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Abstract. Formal specifications are not an exception for aging. Furthermore,
they stay valid resources only in the case when they have been kept up to date
during all evolutionary changes taking place. As specifications are then not just
written once, an interesting aspect is whether they do also deteriorate or not. In
order to answer this question, this paper addresses the issues on various kinds
of changes in the development of formal specifications and how they could be
measured. For this, a set of semantic-based measures is introduced and then used
in a longitudinal study, assessing the specification of the Web-Service Definition
Language. By analyzing all 139 different revisions of it, it is shown that speci-
fications can deteriorate and that it takes effort to keep them constantly at high
quality. The results yield in a refined model of software evolution exemplifying
these recurring changes.

1 Introduction

Would you step into a house when there is a sign saying “Enter at your own risk”? I
assume not, at least if it is not unavoidable. Well, the situation is quite comparable to a
lot of software systems around. Our standard software comes with license agreements
stating that the author(s) of the software is (are) not responsible for any damage it might
cause, and the same holds for a lot of our hardware drivers and many other applications
around. Basically, we use them at our own risk.

I always ask myself: “Would it not be great to buy (and also to use) software that
comes with a certificate of guarantee instead of an inept license agreement?”” Of course,
it would and it is possible as some companies demonstrate. It is the place where formal
methods can add value to the development process. They enable refinement steps and
bring in the advantages of assurance and reliable documentation.

The argument of quality is not just an academic one. Formal methods can be used in
practice as companies using a formal software development process demonstrate [23].
Formal modeling is also not as inflexible as one might believe. Changing requirements
and a growing demand in software involve more flexible processes and it is good to see
that a combination of formal methods and the world of agile software development is
possible [2]. This enables the necessary shorter development cycles, but, and this is the
key issue, it also means to start thinking about evolution right from the beginning.
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The questions that arise are simple: (a) Do our formal specifications really change
or evolve, and (b) if this is the case, can we detect or even measure these changes? The
objective of the paper is to answer these two questions. In a first step it demonstrates that
formal specifications are not an exception for aging. Section 2 tries to make developers
more receptive to this topic. And in the second step it demonstrates that there might
be deterioration effects when formal specifications are undergoing constant changes.
For this, Section 3 briefly introduces a set of measures that are suitable for assessing Z
specifications, and Section 4 takes a closer look at 139 revisions of a large Z specifi-
cation. Due to the lessons learned, a refined model of software evolution is suggested
in Section 5. Finally, Section 6 summarizes the findings and again argues for a careful
attention of the refined model of (specification) evolution.

2 Perfection or Decay

A formal specification describes what a system should do and as such it can be used
to argue about the correctness of a candidate system. But a specification is not per se a
“correct” mapping of the requirements. It needs time to create a first, useful version and,
as there are affinities with traditional software development, this section starts with the
model of software evolution. This model is then the basis for a — necessary — refinement,
as is shown later in Section 5.

2.1 Back to the Roots

Let us start again with the analogy above: Why does one enter a house even without
bothering about its safety? The answer is simple: normally, one trusts in the original
design, the statics, the teams that built it and the officials that did the final checks. The
trust stays the same when the house is going to be renovated, when the interior changes
and when some walls are broken down (or new ones are erected). One naturally assumes
that the old plans have been investigated and that structural engineers took a look at it.
The same holds for our software systems. There is an overall design, there are teams
that build and modify it and there are teams that test it before being sold. We trust in
their professionalism. A change in requirements and needs then leads to a change in this
software — it is undergoing a “renovation” process that we might call software evolution.

Bennet and Rajlich [1] introduced a staged model to describe this process in more
details (see Fig. 1). Starting with the initial development and the first running version,
evolutionary changes happen, leading to servicing phases and then, finally, to the phase-
out and close-down versions of the software. In their article the authors also point out
the important role of software change for both, the evolution and servicing phases. In
fact, effort is necessary at every step of the phase to keep up with the quality standards
and for keeping alive our trust in it.

