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1 Introduction

LUSTRE belongs to the class of synchronous data flow languages which have been designed for
programming reactive and real-time systems having safety-critical requirements (see e.g., [1]). It is
implemented in the SCADE® tool. SCADE is a software development environment for real-time
systems which consists of a graphical and textual editor, and a C code generator. In previous work,
a testing approach specific to LUSTRE programs has been defined, which may be applied at either
the unit or integration testing levels of a gradual testing process [2, 4, 5].

The paper reports on an industrial case study we have performed to exemplify the feasibility of
the testing strategy. The software module, called SRIC (Source Range /nstrumentation Channel),
was developed by SCHNEIDER ELECTRIC in the SCADE environment. SRIC is extracted from a
monitoring software system of a nuclear reactor: it approximates 2600 lines of C code automatically
generated by SCADE. Section 2 outlines the testing strategy. Then, Section 3 presents the results
related to the program SRIC, for which four testing levels were defined (unit testing followed by
three successive integration testing levels). First conclusions and direction for future work are
proposed in Section 4.

2 Principle of the Testing Strategy Based on LUSTRE Automata

To define a testing strategy which may be applied at either the unit or integration testing levels of
a gradual testing process, two issues must be addressed: first, how to design test patterns and,
second how to define the successive testing levels.

2.1 Method for designing test patterns [2, 4]

A LUSTRE program has a cyclic behavior, and that cycle defines a sequence of times. Any variable
or expression denotes a flow which is a pair made of a possibly infinite sequence of values, and a
sequence of times related to the cyclic behavior of the program. A program is structured into
nodes (subroutines). A node contains a set of equations and any variable which is not an input
parameter has to be defined by a single equation. The LUSTRE compiler produces sequential code.
Then, it may perform an automaton-like compilation, based on the analysis of the internal states
of the program: the finite state automaton produced represents the control structure of the
program. We have used it as a guide for designing test inputs, the test criterion retained being the
coverage of the automaton transitions. Based on this criterion, complementary statistical and
deterministic test inputs are designed according to the method briefly recalled below.

Statistical testing (see e.g., [6]) involves exercising a program with input patterns that are
generated randomly, but not naively according to a uniform distribution over the input domain.
Indeed, the aim of statistical testing is to provide a "balanced" coverage of a model of the target
software (here, the LUSTRE automaton), no part of the model being seldom or never exercised
during testing. The test patterns are then defined by two parameters which are determined
according to the test criterion retained (here, the automaton transitions):

(i) The test profile, or input probability distribution, from which the patterns are randomly
drawn. The aim is to derive a test profile that is proper to rapidly exercise each transition, i.e.
that accommodates the highest possible P value, where P is the occurrence probability per
execution of the least likely transition. The influence of the input distribution on the
automaton transition probabilities is studied on a strongly connected stochastic graph, called
S-graph, which is obtained by deleting the initial state — if any — and its output transitions,
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and then replacing the input conditions that label the transitions with their occurrence
probabilities in the distribution; for each transition k, the expression of its occurrence
probability pk in steady-state conditions, as function of the input probabilities, is deduced
from the S-graph; then, the test profile is determined from the set of equations {pk} in order
to maximize P = min {pk}.

(ii) The test size, or equivalently the number of input patterns (i.e., of program executions) that
must be generated. The notion of test quality qN is used as a stopping rule: qN is the
probability of exercising at least once the least likely transition during N executions with
random inputs. N and qN are linked by the relation: (1-P)N > l-qN. Hence, the minimum test
size required to reach a target test quality qN is deduced from relation (1), where Nt is the
number of transitions needed to ensure that the transients die down under the test profile
(since P is a probability in steady-state conditions):

Nmin = Nt + ln( 1 -qN) / ln( 1 -P) (1)
In practice, the value of qN is taken close to 1.0. For example, qN = 0.9999 means that the
probability of never exercising the least likely transition during Nmin executions is only 10"4.

The statistical test patterns allow us to provide a stringent coverage of the automaton during
testing, yet without tracking any special values inferred from the automaton. Then, additional test
inputs are deterministically selected to ensure the coverage of special values which involve: (i) the
automaton initial state — if any — and its output transitions and, (ii) boundary values related to
the conditions that trigger the automaton transitions.

2.2 Definition of the testing levels [2, 5]

The definition of the successive testing levels is based on the bottom-up exploration of the
program call graph. The aim is to minimize the test effort by: (i) gathering as many LUSTRE nodes
as possible to test them all together and, (ii) avoiding redundant testing of nodes called by
different nodes. Based on both guidelines, algorithms to define the unit testing level and the
successive integration levels have been proposed. Roughly speaking, at a given level the
exploration stops when the automaton complexity (number of transitions) is no longer tractable
with respect to the analysis performed to design the test inputs; then, at the next level, a simplified
automaton may be got by disregarding part of the called nodes previously tested (only the nodes
which do not influence significantly the control structure of the calling node may be disregarded)
and the bottom-up process goes on. Formal rules to decide whether or not called nodes may be
disregarded are given in [2].

