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Abstract
The design aid tools constitute optimum supports in the
final phases but are not intended to assist the upstream
phases of the design. LSE03 Logicom System
Engineering 03 - implements an approach which, through
the interaction of the actors/designers with different
techniques such as diagrammatic reasoning, qualitative
reasoning, case-based reasoning, etc., is used to structure,
handle and store knowledge frequently incorrectly defined,
incomplete and heterogeneous.

Introduction and Problematics

The design is a determining stage in the life cycle of a
physical system. It constitutes the initial phase during
which all the parameters of this system shall be defined so
as to ensure the relevant functionalities assigned in the
Specifications. This phase generally takes place in the
design departments. Expert engineers are entrusted with
this phase to fully specify the system before its release to
the production shops.
Usually, the first stage as regards the design of a product
consists in generating from Specifications a set of design
alternatives which seem to be satisfactory a priori. This
stage is that of the preliminary design. These design
alternatives are generally characterized by schematic
diagrams (kinematic diagrams in mechanics, hydraulic
diagrams, etc.). The physical parameters are then only
partially defined in value (real interval or unknown value).
In the same way, the system component behavior laws are
not all identified at this stage. Each design alternative is
then finely studied in a detailed design phase. In this

approach, the design of an artifact concerns the phases
intended to convert a set of specifications (notably
describing its functionalities) into a complete structural
description (Figure 1).
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Figure 1 :simplified representation of the design

Usually, the purpose of the Computer-Aided Design
(CAD) tools is to assist engineers, draftsmen and other
professions participating in the design process, by offering
them interactive data processing systems in order to
formulate the problems to be dealt with, solve them and
communicate the associated solutions. But, based on
algorithmic resolution and optimization approaches, these
systems implicitly based on a modular and hierarchical
model of the design process quickly prove uniformizing
and dequalifying whereas the programs based on
manipulations of numerous plausible heuristics often prove
creative, sometimes suggesting unexpected solutions
(Dasgupta 1989), (Lemoigne 1994). Moreover, a constant
of the design problems is that they are not circumscribed to
local problems but rather tend to be wide and complex. In
addition, their main characteristic is that they are badly
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structured. In particular, the tools used in various domains,
such as architecture or mechanical engineering, have
proved unsuited as regards assisting the design upstream
phases. This generally results from an incomplete and
ambiguous specification of the scopes and Specifications
since there is no predetermined solution path and it is
necessary to integrate numerous and very different
knowledge domains into a same artifact (Darses 1994).
We have thus based the LSE03 tool, that we present in this
article, on a constructivist approach (Lemoigne 1994). As 
matter of fact, we consider that an analytic approach does
not and cannot take account of all the interactions which
occur during the design task at only one designer (and his
relation with the designed artifact) as well as at the level of
the communication between the various designers who
work in cooperation. LSE03 intervenes as a catalyst of a
common and shared knowledge which will emerge from all
the interactions characterizing a design process. The latter
is therefore apprehended as a synthesis, error test, heuristic
and adaptation task, in short as an engineering task rather
than as a linear optimum, foreseeable process, finely
analyzable and analyzed. The vocation of LSE03 is
therefore to be an open tool, facilitating the exchanges and,
specially to be an aid tool for the designer in his error test
and information handling tasks which are frequently
incorrectly defined, distributed, of heterogeneous nature
and used to check the consistency of the results of
asynchronous and decentralized decisions around
integrated documentation.
We have considered that no design approach would have to
be imposed a priori, but that it was necessary to allow the
actors-designers to collect, classify and filter the items of
information according to their different points of view. In
the perspective of this design approach, the formal
reasoning does not take up a central place : other types of
reasoning coexist. The approaches in question are
alternative approaches such as diagrammatic reasoning
(Chandrasekaran, Glasgow, Hari Narayanan 1995), case-
based reasoning (Aamodt, Plaza 1994), (Kolodner 1993),
(Leake 1996) and qualitative reasoning (Lucas 1993)
(Trave-Massuyes 1993), (Wiliams, de Kleer 1991).
We will see how these ambitions are represented in the
LSE03 tool and how a design approach is organized - with
multiple rich phases of interactions and heuristics which
are specific to it - around its different software modules,
through a consistent documentation updated without any
additional effort.
We will show, through a dimensioning example of the
defense system of a Frigate, how the recommended
approach, associated techniques and LSE03 tool are used
to structure, handle, check and store the knowledge related
to the technological objects under design, to communicate
them to the different actors-designers and finally check the
overall consistency.