Taking a closer look at our analogy of building/reconstructing a house it can be
observed that there is also a chain (or network) of trust. The visitor (or owner) of the
house counts on the construction company, they by themselves trust in the quality of the
building materials they use, and the team that builds the house trusts in the architects
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Fig. 1. The versioned staged model of Bennett and Rajlich [1]. Starting with the initial develop-
ment and the first running version evolution is about to begin. The goal of the evolution phase is
to adapt the software to ever changing user requirements or changes in the operating environment.
When substantial changes are not possible anymore (at least not without damages to the system),
then the servicing phase starts. Only small tactical changes are applied. When no more servic-
ing is done, then the phase-out starts. Finally, with the close-down phase, the users are directed
towards a new version.

(just to mention some of the links). When our evolving software is undergoing changes,
then there is a similar chain of trust and dependencies.

This is now the place where formal methods come into play. To keep the trust, a
change in the software has to be preceded by changes in the design documents and with
it a change in the software specifications. One can also put it the other way round: when
the architect does not update his or her plans, then future renovations are (hopefully)
impeded.

2.2 The Role of Formal Design

Writing down requirements in a keen way is necessary, and the use of formality is
not new in this respect. In their article Black et.al point out that formal methods have
already been used by Ada Lovelace’s and Charles Babbage’s work on the analytical
engine when they verified the formulas [2]. Since then several success stories of the use
of formal methods have been published [8, 28,23, 12, 11]. However, traditional formal
design is commonly seen as something that is just happening at the beginning, and most
of us are tempted to think about the development of just one formal model.
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As the analogy above demonstrates, this viewpoint is probably not correct. When
drawing up a plan, an architect does not only draw a single version. He or she starts
with a first version, modifies it, and plays around with it. Several versions are assessed
and, finally, discussed with the customer. The plans are, in addition to that, revised
when the building is changed later on. The same holds for formal specifications. Their
advantages not only lie in verification and validation considerations. They form the
basis for incrementally pinning down the most important requirements (and eventually
ongoing refinement steps). Only when kept up to date during evolutionary changes, they
act as valid sources for comprehension activities. So, our formal specifications are (and
should be) constantly changing during the software development phases. To think in
terms of “write-once languages” (as already addressed in [16, p.243]) is for sure not
appropriate.

During the last three decades there have been several advances in the field of formal
software development. Specification languages were standardized and then also adapted
to the world of object oriented programming. By the time new languages arise. Alloy is
such an example that also allows for simulation and graphical feedback [13]. However,
the main focus of the tools and languages around rests on support for writing the one
and correct model (and on proving properties of it). Contrarily, in our working group
we have been focusing on servicing and comprehension aspects instead [21, 17], and in
the last years these efforts led to a concept location model and a tool for visualization,
slicing and clustering of Z specifications [4]. The resulting tools and techniques will
now be used in order to find out whether (and to which extent) formal specifications do
change during evolutionary activities.

3 On the Search for Measures

Formal specifications (like program code) might age during modifications and it needs
effort to antagonize it. The effects of a modification should be measured in order to
steer the course of change. This means to assess the specification (among other docu-
ments) at every refinement step and to consider the effect on various parameters of the
specification. Looking at size-based measures only (which can be calculated easily) is
for our objectives not enough. When talking about various aspects of deterioration we
are more interested in measuring effects on the specifications’ quality!

3.1 Specification Measures

The majority of specification metrics used in projects belongs to the class of size/quantity
based measures. Most popular is counting lines of specification text, which, apart from
looking at the time needed to write the specification, was also used as the basis to
monitor the often-cited CICS/ESA project of IBM [9]. Counting specific specification
elements is possible, too. Vinter et. al propose to count the type and number of logical
constructs in Z specifications [25]. By a small case-study they demonstrate that these
measures might correlate with the complexity of the specification. However, up to now
a quantitative assessment of the approach is missing. Nogueira et. al suggest to use two
measures expressing the complexity of each operator in the system and to calculate
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them by counting input and output data related to the operators [18]. Their experiences
are based on a small case-study using HOPE as a specification language and Modula-
2 for its implementation. Alternatively, Samson et. al suggest to count the number of
equations in a module or per operation [24]. They observed that the number of equa-
tions required to define an operator is frequently equal to the cyclomatic complexity of
code based on the specification.

