Theorema: Overview on Using the System and Details on Composing Hierarchical Knowledge Bases

Wolfgang Windsteiger

RISC- Institute Schloß Hagenberg, Austria

Abstract Theorema is intended to be a tool that assists the working mathematician in all phases of mathematical problem solving. Of course, the main focus of mathematics lies on "proving" and a variety of different aspects of it, but also "experimenting with given concepts", "inventing new concepts", "experimenting with new concepts", "finding (interesting) conjectures about the new concepts", "communicating new results" (i.e. "publishing"), "communicating known results" (i.e. "teaching"), etc. are part of mathematicians’ everyday work. Theorema should be the unifying frame supporting (at least) all those aspects of mathematics.

Proofs generated by Theorema are typically presented in a form, which comes close to a "hand�written proof" done by a well�trained mathematician "with pencil and paper", meaning that the proofs are correct, well�structured, and easy to understand and verify. The level of detail, in which a proof is presented, depends, of course, on the stage of development of the theory, in which one is currently working. For instance, when proving "commutativity of addition" in the early phases of building up the theory of natural numbers, the application of the rule "�_x x� 0 � x" may be considered as an

"interesting step" in the proof, whereas the application of the same rule will typically be assumed to be "trivial" when proving advanced summation formulae in a later development of the theory of natural numbers. Further analysis of this very general principle of mathematical work leads to the conclusion that one powerful universal prover can never satisfy the different requirements occurring in different phases of research, but "a concise proof" is always relative to the amount of work that has already been done in a particular area, and hence, it always depends on the knowledge that is assumed to be built into the method, whether a prover generates simple elegant proofs or long boring proofs.

As a consequence, the user needs the possibility to interact with the system in specifying which knowledge a particular prover should assume to have "built- in" in contrast to the knowledge that is specified as the knowledge base with respect to which a particular goal should be proven. Typically, built�in knowledge is considered to be uninteresting, whereas knowledge from the current knowledge base is considered as interesting as far as the presentation of the proof is concerned.

We will show in the sequel, how, in this light, a general approach to "doing mathematics using Theorema" can be made by structuring available knowledge in hierarchical knowledge bases in combination with the possibility of declaring built-in knowledge for particular provers. Offering a well�structured, natural interface for adjusting the system to the desires appropriately at any moment is the necessary requirement that will allow the mathematician to keep the focus on the creative, inventive, distinguished, and hence human, parts of mathematical work.