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Better control of the process of
design of new product

News ways to design 
and to produce

Product of better
quality, to a low cost

and with a shorter
market delay

To take or preserve a 
competing advantage

Management of the design 
project: 
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To manage diversity
To reason by product family

Over cost of the
useless functions

Production 
cost

The designers choose
intermediate stratégies

A single (unique) product
able to satisfy the needs for 

all the customer

A product to order
respondent to the needs
of a specific customer

Diversification of the
needs
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Of what the diversity management consists ?

[Agard, 2004]

Three types of diversity

Strong diversity of
the product finished

Strong
standardization

Low industrial
diversity

Functional

Value Management and
purchase cost

Production Cost

Technique Industrial

Management to the interfaces of several services
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Of what the diversity management consists ?

Three types of diversity

Management to the interfaces of several services

Strong diversity of
the product finished

Strong
standardization

Low industrial
diversity

Functional Technique Industrial

[Stadzisz 1997]
Flexibility Need

Our Positioning
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Severals approachs of product design permit to define
a set of products from standardized elements :

The Postponement

The modular design

Strategies of diversity management

The standardization and the group technology 
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Of what consist the modular design ?

Modular components

A stool A chair (racks)

To share the components between different functions and / 
or differents products
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Industrial
Problematic

Academic
Problematic

To manage 
diversity in 
Products
Families

To modeling the
Product Family

Architecture

Modeling by :

- graph grammar

- matrix transformation
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Terminology on « Products Families »

It dosen’t exist a universal terminology

The differents definitions lean on the following
properties:

Common Functions

Common Components

Common Characteristics

Common Process of production 

Common Technologies
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Architecture

Product
Links of the functional

elements of the product to 
its physical components 

[Ulrich, 1995]

Modular
To each function

corresponds only one
physical component

Organization
- Tasks division

- Collaboration with
supplies of modules

Integral
A components achieve severals

functions or severeal
components achievs partially a 

function
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StrongStrongDifficultImpacts 
on the 
whole 
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LowIntegral
Architecture 

WeakWeakComfortable

Change of
the module
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Compared analysis of the modular and integral architeture
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[Du et al., 2001, 2002]

Commons Module

Distinctives Module

(All variants of the product family)

Variants different ones from the others
(Compound, primitive)

Generic Product Structure 

The generic product structure is the hierarchical
structuring of these two types of modules.

The base product represent the common modules from
which the variant product can be obtained.
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Application to a industrial case study

Case of the integreated kitchen design 

Products to strong diversity and modular character

To illustrate our models, we are interested in a low ranging
Piece of furniture.
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Face drawer
(CM Module )
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BD_brake_drawer
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[Djemel, 1994]
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Syntax

Vocabularies Words

Sentences

Sense

Formal 
Grammar

Functionalities

Syntax
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Formal Grammar

= N TG ( V , V , S ,P )

V

⊂TV V

= −N TV V V

S

P

Vocabulary

Terminal Vocabulary

Non Terminal Vocabulary

Distinct element of VN called initial symbol

Finite set defining production rules
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Web Grammar [Pfalz and Rosenfeld, 1969]

Set of labeled graph « Web » whose production consists to 
replace a « sub web » by another « sub web »

= N TG (V ,V ,S,P)

Idem general principles that the formal grammars
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In this 4-tuple, the production rule is a 3-tuple

α β→ f

),,( fβα
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Interest of using web grammars :

Limits for the product family modeling :
• difficulty to fear the constraints of components and
modules combinations (essentials in product
family)

• need of a extension knowledge when a important 
number of variants exists :

- combinative explosion 

- model update is difficult for a product
family

• generative character

• possibility to describe the multi graphs modeling
the product family [Stadzisz, 1997]

Graph Grammars
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PAGG (Programmed Attributed Graph Grammars) 

[Bunke, 1982]

The graph grammar for a compound module, M, is a 6-tuple, 
denote as

≅ iG(M) (V, W , A,G ,P,C)

V Node labels

W Edges labels

A Node attributes

Gi Starting graph representing the base product

P   Production rules

C  Control diagram over P
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Application to a industrial case study

gliSlide = Slide link

encSolidarisation by fitment = embedding link

encGroove = embedding link

fixSolidarisation by fixed screw = fix link

fixSolidarisation by staples = fix link

fixSolidarisation by fixed pivot = fix link

pivDirect rotation = pivot link

NomenclatureDenomination of the type of link
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Application to a industrial case study

Instantiation of the 6-tuple of box graph grammar
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Encapsulated Graph of
the base product

« box »
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Encapsulated Graph of
the primitive module 
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Encapsulated Graph of
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S
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Definition of encapsulated graphs for the family of box products
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Variety generation is modeled by specifying [Ulrich, 1995]

Production

A production consist of two elements

π≅ ( , )p O

O the operation and its applications conditions

{Attaching, Removing, Swapping, Scaling}[Du et al., 2002]∈O
π ∈ {TRUE, FALSE} Applicability predicate
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Application to a industrial case study

Definition of productions

The customer can require a Box Drawer module 
provided with a opening system :

- maybe in Brake Drawer (BD)

- maybe in Slide Standard (SS)

- may be both at the same time.

