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Abstract

We verify the consistency of B Abstract Machine speci�cation in CafeOBJ. We pro-
pose a guideline for descriptions of formal speci�cations of large systems that are based
on algebraic speci�cation techniques.

Recently, software is getting larger and more complex. Therefore, software engineers
are faced with the di�culty to describe the target systems correctly. Formal methods are
available to solve this problem. The formal methods are based on mathematically tech-
niques for the describing system properties. The Z, VDM, B-Technology (hereafter, 'B')
are famous as formal speci�cation languages in model-oriented. The OBJ, CafeOBJ are
also famous as in property-oriented. The model oriented formal speci�cation languages
are used to describe speci�cations. They use the concrete primitives, for example, set,
list, and function. In contrast, the property oriented formal speci�cation languages are
used to describe speci�cations. They use axioms that represent required properties of
speci�cations. In these formal languages, However, B gained support from developers to
adopt techniques for the speci�cation, design of software components known such as Ab-
stract Machine, object based approach, Case Studies, etc. Now, there are various systems
that we can treat as the states and their operations. The Abstract Machine consists of
the states and their operations. An object based approach is easy to understand for the
developers. The Case Studies on B is useful rather than on the other formal methods.
The B-Technology consists of the Abstract Machine Notation, the B-Method and the B-
Toolkit1. The B-Method is a methodology to proof internal consistency of the Abstract
Machine and the Re�nement (which re�ned Abstract Machine). This method provides
speci�cations which contain no error. The B-Toolkit supports this method in various

0Copyright c1998 by Nobutoshi Umehara
1The B Toolkit is a trademark of B-Core (UK) Ltd.
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stages on software development. We select B on the above points and to refer to the
techniques of speci�cation development.

The CafeOBJ is a formal speci�cation language based on many sorted algebra, order
sorted algebra, hidden algebra and rewriting logic. CafeOBJ can naturally cope with ab-
stract data types. It copes with respectively data and operations of the data with sort and
sorted functions. Therefore, CafeOBJ can cope with an object as a unit of speci�cation.
The concepts of rewriting logic and hidden algebra give the user the ability to describe
object based speci�cations. CafeOBJ has also a feature as an executable language. We
can prove the speci�cation automatically using CafeOBJ. These features are similar to
B. More over, CafeOBJ has many techniques such as projection and re�nement. These
points contribute to reduce veri�cation steps.

1 The First Stage

We must consider how to express the Abstract Machine to obtain speci�cation has wide
applicability. Some features in the Abstract Machine Notation are the variables, the in-
variant, the constants and the sets for describing the state. Some features are parameters
and pre-condition for describing the operations. Other features are sees, uses, includes
and re�nement for structuring speci�cations.
We provide a basic table to convert the Abstract Machine which consists of the above
features to a speci�cation in CafeOBJ. Then we consider the conversion of import com-
mands of the Abstract Machine in practical sense. Since the operations clauses of B
speci�cation can deal with various internal states without declaration, we cannot obtain
the accurate information of the a�ection of the operations on the internal states. To han-
dle this problem, we propose a guideline recommends to set a new sort to an internal state.

2 Second Stage

We can use formal methods to describe a speci�cation of safety critical system. This
means formal methods provide us high reliability. The B-Method prescribes how to check
the speci�cation for consistency. The proof for internal consistency is 1)parameter exis-
tence, 2)constants and sets existence, 3)non-emptiness of machine state, 4)initialisation
and 5)invariant preservation. We make an equivalent proof in CafeOBJ with a proof
provided in B-Method.

The Re�nement is the process from high abstract speci�cations to low abstract ones
(concrete speci�cations). Using re�nement, we can preserve the properties of speci�cations
based on the behaviours. The proof for re�nement consistency is 1)non-emptiness of joint
state, 2)initialisation re�nement and 3)operation re�nement.

The Re�nement on CafeOBJ needs signature map and proof that satisfy equations
de�ned in abstract speci�cation. We make also a proof of this in CafeOBJ.
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3 Lift System Example

B supports Case Studies for training. The following lift system is one of them.

We describe abstract speci�cations of this lift system. The �rst speci�cation is single
lift for personal use. The second one is a single lift for personal use with more operations.
We provide a proof score using the executable feature of CafeOBJ. This proof shows a cor-
rectness of re�nement using above two speci�cations. The primary point of this example
is that operation re�nement is the map from one abstract operation to compositional con-
crete operations. We explain this composition of operations to use derived operator. The
proof of this re�nement is to prove that the concrete speci�cation preserves all mapped
equations.

The third one is a multi-lift. We describe a multi-lift speci�cation by composing the
above single lift speci�cations. The Projection is a useful methodology for describing
concurrent systems. The projection operator is a map from the multi-lift system to the
single lift systems. This multi-lift system is a concurrent system without synchronization.
Using projection operator, we can give a simple veri�cation on the multi-lift system. We
verify that the execution order of two operations that generate transitions makes no in-
uence with regard to the behaviour. This veri�cation is based on hidden algebra. By
using hidden algebra, we can specify encapsulated objects, and can handle behavioural
speci�cation.

The above speci�cations are part of the whole speci�cation of the lift system. We
described the whole speci�cation in CafeOBJ actually.

4 Conclusion

We selected B to refer the techniques describing speci�cation in this research.
We can summarize our work as the follows.
1) We considered how to describe B Abstract Machine speci�cation in CafeOBJ. 2)

We made a useful reference table to transform B into CafeOBJ. 3) We proposed to use
new sort for represent internal state, to obtain the accurate information of the operations.
4)We showed proof scores for internal consistency and re�nement consistency of CafeOBJ
speci�cations. 5)We also showed a possibility of simple veri�cation to use the concepts of
re�nement and projection by using examples such as lift systems.

An algebraic speci�cation is a suitable speci�cation for describing objects which con-
sist of state and their operations. Then the abstraction of speci�cations is useful for
veri�cation in required aspect of behaviours. We showed a parallel property of operation
on the multi-lift example, but this system has no synchronization. CafeOBJ is also based
on rewrite logic. Thus we can cope with concurrency and non-deterministic choice by
using rewrite logic. Our future work is to verify the above systems.
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