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Chapter 1. Introduction

The study of process algebra started from the latter half of 1970’s, to provide mathematical semantics for con-
current systems, Algebraic formalization techniques are used as the descriptive languages for communicating proc-
esses and concurrent programs. They are also applied to the verification problem due to their mathematical for
mality. The processes, however, have the features such as non-determinacy and concurrency. So their operational
semantics are completely different from those of the traditional automata and formal languages.

Considering the above aspects, we propose an inductive synthesis algorithm for a process defined by a subset of
CCS. The algorithm synthesize a process form facts, which must be satisfied by the target process. In general,
such facts are infinitely many, and therefore are given to the algorithm one by one. When n facts are input to the
algorithm, it generates the process which satisfies the n facts already fed to it. This generation process is repeated
infinitely many times. The correctness of our algorithm is stated as follows. The sequence of processes generated
by the algorithm converges in the limit to a process, which cannot be distinguished from the intended one (f it

could be known) by a given enumeration of facts.

Chapter 2. Preliminaries
In this chapter, we briefly review the preliminary notions of algebraic processes of CCS and facts of processes.
In this research, facts of processes are logical formulae of HM-logic and u -calculus. A sub-calculus, called u -

calculus, is defined and its properties discussed.

Chapter 3. Synthesis Algorithm Based on Enumeration of Process
This chapter describes an algorithm that synthesizes a process which is strong eguivalent to the intended one. For
systhesis, logical formulae of HM-logic are considered to describe spefic properties of the process. This method is

an incremental technique, similar to the one used by Shapiro in the model inference.



First, arefinement operator o, is defined. It constructs any guarded and sequential processes in finite time. By
using 0o, a linear ordered set of all guarded and sequential processes P is constructed.

The proposed algorithm in this chapter is inductive one. It generates a process which satisfies given formulae of
HM-logic, which are the properties of the intended target process. In general, There are infinitely many formulae.
So each formula is input to the synthesis algorithm one by one. When n-th formula is input, the output from the
algorithm is a process satisfying n formulae which are already input. This synthesis muchanism of the algorithm
is described as follows. Suppose a sequence of input formulae of the algorithm is fi,..., f», ..., and a correspond-
ing sequence of output processes is pry..., Puy.... When the formula f. is input, the algorithm has already output
the process p.-: satisfying fi, ..., fe-r. If this p.- satisfies f., the algorithm output p. . is p., since p.-. satisfies
fiy.oos Jao Otherwise, the algorithm searches a process satisfying this n-th formula too, from Pi.

The algorithm is a non-terminating procedure. Therefore, its correctness is shown by using the concept of con-
vergence in the limit, which has been a key idea in inductive learning paradagm. Assume an algorithm that reads
in an enumeraion of facts, and returns processes sequentially. After some time, if the output process is always
the same p, then the inferred sequence by this algorithm converges in the limit to p over the enumeration of facts.

The validity of the synthesis algorithm is also shown by the following theorem. Under the assumption of this
synthesis algorithm, if there exists a process p. satisfying all enumueration of facts, the inference by this algo-

rithm converges in the limit to a process, which is strong equivalent to p..

Chapter 4 . Synthesis Algorithm Based on Model Construction

In the previous chapter, the synthesis algorithm for algebraic processes is based on enumeration of processes.
When some formulae are input, this algorithm searches for a process, which satisfies given formulae, from an or-
dered set of all processes. The method adapted in the algorithms is based on inductive inference. However, it is
rather promitive regarding efficiency.

This chapter presents a new algorithm which synthesize secursive processes gradually from the information of the
input formulae. In the previous chapter, formulae of HM-logic is adopted. But the expressive power of HM-logic
is not strong enough to efficiently synthesize recursive processes by the way of model construction. Therefore, the
algorithm in this chapter adopts formulae in u-calculs.

The input and output sequences of the algorithm in this chapter are same as the one of the previous chapter.
When f, is input to the algorithm, it synthesizes p. from p.-; and f. and relevant information which is obtained
until p.-; is constructed. This information is a set of formulae which p..; must satisfy. The set of formulae of
piis written by Ci.. pi.C: describes a process p. with information C.. In fact, any subprocess p: has this set of for-
mulae. The algorithm is brifly described as follows. Suppose the algorithm output p.-;1s C.-, where py =0 and
Co=0. When f, is input to the algorithm, then :

< If f,=1(t, output p. ,as p..

«If f,=1f, the input sequence of formulae is inconsistent.

<If fi=fN[, apply fand f to p.:in succession.

«If fui=/Vv /[, first apply f. If inconsistency occurs by this application, backtrack to the point before f is ap-
plied, and then apply /.

< If fi=<Xa>f, apply f to a certain process g, which is a subprocess after performing a from p,.,. If there is no
such subprocess, then add a new a-branch to p.-; and apply f to the process ¢ after this a-branch. And also
apply any formula g to g, where [alg€ Cu-1.

< If fi={alf, add f.to C.-;» and apply f to any subprocess after performing a from p.-..

s If fi=ux.f(x) or vx.f(x), apply /(x) to pa-u

+1f f.=x and x is a variable of g x.f(x), then apply f(x) to p.-.
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« If f,=x and x is a variable of v x.f(x), then unify the current node, i.e. the subprocess of p.-: where f.is ap-

plied, to the node where its original formula v x.f(x) is applied.

Of course, some techniques are needed during application of variables, so that the above algorithm terminates at
each step. Finally we have the following result. The sequence of the algorithm converges in the limit to a process,

which is strong equivalent to the target process.

Chapter 5. A Prototype for the Process Synthesis System

This chapter introduces a prototype system SORP (Synthesizer of Recursive Processes) based on the synthesis al-
gorithm presented in the previous chapter. This system is a graphical user interface to synthesize a process. 1t dis-
plays a process graph when the algorithm synthesizs a process by each input formula. The system is implemented

by using SICStus Prolog and X-window system on Sun Sparc Station 2.
Chapter 6. Concluding Remarks and Related Works

This chapter concludes and briefly discusses future-problems. Our method is compared to related works and we

show the reason why inductive inference is more suitable to synthesize a process.
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