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Abstract 
Information visualizations data base technology. This is because the explosion in computer-stored 
information requires new ways to visualize information. We can no longer ask users to work with 
low-level graphics tools to create information presentations. Rather, we want users to be able to 
ask, at a high level, for visualizations which will help with a particular task, or will emphasize a 
certain trend. In order to automatically create such presentations, meta-data about the data will be 
needed. We give two examples of systems in which meta-data enables automatic generation of 
visual views: a dialogue-box generation tool for user interfaces and data entry, and a WWW visual 
navigation tool. 

INTRODUCTION 

My basic thesis is that the data base comunity and the information visualization community need to 
work together to realize the full potential of information visualization. I assert this thesis because 
based on a strong belief that in the future more and more information presentations will be 
automatically generated. Hence the basis for the thesis becomes clear. We can't do much to 
automatically visualize information which within the computer is not understood in some way or 
another: data base technology is the key way to represent such understandings. The schemas 
which define data properties and relationships are exactly what is needed to allow visualizatons to 
be created automatically. 

Why are automatic visualizations desirable? The amount of computer-based information is 
growing rapidly, probably exponentially. With disk drives now costing around $500 per gigabyte, 
more and more data is being maintained online. The rapid growth of the WWW is another 
indicator of how much digital information exists. Some portion of the online information is 
already managed by DBMSs; more will be. Indeed, the WWW itself is a very simple (too simple, 
we will argue) structured data base. 

Given all the data being stored, it becomes less and less reasonable for end users to get involved 
in the details of creating charts and graphs. While Microsoft's Wizards simplify the process, I 
prefer to think further ahead to a time when the user will be able to make requests like "create for 
me a graphic which helps me understand the relationship between our inventory, our production 
schedules, our order backlog, and our profitability." This is where rich data descriptions become 
important. 
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When browsing the WWW, we have essentially no use of graphics to show the user overview 
diagrams or roadmaps of the information space, no use of graphics to show where the user is in 
the information space or how to get to other locations, no use of graphics to distinguish between 
different types of nodes or links. Why is this? In part because the cost of creating such graphics 
manually, and then updating them whenever the content of the web changes, is an impossible task. 
Yet there is ample evidence that graphical navigational tools can be helpful. Again, rich data 
descriptions can pave the way for automatic generation and updating of these graphics. 

In a somewhat different domain, objects as found in OODBMSs or as found in the new 
programming environment represented by IDL and CORBA are described by a meta language. For 
example, in the case of CORBA, the language is IDL. Each object is a package of data and 
procedures (methods) which operate on the data. As objects proliferate, the task of creating visual 
views of the objects again becomes daunting. But, I will argue, if the descriptive language is rich 
enough, then it will be possible automatically to create views of the objects which allow their data 
to be examined and their methods to be invoked. 

To make these points more concrete, I will discuss two examples drawn from research projects 
conducted at the GVU Center which endeavor automatically to create visualizations. 

2. AUTOMATED GENERATION OF DIALOGUE BOXES 

The first example concerns automatic generation of user interface dialogue boxes which allow the 
user to create, edit, delete, and in general manipulate data objects. A semantic data model for an 
application is represented using Delft Univeristy's D2M2 [van der Mast 1993, Versendaal1995] 
data base system.. The data and methods for each object are described in the D2M2 schema, using 
a dialogue-box fill in editor. 

A rule-driven generation approach is used, driven by meta-information in the semantic data 
model. Design rules for dialogue boxes from Sun's Open Look style guide [Sun Microsystems 
and AT&T, 1990] were encoded in a machine-processable form, and were then used to 
automatically select approriate widgets for dialogue boxes [deBaar, Foley and Mullet, 1992]. 
Figure I shows the overall system framework. 

