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Abstract. The relatively scant use of formal techniques in software development is the
result, in part, of alack of suitable support tools. Many tools have been developed that
provide novel analysis capabilities but lack basic yet commonplace facilities which are
essential in production software development. More importantly, many existing tools for
the development of formal specifications fail to provide mechanisms for the manipulation
of natural language despite the fact that natural language is essential to give meaning to
the terms in the formal specification. In this paper, we describe a toolset that has been
developed with the specific intent of providing comprehensive facilities for creating for-
mal specifications in production software development. The toolset supports a powerful
formal notation, Z, but also provides comprehensive and fully integrated support for natu-

ral language. As well as describing the toolset we present a preliminary evaluation of its

use on acommercia specification.
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TooL SUPPORT FOR PRODUCTION USE OF FORMAL TECH NIQUES
1 Introduction

The application of forma techniques offers many benefits, and there are certainly examples of the
use of formal techniques in production development [2, 9, 11, 15, 21]. Yet, despite their popular-
ity in academia and the claimed benefits, formal techniques are still not as widely used as they
might be in commercial software development. Industrial authors have expressed frustration
when trying to incorporate formal technologies into practical software development for many rea-
sons including the perceptions that formal techniques increase development time, that they
require extensive personnel training, or that they are incompatible with other software packages.
Expertsin formal methods have analyzed this situation and provided useful insights into the rea-
sonsfor thislow level of acceptance[1, 4, 7, 10, 16, 17].

Although there are several reasons for this low level of acceptance, in this paper we address
two important and related reasons in the area of formal specification. Thefirst isthe relative lack
of effective tool support for the preparation and manipulation of formal specifications[13], and
the second is the absence of an integrated view of a specification that includes both natural lan-
guage text and formal language text. There are plenty of tools for working with formal specifica-
tions but, for the most part, they do not provide the level of functionality that is essential in
modern industrial development. Of the tools that are available, none of which we are aware views
natural language as an integral and essentia part of aspecification.

We are engaged in aresearch project to determine what needs to be done to improve this situ-
ation, and one of the results of the present research is acomprehensive toolset designed to support

the development and use of Z specificationsin production software projects. A unique feature that
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the toolset introduces is preliminary support for the combined analysis of the formal and natural
language elements of a specification. In this paper we discuss the requirements for tools used in
the development of formal specification, the architecture of the toolset that we have developed to
meet those requirements, and the services that the tool set provides.

In section 2 we review the criteria that tools have to meet, and in section 3 we summarize
existing tools. The architecture of the toolset that we are developing is discussed in section 4 and
the facilities that it provides are described in section 5. In section 6 we present the results of apre-

liminary evaluation of the toolset, and in section 7 we present our conclusions.

2 Issuesin Toolset Support

The disparity between research and production use of formal techniques was examined in earlier
research [14]. In that work, a detailed evaluation framework for formal methods was developed
based on the requirement that any software technology, including formal methods, has to contrib-
ute to one overriding goal—the cost-effective development of high-quality software.

Clearly this means that forma methods must be fully integrated into the software lifecycle. It
is unlikely that any formal technique will be adopted for production software development if its
useis not fully merged with all the other activitiesthat are required during the lifecycle. Tool sup-
port is an essential element of this since tools are the mechanism by which formal artifacts are
manipulated. Thus important requirements for tools derive from the need to work with all the
other activities of software development, and in an environment in which many software engi-
neers are working together. Meeting these requirements is one of the primary goals of this
research. It is with this goal that the research we describe differs from the work of most other

researchers.
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In this section we outline the various requirements that arise from the need to support the soft-
ware lifecycle fully. We also introduce the notion of specification analysis in which the formal

and informal parts are examined together.

2.1 Requirementsfor the Support of Formal Notations
Tools to support formal notations must be at least as powerful as those that support informal nota-
tions. In addition, they must not impede other existing tools or techniques.