Complexity considerations are relevant, but within the scope of this work quality
measures are needed. Due to the declarative nature of the formal specifications under
investigation, such measures (usually based on control- and data-flow) are, unfortu-
nately, rare. The above mentioned approaches of Samson et. al or Nogueira et. al can
be seen, if at all, just as possible approximations to quality considerations. But, there is
one approach that could be used as a starting point. By looking at (and analyzing) the
references to state variables in operations, Carrington et. al try to identify states of a
module and to relate them to the top-level modular structure of an implementation [6].
With this, they are introducing the notion of cohesion within a module. They do not
relate it to the quality of a specification, though, but the next section demonstrates that
not so much is missing.

3.2 Slice-based Coupling and Cohesion Measures

As mentioned in the previous section, it is hard to find suitable quality measures for for-
mal specifications. However, for programming languages there are several approaches
around. Recently, Meyers and Binkley published an empirical study demonstrating the
use of slice-based measures for assessing the quality of 63 C programs [15]. Their
study is based on the following situation: In a system different relations between differ-
ent components can be detected. These relations make up part of the class of semantic
complexity. When taking the information flow within and between these components as
quality indicators, then the dual measures of coupling and cohesion are quite descriptive
when assessing the quality of a program.

A practical way to calculate the needed measures is to make use of slices. Weiser
[26,27] already introduced five slice based measures for cohesion, and three of them
have later on been formally defined by Ott and Thuss [20]: Tightness, Coverage, and
Overlap. Coupling, on the other hand, was defined as the number of local information
flow entering and leaving a procedure, and Harman demonstrated in [10] that it can be
calculated by the use of slices, too.

According to [15, 2:6-2:7], Tightness relates the number of statements common to
all slices to the length of the module. It favors concise single thought modules where
most of the statements are part of all the slices and thus affect all of the outputs. Cover-
age on the other hand relates the lengths of the slices to the length of the entire module.
It favors large slices but does not require them to overlap and thus to indicate single
thought modules. As an example, a module containing two independent slices would
result in a value for Coverage of 0.5 but a value for Tightness of 0.0. Overlap measures
how many statements are common to all the slices and relates the number to the size
of all slices. The result is a measure that is not sensitive to changes in the size of the
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Measure Definition Description
Tightness T(¥, ) W Tightness 7 measures the number of

predicates included in every slice.

Coverage Cov(W, 1)) IS |‘S£"‘| Coverage compares the length of
all possible specification slices SP;
(SP; € SP(¥, 1)) to the length of .
Overlap O(W, ) LD W Overlap measures how many pred-
icates are common to all n possi-
ble specification slices SP; (SP; €

SP(¥,1))).
Inter — Schema Flow W Inter-Schema flow F measures the
F (¥, 9a) number of predicates of the slices in

14 that are in ;.
Inter — Schema Coupling ($s:%a) lm\i\;%d ) [Pal - Inger-Schema coupling C computes

C (s, %a) the normalized ratio of the flow in
both directions.

2iea C(Wis) 191

Schema Coupling x (i) ST T

Schema Coupling x is the weighted
measure of inter-schema coupling of]|

1; and all n other schemas.

Table 1. Coupling and cohesion-related measures for Z specifications as introduced in [5]. SP
is the set representing all slices SP; of a schema ¢ in a Z specification ¥. SP;, is the Slice
Intersection, representing the set of all predicates that are part of all slices. SU represents the
Slice Union of all the slices.

module, it is only related to the size of the (single) common thought in the module.
Coupling between two modules is calculated by relating the inflow and outflow of a
module (with respect to other modules in the program). Inflow and outflow are also
calculated by making use of slices. Inter-procedural slices yield those statements of a
module that are “outside”, and, when examining these sets of statements mutually, their
relation can be treated as “information flow”. The exact semantics behind the measures
(including the definitions and some impediments in calculating them) are explained in
more details in the paper of Meyers and Binkley [15].

