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Preface

The objective of the Nordic Workshop on Programming Theory is to bring
together researchers from (but not limited to) the Nordic and Baltic countries
interested in programming theory, in order to improve mutual contacts and
cooperation.

The 16th Nordic Workshop on Programming Theory took place at the Uppsala
University, Sweden, 6-8 October 2004. The previous workshops were held in
Uppsala (1989 and 1999), Aalborg (1990), Gothenburg (1991 and 1995), Bergen
(1992 and 2000), Turku (1993, 1998, and 2003), Aarhus (1994), Oslo (1996),
Tallinn (1997 and 2002), and in Lyngby (2001).

There were 39 regular presentations at the workshop, arranged in two paral-
lel sessions. In addition the following five invited speakers gave presentations
in plenary sessions: Erik Hagersten (Uppsala Univ., Sweden), Neil D. Jones
(Copenhagen Univ., Denmark), Kim G. Larsen (Aalborg Univ., Denmark), P.S.
Thiagarajan (National University of Singapore), and Michael Williams (Erics-
son, Sweden).
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Slicing CSP-OZ Specifications™

Ingo Briickner
Department fiir Informatik, Universitdt Oldenburg
26111 Oldenburg, Germany
Fax: +49-441-798-2965
ingo.brueckner @informatik.uni-oldenburg.de

6th September 2004

1 Introduction

The combination of the two well known formal spec-
ification techniques CSP [Hoa78, Hoa85] for specifi-
cation of behavioural aspects of systems and Object-
7 (0Z) [Smi00, Spi92, WD9I6] for specification of data
aspects of systems into the specification language CSP-
OZ [Fis97] has already been subject of intense research
and is currently further extended by an integration with
Duration Calculus (DC) [HHF94, HZ97, ZHR91] for
specification of real time aspects of systems. This leads
to the formalism of CSP-OZ-DC [HOO02] which gives
rich possibilities to specify any aspect of complex sys-
tems with a suitable formalism in an overall coherent
way.

An important challenge, especially, when trying to
automatically or semi-automatically analyse such sys-
tem specifications is their inherent complexity which
quickly goes beyond the scope of current analysis tech-
niques such as model checking — in spite of the amaz-
ing progress that has recently been done in this research
area.

In order to tackle this problem on a different level
we propose the application of a technique that is al-
ready very long and well known in the area of pro-
gram analysis, namely applying a kind of *program slic-
ing’ [Wei81, Tip95, HDZ00] to CSP-OZ-DC specifica-
tions. The basic idea is to reduce a given specifica-
tion by eliminating some of its components in such a
way that its semantics remains unchanged w.r.t. a given
property under consideration (the slicing criterion).

This reduction is based on a preceding analysis of the
specification that is very similar to well known program
analysis techniques [ASU97, Muc00, NNH99]. More
specifically, it includes the construction of a specifica-
tion dependence graph which comprises — similar to

*This work was partly supported by the German Research Coun-
cil (DFG) as part of the Transregional Collaborative Research Cen-
ter “Automatic  Verifi cation and Analysis of Complex Systems”
(SFB/TR 14 AVACS). See www.avacs.org for more informa-
tion.

a program dependence graph [HRB90] — all relevant
kinds of dependences that are present in the specifica-
tion such as control or data dependences between spec-
ification elements.

Our current work is a first step towards the goal
of slicing CSP-OZ-DC specifications which is yet re-
stricted to an application to its untimed predecessor
CSP-OZ and accordingly untimed properties that are
expressed in an untimed DC variant called State/Event
Duration Calculus. From this starting point we develop
a slicing algorithm that we show to be correct in the ini-
tially claimed sense, i.e. from the given property’s point
of view the resulting reduced specification exhibits the
same behaviour as the original specification does.

2 Specifying with CSP-OZ

— AirCondition

We will intro-
duce CSP-OZ by
specifying an air
condition  system
as an example. The
system consists of
several components
which communicate

chan work : [w? : B] ; [...]
main = mode — Work
Work = mode — Work

O refill — Work

o temp — SKIP .
I consume — SKIP )’

level — work — Work

Init

with each other. In mode - M ; —power
the example spec- L.

ification we will

focus on the actual

air condition com- | [—com"erk

ponent. A fragment Alpower)

of its CSP-OZ spec- weiB

ification is depicted work' = (w? A fuel > 5)

in figure 1.

The CSP part of L.
the specification de-
fines the air con-
dition’s behaviour.
This is done by introducing a set of channels that de-
fine the air condition’s means of communicating with

Figure 1: Air condition CSP-OZ
specifi cation fragment
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its surrounding components. How this communication
looks like is defined in several CSP processes that rep-
resent different communications the controller can en-
gage in. These may be communications together with
or independent of the surrounding components.

The system’s state space, its initial configuration
and operations on the state space are then defined in
the specification’s Object-Z part by so called schemas.
Each schema consists of two parts: The upper part may
contain a list of variables that are defined in the lower
part and a list of channels that are used in the lower part
for incoming or outgoing communications. The lower
part can contain preconditions which determine wether
the associated operation is enabled or not and it can con-
tain equations that describe the effect that the associated
operation has on the state space. Schemas can be con-
nected to communications in the CSP part but they can
also be independent from CSP communications, i.e. the
associated operations are then possible at any time.