Though true, these are imprecise statements that provide little guidance for tool developers
and so we turn to the evaluation framework mentioned above [3, 14]. The criteriain the evalua-
tion framework were derived from the software lifecycle, and the roles of specific formal tech-
niques were studied in each lifecycle phase. The result of this process was an extensive list of
criteria deemed necessary for the successful application of formal techniques, and many of the
criteria apply to support tools. There are too many criteria to repeat here, but the following are a

representative subset of those that apply to support tools for formal specificati on:

General:
- The toolset must be capable of manipulating commercial specificationswritten in more than

one notation using reasonable resources.
- The toolset must provide state-of-the-art analysis of the formal notations that are used and
either support analysis of other necessary notations or interface with other tools used in

specification documentation.

Usability:
- The toolset must support routine development requirements such as editing, printing and

file manipulation, and have the same “look and feel” as other tools being used.

1. Some of the criterialist here have been reworded from their original form for clarification and brevity.
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- The toolset must tolerate incomplete specifications and support navigation through the
specification.

Software Lifecycle:
- The toolset must support specification development by a team, and the manipulation and

analysis of specificationsin parts (in the sense of separate compilation of source programs).

- The toolset must support the other phases of software development (design, implementa-
tion, verification, etc.) by providing necessary information to and interfacing with support

toolsin these phases.

The complete list of requirements is quite formidable, and many of them are difficult to meet
because of the extensive support that isimplied. For example, the last one listed is open ended—
no specific tools are noted. However, this requirement is essential and quite reasonable since the
intent is to ensure that any analysis that might be possible in later phases using information about

a specification should not be precluded.

2.2 Requirementsfor the Support of Natural Language

By definition, any formal notation that is used in software development has no inherent meaning.
The names of variables used in any formal specification are merely symbols which can be manip-
ulated according to arule set; whether avariableis called x, index, or capacity does not affect the
formal validity of a piece of notation. However, the real world entities that formal symbols are
intended to represent may have real world constraints on their interaction which might render a
real world relation among them absurd despite formal validity of its representation. Since the user
of a specification will often not possess, for example, some critical piece of domain knowledge on

which real world validity of the system depends, it is absolutely necessary that he be provided
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with the precise semantics intended to be associated with the formal symbols.

The link between a formal specification and the real world function that the specified system
isto perform is forged for a user in a number of ways. It can be done explicitly through annota-
tion, implicitly through the choice of mnemonic symbol names, or in the dangerously uncon-
trolled fashion of allowing the user to assume what he will based on hisidiosyncratic experiences
with interpreting specifications. Thislink between form and meaning isacritical part of the spec-
ification. To allow the user to construct that mapping as accurately as possible, considered use of
natural language is highly preferred over methods that leave much interpretation to the user. As
has been pointed out by other aut horg[20], natural language is a necessary component of any for-
mal specification. Thus to be able to manipulate a formal specification comprehensively, appro-
priate tool support for natural language needs to be present.

The preparation and manipulation of documents written exclusively in natural language are
supported by extensive and powerful tools, many of which are integrated into sophisticated desk-
top publishing systems. These systems permit natural language documents to be prepared with
highly structured and visibly appealing presentation, to be checked for trivial errors, and to be
manipulated in a variety of ways including WY SIWY G editing, printing and storage in file sys-
tems.

Such tools are also an integral part of the software development process. The ease with which
they can be used together with the quality of the documents they produce are expected by indus-

trial developers and so have to be present in any tool set that is proposed for formal specifications.

2.3 Requirementsfor the Support of Combinations of Formal & Natural Languages

A formal specification that contains materia in both formal and natural languages is organized
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typically as one document with the two notations interspersed. Integration of the two notations
into a single presentation is extremely convenient for the reader because the el ements of each are
related to each other. For example, a piece of natural language text is present to support a piece of
formal notation, and it makes sense for the two pieces to be collocated and interspersed. This pre-

sentation format suggests two ssimple but important requirements:

* Manipulation and analysis tools need to know which language is which so as to be able to

undertake appropriate analyses.

