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In the real world, people do not only want to know “yes” or ”no” of their question, but the exact answer
(like, the service time of the restaurant). In other words, the achievement of the deductive system about
how to solve the Query-Answering problem (QA problem), which is constituted by the precondition
knowledge and the query atom, is an essential problem in the developmenf of the real Semantic Web.,

However, how to establish the effective solver for solving a considerable large range QA problems
has not been clearly decided. The following fundamental issues need to be addressed:

1. Although conventional Skolemization used in proof problem always yields a satisfiability-
preserving transformation, it does not preserve the logical meaning of a source formula (like Descrip-
tion Logic, or First-order Logic) in the transformation between different logical expressions, which
is the most essential reason why the conventional researches on solving QA problems are difficult to
be improved. In this research, based on the meaning-preserving Skolemization theory proposed by
our research group, the skolem function is applied to preserve the logical meaning when transform
between different logical expressions.

2. By introducing the skolem function, the real meaning-preserving transformation has been
realized, and the real range of the QA problems expressed by FOL has been discovered. Therefore,
how to implement the solver based on the Bottom-up solution in an efficient way to solve the QA
problems need to be considerd? Also, the correspondent increasing computational complexity by
introducing the skolem functions has to be considerd. Until now, a QA problem solving system that
can correctly deal with the skolem function does not exist. In order to solve the QA problem in the
Semantic Web automatically, the implementation of a deductive system for large range QA problems
with skolem functions is required.

This thesis is constructed as follows:

In chapter 1, the development of the Semantic Web is introduced. And the importance of the QA
problem has been discussed.

Chapter 2 will first formalizes a class of QA problems and outlines a general scheme for solving
them based on the equivalent transformation (ET). Then, after describing the problems of the conven-
tional research about QA problems, the necessity of the theory of meaning-preserving Skolemization
will be explained and an extended clause space defined in our research group will be introduced. More-
over, based on the notion of the representative model set, a representative model set of the collection
of all models of an extended clause set will be defined. Finally, the fundamental theory difference
between this research and previously existing theories will be described.

Chapter 3 will firstly present the new Bottom-up solution for solving QA problems. Then, some QA
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problem examples will be used to illustrate how the Bottom-up solution works. Here, the problem of
the increase of the computational complexity by applying the Skolem functions introduced in chapter
2, will be discussed.

Chapter 4 will introduce the research approach of generating the Specific Solver for each given QA
problem. As it has been already discussed in Chapter 3, the computational complexity will dramati-
cally increase because of the introduction of the skolem function. Therefore, in this research, for each
given QA problem, we generate the specific solver by using the knowledge (K, clause set) acquired
from the given QA Problem. Although the generation of the specific solver by analyzing the QA Prob-
lem will cost little time, the execution time (Bottom-up computation) for achieving the representative
model set is thought to be absolutely fast, especially when it will be repeatedly done only by changing
the parameters (whenever reinitialize the skolem functions). We call this the QA Problem specific
approach, which is an absolutely novel technology for solving the QA Problems.

In Chapter 5, the method of setting values for the skolem function variables included in the extended
clause set, which are achieved by applying the meaning-preserving Skolemization theory in chapter 2,
will be discussed.

Chapter 6 will introduce the very important concept, the Support Set. As the knowledge searching
range defined in this research, the method about how to generate it is thought to be directly affects the
efficiency of the whole QA problem solving process.

Chapter 7 will describe how to digitalize the support set.

In Chapter 8, the digitalization of the extended clause set and the final generation of the specific
solver will be described. Furthermore, the efficiency of the specific solver will be confirmed by anal-
izing the experiment’s results.

In Charter 9, the results obtained in this thesis are summarized and the future works will be dis-
cussed. As a pre-process, the simplification of the extended clause set of the QA problem by using the
unfold transformation will be discussed. Moreover, the new generation method for the support set will

also be talked about.
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