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Summary

The e�ective use of automated theorem provers is frequently augmented by em-
bedding these systems into interactive proof development environments. However,
in order to act as a competent mathematical assistant, which is the ambitious goal
behind these interactive extensions of automated provers, these tools behave too pas-
sively and in a stereotypic way, because they lack the capability to adequately take
into account requirements on proof search control and user demands for their own
actions. Motivated by this de�cit, we have incorporated several facilities into the

mega proof development system that anticipate a number of divergent factors,
based on mathematical knowledge, proof search defaults, and expectations about
users. The techniques enhance the system's functionality through proof planning by
knowledge-intensive methods, proof search guidance by default suggesting agents,
and proof presentation by redundancy avoidance measures. The system's behavior
suggests that anticipation is without doubt a central driving force in a mathematical
assistant, but this concept must be interpreted in meaningful ways for a variety of
techniques, and its manifestations need to be elaborated in greater detail.

Shortcomings of Interactive Proof Development Environments

Insights in the limitations of fully automated theorem provers have motivated the
design of interactive proof development environments. The basic idea is that a
mathematician who is developing large proofs should be supported by a computer
system to which he can delegate subproblems. In practice, however, it has frequently
turned out that this simple distribution of labor is insu�cient for rendering this work
e�ective. In our view, this situation is caused by some serious de�cits that most
current theorem prover interfaces su�er from:



� The level of abstraction of the logical calculus of the theorem prover is inade-
quate for in
uencing its proof strategies in a knowledgeable way, in particular,
the system needs to restrict the communication to a vocabulary a mathemati-
cian is familiar with.

� Control mechanisms for guiding the proof search are widely restricted to static
parameters that capture dynamic aspects of the proof state in an insu�cient
manner and do not allow interactive additions and modi�cations.

� Facilities for specifying the problem to be proved and for presenting the results
obtained are generally inconvenient for users. In particular, directly converting
the output of a theorem prover into natural language leads to presentations
that users consider to be redundant in large parts.

It is our �rm belief that improving this situation requires a system to make better
use of communicative resources by exploiting defaults and expectations of various
sorts. Doing this means taking potential future actions and states into account in
determining its actions, which is anticipation in a broad sense.

Manifestations of Anticipation in an Interactive Proof Devel-

opment Environment

In our research group, we are developing the system 
mega [?], which is an inter-
active, deduction system with the ultimate goal of supporting theorem proving in
main-stream mathematics and mathematics education, aiming to extend this sys-
tem to a mathematical assistant. 
mega's design is motivated by insights about
the de�cits of current interactive proof development environments. Consequently,
anticipation manifests itself in several of its components:

� 
mega's proof planner constructs a proof plan for the goal node from a set
of supporting nodes (the proof assumptions) using a set of proof planning
operators, called methods, whose contextual usefulness is judged by control

rules [?]. The control rules associated with a method anticipate the suitability

of this method for the problem at hand.

� 
mega uses agents with speci�c proof technique expertise to enhance control
over proof search. These agents are part of a multi-layered focusing mechanism
for computing suitable default values supporting the application of inference
rules in a proof state [?]. The agents anticipate the usefulness of a certain

proof strategy in dependency of properties of the current proof state.

� 
mega uses an extension of the Proverb system [?] that presents proofs
in natural language. In order to emphasize concise texts that resemble those



found in mathematical textbooks, Proverb employs a small number of con-
textually motivated rules expressing aspects of conversational implicature [?].
These rules anticipate the addressee's inferences in adapting the proof output
to the user's needs.

At the moment we are incorporating further techniques in which anticipation
manifests itself into the 
mega system. They include the exploitation of structured
mathematical knowledge, extensions to the planner so that it can run in a reactive
mode, and provision of more natural and convenient ways to specify a problem.

Assessing the Role of Anticipation

Once we have examined the role of anticipation in major components of 
mega, we
have to address the question raised by the title of this paper, that is, to what extent
anticipation is the driving force in promoting an interactive proof development en-
vironment into a mathematical assistant. On the one hand, the techniques outlined
here demonstrate the diversity of situations and the capabilities to act adequately
therein, in which anticipation appears as a central concept. On the other hand, for a
system to be truly called a mathematical assistant, many of these techniques need to
be elaborated in greater depth and sophistication and complemented by some other
techniques such as knowledge representation and reasoning skills of various sorts, in
which anticipation plays a subordinate role if at all. Hence, we might conclude that
anticipation is without doubt a central concept needed for building a mathematical
assistant, but its adequate interpretation and the elaboration of its manifestations
require considerable e�ort.
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