» Thetoolsthat are provided for the two different languages need to use interfaces that are either

the same or closely related so that the system is consistent for the user.

Since at least two notations are integrated in a formal specification, the opportunity for
mechanical analysis that is based on the content of both is presented. Both notations play an
essential role and independent checking of either allow certain properties to be assured. But it is
clearly desirableto establish properties of both if possible. Examples of the analysis that might be

performed include:

e Completeness.
It is reasonable to expect that certain symbols used in the formal-language part of a specifica-

tion have definitions in the natural-language part. Thisis, after al, how meaning is associated
with the formal part. A definition of completeness could be defined that required all the sym-
bols in a certain category in the formal-language part to have corresponding definitions in the
natural-language part. Similarly, it is reasonable to expect that everything is defined in a pre-

scribed style, and that nothing is defined but never used.

» Consistency.
The incorrect use of a variable in the formal part of a specification can be detected in many
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cases by type checking. The same cannot be done in the natural language part. However, the
uses of a variable that appearsin both parts of a specification can be flagged for visua checks

by a human to ensure that the uses are consistent.

This type of analysis has many possible benefits, and it has the potential to ensure a more

complete integration of the two notations.

2.4 Toolset Development Resources

In practice, developing production-quality tools to support formal notations, i.e., that meet the
requirements summarized above, is unusually challenging. Part of the reason derives from the
rapid pace of development in formal methods. Because of this rapid pace, there tend to be numer-
ous innovative concepts for new tools and tool enhancements from both researchers and devel op-
ers.

A mgjor part of the challenge in developing tools in the forma methods area arises, however,
from the requirement for new tools to provide a wide range of customarily available features. To
become available for regular use in production engineering development, innovative tool ideas
have to be combined with a multitude of routine facilities that, though mundane, are essential.
Formal specifications are complex documents, and developers of such specifications appreciate
the value of innovative analysis but must be able to perform routine manipulations conveniently.

It isat thispoint that the greatest difficulties arise. Implementing these routine facilities, facil-
ities that have been referred to as the “superstructure” of a tool [19], requires extensive
resources—frequently many more than are needed to implement the innovation that is at the heart
of the tool. This has led to many tools being developed with only alimited superstructure thereby

limiting the exploitation of their innovation.
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An obvious manifestation of this problem can be seen in the continued widespread use of the
ASCII representation of the Z character set. Using many of the existing tools, engineers devel op-
ing Z specifications are required to work with the ASCII representation and to edit versions of
their specifications that are substantially different from the printed forms. The primary text-
manipulation tools at their disposal are an ASCII editor and LaTeX. This is the case at a time
when elaborate word-processing systems are in routine use that provide convenient access to

operating system servicesand WY SIWY G editing for natural-language processing.

3 Existing Toolsets

Many toolsets have been developed by both academic and by industrial organizations to support
the use of formal languages including Z. For an excellent survey, see the Web site at the Univer-
sity of Oxford[22].

The majority of existing Z toolsets have been developed to explore a specific research direc-
tion such as animation or proof support. These toolsets often use the ASCII representation of Z
and make use of the facilities available for printing Z using LaTeX. A few (such as Zola[23] and
Formalizer [24]) have incorporated graphic editing capabilities and analysis features.

Two toolsets of particular note are CADIZ [25] for Z and IFAD’s VDMTools [26] for VDM.
Both provide extensive analysis capabilities for formal notations including substantial proof sup-
port. Both support the integration of natural and formal languages but neither provides high-qual -
ity facilities for the natural language component of the specification. The emphasis in both
systemsison formal analysis, and they both rely on LaTex for manipulation of natural language.
Neither supports the kind of powerful facilities found in modern tools for preparing natural-lan-

guage documents.
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4 Toolset Architecture
The architecture of the toolset that we have developed is designed primarily to address our major
goal of supporting industrial use of formal specification. All of the requirements discussed in sec-

tion 2 are addressed, and there are four important characteristics that help meet this goal:

A production desktop publishing system is reused (FrameMaker) and extended substantially to

provide many of the required features.
» Convenient accessto a high-performance analysis system for Z (Z/EVES) is provided.

