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Abstract

This article describes our experience of using formal specifica-
tion to reformulate the requirements of the Nulka Electronic
Decoy. The Nulka Electronic Decoy is a hovering rocket that
lures anti-ship missiles away from the ship. The requirements
specification contained informal natural language requirements
relating both to time-related performance requirements, and
to other physical characteristics that were not time-related.
‘Timed Interval Calculus’ was used for the time-related perfor-
mance requirements whereas simple mathematics was used for
the others, thereby creating two different views of the Decoy.
While no conflicting requirements or incorrect values were de-
tected, 50% of the requirements were modified as a result of
formalisation and consultation with domain experts. This ar-
ticle describes the techniques that were used, the changes that
were made, reflects on lessons learned and discusses related
work.

Section 6 discusses the results of the formal analy-
sis. Some discussion of the possible benefits of tool
support is included in Section 7. Related work is dis-
cussed in Section 8. Concluding remarks are made in
Section 9.

2 Project Overview

The Nulka Electronic Decoy is a joint Australian/US
project being developed to counter anti-ship missiles.
The rocket-powered decoy is launched from its host
ship and lures incoming missiles away from the ship.
The Decoy PIDS establishes the performance, de-
sign, development and test requirements for the De-
coy prime item of the Nulka ship launched Electronic
Decoy. It has been prepared in accordance with MIL-
STD-490A “Specification Practices” (Department of
Defense 1985). This standard establishes uniform
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1 Introduction

practice for the format and content of specifications
prepared for the Department of Defence in order to
ensure the inclusion of essential requirements, and to
aid in the use and analysis of specification content.

Formal specification techniques apply formal math-

2.1 PIDS Formalisation

ematical notations to express system requirements.
Formal mathematical notations enable precise expres-
sion and tool support that are not possible when using
natural language (NL) exclusively.

This article describes a project where formal spec-
ification was used to improve the requirements given
in the existing Prime Item Development Specifica-
tion (PIDS) of the Nulka Electronic Decoy. In this
case formal specification was applied cost-effectively:
a dramatic improvement was achieved with a small
cost. Costs were minimised by the use of appropri-
ate formal notations and by using review as the sole
form of analysis. This article focuses on the benefits
provided by the use of an appropriate formal specifi-
cation notation and review alone.

1.1 Overview of Paper

Section 2 describes the Electronic Decoy and sum-
marises the analysis that was performed on the Decoy
PIDS. Section 3 introduces the Timed Interval Calcu-
lus (TIC) (Fidge, Hayes, Martin & Wabenhorst 1998)
and Section 4 then discusses how formal specification
in TIC was applied to the Decoy performance require-
ments. Section 5 describes how simple mathematics
was used to model the other physical characteristics.
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The Nulka project was coming to the end of a long
development phase motivating the development and
reissue of the PIDS based on experience gained dur-
ing the ten years of engineering development. As a
first step, formal specification was used to capture
the requirements contained in the existing PIDS. The
formal model of the Decoy was then developed in con-
sultation with Nulka project personnel with various
areas of interest (Prime Contractor, Commonwealth,
US) and expertise: flight dynamics, missile seduction,
project management, to name a few.

The Timed Interval Calculus (Fidge, Hayes, Mar-
tin & Wabenhorst 1998) was used to formalise the
performance requirements of the Decoy. Flight per-
formance, being highly dynamic and time dependent,
is notoriously difficult to specify; particularly where
NL is used exclusively. However, this is where the
application of formal specification had the greatest
effect. Section 6 examines the result of formalisation.

Physical characteristics that were not time-related
were formalised using simple mathematics involving
predicates, functions and relations. Some minor re-
visions were made to the physical characteristics,
mostly to do with unnecessary or incorrect require-
ments.

The formalised requirements were combined side-
by-side with systematically translated NL require-
ments to generate the final Decoy PIDS. The NL re-
quirements were understood to take precedence over
the formal requirements. However, the formalised re-
quirements were retained for clarification and as a
basis for evolutionary requirements change.



2.2 Method

The project took place in two stages: detailed refor-
mulation and final acceptance. The first stage in-
volved 35 man-days taking place over a period of
6 months, during which the requirements were for-
malised in 5 iterations involving 4 workshops. The
workshops were held with a variety of domain ex-
perts. This was for the purpose of reviewing progress
and solving problems found within the original infor-
mal requirements text and its subsequent reformu-
lations. Each iteration focussed on particular prob-
lem requirements. Attempted formalisation of these
requirements raised questions which were then dis-
cussed at the workshops. Modifications were then
integrated into the model.

