a subclass ofClient Presentation. The exceptions areAudio andText that are always de-
fined by instantiating theClient Presentation class. The special treatment of audio files
is determined by the need to play the recording at the client machine for it to be heard.
The special treatment of text is for convenience in presenting plain text, as well as doc-
uments that use a mark-up language known to Web browsers. In either case, the text is
presented by the Web browser and not by an external viewer.

3.0  The Visual Repository Definition Language
In this section, we discuss the main highlights of theVisual Repository Definition Lan-
guage (VRDL). We limit our description to specifying the construction of metadata ob-
jects and thus building information repositories. We do not describe adding support for
new kinds of data and new indexing technologies by introducing new terminal classes
to the class hierarchy.

A VRDL program, when interpreted, generates objects that make up a structured in-
formation repository. VRDL contains language constructs for building simple objects
by encapsulating raw data, collection objects by putting together references to different
objects and possibly indexing their encapsulated contents, and composite objects by
combining simple objects and a set of references. Basic data types are IHOs and sets of
IHOs. Other VRDL types are omitted in this discussion.

VRDL is a high-level language, a program’s intermediate and final results are stored
in variables which have to be declared first. Each VRDL program consists of a declara-
tion block and a sequence of statements (Figure 4).

Here, we show a declaration block. Each variable is represented by an icon together
with its name. Shape and color provide easy distinctions between different variables. Set
objects are indicated by the stacks of icons:

The statement sequence is represented by a rectangle, which is subdivided into
smaller rectangles for individual statements (Figure 4). We will now discuss a subset of
VRDL statements, selected to support the example in the next section.

The assignment statement assigns a value to a variable. Values are defined by ex-
pressions, which, in the simplest case, may be either constants or other variables. Here,
the empty set is assigned to variable ‘Processed’:

SecItem

CaseSetItemSet

PrimItem

Processed

LSI_Coll

CaseItems



A variant of the assignment statement is the add-to-set statement, indicated by the
double arrow. The variable must be a set variable. The value of the right-hand-side ex-
pression is then added to the set as an additional element.

If the right-hand-side expression is set-valued, the set is added to the set variable:

The forall-statement provides selective access to set members. In this example, the
forall-body (here represented by<forall-body> ) is executed for every element
contained in ‘ItemSet’, which is not contained in the set accumulated in the variable
‘Processed’. For each iteration, the element of ‘ItemSet’ is assigned to the variable
‘PrimItem’. Apparently, the forall-statement exceeds similar statements of other lan-
guages by providing additional flexibility in defining the forall-head conditions:

The last statement showed here is the write statement used for storing generated
metadata entities, e.g., the contents of the variables ‘ItemSet’ and ‘CaseSet’ (of course,
input statements also exist in VRDL). The stored metadata entities eventually build up
the information repository described by the VRDL program:

So far, we have described how to access existing objects and sets of objects. In the
rest of this section, we present more complicated expressions that help to create new ob-
jects.

The encapsulation expression creates simple IHOs by analyzing raw data. In this ex-
ample, objects of type ‘Court’ are built from the contents of the given ftp-directory (the

empty
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Processed

SecItemCaseItems
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new type ‘Court’ together with its icon is defined outside of VRDL). The type deter-
mines how the original data is analyzed and presented. Here, ‘Court’ objects encapsu-
late multiple files related to the same case:

A variant of the encapsulation expression allows to build metadata objects from oth-
er metadata objects, providing a different view of the same data:

The combine-expression is used for building composite objects. A simple object is
combined with a set of references to other objects. Here, the object created by the en-
capsulation expression is combined with objects contained in the set variable
‘CaseItems’:

Finally, the index expression creates collection objects that contain a set of refer-
ences to other IHOs and to a searchable index. Here, a collection object is built from
the contents of the set variable ‘CaseSet’, building a new index at the given position.
Latent Semantic Indexing (LSI) [3] is used as an indexing scheme:

ftp://ftp.cwru.edu/hermes/ascii/
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4.0  Example
In this section, we discuss how to best search and present the judicial opinions from the
U.S. Supreme Court that are available at ftp.cwru.edu. Here, information related to a
single case may be distributed between multiple files. The example impressively dem-
onstrates how information not prepared for the WWW can effectively be presented on
the Web.

Given the location of the original information, the desired run-time presentation of
individual cases, and the desired indexing technology, the following steps would result

Fig. 4. VRDL program for example in section 4.0.
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in building a repository of the Supreme Court cases:
1. Create simple objects that encapsulate individual judicial opinions (one per file).

