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Abstract. Proper information management, compliance with the purposes estab-
lished and adequate communication derive all from the interest in having a com-
plete set of knowledge and methods required in system development. Considering
this. the research carried out for this paper defines a methodology useful in System
Design. The method starts from a common-modeled platform and defines the way
in which two processes closely linked to System Development interact: Product
Design and Project Management. Currently, both processes occur independently
from each other and each of them has its own tools and methods. therefore gener-
ating cost and time losses. The purpose of this research is 1o identify the technolo-

gies and knowledge obtained from both processes that will result in highly func-
tional systems.

1 Introduction

The work herein described focuses on the interaction of processes and tools that
meet the criteria of descending design [1], [2].

This paper is organized with the following structure: section Two describes the
theoretical basis of this research; section Three explains how the Design and Man-
agement processes are carried out. and it also offers abundant information about the
methodology that allows designing a common platform where the design and man-
agement processes interact with several tools under the context of a common plat-
form; section Four describes a technical example corresponding to the area of robot-
ics, which we have used to support our results.

2 Mecthodology Bases

The present research is based on the recommendations of the Electronic Indus-
tries Alliance-issued international standard E1A-632. with its main purpose being
sysiem development [3]. This standard methodology considers several processes 10
design systems, which range from an article’s production up 1o its market deploy-
ment. 1t is organized into thirteen processes, grouped in 5 sets: Technical Manage-
ment, Purchase and Delivery, Sysiem Design, Product Manuacturing and Technical
Evaluation; from these, as per our rescarch, we focused our interest in the processes
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within these S groups and in the topics identified as: Planning, Solution Definition
and Verification.

ElA-632 aims to allow interaction between its processes. Therefore, this is the
most complete standard according to our ficld of interest. However, it does not de-
fine the methods and tools to make these processes interact. This is why this work
and the problem to be solved are unique, because it proposes a methodology that
clearly indicates the interaction between the different processes constituting the sys-

tem development, as well as the tools that may be used.

The present work is also supported by the Model Driven Architecture (MDA)
[4] proposed methodology. which offers a different manner to develop software sys-
tems by using the concept of “models”. Such concept allows rapid identification of
technical issues. as well as information reuse.

3 Common Platform

3.1 Product Design Process

This process integrates several stages that span from the product’s specifications
10 its manufacturing. At the LAAS-CNRS laboratory in Toulouse, France, this proc-

ess is carried out as follows:

The customer requirements stated in a specifications document are implemented
in natural language in a word processor [5], [6]; then, a deep analysis is carried out
that aims 1o a detailed study of the design. validating results in a LAAS laboratory-
developed software, called TINA [7]; the final stage consists on carrying out a vir-
tual prototype of the studied system. Such procedure cases the identification of tech-
nical restrictions and specifications upon which the system’s operability will be
based.

3.2 Project Management Process

This is a two-phase process, the first one consisting on the definition of every
task required 1o manage the project, mainly identifying resources, materials and
every necessary issue; the second phase consists on optimizing and selecting the
tasks complying with the system’s goals: this phase uses the GESOS [8] tool devel-
oped in the LESIA laboratory at Toulouse, France. The purpose of this tool is to
build a number of scenarios that will provide viable solution alternatives to carry out
the project. The Project Management procedure allows for the identification of the
system’s non-operational restrictions [9].

3.3 The Product Design - Project Management Association

This stage of our research dealt with studying the way 1o associate the product
design and project management processes. which had been treated independently up
unti] recently in the LAAS and LESIA laboratories. The purpose of this association
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was to define a modular architecture (with structural-opcrational modules) that
would contain the system’s functions and structure [2], [10].

The proposal of the design-management relation is based on the life-cycle Model
in “Y” [11]. The system design derived from this mode) offers stages defining the
possibility to describe the sysiem according 1o different levels of abstraction. The
*Y" methodology-guided proposal allowed for the integration of each intemnal proc-
ess of the design and management steps, as well as for the tools used by each of
these steps; such process is referred to as “weaving”. as shown in Figure 1.

Continuing with the design issue, a system consists of organs (or components) as
per its internal structure, and of functions as per its performance; therefore. it is
normally divided into two: the functional and the organic-organization scopes [12].
described according 10 a group of levels. These two points of view identify restnc-
tions at different domain levels. like the functional. technical, regulatory, organiza-
tional, logistical and security levels, among others. Following, we offer details of
each stage constituting the *Y” model.