3 Constructing the Specification
Dependence Graph

Following the usual approaches in program slic-
ing [HRB90], a necessary precondition is to analyse the
given specification w.r.t. dependences that it contains.
The underlying idea is to be afterwards able to back-
track any specification element that might directly or
indirectly be relevant for components of the property
which serves as the slicing criterion.

Control Flow Graph The first step in constructing
the specification dependence graph is to determine the
specification’s control flow graph which is defined in-
ductively over the structure of the specification’s CSP
part. Nodes of the control flow graph represent single
communications, CSP operators or process calls while
edges of the control flow graph represent the possible
control flow between the nodes they connect.

Control Dependences Based on the analysis of con-
trol dependences between separate specification ele-
ments, groups of control flow graph nodes are accu-
mulated into basic blocks, i.e. groups of nodes which
are not control dependent on each other. Accordingly,
control flow graph edges inside such basic blocks are
removed at this point and edges between basic blocks
are now regarded as representing control dependences
in the sense that the originating node controls the target
node.

Data Dependences The last step in constructing the
specification dependence graph consists in analysing

the specification w.r.t. data dependences between con-
trol flow graph nodes, i.e. dependences due to the defi-
nition of a variable in one node and the subsequent ref-
erence of the same variable in a different node. Two ba-
sic kinds of data dependences are considered: First, di-
rect data dependence which occurs between two nodes
that are directly connected by a path in the control flow
graph from the first to the second node without an in-
termediate node with an intervening definition. Sec-
ond, interference data dependence is considered which
occurs between two nodes that are located in different
branches of a parallel interleaving CSP operator. Data
dependence edges can connect different nodes inside
the same basic blocks as well as nodes that are located
in different basic blocks.

Specification Dependence Graph The specification
dependence graph finally comprises all nodes that were
introduced during the control flow graph construction
and all edges determined during the control dependence
analysis and the data dependence analysis.

4 Slicing

When the previously described preparations have been
performed, the actual slicing of the specification is eas-
ily done: Initially, a set of marked nodes in the speci-
fication dependence graph is determined by analysing
which node has direct influence on the property that
constitutes the slicing criterion. Direct influence is
present if a node’s associated schema name appears di-
rectly in the property or if a node’s associated schema
contains a definition of a variable which appears in the
property.

After this initialisation, the set of marked nodes is
repeatedly augmented with yet unmarked nodes that
are the origin of edges which lead to already marked
nodes. This backtracking is performed until a fixpoint
is reached and the set of marked nodes can not be in-
creased any more by application of this rule. At this
point only some further nodes are added to the set of
marked nodes. These further nodes have certain types
and are located in the same basic block as already
marked nodes. They are so called structure nodes which
are needed to maintain the wellformedness of the spec-
ification slice.

This slice is finally derived from the original specifi-
cation based on the set of marked nodes in the specifica-
tion dependence graph: All specification elements that
correspond to unmarked nodes can safely be removed
from the specification. A last step consists in removing
all variables from the specification’s state space that are
not used inside any schema any more.

In order to formalise this slicing algorithm, as it is in-
formally described here, we first define a formal seman-

71/113



tics of CSP-OZ specifications based on a variant of la-
beled Kripke structures (LKS) [CCOT04]. This is done
separately for the specification’s CSP and for its OZ part
which are then combined by parallel composition in or-
der to give the semantics of the full specification.

Further, we need to formalise the properties which
serve as slicing criteria. To this end we use State/Event
Duration Calculus (SE-DC), a discrete and untimed
variant of DC. With SE-DC formulas we can express
properties of CSP-OZ specifications as well as proper-
ties of the underlying LKS semantics.

Finally, the formalisation of the actual slicing corre-
sponds directly to the informal description given here:
Similar to the way the specification slice is derived from
the original specification by removing certain specifica-
tion elements, the specification slice’s LKS is related to
the original specification’s LKS in that certain states and
transitions are missing that correspond to the removed
specification elements.

S Slicing Correctness

The presented slicing approach can be regarded as cor-
rect if the following holds: The original specification
fulfils a property if and only if also the specification
slice w.r.t. to this property fulfils this property.

In the correctness proof, which at this point is still
work in progress, we plan to apply two steps: First, a
definition of stuttering equivalence [Lam83] of LKSs
w.r.t. a set of atomic propositions and events is given
and it is shown that the presented slicing algorithm
guarantees stuttering equivalence between the original
specification’s LKS and the specification slice’s LKS
w.r.t. to a set of atomic propositions and events derived
from the property that served as a slicing criterion. In a
second step it is shown that this kind of stuttering equiv-
alence between two LKSs is equivalent to the notion of
correctness that we stated above.

6 Conclusion

This contribution proposes the application of the well
known technique of program slicing in a different area,
namely in the specification of behavioural and data as-
pects of complex systems with CSP-OZ. It is shown
which adaptations are needed when transferring the ex-
isting approaches of program analysis to the new appli-
cation field of specification analysis.

Furthermore the correctness of the proposed algo-
rithm is shown based on a formally defined semantics
of the specification language and an appropriate logic
for expressing specification properties.

Future steps will include the extension of the ap-
proach to timed specifications (CSP-OZ-DC), and tool

support for automatically performing the slicing of such
specifications. The latter will definitely be needed when
dealing with larger case studies that are foreseen in the
project AVACS [AVAO04] which forms the overall con-
text of this work.
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