Adopted Approach and Associated
Techniques

When designing a system, the designers need to give an
answer satisfying Specifications generally produced by
means of office automation-type tools and containing
heterogeneous-type constraints (mathematical expressions,
curves or charts, technical data tables, etc.) as well as 
number of expected functions to which answers most
frequently represented by structural description
correspond. In the first stages of the design, the successive
selections of physical principles (Top 1996) will allow for
the provision of classes of solutions adapted to the
functions and constraints of the Specifications. The
function of the technolog then consists in drawing up the
inventory of the physical principles used to answer these
functions (the HEAT function can be achieved by
conduction, induction, Joule effect, radiation, chemical
reaction, etc.) and select one or more of these principles to
generate one or more solution variants (Tichkiewitch,
Chapa, Belloy 1995). At least one solution should
correspond to each principle (technological objects and
technological object assemblies) and satisfy the
Specifications which will then be used by the detailed
design tools (CAD, simulation tools, etc.) (Figure 
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Figure 2 : LSE03 positioning

So, to help the designers during this stage of the design
process, the following aspects must be taken into account :
- integration of systems : the tools supporting the different
tasks related to the design (for instance, the diagrams, the
computation, the writing of documents, etc.) must be
integrated around a federative system,
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- integration of knowledge : it must be possible to obtain
all the items of information required for the design from
the system. This includes the patent information, the
information concerning the designs made in the past, the
know-how, etc.
- integration of the different models : the data description
method must be unique and used in all the stages of the
design process (Couffin 1997).
Moreover, the system must be intelligent, i.e. :
- intelligent man/machine interface : the system must help
the designer in a user-friendly and intelligent way,
- intelligent functionalities : i.e., the system must contain
an inference mechanism to assist the designers efficiently.
That is to say that the system must understand the
intentions of the designer, detect the errors, propose
alternatives, answer the questions, etc.
These aspects have dictated the conceptual and
technological selections for the implementation of the
LSE03 tool that we are presenting. As a matter of fact,
instead of designing and developing a new tool, we have
opted for the cooperation of different modes of reasoning
in simple and independent software modules integrated in
the daily environment of the designer who has to handle a
succession of models.
To treat these models with the view to construct solution
elements usable by detailed design tools, our tool offers the
following functions :

to provide assistance in formulating in an adequate,
natural and explicit way design problems which can be
expressed in the form of heterogeneous constraints,

to provide assistance in extracting the pertinent
knowledge (functions, constraints) from the Specifications,
- to homogenize this knowledge in order to obtain a usable
formulation of the Specifications,

to check the consistency and completeness of the
Specifications,
- to associate a structural description with a functional
description : proposal of technological objects satisfying
the functions which must be achieved by the solution,
- to validate the design selections in compliance with the
Specifications,
- to explore the entire solution envelope related to a design
problem,
- to communicate the results to a team of actors-designers
and check the related overall consistency.
To fulfil these functions, the following software modules
have been achieved.

