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Abstract

The Uni�ed Modeling Language (UML) is considered a signi�cant step in the development of
object-oriented (OO) notations in that it is based on some of the best OO modeling experiences.
In this paper we are considering more speci�cally its use in the context of high-quality modeling
of complex systems. We believe that the lack of �rm semantics for the modeling notations used
makes, among others, the identi�cation of requirements problems di�cult. One approach to
making UML more precise and amenable to rigorous analysis is to integrate it with suitable
formal notations. In this paper we present the bene�ts from a similar approach that is the
result of integrating Fusion modeling techniques and the Z formal speci�cation notation. The
result is a technique that produces highly-structured, graphical, rigorously-analyzable models
that facilitates early detection of errors. We believe that UML could gain from this experience.

1 Research motivation

In the area of software speci�cation we can distinguish two classes of techniques: the informal,
structured techniques (ISTs) (e.g., OMT [7], Fusion [2]) which emphasize ease-of-use and under-
standability, often at the cost of rigor, and the formal speci�cation techniques (FSTs) (e.g., Z [9])
which emphasize formality, often at the cost of ease-of-use and understandability.

The lack of precise semantics for popular ISTs can lead to the following problems [4]:

� Understanding of models can be more apparent than real.

� Developers can waste considerable time resolving disputes over usage and interpretation of
notation.

� Rigorous semantic analysis is di�cult.

The need for a rigorous basis for OO modeling suggests the use of traditional FSTs, where a FST
consists of a notation that directly utilizes mathematical concepts, and provides mechanisms for
formally analyzing models expressed in the notation. OO extensions of traditional FSTs attempt to
provide a richer set of structuring mechanisms, but such extensions often result in semantics that
are more complex.

The integration of ISTs and FSTs provides an avenue for transforming an imprecise model
into a more precise model. We propose that rather than attempting to extend traditional FSTs
with OO concepts, a more workable approach would be to provide a formal basis for the OO
modeling notations and concepts that have been shown to be e�ective in practice. In other words,
the approach we advocate is to make more precise the notations and concepts that are currently
perceived as reecting the best practical experiences in OO modeling. Formalizing such concepts
and notation would deepen our understanding of OO modeling and result in OO techniques that
are at least rigorous. In this position paper we give an overview of a �rst attempt in this direction.
Our approach for requirements modeling and analysis, called FuZed, integrates an informal OO
analysis technique, Fusion [2], with a formal speci�cation notation, Z [9]. In section 2 we detail our
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approach and its main bene�ts. In section 3 we discuss our ideas of making UML more rigorous
according to our experience and we conclude in section 4.

2 FuZed: A Rigorous Object-Oriented Analysis Modeling

Technique

Development of a requirements model using the FuZed technique involves developing Fusion analysis
models and then transforming them to Z speci�cations so that they can be analyzed using Z analysis
tools such as animators and theorem-checker/prover. Our experiences with applying FuZed indicates
that defects in the requirements are uncovered not only during analysis of the Z speci�cations, but
also during the transformation of the Fusion models to the Z speci�cations (the \formalization"
activity).

2.1 Formalizing object-oriented analysis

In our work, \integration" means providing a bridge from the informal OO modeling notations to
a more formal notation. The objective of integration is to produce modeling techniques that allow
one to obtain precise, rigorously analyzable models from less formal, but more understandable OO
models.

In developing FuZed we focused on producing formalizations that can directly support veri�ca-
tion and validation activities, and for which computer-based support is available. Fusion is used
because it incorporates some of the best OO modeling concepts from mature OO techniques in a
coherent modeling framework. The use of Z reects our desire to use a stable, mathematically pre-
cise and structured notation that can express object-oriented analysis (OOA) modeling concepts in
a straightforward manner, and that is supported by computer-based analysis tools. Hall has shown
that Z can be used to express OO modeling concepts [6], and Z is supported by typecheckers,
animators, and theorem proving/checking environments.