Both the functional and the organic scopes derive from a specifications docu-
ment that allows identifying requirements and exigencies.

3.3.1.  Functional scope (left branch of scheme in Figure 1)

1. Extraction of functional exigencies: at this stage. the features to be performed
by the system are defined.
2. Push-down design: hierarchical decomposition of the features required 1o com-
ply with the functional exigencies.
3. Functional architecture: it details the system functional architecture by offering a
hierarchical tree flowchart.

3.3.2.  Organic scope (right branch)

1. Extraction of non-functional exigencies: this process details which issues will
be covered, specifically regarding cost and time.

2. Inventory of organs and technical support: at this stage, a study of the existing
physical elements required to manufacture the selected physical components is
carried out.

3. Organs architecture: details the system physical architecture in a hierarchical
tree flowchart.

In order to comply with the specific features of the “Y” model, fusion of the
functional and organic data (central branch) is considered through a process of parti-
tion, resulting in three supplementary stages:

1. Structural-functional modules: this stage allows for the visualization of the first
block (module) solutions integrating the system's features and physical organs
(corresponding 10 the building blocks recommended in standard E1A-632).
Task definition: at this stage, each structural-functional block defines a specific
task to be carried out.

Virtual prototype: this siage is relevant because it encompasses the svstem's test
and validations phases before construction.

[35)

(73]
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The most significant contribution of the present research work is at the stage that
goes from functions to models. We have referred to this procedure as “‘weaving”,
which initiates with the projection of functional blocks over the organs blocks: such
operation requires “block aggregation™ tools. For this. we use the standard 100l
“HiLeS” (described in section 4.2) and the “projection” process, resulting in struc-
tural-functional blocks [11]. Let us see in detail how these processes are carried out.
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Fig. 1. Details of the cycle in Y™ associating the Organic description and the Conception
Process (Common Platform)

The association of both Design/Management processes can be seen in Figure 1:
1. representation of technical design and
2. representation of management process

Stages in Figure 1 derive from certain processes, which are detailed below:

a. Derivation of Y¢ iowards Yy, the purpose consists on defining physical organs
(structural-functional models) that will be used as the basis to define the project’s
technical tasks and up to the suppliers bid. The initial level in Y¢ derives from de-
sign. preliminary phase proposed by HiLeS. while the entry level in Yy corresponds
1o the pre-planning level.

Entry organs at this stage will be: the features defined in the functional model
(HiLeS models) and the organic mode]l components. Association of these two ele-
ments results in the structural-functional models.

b. Pre-planning. a first double. internal evaluation of proposals (technical and
economic) will be carried out in structural-functional models based on the acquired
experience and the company s experience. For such evaluation, we will integrate the
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acquired knowledge (knowledge capitalization) obtained from structural-functional
modules. This will allow for:

- the anticipation of technology choices.

« the anticipation of complementary tasks of data compression.

» the anticipation of costs to apply this pre-planning.

Pre-planning considers the technical specifications defined in the specifications
document, which is then submitted 1o suppliers to be considered at each module to
be carried out. The entry or input at this stage is a list of structural-functional mod-
ules. with cach of these to be translated as a task to be taken care of and the prod-
uct’s organs of visual representation. The output will be a list of alternatives to carry
out tasks with the information complying with requirements.

c. The Bidding. stage 1o receive the suppliers’ responses.

» technical proposals, accompanied by physical models required to simulate the
manufacturing of virtual prototypes,
¢ bids with delivery terms and costs.

These responses are aimed to the design job (Y¢ process) to then head pointedly
towards the manufacturing of virtual prototypes: besides. they examine planning
(Ym process) in detail.

The suppliers offer (technological bid) first provides every technology solution
(maximum usage of the results from virtual prototypes) and economic considera-
tions, where the GESOS procedure (described in section 4.3) takes place; through
the alternative situations we propose (technical and organizational selections).

d. Two-stage planning:

+ Stage 1o generate every alternative scenario. These scenarios are constituted by
the best proposals from suppliers. The stage to select the best of these situations is
carried out by GESOS according to “ad-hoc™ criteria corresponding 10 the demands
of the specifications document.