« Natural-language text and Z text are processed separately or together as necessary. In the latter

case, combined analysisis performed.

* An open central data structure maintains information about a specification so as to ensure that

integration with other lifecycle toolsis as straightforward as possible.

The high-level architecture of the toolset (named Zeus) together with its connections to both
FrameMaker and Z/EVES[18] are shown in Fig. 1. We discuss the four magjor characteristics of

the architecturein turn.

4.1 FrameM aker

The implementation of Zeus is based on FrameMaker, a commercial desktop publishing system.
Previous research has shown that the requisite superstructure for many tools can be provided by
reusing and adapting package programs[19]. By a package program, we mean a very large and
powerful application program that implements substantial functionality but which is designed to
be adapted for new applications. Package programs include the components of Microsoft’s Office
suite including the Visio drawing package, and Adobe Systems FrameMaker. As well as the

familiar graphic user interface, all of these packages provide extensive application-programmer
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interfaces (APIs) designed to be used under program control. Almost all of the facilities available
in the graphic user interface are also available viathe API. By suitable use of the API through spe-
cial-purpose software, a package program can be tailored to the unique needs of avariety of spe-
cialized applications.

Given the difficulties surrounding the development of tools in the formal-methods area and
the preliminary success in other domains using package programs, we hypothesized that the use
of package programs might help solve the problem outlined above—developing superstructure—
for tools in the formal-methods domain.

The FrameMaker API is organized in such away that functionality is added by creating soft-
ware that is invoked by FrameMaker when specified events occur. Thus, the actions associated
with a Zeus menu item or dialog box is performed by a program that is executed when the action

isrequested. The major functions that the Zeus software provides are:

» Creation and management of the windows that the user sees and uses.

User Input/Output And Control

A A A A
Z Graphics| | Browsing .
l ZIEVES l Tools Tools Lifecycle
Tools

weo | YA VA VA
LNrFramEMakef-:‘:C Specification Database >

L —_ d

oo VA YA v

To/From La_Tex Build Navigation Other Filters
Representation Facts

Fig. 1.The Zeus architecture and itsinterfaces with FrameMaker and Z/EVES.
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» Creation of the Z graphic structures and manipulation of the document to cause them to be

inserted and displayed.
» Document scanning and parsing to locate and select the formal elements.
» Tranglation of the internal representation of Z text to the appropriate ASCII form.

» Creation of the Z/EVES process and communication with Z/EVES (see below).

Parsing of the Z/EVES output to permit trandation of the output to the requisite internal form.

4.2 ZIEVES

Z/EVES is awidely-used, high-performance system that provides comprehensive facilities for the
analysis of Z specifications. It uses state-of-the-art formal techniques to support the analysis of Z
specifications in several ways including syntax and type checking, schema expansion, precondi-
tion calculation, domain checking, and general theorem proving.

Z/EVES does not, however, meet some of the requirements identified earlier such as conve-
nient specification editing. For example, it operates with a graphic user interface that displays Z
text using the Z character set and permits simple editing. But thisinterface is primarily designed
to support the use of the theorem-proving facilitiesin Z/EVES. Z/EVES can a so be used with the
ASCII representation of the Z character set in which case it relies upon typical system facilities
for editing and file manipulation.

In the context of Zeus, Z/EVES operates as a separate process that communicates with Zeus
using sockets. All of the filesthat Z/EV ES needs for analysis of a specification (in XML form) are
prepared by filtersthat are part of Zeusthrough analysis of the specification and translation of the
Z graphicsto ASCII characters. The communication is via hidden files so the user is unaware of

the translation or the specifics of the Z/EVES interface. The user does have to understand and
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appreciate the analysis capabilities of Z/EVES, and when using the advanced theorem-proving

facilitiesin Z/EVES, the user switches to a window providing the Z/EVES interface.