In this process, the modeling phase involves the use of a mature OOA modeling technique.
In the case of FuZed the Fusion OOA techniques are used in the modeling phase. Analysis of
the models is accomplished by generating validation models from the informal OOA models. The
validation models allow the developer to rigorously validate the behavior and structure captured
by the informal OOA models. In the FuZed technique, validation models are expressed in the Z
notation.

In our work, a validation model is a precise and analyzable representation of a system view
captured by an OOAmodel. This allows developers to check each view for consistency. Furthermore,
the use of a single formalism for the validation models (Z) allows developers to check consistency
across views.

FuZed di�ers from other works on integrated techniques in its focus on precisely de�ning a
compositional semantics for Fusion models. In the FuZed approach, mappings for the basic mod-
eling constructs are precisely de�ned and composed to obtain the meaning of more complex struc-
tures. While it is possible to express these mappings and their compositions in a formal declarative
functional notation, we chose to express the transformation rules in an algorithmic manner. The
algorithmic style makes the operational aspects of the transformation clearer and provides a path
for development of computer-based tools. We implemented an early version of the transformation
rules in a tool called FuZE (see section 2.3).

2.2 From Fusion Analysis Models to Z Speci�cations

Rather than detail the rules and guidelines we developed for transforming Fusion's object models
to Z speci�cations (see [4] for more details) we outline the major ideas behind our approach.

A transformation is referred to as a formalization of the informal model. Invariably, the informal
model does not have all the information needed to generate a formal expression of desired proper-
ties, or the information is expressed in language that is open to multiple interpretations. Human
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intervention is needed to provide additional information and to provide formal expressions of infor-
mal statements. The intervention forces the analyst to examine the informal models more closely
and helps him/her formulate appropriate questions about its content. Essentially, the intervention
provides the analyst with opportunities for uncovering problems with the models. For this reason,
we do not view the inability to completely automate the formalization process as a weakness, rather
it is a desired feature of our requirements analysis process.

In our technique, a class diagram (CD) is a characterization of a family of structures consisting
only of linked instances of depicted classes. These instance (object) structures are often referred to
as instance (object) models in the literature. We refer to the instance structures characterized by
a CD as con�gurations. Intuitively, a con�guration is a valid, stable state of the system modeled
by the CD. A system is in a valid stable state when there are no operations executing and the
state components satisfy a speci�ed invariant. Denotationally, the semantic domain for a CD is a
collection of sets of con�gurations. The meaning of a CD is a set of con�gurations, that is, instance
structures that conform to the constraints expressed in the CD. The Z speci�cation generated from
a CD is a characterization of the valid, stable system states.

In FuZed, CD constructs are transformed to characterizations of con�guration components.
These construct characterizations are composed to form characterizations of CD con�gurations.
The meaning of a CD (or CD construct) is the set of all con�gurations (or con�guration elements)
that satisfy the characterizations produced by the FuZed technique. In general, FuZed takes a
property-oriented approach to formalizing Fusion models.

Denotationally, a Fusion Operation Schema (OS) is a collection of con�guration pairs, where
each pair denotes the before- and after-e�ect of the operation on the system state. The Z operation
schema corresponding to a Fusion OS is a precise characterization of the set of con�guration pairs
de�ning the desired e�ects.

Z operation schemas can be composed to form speci�cations of more complex behaviors. In
FuZed, the Fusion Life-Cycle model is used to constrain how Z speci�cations of system operations
can be composed, that is, it is used to determine the complex behaviors that can be built up from
speci�ed operations.

For CDs, the generation of Z speci�cations can be completely automated in the cases where
there are no informal annotations. When there are informal annotations, they must be re-expressed
formally by the human analyst during the formalization process. The transformation of CDs to Z
speci�cations is based on a set of transformation rules that map basic CD constructs to Z constructs.

Fusion OSs are expressed largely in natural language, thus more human e�ort is required to
transform them to Z speci�cations. We present guidelines, rather than rules, for transforming
Fusion OSs to Z speci�cations. A subset of these guidelines can be automated. The result of
automation is a tool that automatically produces skeletons of Z speci�cations from OSs. Human
e�ort is required to complete the generated speci�cation shells.

