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Realizability verification of reactive system specifications can detect dangerous situations that
may arise, which were not expected while drawing the specifications. However, such verification
typically involves complex and intricate analyses. The purpose of this thesis is to reduce the
complexity of realizability verification. Two approaches are followed: restriction of the
verification properties, and restriction of the specification syntax. The thesis consists of 6
chapters.

Chapter 1 gives a description of the background, states the aims of the work, and outlines the
approaches used in this research. Chapter 2 provides the definitions of the notions employed.

Chapter 3 describes complexity reduction via the restriction of verification properties, i.e.,
introducing strong satisfiability. Strong satisfiability is a necessary condition for realizability, and
is introduced to classify unrealizable specifications. It is recognized that many practical
unrealizable specifications are also strongly unsatisfiable. Moreover, this chapter provides proof
that the strong satisfiability problem for specifications written in linear temporal logic (LTL) is
EXPSPACE-complete and, therefore, is easier to solve than, or of equal difficulty to, the
realizability problem that is 2EXPTIME-complete.

Chapter 4 describes a bounded-checking method, in which search scope for checking strong
satisfiability is bounded. This is another way of restricting verification properties. This chapter
details bounded strong satisfiability, together with a method for checking this property. Bounded
strong satisfiability restricts counterexamples of strong satisfiability to those represented by loop
structures of size k; then an efficient SAT solver can be utilized to check this property. Moreover,
this chapter describes experimental results that show the effectiveness of the method.

Chapter 5 considers complexity reduction via restriction of syntax of which language is used in
specifications. In general, realizability verification translates specifications into deterministic
omega-automata using Safra’s determinization. It is, however, very intricate, and also it is difficult
to get an efficient implementation of it. This chapter introduces LTL subsets LTL®* and LTL,
which restrict the syntax of LTL from the viewpoint of simplifying the construction of
deterministic omega-automata, together with a construction method for deterministic
omega-automata. In this chapter, it is proved that specifications written in LTL®* and LTL®" can be
transformed into deterministic omega-automata via a simpler determinization procedure than
Safra’s determinization. Experimental results that demonstrate the effectiveness of the method are
presented.

Chapter 6 summarizes the thesis.