Heterogeneous Constraint Propagation
Within this integrated engineering context, the resolution
principle retained is based on a constraint propagation
technique. Represented by a heterogeneous constraint
propagation module, our integrating element interfaces
with a set of edition modules mainly such as a simple word
processing system in which the designer can structure the
knowledge contained in the Specifications such that it can
be used but also to describe his system without any
ambiguity, in a natural and explicit way. As a matter of

fact, numerous works have shown that the designers
themselves readily describe the problems they have to
solve in terms of constraints (Darses 1994), (Dincbas
1995), (Degirmenciyan 1996), (Zhang 1997). 
identification in the Specifications of the parameters,
constraints and functions specific to the system to be
designed, the relationships between parameters are given in
the form of linear or non-linear equations and inequations,
curves and tables (taken from technical documentations,
for instance), influences between parameters (qualitative
relations), rules (of the type : if ... then). All these
constraints are then handled by a constraint propagation
technique based on the works of (Davis 1987), (Hyv6nen,
De Pascale, Lehtola 1993), (Lhomme 1992) on 
propagation of real intervals. This consists in handling the
constraints of the problem in order to deduce a
characterization of all the permissible solutions, while
searching for their properties in the form of required
permissibility conditions. The decision variable envelopes
are restricted and used to explain the autonomy actually
available for the decision. The purpose of the approach is
not therefore to generate a solution with respect to a given
criterion, as with the optimum methods, but to prepare the
solution generation phase. An interaction and consistency
logic is privileged with respect to a prescription and
optimization logic.

Qualitative Reasoning
We have added to the foregoing a qualitative module
allowing for the construction and analysis of a causal
graph, the data of which can be issued from coarse
qualitative relations that the designer directly defines since
it is impossible to obtain precise data concerning the
phenomenon described or for reasons of simplification of a
too complex reality in order to apprehend the interactions
between the various specific parameters of the system to be
designed in a more intuitive way. The adopted approach is
based on the causal sequencing techniques (Iwasaki, Simon
1986) which allow synthetic display of the
interdependence of the parameters and the impacts that the
exogen variables may have on it.
The graph nodes correspond to the variables; the arcs
assigned with a value of the algebra of signs (Trave-
Massuyes 1993) correspond to the variable mutual effects.
A color code, associated with the nodes and arcs is used to
display the state of each graph element. The user will thus
define his input parameters (those on which he acts) one 
one and follow the involvement of his selections. Thanks
to the overall view of the interactions between parameters,
he can also find out the origin of an inconsistency obtained
after the constraint propagation. This module allows for
reasoning in three different ways as follows:
- What if ? enables to reply to questions such as "What will
be the effect of an increase of A and B on C while
maintaining all the other parameters constant ?".
- How ? : "How to proceed for parameter A to increase,
knowing that only B and C can be modified ?".
- Why ? : "Why, after varying A and B, does parameter C

30



react in this way ?".
The qualitative reasoning is well suited to our problematics
since it allows the expression of incomplete knowledge -
which is often the case in preliminary design - and
reasoning on systems at an abstraction level allowing for a
sound understanding of the phenomena observed by
extracting from a purely digital process.

Cooperation of Qualitative and Quantitative
Reasoning Modes
LSE03 thus combines the qualitative and quantitative
reasoning modes (Wiliams, B.C and de Kleer, J., October
1991). As a matter of fact, LSE03 offers the possibility of
making them coexist by allowing for the direct expression
in the documentation (for instance : the Specifications) 
the relationships of the following form : a 4- ~- b, to
mean that the variation of b follows the variation of a.
These rules are used when the quantitative formulation of a
and b is not accurately known. In the same way, it is
possible to associate a negligible, normal or preponderant
order of magnitude with these effects in order to
characterize them.
Moreover, due to the very nature of its constraint
propagation mechanism, LSE03 is capable of automatically
inducing the effect of a parameter on another one when
these parameters appear in a quantitative equation. This
induction is based on a heuristic estimation of the effect
that the reduction of an interval (associated with 
parameter) has had on another interval. For instance, on an
equation of the form a = b + (l/x) where x is assumed to 
equal to [0, 100], LSE03 can deduce that the effect of x on
a is negligible and will produce a usable qualitative
constraint (during a qualitative reasoning session) for the
same reason as for the other qualitative rules that the user
will have entered manually.