4.3 Combined Analysis Of Formal And Informal Notations

By providing integrated support for natural language, additional opportunities are presented for
the combined analysis of relationships between the formal- and natural-language content of a
specification. Zeusis designed to take advantage of these opportunities.

As presently implemented, Zeus extracts all of the symbols from the formal part of a specifi-
cation and stores them with information on their location (which schema, where) and their formal
type. It also extracts all the symbols that appear in prescribed locations (particular locations in
specified paragraph types) in the English text and stores them along with their location. Checks
between the two lists are then carried to: (1) ensure that all the symbols in certain categories
extracted from the formal part appear in the English text and in the right form; and (2) to ensure
that all the symbols extracted from the English text appear in the formal part and in the right loca-
tions.

Planned extensions to this type of analysis include checking on the syntactic structure of the
natural language text and checking on the overall structure of the document to ensure appropriate

interleaving of formal and informal text.

4.4 Central Data Structure

The entire Zeus system is organized with a central data structure that maintains al essential infor-
mation about an open specification, and that is saved between sessions working with a particular
specification. This provides access to any aspect of the specification that might be needed for

interfacing with other tools.
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The data structure stores mapping information about the Z text contained within a specifica-
tion (aset of documents) rather than the Z text itself. Thus, the internal names of paragraphs of Z
text and their location within a document (page and line) are stored along with their syntax- and
type-checking status. Access to this material is provided through a set of class definitions that can
be thought of as an API for Zeus. FrameMaker supplies all the display and user interface services
and they are accessed through the FrameMaker API. With these interfaces in place, itisasimple
matter to add additional tools to manipulate a combined natural- and formal-language specifica-

tion.

5 Toolset Facilities

The current version of Zeus runs on the IBM PC/Microsoft Windows platform. It is configured as
atool that can be started from within FrameMaker once FrameMaker is running. Zeus starts Z/
EVES as necessary. Z/EVES can be executed on the same machine as Zeus or on a high-perfor-

mance remote computer if extensive computing associated with proofs is expected.

5.1 Manipulation of Natural Language Text
Since Zeus is based on FrameMaker, it provides al the document-processing features that

FrameM aker provides, including:

* WYSIWY G editing using the correct graphics for the Z character set. Editing includes cutting,
pasting, and inserting both natural language and Z text, aswell asfind and replace. The Z char-
acter set isavailable either through a palette or keyboard sequences.

» Access to the host operating system’s file system thereby allowing specifications to be stored
conveniently. FrameMaker provides a “book” mechanism that allows a document to be stored

in separate files that are linked to preserve page numbering and other parameters. Thus a spec-
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ification can be developed and manipulated as a book.

* A wealth of formatting features permitting page layouts to be controlled, any compatible font

to be used, paragraph formats to be controlled, and so on.

e The standard look and feel of Microsoft Windows applications including all window functions

and standard keyboard shortcuts.

In summary, Zeus provides the user with all the capabilities of a powerful desktop publishing
system. Clearly if such features had to be developed from scratch for a tool designed to support
manipulation of Z specifications, the requisite effort would be tremendous as would the devel op-

ment time.

5.2 Manipulation of Formal Text
Zeus provides many Z-specific facilities that are accessed either by additional menus or by dialog
boxes that are not part of the standard FrameMaker interface. These facilities include capabilities
for Z graphics control, Z/EVES control, and user preference selection. Fig's 2 and 3 show screens
that include a variety of the Zeusinterface facilities.

All of the Z graphic structures can be used with Zeus (see Fig' s 2 and 3) and are created using
a smple menu selection. To insert a schema into a specification, for example, the user merely
places the insertion point at the desired location and selects the appropriate menu item. Graphic
structures are inserted automatically below the insertion point as anchored frames that move
along with the text to which they are anchored. Thus, astext is added to or deleted from a specifi-
cation, graphic structures remain with their associated natural language text (or with whatever the
specifier wishes them to be associated). Graphic structures can, of course, be cut, copied and

pasted as desired to move them or copy them as needed.
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Fig. 2.The character set palette, the Z specification manager and the Z/EVES output window.

