A Constraint-Based Declarative Display Description

Language for Visualization

byAnthony J. Kusalik

andGregory M. Oster

Department of Computational Science

University of Saskatchewan

Saskatoon, Saskatchewan

Canada S7N 0W0

Abstract

An ongoing research project at the University of Saskatchewan is WAND, the design

and realization of generally applicable visualization systems to aid in the monitoring and

debugging of logic programs. The goal is systems which allow the rapid prototyping of

graphics-based tracers for different (logic programming) languages, language

implementations, and execution paradigms. The first phase of the project, the GLP

system, has been completed, evaluated, and reported on earlier. It demonstrated the

various merits of WAND. More recent work has been on a successor to GLP,

incorporating ideas from the fields of logic grammars and con straint-based logic

programming. A key component of this new system is the facil ity for describing the

image which is to appear on the user�s screen � for specify ing what to display and how

to display it. A constraint-based declarative display description language has been

developed and implemented as part of this facility. This presentation describes this

language and its current implementation, the ICOLA system, as well as outlining the

overall project. A highlight of the language is its expressivity � the ease with which

pictures can be described. As well, it does not require absolute position ing and permits

pictures to be under-constrained.

1. Introduction

There is an unfilled need in logic programming for graphics-based visualization tools for

program monitoring and debugging. Many systems still rely on a text-based user interface; for

example, extensions of the 4-port box model [Byrd80]. Unfortunately, this type of model presents a

second computation paradigm to users, which is often a source of great confusion. Also, a textual

interface does not take advantage of the power and ease of a graphical one.

Some systems and implementations do provide visual execution tracing tools, for example

DEWLAP [DeCl86], WamTrace [DiLu87], TPM [EiBr88], MUST [SvSu90], VISTA [Tick92], and

VisAndOr [Car+92]. The characteristics of such tools are typically preset, and not readily changed.

The chosen information content, display style, set of representational forms, or suite of features may

be insufficient or inappropriate for a particular type of user, user�s objective, or program�s behavior.

Also, the visualization facilities cannot be used with another language system.

The lack of graphics-based visualization tools is particularly acute in the case of new languages

and implementations. Adding visual tracing or debugging capabilities to a lang uage system is

typically diffi cult and time-consuming. Hence, it is usually undertaken only after the language is

stable, and character istics of the interface can all be set. However, visualiza tion tools are often highly

desirable earlier, during stages of language design and initial imple mentation. Then they can be used

to analyze, correct, and modify language constructs, language semantics, implementation code, and

end-programs.

There has been little research into what makes a good visualization aid for logic-programming

languages. It is not known, for example, what facilities and forms are best suited for different types

of sequential language, OR-parallel languages, committed-choice languages with dataflow,

constraint-based languages, etc. One reason for this is because of the difficulty and effort necessary in

devising multiple interfaces having a variety of features and forms.

A solution to this combination of problems is provided by the WAND system design. WAND

aims to provide generic logic programming monitoring tools, suitable for developing specific tracing

or debug ging systems. The tools are to be independent of a particular (logic programming) language

or implementation. Customization is to be realized by high-level mechanisms. Effort necessary to

achieve a specific visualization tool must be of the same order-of-magnitude as that necessary to

write a meta-interpreter for the target language. Resulting visualization systems are to be reasonably

efficient, showing efficiency expected for a prototype system.

Characteristics of the WAND design are as follows. The user interface is provided by a generic,

stand-alone, graphics-based visualization program (tool). To create a custom tracer or debugger only

three additional components need be supplied: a meta-interpreter (or equivalent) producing �raw�

trace data; a transfor mation specification mapping the trace information into database updates; and a

configuration specifica tion controlling what information is displayed and the form that information

takes. These three compo nents are typically much simpler to compose than an entire visualization

subsystem. By altering them, the models of execution and visualization, and the capabilities

provided to a user, can all be tailored. Monitoring can be concurrent with program execution, or

performed off-line, driven by a data-file.

The WAND design maximizes flexibility and power, while minimizing complexity and

programming effort. Appendix A illustrates the design architecture, and indicates the potentials for

tailorability.

A specific instance of the WAND design, GLP, has been developed and reported on earlier

[KuOs93]. GLP provides a macro-based transformation language and a functional configuration

specification language. It was written in the C programming language, and uses X-Windows user

interface capabilities. Several different tracers for Prolog have been developed using GLP. These

include tracers providing OR-tree, AND-tree, and AND/OR-tree views (models) of a Prolog

computation [KuOs93]. The working tracers substantiate the design of GLP, and show that the goals

of WAND can be satisfied. Two of the important lessons learnt from the GLP effort are that absolute

positioning capabilities are not necessary, and that a simple inference system within the visualization

system is useful.

Unfortunately, deficiencies in the type scheme of GLP�s configuration specification language

were discovered, as well as problems with the implementation. Instead of �fixing� the old system,

however, it was decided to devise a new one based on the knowledge and experience gained. A

different paradigm was chosen for the configuration specification language, one similar to production

rules and logic grammars (e.g. DCGs). The remainder of this paper describes GLP�s successor, in

particular the constraint-based declarative graphics language to be used in implementing the new

specification language. Section 2 outlines the structure of the Phase II system. The declarative

graphics language in discussed in Section 3, and examples given. Section 4 describes the current

implementation of this graphics language. Conclusions and areas of further work are given in

Section 5.

2. Phase II

The framework for the next system within the WAND scheme is as follows. The Phase II system

is being implemented using Prolog with graphics extensions. Database and inference capabilities can

thus be provided by the underlying Prolog system. The configuration specification language is a

�display description grammar�, in the style of DCGs. While the basic structure for organizing text,

the sequence, is adequate for DCGs, it is not sufficient for two-dimensional input or output. One

mechanism for describing 2-dimensional layout is a combination of pictoral attributes and positional

constraints [HeMa91]. The configuration specification language devised for Phase II begins with the

capabilities and syntax of DCGs, but extends them with constraints and attributes.

2.1 The Picture Grammar

In the constraint-based, display description grammar for Phase II, terminals are basic graphical

objects which can be drawn by the underlying system. Non-terminals are graphical objects defined in

terms of terminals, non-terminals, positional constraints, and attributes. Labels are used to refer to

objects (terminals or non-terminals). The grammar rules are used �backwards� � i.e. as production

rules � with the arguments already instantiated based on the information regarding the execution already in the tool�s database. Constraints, attributes, and labels can appear on either side of the

production symbol.

An example of a rule for specifying an AND-subtree in a trace is given in Figure 1.