+ The entry (input) level of this planning stage must have task aliernatives with in-
formation updated according to the specifications proposed by suppliers: the result is
made up of the most-interesting scenarios according to the project manager’s point
of view.

Finally. in a way similar to the “weaving” process in programming, according to
the MDA. the design and management processes that we propose 1o associate will
offer the elements to integrate (weaving operations) as output for each described
stage to obtain a more complete product. This is then a set of transformations: each
time the information is integrated, the process will result in a transformed output.

4 Demonstration supported by a Robot of automatic
manufacturing of Biochips

This section has been divided as follows: we will first explain the technical ex-
ample we have used to validate the process followed in our methodology. referred to
as system of a Biochip-manufacturing robot. designed in LAAS. Secondly. we will
detail the results obtained through the platform-based methodology upon which the
design process is carried out, defining the four diagrams resulted from this process,
as well as the information provided by each of them.
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A biochip is a tool for genetic analysis. It is used to determine particular DNA
sequences if a specific DNA is to be analyzed. A biochip is constituted by a minia-
turized glass substrate over which several thousands of DNA strands can be depos-
ited. The Biochip-manufacturing robot was built in the LAAS with an innovation
[13]): micro-injectors. using 4 injection matrixes by acting on each nucleotide consti-
tuting the DNA (thiamine, guanine, cytosine and adenine). Each matrix is composed
of a number of individual injectors required by hybridization units to properly func-
tion.

According to this description. we must focus our observations in the functional
behavior 10 be complied with by the robot, particularly regarding specifications con-
tained in the specifications document. from which the following functional require-
ments were identified:

e Make Biochips functional.
e Carry out a totally-automatic process.
Performance requirements are as follows:
e  create a robot with a deposit density of 1000 / cm?,
e high number of probes (1000) to be produced,
fast and economic manufacturing.
interface exigencies.
free criteria to carry out deposits.
possible manual control of process.
At this design stage. the functional and organic decomposition process was car-
ried out with UML and with the HiLeS tool to get a system model that defines its
functionality and behavior. The next step had to identify the tasks that would allow
planning activities to completely set the sysiem.

4.1 Result of UML Formalism

To formalize exigencies. the UML formalism [14] was used: it allows modeling
systems by means of graphic diagrams. which in this work only used four out of the
thirteen diagrams proposed. Results of these four diagrams are described below:

Context diagram: allows for a first useful representation of the system. With it.
actors and their interactions with the svstem and the environment are identified.

Diagram of cases of usage: allows enriching the information coming from the
context diagram by explaining the type of iteration between actors and system. Sev-
cral usage cases were considered according to the document specifications [13] and
others were the result of the developer’s reflections and experience. Usage cases
serve 1o mode] the system’s operation.

Regarding the biochip-manufacturing robot application. reference is made 10
exigencies set for in the robot’s document of specifications. Each usage case is de-
veloped with the assistance of a verbal syntax expressing the goal to accomplish.

Sequence diagram: describes the svstem’s dynamic behavior in the context of
specific operation. Such diagrams must depict delays of functions and they musi
also contain temporary exigencies indicated in specifications.

Diagram of activities: allows for the definition of a terminal functional architec-
ture and a global Jogic of the system operation.
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Our contribution in this process of exigencies formalization has allowed for the
proposal of a process depicting the method 10 chain the already mentioned UML
four diagrams. In summary. each diagram defines the following information:

* The context diagram defines the main function and interactive environment.

» The diagram of cases of usage carries out an inventory of every function.

* The sequence diagram considered time and usage sequence (for each case of us-
age)

* The diagram of activities synthesized preceding formalism data of the diagram of
activities.
The first transformations of models in the four diagrams were carried out to com-

ply at all times with the E1A-632 and the MDA.

4.2 Results of HiLeS Formalism

HiLecS is part of the methodologies used for product design and it was created at
the LAAS. It offers an assistance language to accomplish high-level, push-down de-
signs of systems. The process carried out by HiLeS shows the contribution where it
is possible 1o see the transformation of detailed requirements in UML context and
case of usage diagrams.