Diagrammatic Case-Based Reasoning
The function of reuse of previously solved design cases is
ensured by the diagrammatic case-based reasoning
module in which the diagrammatic reasoning (Sloman, A.,
1975), (Chandrasekaran, Glasgow, Hari Narayanan 1995)
and Case-Based Reasoning (CBR) techniques (Kolodner
1993), (Leake 1996) (Veloso, Aamodt 1995), (Watson
1995) applied to the design domain (Case-Based Design 
CBD) (Gomez de Silva Garza, Maher 1995), (Maher,
Balachandran, Zhang 1995), (Maher, Gomez de Silva
Garza 1996) and backed up by non-determinist decision
taking mechanisms cooperate. Diagrammatic reasoning
includes all the automatic processes which can understand
a diagram (objects and semantic connections between
objects) made by a designer; provided some annotation
information items have been provided : functions,
constraints and attributes of the object to de designed. To
this end, the initial diagram, with its different objects and
the interconnecting logic links, is translated into an internal
format comprising all the abstract designs handled by the
designer. The representation and characterization

formalism of the function concept invokes the bond graph
models (Top 1993). Initially designed to model physical
systems, the bond graphs can be enriched by engineering
concepts (concept of finality, concept of consistency of 
technological object, material flow, information flow, etc.)
in order to allow for their extension to the preliminary
design domain. Diagrammatic reasoning constitutes the
first CBD system phase which will allow for the
interrogation (according to similarity criteria) and the
consultation of the data base grouping past experiments
(successes or checks). This module will thus aid the
designer in associating a structural representation with the
functional outline represented in the previously described
diagrammatic environment through consultation of the data
base and comparison with the stored cases. Among the
structural solutions proposed, the designer is free to select
those which appear the best suited to his expectations,
integrate them into the documentation (changes in
Specifications) in order to finally check the validity with
respect to the initial constraints by means of the constraint
propagation module.
This module is provided with three views of the system to
be designed:

the functional view which enables functions
predetermined in the data base to be selected or new
functions and associated characteristics to be constructed.

the structural view which enables previously solved
problems to be searched for, through distance computation,
with regards to the functions described and display the
search result in the form of a structural diagram
(technological objects or technological object assemblies).
- the specific view which is a valuated structural view
enabling the technological solution search to be refined by
specifying the specific parameter value intervals.

Multi-Designer Mode

What we have just demonstrated can usefully help the
actor-designer independently working on the design of a
system: he has no interaction with other designers. Now, it
is obvious that the design of a complex system requires the
cooperation (concurrent participation) of a group 
specialists. Concerned about the optimization of the part he
designs, each specialist tends to lose sight of the problem
in its integrality. This results in iterative working methods,
long design times and solutions sometimes difficult to
achieve. Faced with this problematics, LSE03 intervenes to
manage the interactions between designers working on a
same project by facilitating the information transfer and
specially the dialogue upon appearance of design conflicts
and providing an aid at the design considered in its
integrality. We are then in the domain of simultaneous and
concurrent engineering.
The multi-designer problematics has the same
characteristics as the problems encountered in Distributed
Artificial Intelligence (DAI) (Ferber 1995), (Figure 
In these systems based on the communication through
transmission of information, each agent can only handle
his own knowledge base and send messages to his
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relations, i.e., the agents he knows, by specifying which
agent must receive the answer.

Individual working space : independence,
creativity, protection of information, etc.

Common
working space,
communication,

cooperation,
management of
access rights

Heterogeneous knowledge
network : consistency retention

Figure 3 : Multi-designer problematics

Now, a team of designers, each working on a specific task
of a same project and at different working stations, easily
resembles an agent company. These are independent
entities :
- physically more or less distant,
- having partial knowledge of the problem to be solved,
- interacting by means of communication systems.
It therefore seems natural to use the multi-agent model to
model the multi-designer design process. The breakdown
into sub-problems and their distribution are not difficulties
since we consider that each designer has specific
knowledge that he makes use of to formulate and solve his
specific problem. He manages his task almost
independently as regards formalizing as well as resolution.
The knowledge is distributed and each LSE03-aided
designer is therefore modeled by an agent. Each designer
of a design sub-problem is responsible for its modeling and
resolution. In this configuration, the designer is identical to
the single designer working independently on a given
design problem. The interactions and communications of
all the agents are coordinated by a server allowing for :
- designer selection propagation,
- designer selection control and consistency,
- inter-designer conflict management.
In concrete terms, the constraint propagation technique we
have used for the integration of the semantic and syntactic
heterogeneousness of the design knowledge enables any
actor-designer working on a same project to :
- know the impact and results of the selections he makes
within the intervals of the various parameters specific to
the sub-problem for which he is responsible,
- be ensured of the repercussion of these selections on the
parameters common to all the actors-designers (parameters