The key insight from this work is that standard data declarations (integer, float, character, 
enumerated are not enough to make good design decisions. Consider the enumerated data type and 
the way in which the end user might select members from an enumerated set. In OPEN LOOK, no 
less than seven different widgets (radio buttons and several styles of scrolling lists and check 
boxes) can be used for an enumerated type, depending on the number of elements in the set, 
whether the user must choose one element versus may choose one element versus may choose 
more than one element, and finally whether the elements of the set are bound at design time or are 
variable at run time. Hence the declaration of an enumerated set must not only delineate the 
members of a set, but this other information as well. This meant enriching the data declarations 
beyond those of D2M2, specifically for the purpose of choosing appropriate user interface 
constructs. (Note that more recent user interface toolkits and styleguides are equaly rich in 
providing many widget choices to the designer, using criteria similar to those of OPEN LOOK.) 



Information visualization 

D2M2 Model of Objects' Data 
and Methods 

Sun Microsystems' DevGuide Interactive 
GUIBuilder 

Inference Engine 

Generated or Edited User Interface 

59 

Figure 1 System for automatic layout of interfaces to objects. The data model for a specific 
object is selected and brought into D2M2. The selection and layout rules, encoded as human
readable files, are processed by the inference engine and used to select appropriate widgets. The 
widgets are placed in the generated dialogue-box style interface using placement rules. 

2. AUTOMATIC GENERATION OF WORLD-WIDE WEB NAVIGATIONAL 
VIEWS 

In a second related endeavor, we developed layout (placement) rules to determine in what order to 
position widgets in the dialogue boxes [Gray, Foley and Mullet, 1994]. Clearly one can use the 
order of declaration in the data model, but that order may be random or may be more derived from 
the analysts' view of the data model than from end-user considerations. In our work, we were 
already using pre- and post-conditions to control the visibility of windows and the enabling of 
widgets (disable widgets being gray-toned in most user interface toolkits). Very often, these pre
and post-conditions cause actions on one widget to affect another widget. We reasoned that if 
widget B is enabled by an action on widget A, then widget B should be somewhere below widget 
A in the dialoge box .. As well, the data model explicitly shows hierarchical groupings (such as a 
3D _position type being an x-coordinate, a y-coordinate, and a z-coordinate, all of type coordinate.) 
We reasoned that the hierarchies should be conveyed to the user by visual grouping or indenting. 
Again, it is only by having a rich data model that such decisions can be made. 
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The second example is visualizing the World-Wide Web, to facilitate navigation and exploration. 
We have developed a series of visualizations of the Web as part of NVB, the Navigational View 
Builder [Mukherjea and Foley CHI 1994] that use queries, abstraction, and visual bindings to 
reduce the visual clutter that occurs when many pages and links are shown. However, some of the 
NVB capabilities require that the HTML be supplemented with meta-data describing page and link 
categories (types) and subcategories. We have added this meta-data manually to selected sets of 
web pages for experimentation, but what is desperately needed is that HTML be extended to 
include meta-data explicitly. Since we started this project in 1993, the web community has 
perceived the meed for such meta-data, and has underway the Uniform Resource Characteristics 
project [Internet Engineering Task Force 1995] to enhance HTML to accomodate various types of 
augmentations, such as meta-data. Of course, another strategy would be to embed web pages in an 
OODBMS. 

One visualization method we use is presenting a series of more and more detailed views, 
essentially working down an abstraction hierarchy such as might be represented in a class 
hierarchy. Ultimately, instances are shown. For instance, one hierarchy is [research center-> 
research group-> research topic-> research paper]. 

Another visualization method is binding the visual attributes of nodes and links in a graph-like 
diagram of a set of WWW pages to data values or meta-data concerning the nodes and links. For 
example, links of type "is advisor of' might be shown in green lines, while links of type "is author 
of" might be shown in red lines. Similarly, research topic nodes might be circles while research 
group nodes might be squares, etc. 

Other types of visualizations are reported in several papers [Mukherjea, Foley and Hudson 
Hypermedia Technology 1994, Mukherjea, Foley and Hudson SGICHI 1995, Mukherjea and 
Foley WWW 1995]. The common thread is that they in general require descriptive data about data 
in order to be used, or in order to be used well. Again, DBMS technology is an appropriate 
technology to bring to bear. 
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