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The thesis titled “Several Quantitative Extensions of Temporal Logics and Their
Verification Methods” consists of 11 chapters.

In Chapter 1, I state the background and purposes of the research and the outline of the
thesis. The background is the fact that some languages are used for describing specifications
about performance of systems, however, it is difficult in many cases to analyze and verify
quantitative properties of the specifications. The purposes are to extend temporal logics to
represent intuitively quantitative properties and to develop effective verification methods for
them.

Chapter 2 gives general overview of quantitative properties and verification methods, and
presents informally the concepts of probability, frequency and mean—payoff.

Chapter 3 introduces notions of transition systems, temporal logics, omega—automata and
reactive systems that interact continuously with external environments as a basis.

Chapter 4 defines an extended probabilistic temporal logic, PFTL, with a frequency
operator, and states that properties of randomized behaviors of probabilistic systems can be
intuitively represented with the new operator.

In Chapter 5, I introduce PFTL model-checking methods by using numerical and statistical
techniques. Additionally, it is stated that statistical techniques can be applied to PFTL
model-checking against continuous—state models, e.g., stochastic differential equations.

Chapter 6 defines an LTL extension, LTLmp, with mean—payoff formulae, and shows that
mean—payoff formulae can intuitively represent properties about occurrence frequency of
events and average costs on long—run executions of systems.

Chapter 7 defines extended omega-regular automata to recognize languages specified by
LTLmp formulae, and proves that its emptiness problem can be solved in polynomial-time by
reducing it to several linear constraint satisfaction problems.

Chapter 8 shows that the model- and satisfiability— checking problems of LTLmp can be
solved in exponential-time by reducing them to the emptiness problems in Chapter 7.
Moreover, | give an optimization method of a mean—payoff objective, subject to an LTLmp
specification, with linear programming.

Chapter 9 defines an LTLmp fragment, LTLmp—, for realizability checking, and gives
methods to check realizability of an LTLmp— specification and to synthesize an optimal
program realizing the specification against a given probabilistic environment. This section
also shows that linear programming techniques, e.g., multi—objective optimization, can be
applied to the synthesis method.

Chapter 10 is about related research to the thesis.

Chapter 11 summarizes results of the thesis.
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