3.3 Specification Slicing

Slicing can be applied to formal specifications, too. The idea was first presented by Oda
and Araki [19] and has later been formalized and extended by others [7,3,29]. The
basic idea is to look for predicates that are part of pre-conditions and for predicates
that are part of post-conditions. The general assumption is that (within the same scope)
there is a “control” dependency between these predicates. “Data dependency”, on the
other hand, is defined as dependency between those predicates where data is potentially
propagated between them. With this concept, slices can be calculated by looking at a
(set of) predicates at first and then by including all other dependent predicates.
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Metric Comparison (n=1123)
Sig. Pearson |Spearman| Kendall
Measure 1 |Measure2l R [ p | R [p | R [ p

Strong  |Tightness |Coverage |0.830(.000{0.907|.000]0.780/.000
Moderate|Tightness |Overlap 10.809(.000(0.749(.000{0.623|.000
Size (LOS)|Coupling 10.589|.000{0.686(.000(0.494|.000
Size (LOS)|Overlap |-.557|.000(-.543.000|-.415].000
Size (LOS)|Tightness |-.541{.000(-.551{.000]-.415.000
Coverage |Overlap 10.531{.000(0.566{.000/0.437|.000
Weak Coupling |Overlap |-.343(.000|-.315|.000{-.239.000
Size (LOS)|Coverage |-.284{.000|-.447{.000]-.326.000
Coupling |Tightness |-.272(.000|-.262|.000{-.191|.000
Coupling |Coverage |0.006(.829|-.102|.000{-.070.000

Table 2. Pearson, Spearman, and Kendall Tau test values (including significance level p) for the
correlation of size and slice-based Z specification measures. Values | R | € [0.8 — 1.0] in the
mean are classified as strongly correlated, values | R | € [0.5—0.8) are classified as moderately
correlated, and values | R | € [0.0 — 0.5) are treated as weakly correlated.

Recently, sliced-based coupling and cohesion measures have then been mapped to
Z by taking the above definitions of Meyers and Binkley as initial points (see Table 1
for a summary). Based on the calculation of slice-profiles which are collections of all
possible slices for a Z schema, the following measures have been assessed in [5]:

Tightness, measuring the number of predicates included in every slice.

Coverage, comparing the length of all possible slices to the length of the specifica-
tion schema.

Overlap, measuring how many predicates are common to all n possible specification
slices.

Coupling, expressing the weighted measure of inter-schema coupling (the normal-
ized ratio of the inter-schema flow — so the number of predicates of a slice that lay
outside the schema — in both directions).

In [5] it was shown that the measures are very sensitive to semantic changes in Z-
schema predicates and that the changes of the values are comparable to their program-
ming counterparts. This includes all types of operations on the specification, especially
the addition, deletion or modification of predicates. The next and missing step was to
look at a larger collection of sample specifications and assessing their expressiveness.
The major objective was to find out which of the measures describe unique properties
of a Z specification and which of them are just proxies for e.g. the lines of specification
text count (LOS).

In the accompanying study more than 12,800 lines of specification text in 1,123
Z schemas have been analyzed and the relevant results of the analysis of the measures
are summarized in Table 2. The table shows that three tests have been used: Pearson’s
linear correlation coefficient, Spearman’s rank correlation coefficient, and Kendall’s
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Tau correlation coefficient. The objective was to find out whether each of the measures
represents some unique characteristic of the specification or not.

The Pearson’s correlation coefficient measures the degree of association between
the variables, but it assumes normal distribution of the values. Though this test might not
necessarily fail when the data is not normally distributed, the Pearson’s test only looks
for a linear correlation. It might indicate no correlation even if the data is correlated in
a non-linear manner. As knowledge about the distribution of the data is missing, also
the Spearman’s rank correlation coefficients have been calculated. It is a non-parametric
test of correlation and assesses how well a monotonic function describes the association
between the variables. As an alternative to the Spearman’s test, the Kendall’s robust
correlation coefficient was used as it ranks the data relatively and is able to identify
partial correlations.

The head to head comparison of the measures in Table 2 shows that the slice-based
measures are not only proxies for counting lines of specification text. In fact, most of
the pairs do have a weak or moderate correlation only. So, besides the size of the spec-
ification, one can select Coverage, Overlap, and Coupling as descriptors for properties
of the specification, but, e.g., skip Tightness as it has the highest values of correlation
to most of the other measures.

Meyers and Binkley suggested another measure based on the sizes of the generated
slices and called it “deterioration” [15]. This measure has also been mapped to Z in [5]
and the basic idea goes back to a simple perception: the less trains of thoughts there are
in one schema, the clearer and the sharper is the set of predicates.