The graphics that Zeus synthesizes are inserted with standard spacing and line widths, with
default-sized text blocks in the appropriate locations, and with paragraph types and font styles set
appropriately. The user can then merely place the insertion point into the text block of, say, a
schema predicate to enter Z text. This text can be modified with all the available editing facilities.
In Fig. 3 the optional borders that FrameMaker supports are shown. They indicate the extent of
the anchored frame and the text blocks that the user can access.

The sizes of graphic structures are adjusted automatically as the user types or deletes text.
Graphic structures are not split on page boundaries but always maintained whole by insertion of
white space into the document if needed. This is the standard mechanism that FrameMaker uses

with anchored frames and is quite convenient for Z specifications.
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Frequently the order of material in a Z specification that is syntactically correct differs from
the order that auser would like to see in the displayed version of the specification (on screen or on
paper). For example, many low-level schemas might be used in a specification and they need to
appear before they are used. While reading a specification, it is often more convenient to relegate
such schemas to a clear but less prominent location, such as an appendix. To accommodate this,
Zeus provides two views of amulti-file specification. Thefirst, the print view, provides a view of
the specification suitable for the user and presentsthe filesin the order that they are contained in a
FrameMaker book. Using this view, Z text can be reordered to suit the convenience of the user
and the order specified and changed as needed using the FrameMaker book mechanism.

The second view is the Z/EVES view and it is defined using a Zeus dialog box (see Fig.3).
This view defines the order in which files will be processed by Z/EVES. Any order can be speci-
fied and the order is controlled with a mechanism that is very similar to that used to control file

names and order in a FrameMaker book .

5.3 Z/EVES Communication And Control

Zeus has been tailored to provide a convenient interface to Z/EVES. The interface consists of a
FrameM aker window and menu items that invoke relevant actions. The status of the checking of
individual elements of a specification is maintained and displayed for the user using a color-coded
bar that appears to the right of the associated Z entity (dashed barsin Fig. 3). Zeus monitors user
actions so as to invalidate the checked status of text that is modified. In addition, Zeus maintains

dependency information and invalidates the checked status of Z entities that depend on entities

1. We are extremely grateful to Anthony Hall of Praxis Critical Systems for suggesting this two-view strategy for
assisting the user in reading Z specifications.

Page 16



Fig B Fomg fo Tprsl Bais Tl Tew Tom Mewpes  wiwiss S

= 8 o) = -3

e —— )
Than = Basic

iy

ey W

B

By 0 i

R

TR, s P o, itz ekt

[ T T T NN N T
[T LR, I
| FI-'--'-:-IH-'H:-;.-HNFH.'—'I-.--

-CI'LT-"-\."!'I.I'-."'
Iy sy apdbena
i @t
E SuErFoalE" :*Mhlul-&muhj!mﬂ- ﬁl-q-—:' =

Fig. 3.The two views of a specification along with part of a specification.

that are edited. It also adjusts the state of Z/EVES as necessary if entities are submitted for check-
ing more than once (asis usually the case). The output window displays Z/EVES diagnostic mes-

sages and output. The material is displayed asit is received to maintain compatibility with the Z/

EVES documentation and to ensure user familiarity.

6 Preliminary Evaluation

Zeus has been used on a variety of specifications, mostly small, throughout its development.
However, in order to perform a preliminary evaluation of Zeus for the type of industrial project
for which it isintended, it has been used to develop arelatively large specification of an interna
tional maritime software standard[12]. The primary goal of the development was to evaluate the

utility of all the different features of thetoolset for editing and analyzing alarge formal specifica-

tion.
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The subject of study was a complete standard document, and, as such, it was not a specifica-
tion of a particular software system but a specification of a standard to which software products
have to comply. It contains all of the challenges that are present in typical software specifications.