The encapsulation method should determine the case numbers for the opinions and
store them as attributes of the encapsulating objects.

2. For each object created in step one, find other objects related to the same case,
encapsulate them together with the presentation type ‘Case’, and exclude them
from any further consideration. The presentation method for this type should be
responsible for generating internal hyperlinks to individual opinions and external
hyperlinks to related information (the Supreme Court photo, bios of the judges,
etc.).

3. Create an indexed collection of the objects created in step 2 using the Latent
Semantic Indexing (LSI) technology.
These steps are implemented by the VRDL program in Figure 4. It assumes that the

LSI indexing technology is supported and that the encapsulation and presentation meth-
ods for types ‘Court’ and ‘Case’ are available in the type library.

The first statement of the program serves to encapsulate individual opinions located
at “ftp://ftp.cwru.edu/hermes/ascii/” and assigns the generated set of simple objects to
‘ItemSet’. The encapsulation type is always required because it determines how to ana-
lyze the original data. When the presentation type is not explicitly specified, it is as-
sumed to be the same as the encapsulation type. The next two statements initialize
‘Processed’ and ‘CaseSet’ variables. ‘Processed’ is used to accumulate objects from
‘ItemSet’ that should be excluded from further consideration, while ‘CaseSet’ is used
for grouping together objects, which encapsulate opinions that belong to the same cases.

Fig. 5. Query interface for judicial opinions
from the U.S. Supreme Court.

Fig. 6. Presentation of legal cases from
the U.S. Supreme Court.



Next, the forall-statement serves for iterating over the objects in ‘ItemSet’ and uses
‘Processed’ in the such-that condition to avoid assembling the same case for every
member opinion.

Objects that are related to the same case are determined using the ‘CaseID’ attribute,
which is set by the encapsulation method for the type ‘Court’. The discussion of this
feature was omitted in the last section. All objects related to the same case are grouped
together using the encapsulation type ‘Case’. We then use the combine-operation to cre-
ate composite objects that both encapsulate all case-related information and contain ref-
erences to simple objects encapsulating individual opinions. Finally, when all opinion
objects are grouped together, an indexed collection is created for objects in ‘CaseSet’
and the collection object is assigned to the ‘LSIColl’ variable. ‘LSIColl’ and ‘ItemSet’
are stored; together, they constitute an information repository properly formatted for the
Harness server.

Figure 5 shows a Web page that gets generated after searching for decisions using
keywordsdrugs , violent , andcrime , i.e., using the index referenced by the object
stored in ‘LSIColl’. The result of the query is a list of the members of the set in ‘Cas-
eSet’. Since each member is a composite object, we see not only a hyperlink for its con-
tent but also hyperlinks for the individual opinions. The dynamic Web page for the case
object which is referenced by the first hyperlink in Figure 5 is shown in Figure 6.

5.0  Related Work
The access and retrieval of heterogeneous information has historically concentrated on
different application areas, including software reuse [1], digital libraries [5], geospatial
data [4], etc. Software reusability now extends beyond code to include other software
assets such as specifications, designs, test cases, plans, data, and documentation. The
construction of digital libraries and information repositories of geospatial data require
assembling a variety of media types, both structured and unstructured, and consequent-
ly ensuring ease of access and manipulation. The basic trade-off for these applications
lies in balancing the cost of constructing a storage system versus the cost of locating and
browsing relevant resources.

Furthermore, VRDL is related to visual programming languages and environments
as well as visual programming [2]. The visual approach has been quite successful for
restricted domains and programming tasks as well as for teaching inexperienced users.
Examples include attempts to generalize spreadsheets to real (visual) programming lan-
guages, andPrograph, a visual programming language and environment currently used
for moderately sized software projects [6]. This success with casual and inexperienced
programmers was the motivation for our design of VRDL. We used a Nassi-Shneider-
man diagram representation [8], which is not (as far as we know) incorporated in prom-
inent software products, but which successfully serves as a visualization aid in teaching
novice programmers.

6.0   Conclusions
We have briefly introduced VRDL, a visual language describing how to build Web in-
formation repositories from large amounts of heterogeneous data. VRDL is the result of
our efforts to design a simple, yet powerful, language that supports modeling heteroge-
neous information based on the underlying notions of sets and types, and to make using
the language simple enough for unsophisticated programmers. Whereas the concept of



a simple, declarative, textual language to support modeling is not new (e.g., [8], for a
detailed discussion of related languages see [10]), the visual language is a unique fea-
ture increasing user-friendliness.
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