When a schema deals with many things in parallel, a lot of (self-contained) predi-
cates are to be covered. This has an influence on the set of slices that are to be generated.
When there is only one “crisp” thought specified in the schema, then the slice intersec-
tions cover all the predicates. On the other hand, when there are different thoughts
specified in it, then the intersection usually gets smaller (as each slice only regards de-
pendent predicates). A progress towards a single thought should therefore appear as a
convergence between the size of the schema and the size of its slice-intersection, a di-
vergence could indicate some “deterioration” of the formal specification. This measure
seems to be a good candidate for checking our assumption whether specifications do
age qualitatively or not, and it defined as follows:

Definition 1 Deterioration. Let ¥ be a Z specification, 1); one schema out of n schemas
in W, and SP;,(1);) its slice intersection. Then Deterioration (§(¥)) expresses the av-

erage module size in respect to the average size of the slice intersections SPiy. It is
defined as follows:

Z?:l | wi ‘ B ‘ SPint(wa 1)1)1) |

n

o(V) =

Please note that the term “deterioration” as introduced in this paper is neither posi-
tive nor negative and one single value of deterioration is of course not very expressive. It
just tells about how crisp a schema is. It does not allow for a judgement about the qual-
ity of the schema itself. Of course, we could state that all values above a pre-defined
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value x are to be treated as something unwanted, but it depends on the problem at hand
whether we can (and should) allow for such schemas. In all, it merely makes sense to
look at the differences in deterioration between two consecutive versions of the speci-
fication and thus to introduce the notion of Relative Deterioration. This measure can be
defined in such a way that the relative deterioration is greater than zero when there is
a convergence between schema size and slice intersection, and it is negative, when the
shears between the sizes get bigger, indicating some probably unintentional deteriora-
tion. Relative Deterioration is defined as follows:

Definition 2 Relative Deterioration. Let ¥,,_1 and W, be two consecutive versions of a
Z specification W. Then the relative deterioration (p(W,—1,W,)) withn > 1 is calculated
as the relative difference between the deterioration of W,_1 and V¥,. It is defined as
follows:

4 Evaluation

With the set of measures at hand and the reasonable suspicion that specifications do age
this paper is now taking a closer look at the development of a real-world specification
and the effect of changes onto the measures introduced in Section 3.

4.1 Experimental Subject

One of the rare, big publicly available Z specifications is the specification of the Web
Service Definition Language (WSDL) [22]. The document specifies the Web Services
Description Language Version 2.0, which is an XML language for describing Web ser-
vices. Besides natural language guidance, the specification defines the core language
that is used to describe Web services based on an abstract model of what the service of-
fers. Additionally, it specifies the conformance criteria for documents in this language.
The reason for focusing on this specification is that, with 2004 onwards, a concur-
rent versioning system (CVS) has been used. WSDL 1.0 is not available in Z, but from
November 2004 till the final release in 2007 139 versions have been checked in. The
first revision is an adoption of WSDL 1.0, and then, successively, functionality has been
added, modified, or deleted. The final revision contains 814 predicates (distributed over
1,413 lines of Z text).

This specification is now used so check whether, due to maintenance operations,
there are drastic changes in the measures and whether deterioration can be detected or
not. The strategy is simply to look at the changes (as documented in the code and in the
CVS log files) and to compare them to the obtained values.

4.2 The Study

As a first step the CVS log was analyzed. This provided some insights to the types of
changes that occurred on the way to the final release. Though there have been several
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Fig. 2. Deterioration for the 139 revisions of the WSDL specification. When the value of de-
terioration increases, then more predicates (not closely related to each other) are introduced to
schemas. This is not bad per se, but it is a hint towards a decrease in cohesion values.

changes influencing the events, the following sections and revisions are noticeable and
are considered in more details:

— Up to Revision 1.005 there is a mapping of WSDL version 1.0 to Z. Only minor
changes to the specification happen.

— Between revisions 1.005 — 1.007 there are mostly structural enhancements. Finally,
model extensions take place.

— Atrevisions 1.020ff there are several refactoring steps and noticeable extension.

— Atrevisions 1.045ff there are several smaller changes to some of the concepts.

— At revisions 1.090ff there are massive extensions to the model and new concepts
are introduced.

— Between revisions 1.096 — 1.104 the concepts in the model are simplified.

— Atrevisions 1.127ff there are change requests and, thereinafter, removing features
leads to a structural refactoring.