The second stage occurred after a further year.
This was in preparation for the final acceptance of the
revised PIDS. The changes to the PIDS were docu-
mented and some final clarifications and corrections
were made.

No tool support was used in the project. (Section
7 discusses why and considers possibilities for the in-
corporation of tools.) However, manual checking was
possible because there were only 120 requirements.
The formalised requirements were manually checked
for the following properties.

e Consistency - that the formal notation used in
the specification be free of syntax, type, and se-
mantic errors. (This is not the formal definition
of the word but suffices to describe what was
checked.)

an appropriate (well understood) formalism was not
available. (Section 8.3 discusses related work in this
area.) Process requirements such as those to do
with validation and documentation were also not ad-
dressed.

3 Overview of the formalism

The performance requirements were specified in a for-
malism based on the Timed Interval Calculus (TIC)
(Fidge, Hayes, Martin & Wabenhorst 1998). Follow-
ing a brief introduction to TIC in Section 3.1, Sec-
tion 3.2 describes how interval predicates are used
to model a system. Section 3.3 introduces some addi-
tional TIC operators and Section 3.4 discusses the use
of differentiation of trace variables. Section 3.5 illus-
trates the expressiveness of TIC with some frequently
used idioms.

3.1 Timed Interval Calculus

TIC is a simple set theoretic notation useful for con-
cisely expressing time intervals and predicates over
them. A system is specified by constraints on the
non-empty time intervals over which properties hold.
TIC is closely related to Duration Calculus (DC)
(Chaochen, Hoare & Ravn 1991), featuring similar
laws for interval based reasoning. However, where
DC is defined in terms of temporal logic, TIC is de-
fined in terms of set-theory. Further comparison of
DC and TIC is presented elsewhere (Fidge, Hayes,
Martin & Wabenhorst 1998).

e Correctness - that the specification define be-
haviour equivalent to the informal requirements.

Absolute time, T, is modelled by real numbers.
Here we assume non-negative real numbers.
Observable variables are modelled as traces (total

e Precision - that the specification be free of am-
biguity.

e Abstraction - that the level of abstraction be
suitable for defining a clear and concise speci-
fication.

e Completeness - that all necessary components of
the system be modelled.

e Feasibility - that all requirements be imple-
mentable.

o Testability - that the requirements were able to
be validated.

e Modularity - that the requirements were struc-
tured into independent, internally cohesive, com-
ponents.

e Readability and Style - that naming conventions
and structuring of definitions be acceptable and
appropriate.

2.3 Views

The use of a second formalism constitutes a second
formal view of the requirements. The use of multiple
formal views is recommended where different aspects
of a system are more easily expressed in different for-
malisms or frameworks (Jackson 1995). A simple view
invariant links the views. Section 5.2 gives details of
the view invariant.

2.4 Scope

While formalisation was attempted on all Decoy PIDS
requirements, some requirements were not formalis-
able. For instance probabilistic requirements, i.e.,
those that are expressed probabilistically or statis-
tically, were not formalised in this analysis because

functions from the time domain to a type representing
the set of all values that the variable may have). For
example, a variable indicating whether the Decoy is
in the flight phase can be expressed as a function from
time to Booleans (B):

flight : T — B

//the Decoy is in flight phase.

Similarly, the height of the Decoy can be expressed
as a timed trace of Reals (R).

height : T - R

//Decoy height

Aside: We adhere to the box notation used in the
formalised Decoy PIDS. Trace variable declarations
and formalised requirements were added to the PIDS
in a box embedded in the relevant PIDS paragraph.
Comments were added to indicate the real-world in-
terpretations of declared variables. End Aside

3.2 Interval Predicates

Sets of intervals can be specified using the interval
brackets ( and ). Here, a much simpler notation is
used than the numerous brackets presented elsewhere
(Fidge, Hayes, Martin & Wabenhorst 1998). The
brackets ( and ) represent sets of intervals where the
endpoints are either open or closed. This is equiva-
lent to F and ? in Fidge et al. We forego the various
other brackets (left-closed, right-closed etc) preferring
to use the minimum of special notation.

For example, the set of all time intervals where
the Decoy is in flight phase for the entire interval
is specified as (flight). An interval I is in the set
of intervals (flight) if and only if, for all times ¢ in
I, flight(t) is true. Note that this includes all pos-
sible sub-intervals where flight is true. In general,
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