defined as being exogen),
- know the resulting consequences of these modications on
the overall consistency.

Typical Application : Design of Defense

System of a Frigate

The purpose of the example that we have implemented is
to show network operation of the different LSE03 modules
according to the principles previously described. The
purpose is to carry out the dimensioning of the defense
system of a Frigate while complying with the cost, delay
and performance requirements imposed by the
Specifications. This project requires the cooperation of a
multi-disciplinary team where each actor-designer
responsible for a view or a part of the defense system
performs independent work and then compares the result
obtained with the other participants for overall consistency
check purposes. The results given in the form of value
intervals are directly integrated in the documentation
(initially, in the Specifications). The results of the different
propagations are historized so as to have the possibility of
reconsidering the selections made when deemed necessary.
The defense system dimensioning project is broken down
into sub-problems which must be solved by different
actors-designers, each being specialist of a specific
domain. The Project Manager establishes an overall
planning and determines cost, delay and performance
constraints to be observed by each intervening party.
(Figure 4).
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Figure 4 : Typical dimensioning of defense
system of a Frigate

The purpose of the defense system is to protect the ship in
case of air, surface or sub-marine aggression. Detection
and counterattack means are implemented in accordance
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with each threat. The definition of each sub-system
requires several interlinked factors to be taken into
account, which will lead to a system which can be qualified
of complex. Because of their very nature, such systems
cannot be defined simply since all their components are
interlinked.
For instance, the probability of escaping a sub-marine
aggression by a maneuver can be known only when the
propulsion system has been entirely designed and the
results transmitted to all the actors of the project in order to
check the compatibility regarding the cost, delay and
performance aspects with respect to the initial constraints.
In the same way, each actor of the project must define the
sub-system for which he is responsible and transmit the
corresponding results. A complete resolution scenario
corresponds to several hundreds of design knowledge types
whether they are in the form of curves, tables, equations,
charts, diagrams, etc., and has required numerous
interactions and negotiations between the different actors-
designers in charge of a specific point of view.
The use of different reasoning modes thanks to the
cooperation of the different LSE03 modules has proven
useful even mandatory for the solving of such a problem
and has enabled pertinent results to be obtained.

Conclusions and Perspectives

We have tried to show throughout this article why LSE03
constitutes a good support for the upstream phases of the
design process. It is the entry point through which the
designer will be able to use the knowledge sometimes
incorrectly defined, incomplete and inconsistent as
contained in the specifications so as to specify the system
to be designed while simultaneously validating the
technological selections he makes. It gives access to
various types of representation : digital, functional,
structural, qualitative, mandatory for the integration, in a
same artifact, of the heterogeneousness of the design
knowledge. To this end, the cooperation of different modes
of reasoning is essential for the control of the complexity
inherent to the design process. LSE03 has been used to
specify, dimension and validate various types of systems
with technological components and has enabled results
complying with the expectations of the users to be
obtained. We currently conduct, as partners of our
customers -Alcatel Espace, Airbus Industrie,
I’AErospatiale .... - a stage of validation of the approach we
propose as well as the evaluation of the operational
capabilities of the various modules. Moreover, we are
currently participating in the Piramid1 project with which
Matra Data Vision, Adepa and TDC are associated and
which will allow for the integration of our approach and
associated tools in an integrated platform covering the
entire life cycle of an industrial system, from the
expression of the requirements up to its commissioning, in

1 Eureka-type European project

view of capitalization and reuse of know-how, this around
a technological object model complying with the STEP
standard.
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