Up to revision 1.092 the interventions consisted mainly of adding new concepts (in
our case Z schemas) to the specification. After revision 1.095 there are solely change
requests, leading to a refactoring of the specification. Really massive changes took place
at revisions 1.046 and 1.091.

When taking another closer look at the CVS log and the code, a specific strategy
for keeping the specification constantly at a high level of quality can be detected. The
recurring steps of a change request were:

1. Refactoring of the actual version.
2. Adding, removing, or modifying a concept.
3. Update of the natural language documentation.

The interesting question is now whether our measures introduced in Section 3 are
able to reflect these changes and whether the measures of deterioration are able to dis-
play these changes.
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Fig. 3. The change in deterioration is better visible when looking at the relative deviation over
the time. A positive value indicates an increase in cohesion, while a negative value indicates a
decrease in the values of cohesion.

4.3 Results

At first let us take a closer look at the measure called deterioration. Fig. 2 presents
the value for all 139 revisions in the CVS. This figure indicates that the specification
remarkably changes at revisions 1.046 and 1.091. In fact, the CVS log also documents
the changes.

As absolute values (as in Fig. 2) do not perfectly describe the influence of a change,
the notion of relative deterioration has been introduced in Section 3. Fig. 3 presents the
value of it for all 139 revisions. Positive values indicate that the difference between the
schema sizes and their slice intersections is reduced; such a deviation is assumed to be
positive in respect to deterioration as the slice intersection is a measure of how strong
the predicates are interwoven in a schema. On the other hand, negative values indicate
negative effects.

When taking again a look at Fig. 3 (especially between revisions 1.020 and 1.046),
then the above mentioned strategy of change requests gets noticeably visible. A change
is implemented by a structural improvement first (to be seen as a positive amplitude),
and then it is followed by the introduction of the new concept, in most cases indicated
by a negative amplitude in the diagram.

Let us now analyze the influence of a change onto the qualitative values of coupling
and cohesion. By looking at Fig. 4, we see that the value for overlap decreases (on
average) a bit. This indicates that, with time, the number of predicates, common to
other slices, gets lower. Single Z schemas seem to deal with more independent thoughts.
Refactoring these thoughts into separate schemas (which happened e.g. at revisions
1.020 and 1.127) helped a bit to improve the structure of the specification again.

The value of coverage follows more or less the fluctuation of overlap — but not at all
revisions to the same extent. On the long run it definitely increases. Coverage tells us
about how crisp a schema is, and in our case the developers of the specification did not
manage to keep this property stable.
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Fig. 4. The values of cohesion (expressed by the measures of overlap and coverage) and coupling
for the 139 revisions of the WSDL specification. In most cases the values are subject to the same
changes. However, at revisions 1.006 and 1.044 we observe changes into different directions, too.

Finally, coupling refers to the flow between different schemas in the specification.
Though the value fluctuates, the developers managed to keep coupling quite stable on
the long run. Fig. 4 also shows that the value fluctuates with the values of cohesion, but
not necessarily to the same extent, and not necessarily inversely (as would be assumed
to be normal).

Though with the WSDL specification there is only one experimental subject, the
results seem to substantiate that the measures are suitable for assessing this Z specifica-
tion. The measures called deterioration and relative deterioration reflect the aging of the
system quite well, and the measures for coupling and cohesion (a) do indicate structural
changes and (b) also seem to explain some of the semantic changes in the specification.

5 An Extended Model of Evolution

As has been shown in Section 4.3, specifications keep on changing. Either one is still
in the process of finding the most suitable version for our requirements, or one is mod-
ifying them due to changes in our projects’ software systems. With that, a second look
at the software evolution model in Fig. 1 is quite helpful — as one comes down to the
following statement so far:

There is also evolution before the birth of the running version of the software system.

Fig. 5 tries to exemplify this for the initial and evolutionary versions of the soft-
ware. In this figure the original model has been extended by refining the boxes of the
evolutionary versions. Documents and requirements have been added so that formal
specifications are made explicit (as they do belong to the set of necessary documents).
They are, depending on the changing requirements, also changed. These changes either
happen before one has a first running version of the software or afterwards.
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Fig. 5. A refined and extended look at the versioned stage model. Starting with a first set of initial
requirements several versions of documents are created. Requirements are refined, and formal
specifications are (among other design documents) also changed and modified. When the design
is fixed, development is about to begin. Due to evolutionary changes after this phase, the existing
documentation — including specifications and design documents — is (and has to be) changed,
too. The term “evolutionary change of a formal specification” is used in a rather general sense.
Apart from the classification of system types of Lehman [14], the figure illustrates that essential
changes might happen to documents before and after delivery.