2.3 FuZE: Fusion/Z Environment

We built a prototype tool, FuZE [1], that uses an early version of one set of transformation rules
to automatically generate Z speci�cations from Fusion class models. Z analysis tools (ZTC and
ZANS) can be called from within the tool to analyze the generated Z speci�cations. The tool has
been applied by graduate students at Florida Atlantic University on non-trivial projects and case
studies (e.g., see [3]). In general, our experiences indicate that formalization and analysis of informal
models can uncover problems with the informal models, and lead to a deeper understanding of the
problem. Our applications of the integrated methods on case studies also uncovered limitations
of our previous rules. In this paper we present a technique for transforming Fusion CDs (OMs)
to Z speci�cations that improves upon our previous technique. The new technique supports the
automated transformation of a wider range of OMs.
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3 Making UML more precise

In the OO modeling community the Uni�ed Modeling Language (UML) [5] is attracting much
industrial attention. It is di�cult to dispute that the UML reects some of the best modeling
experiences and that it incorporates notations that have proven to be useful in practice. Yet, the
UML does not go far enough in addressing problems related to the lack of precision. The architects
of the UML have stated that precision of syntax and semantics is a major goal. Currently the UML
semantics are expressed in terms of a semantic meta-model that is supported by natural language
descriptions. The meta-models do capture semantic relationships among UML modeling constructs,
but they do little in the way of answering questions related to the interpretation of non-trivial UML
structures. It does not help that the semantic meta-model is expressed in the notation that one
is trying to interpret. The natural language text supporting the models often mimic the meta-
models (i.e., it describes semantic relationships) and provides very little additional insights into the
semantics of UML structures. More seriously, it is not clear how the UML semantics as described
in UML documents supports rigorous analysis and re�nement of UML models.

The Precise UML (PUML) project is a collaborative e�ort that has as its objectives the devel-
opment of a precise semantics for UML, and the development of mechanisms that support rigorous
analysis and re�nement of UML models.

The primary objective of our collaborative research is to develop a formal foundation for a core
subset of the UML and to use the insights gained as a result of the formalization activity to �x any
de�ciencies uncovered as a result of formalizing the UML concepts and notations, and to develop
techniques with mechanisms that facilitate the rigorous application of UML.

Our focus on developing rigorous techniques based on the UML, a notation that is widely
perceived as reecting the best industrial software development experiences, stems from our desire
to see more widespread (direct or indirect) use of FSTs. The approach we propose uses traditional
FSTs to better understand the concepts underlying OO modeling and re�nement. The insights
gained will be used to develop a more precise semantics for the UML, and to develop mechanisms
that allow developers to rigorously analyze and re�ne their models without the need to directly
manipulate mathematical reformulations of their OO models.

The speci�c goals of the proposed research are: to identify and formalize core UML modeling
concepts and their compositions, to develop a formal basis for re�nement of UML models, to
develop an integrated set of rigorous UML modeling techniques, and to develop a computer-aided
UML modeling environment that incorporates the rigorous modeling and re�nement techniques
that we develop.

We anticipate that the results produced by the proposed research will have at least the follow-
ing impact: improved understanding of OO modeling concepts, help provide a �rm foundation for
standardization e�orts, provide a �rm base for the development of rigorous OO development meth-
ods, and enhance investment in OO technologies and encourage more widespread use of rigorous
development techniques.

4 Conclusion

Although mature object-oriented analysis modeling techniques are widely used for software speci-
�cation, their expressiveness and rich set of intuitive constructs are not used for the modeling of
complex systems. This is mainly due to their lack of support for rigorous analysis, itself due to
its loosely-de�ned semantic. Formal speci�cation techniques can provide the precision and tools
needed to support rigorous analysis of modeled properties [8]. But despite their strengths, the use
of existing FSTs can be di�cult because of the e�ort needed to use them. We believe that FSTs
and mature, structured OO techniques can play complementary roles. We have given an overview
of our approach of such an integration, called FuZed. Our experience suggests that an even better
approach would be to move the UML notation to a more formal language by giving it a seman-
tics and developing a calculus that utilizes the UML notation to support reasoning. This is the
motivation behind the collaborative e�ort engaged in by the Precise UML group.
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