Generally, this process is divided into three phases (see Figure 2). The first one
deals with translating and meeting the formalities of natural language-implemented
specifications; after that. these are represented in a graphic editor identified by struc-
tural and functional blocks. as well as by Petri networks. The next phase consists on
validating and simulating the formal representation using the TINA tool [7]. Then, a
complete representation of the structure over the VHDL-AMS language is generated
to execute a temporary simulation of the whole system.
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Fig. 2. HiLeS Platform

At this point. it is important to say that the transition of UML diagrams into the
HiLeS formalism (Figure 3) is presently carried out directly and manually: for this.
it is necessary 1o apply several rules of transformation according to the demands and
recommendations of the MDA process.
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The logical-functional modeling of the HiLcS-manufactured Biochip robot al-
lows getting a logical representation at different levels. which will be verified and
validated with the TINA 1o0l.

4.3  Planning Results

Because system functions that will constitute modules are already defined ac-
cording to the MDA recommendations. it seemed necessary to implement a 1ool 10
carry out such procedure: for this purpose. such tool was integrated to HiLeS, keep-
ing several specifications. like the limitation of internal interfaces between functions
and consideration of functions, also taking into account the same type or nature of
the function. etc. This process allows for future capitalization and enhancement of
processes. with a strong impact over future project costs.

In order to ease the process, we worked with the organic decomposition of the
Biopuce robot. which clearly shows the different components at all decomposition
Jevels. and then we proceeded with the task of recognizing each component.

Once sysiem components were visualized and functions were defined. the next
phase consisted on associating the functional representation with components: such
process is carried out in compliance with initial goals and according 1o the stated
non-functional exigencies and criteria of the system.
This process result is to obtain the scheme of Structural-Functional Modules,
which we identified as Structural-Functional Modular Representation.
To verify the association process, we are now proposing two rules to be complied

with:

e The first rule estimates that association of functions to components must be made
considering the behavior of the functional block.

e The second rule requires association of functions with components to be carried
out at all levels of abstraction.
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The final stage is defined as work planning. consisting on the definition of tasks:
such phase must consider that each structural-functional module is linked to a task
that must be carried out. Therefore. each module describes production of the system
in its environment, which serves as specification, and each defined task describes the
method to carry this out.

The mentioned process offers as a result all the information required to deter-
mine the writing of project’s tasks. because at this point there is a complete list of
every task that must be carried out, precedence among them and a person responsi-
ble for each task. The project’s writing shows relations of orders among every pro-
ject 1ask. linked by precedence restrictions; writing is always made right-to-left to
reflect the project’s chronology.

This process results in a set of task alternatives that comply with the goals speci-
fied for the project. If we alternate the combination of all these alternatives, we will
obtain every alternative scenario required to carry out the project.

GESOS [8] is a tool that uses genetic algorithms 10 offer the project manager a
reduced subset of good scenarios. which the manager will use to choose those that
will allow him/her 10 design the system. Such 100l works by using as a basis the in-
formation obtained from the representation of coded scenarios described in the pre-
vious stage and, along with genetic algorithms, economic and time criteria, the tool
uses the proposed rules of Taguchi as rules of economic optimization, according 10
the goals stated in the construction of the Biochips-Manufacturing Robot.

At last. the information offered by suppliers was integrated to the first order

plan. so the project manager was able 1o propose the optimum information to carry
out the project.

5 Conclusions and Future Work

The ever-increasing complexity of Systems compels us to deepen design meth-
ods and 100ls to cope with the double goal of reducing products time-to-market and
of strengthening quality and reliability results. Our contribution in this work is based
on the idea of sharing and causing the interaction of information and tools of two
complicated and already complete processes, like the design and management proc-
esses. This work has received the support of a great number of French industries.
among which we can mention Airbus, EDS, Thales, etc.

Thanks 10 the chosen example. the application of our proposal could deliver op-
timum results [15]; however. we are conscious about having to increase the number
of application examples 1o release our first conclusions.

In prospective. we must offer new testing and adaptations obtained from experi-
ence. There are several remarks to be made in the relations to be implemented with
suppliers: knowing how 1o propose specifications in structural-functional modules
and knowing how to define. in retrospective, the modules 1o be built and evaluate
the information 10 make virtual prototypes. Furthermore. this work must still con-
sider reuse. which consists on integrating the ideas suggested by the “return of ex-
periences” methodology [16]. aimed 1o capitalize knowledge and technical know-
how.
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