The implications of this (refined) picture are manifold and should be considered
when using formal specification languages in the software development lifecycle:

— Suitable size- and quality-based measures should be defined. This ensures that
changes in the various documents — including formal specifications — can be de-
tected and assessed. The slice-based measures introduced above are just an example
of how it could be done for a specific specification language. For other languages
the ideas might be reused. It might also be necessary to define new measures. How-
ever, the crucial point is that there is a measurement system around.

— Points of measurement should be introduced at every change/refinement loop. This
ensures that the effects of changes can be assessed, and that the further direction of
the development can be steered. The example of WSDL shows that already during
the initial development changes have effects and that it takes effort to keep a specifi-
cation constantly at a pre-defined level of quality. One can assume that WSDL is not
an exception and that the observation also holds for other specification documents.
By making use of a measurement system one is at least on the safe side.

— The terms “Fixed Design and Documentation” just designate the conceptual border
between the initial development phase and the first running version. Nevertheless,
changes to the documents happen before and after this milestone in the project (as
evolution is about to begin). The previously introduced measure points should also
be defined for the evolutionary phases, and measures should be collected during all
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the evolutionary changes and servicing activities (influencing the documents and
specifications).

Basically, the extended model of software evolution makes one property of speci-
fication (and other documents) explicit: they are no exception to aging. With this, it is
obvious that measures, at the right point and extent, help in answering the question of
what happened and, eventually, of what can be done for preventing unwanted deterio-
ration effects.

6 Conclusion

We started with the observation that formal specifications — documents important in the
very early phases of software development and later on during maintenance — might be
changed more often than commonly expected and that the changes are not necessarily
positive. We wanted to verify this observation, and so we mapped existing semantic-
based measures to Z specification and used them to analyze a large real-world specifi-
cation. The lessons learned so far are manifold.

1. Firstly, there was no suitable measurement system around. In order to understand
and to assess changes, new measures had to be developed. These measures, care-
fully mapped to Z specifications, have been evaluated by making use of a large set
of sample specifications. They are maybe not representative for all specifications
around, but the statistical tests helped us in gaining at least basic confidence in the
results for Z.

2. Secondly, changes onto formal specifications definitely might influence the values
of the measures and there is the chance that their effects are underestimated. There
is no model that enunciates this situation, which is also the reason why we borrowed
from the model of evolution and refined it to cover the phases before, within, and
after initial development. A closer look at the evolution of the WSDL specification
seems to confirm the observation mentioned at the beginning of the paper: formal
specifications are not just written once. They are modified, are extended, and they
age.

3. Finally, the measures of coupling and cohesion (and with them deterioration and
relative deterioration) seem to be a good estimate for a qualitative assessment of
a specification. They are easy to calculate and seem to point out a possible loss in
quality.

With that, we are able to answer our two questions that have been raised at the
end of Section 1: specifications evolve and this evolution can be observed by simple
semantics-based measures. The refined and extended model of evolution as presented
in Section 5 is a good image of what happens when developing our systems.

The results of this contribution are interesting insofar as it turned out that, for the
full benefits of a formal software development process, it makes sense to permanently
take care of the quality of the underlying formal specification(s). Even when declarative
specification languages are used, this can easily be done by defining suitable measures
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and by using them to constantly monitor the quality of the whole system. The goals for
future work now include (a) taking a closer look at other formal specifications in order
to verify and consolidate the findings, (b) investigating the correlation of the specifi-
cation measures to code-based measures in order to come up with different prediction
models, and (c) incorporating the refined model of software evolution into a formal
software development process model that also considers cultural differences between
the different stakeholders in a project.

Overall, the results are encouraging. Formal specifications are not necessarily re-
stricted to the early phases of a software development process. When treated carefully
(and kept up to date) they may help us in producing software systems that can be trusted,
even when changed.
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