The standard defines the basic international requirements for automatic track-control systems
that are used on ocean-going vessels and a set of teststhat are used to determine compliance. The
standard was developed by International Electrotechnical Commission (1EC) and the official ver-
sionisin English. We have developed aformal version that uses Z to specify the formal elements
of the standard. The important elements of the standard that were formalized include: (1) the com-
putations associated with distance, course direction, and speed; (2) the data management associ-
ated with course planning; and (3) the logic concerned with potentially dangerous situations
requiring alarms.

The official standard is written entirely in English, and it is about 83 pages long including
appendices. A few pages are devoted to routine context statements but the mgjority of the English
text describes the rules for maritime track control. The formal specification is currently 68 pages
long (with an additional 49 pagesin test case descriptions) and is stored in several files; the Z text
takes approximately half of the space.

The process we followed was to use the overal structure of the origina document and to
translate the functional statements into Z systematically. Whilst doing so the associated English
text was refined, systematized, and properly integrated with the Z text. Syntax and type checking
were carried out regularly. Presentation of the formal specification was improved by using
FrameMaker’s facilities to: (1) add a comprehensive table of contents; (2) create consistent and
useful page layouts; and (3) structure the text in a manner that was easy to read using a variety of

different fonts, font sizes, and spacings.
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Numerous passes were made through the document over a protracted period of time to com-
plete the specification. The development was undertaken by researchers, but periodic reviews
were held with industrial experts on maritime electronic systems and large-vessel navigation.
Opinions on the formal specification and the process used in its devel opment were solicited from
these experts also.

From our experience with this activity we have determined that Zeus either meets or has the
potential to meet all of the requirements identified earlier. The vast mgjority are met because Zeus
is integrated with FrameMaker and because it provides a smple and easy-to-use interface to Z/
EVES. FrameMaker provides all of the text manipulation facilities and the accessibility of Z/
EVES means that all the necessary analysis features are available. We note that, as both products
are enhanced over time, Zeuswill be able to benefit from these enhancements.

Other requirements are met because Zeus operates on a commonly-used software-develop-
ment platform. Thus, important software lifecycle capabilities such as version control and config-
uration management can be provided by existing tools on that platform. In a similar way, the
commonly-used software-development platform allows the development of specifications by
teams of engineers in exactly the same way as they would develop any other artifact. Integration
with lifecycle tools can be achieved as needed by interfacing with the Zeus specification database.

In terms of performance, Zeus operates satisfactorily on ordinary workstations. The most
time-consuming activity that the user will conduct with Zeus is the trandation of the Z text in a
specification into XML for submission to Z/EVES. For our track-control specification, thetimeto
perform syntax and type checking is minimal. Tests of this activity with synthetic specifications
that were intentionally built to contain severa hundred schemas indicated that the processing

resources Zeus uses are small enough to be considered essentially trivial.
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Finally, in terms of the development effort required to build Zeus, our experience is entirely
positive. Clearly, for the features that Zeus provides or to which it provides access, the amount of
source code that had to be written is remarkably small. The source code for Zeus is only a few
thousand lines. It is hard to estimate the amount of software that we have not had to write thanks
to the facilities that we get from FrameMaker and Z/EVES but it is certainly hundreds of thou-

sands of source linest.

7 Conclusions

Tool support of formal techniques is essentia if these techniques are to achieve wide acceptance
in industrial software development. Successful tools, however, must address the fundamental
issue of integration into the software lifecycle. Formal specifications are documents that are used
in every lifecycle phase and so must be convenient to develop and use. The support provided by
other tools, though powerful in many respects, does not address this critical requirement in acom-
prehensive way. By making available all the facilities of FrameMaker and Z/EVES as well as
adding to their capabilities, Zeus does address this critical requirement

Zeus is a prototype but by prototype we mean merely that it lacks production features like
detailed manuals, a“help” system, user support, and so on. Zeusis quite capable of supporting the
development of large specifications, and we are using it for this purpose. By introducing the con-
cept of combined analysis, Zeus permits new properties to be established for forma specifications

that increase the users' confidence that the formal and informal parts are consistent.

1. For more information about Zeus, see http://www.cs.virginia.edu/zeus
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