3 Case Study from the Nuclear Industry: SRIC

SRIC (Source /?ange /nstrumentation Channel) is extracted from a software system whose goal is
mainly to generate actions to protect a nuclear reactor when some physical values are beyond
given thresholds. The main services ensure by a SRIC are: computing the counting rate and a
period from the pulses delivered by the neutron detector, comparing the counting rate and the
period against pre-established thresholds, elaborating protection actions, managing the analog and
digital output interfaces. The program involves 29 inputs and 50 outputs; it contains 36 different
LUSTRE nodes. The application of our testing strategy has been conducted according to three main
steps whose results are summarized below. A detailed report of the study is available in [3].

3.1 Step 1: Drawing of the program call graph

The call graph obtained is shown in Figure 1. TDF is the root node. The graph is made up of 39
nodes (the nodes CONVJMOV and FDB_CALC_TEMPO are called twice and three times, respectively).

3.2 Step 2: Definition of the testing levels

The bottom-up exploration of the program call graph and the analysis of the complexity of the
automata (number of transitions) associated with the nodes has led us to define four testing levels:
the unit level involves ten different nodes, the first integration level involves six nodes, the second
and the third integration levels involve one node each (see Figure 1). The maximum transition
number of the simplified automata associated with the nodes to be tested at the integration levels
amounts to 52 (instead of more than 200 transitions without the simplifications allowed by the
definition of successive testing levels).

A total of 30 different nodes are tested through the 18 nodes retained. For example, let us
consider CHAINE_TCOL retained at the first integration level: the simplified automaton is got by
disregarding only the called node CONV_0_10V tested at the unit level; as a result, this automaton
carries the control structure of the three other called nodes, and the test patterns designed from the
automaton allow us to test the three nodes through their calling node CHAINEJTCOL.
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Figure 1. Call graph of the SRIC program: unit and integration testing levels

Six nodes are not manageable according to our testing strategy. This is due to the fact that the
automata of MODE_DE_FONCT and DECIDE_TEMPO_INIT contain more than 130 states each, and they
may not be simplified by disregarding the called nodes which influence significantly the control
structures of the calling nodes, MODE_DE_FONCT and DECIDE_TEMPO_INIT. These two nodes compel
us to stop the bottom-up exploration of the call graph.

3.3 Step 3: Design and generation of the input test patterns

Figure 2 tabulates the number of test patterns generated for the 18 nodes retained . The sizes of
the statistical test sets correspond to Nmin for a test quality qN of 0.9999 (see relation (1)).
Deterministic patterns have been added only when special values were identified on the automata.



Testing levels

Unit

1st integration

2nd integration

3rd integration

LUSTRE Nodes

FDB_CALC_TEMPO

CONV_0_10_V_POINT

CMP_SEUIL_BAS

CONV_10_10V_POINT

CONV_PEL_AL_SA

CONV_PEL_SC

CHOIX_SORTE

CHAINE_LOGIQ

BASCULE_SR

VraiPdt_250ms

CHAINEJTCOR

CHAINE_PEL

CHAINE_TCDL

MAINTIEN

ACT_MAINTIEN_ACQJCTO

TEMPO_FRT_MONTANT

CHAINE_SIGNALISATION

ACT_CHAINE_SOURCE

Statistical testing

347
23
82
23
32
32

51

42
57

420

213
725
250

300

227
200
84
396

Deterministic testing

6
—

7
—

1
1

—
—
—
—
—

24
—

—
—

40
2
10

Figure 2. Number of input patterns generated

4 Conclusion and future work

This case study has led us to improve the algorithms for defining the testing levels initially
proposed [2], in order to improve the reduction of the test effort. Note that the automata analyses
performed to design the test patterns have allowed us to identify two faults; but, these are minor
faults and they may not produce failures in the actual hardware environment. Experiments are
currently performed to assess the relevance of the test patterns in two different ways: measures of
structural coverage rates of the C code (automatically produced by the SCADE tool) reached by the
test patterns, and execution of the test patterns to assess their fault revealing power.

For the six nodes whose automata complexity precludes the analysis required to design test
patterns, a functional testing approach will be used: it consists in designing statistical and
deterministic test inputs from behavioral models (e.g., finite-state machines) deduced from the
specification (see e.g. [6]).

The SRIC case study is conducted within the framework of the French Project FORMA. Several
research groups are currently applying different verification methods on this software module.
Future experimental investigation will be focused on the comparison of the methods.
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