What leads to the following optional function
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Application to a industrial case study

Definition of productions
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Application to a industrial case study
Control Diagram
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Flow chart of variant derivation through multiple level
graph rewriting

Start of the derivation
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Graph Grammars allow:

-A good visual representation

-Formal definitions of the internal structure of Products 
family 

However the response of the passage of the functional 
domain to the organic domain still deserves to be 
specified.
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The use of mathematical formulations allows:

-A precise and clear definition of the acceptable 
combinations
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Application to a family of vehicle wheels

Tire Wheel + Tire

Wheel Wheel 
Disc

Rim
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Functional Analysis
Relations of membership between functions 

Abstract or generic function

Elementary function

Function

Constant

Variant

Partial/Optional

We can now establish a typology of the functions in 
the setting of the product family, that allows us to 
distinguish three types of functions
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Overall function of a 
car wheel family0F

To assure 
transmission 
tire /Vehicle

21F
To realize fixed

assembly
disc/hub

12F
To realize

dismantled
assembly
disc/hub

11F

To maintain the
link with the wheel

centre
1F To support the tire

2F

To garantish
tightness for 
tubeless tire

22F

To guide the
tire212FTo fit the tire

211F

To present
13’’ diameter

2111F
To present

16’’ diameter

2112F
To present rim

of hook B

2121F
To presenet

rim of hook J

2122F

Functional Description of a car wheel family
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Structural Analysis
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 Type_Rim_B

Type_Rim_J 

Type_Rim_J Diam_Rim_16 
Screw-nut/Uni fix

Screw-nut/Uni Fix

Diam_Rim_16 

Screw-nut
Link Wdisc  

Rim_16_J 
Cham /Tigh 

Syst_Sup_Pneu

Syst_Sup_Pneu

Wheel_16_J 

Diam_Rim_16 

Rim_13_B 
Link_Wdisc 

Wheel_16_B 

Screw-nut

Diam_Rim_16
Type_Rim_B

Diam_Rim_13

Screw-nut/Uni_Fix
Disc 

Hub

Screw-nut 
Link_Wdisc 

Cham / Tigh 

Syst_Sup_Pneu 

Wheel_13_J Type_Rim_J Diam_Rim_13 Hub

Type_Rim_B 

Cham / Tigh
Rim_13_B

Syst_Sup_Pneu 

Wheel_13_B

Link_Wdisc 

Disc Hub Diam_Rim_13

Screw-nut

Type_Rim_B Disc

Disc

Hub

Screw-nut/Uni_Fix
Disc 

Hub
Diam Rim 13

Disc

Rim_13_J 

Disc 
Hub

Type_Rim_B 

Hub

Disc 
Hub
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Analysis and constitution of the classes of equivalences   
of a family of car wheels

=1 { _13_ , _13_ , _16_ , _16_ }Cl Roue BRoue J Roue BRoue J

{ }=2 _ _Cl Sys Sup Pneu { }=3 / tanCl Cham E

= −4 { 13_ , _13_ , _16_ , _16_ }Cl Jante BJante J Jante BJante J

=5 { _ _13, _ _16}Cl Diam Jante Diam Jante

{ }=6 _ _13Cl Diam Jante { }=7 _ _16Cl Diam Jante

=8 { _ _ , _ _ }Cl Type Jante B Type Jante J { }=9 _ _Cl Type Jante B

{ }=10 _ _Cl Type Jante J { }11 _Cl Liai voile=

=12 { _ , , }Cl Fix Uni Disque Moyeu =13 { _ , , }Cl Vis ecrou Disque Moyeu

→ 0F

→ 2F → 22F

→ 21F

→ 211F

2111F→ → 2112F

→ 212F

→ 2121F → 2122F

→ 1F

→ 11F → 12F
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Matrix transformation between Function and Classe of equivalence

⎡ ⎤⎡ ⎤⎡ ⎤
⎢ ⎥⎢ ⎥⎢ ⎥
⎢ ⎥⎢ ⎥⎢ ⎥
⎢ ⎥⎢ ⎥⎢ ⎥ ≅
⎢ ⎥⎢ ⎥⎢ ⎥
⎢ ⎥⎢ ⎥⎢ ⎥
⎢ ⎥⎢ ⎥⎢ ⎥⎣ ⎦ ⎣ ⎦ ⎣ ⎦

011

2 22

3 223

13 1213

... ......

FClM
Cl FM
Cl FM

M FCl

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

1

2

/ 3

13

...
F C

M
M

M M

M
⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎣ ⎦

_13 _
_13 _
_16 _
_16 _

Roue B
Roue J
Roue B
Roue J

1 1( )C l M → 0F
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Instantiation of generic components by classe of equivalence

⎡ ⎤
⎢ ⎥
⎢ ⎥= ∈
⎢ ⎥
⎢ ⎥
⎣ ⎦

1

_13 _
_13 _
_16 _
_16 _

Roue B
Roue J

ROUE M
Roue B
Roue J

→ 1Cl
= =2_ [ _ _ ]SYS SUP M Sys Sup Pneu

→ 2Cl

= =3_ [ / tan]CHAM ETAN M Cham E → 3Cl

⎡ ⎤
⎢ ⎥
⎢ ⎥= ∈
⎢ ⎥
⎢ ⎥
⎣ ⎦

4

_13 _
_13 _
_16 _
_16 _

Jante B
Jante J

JANTE M
Jante B
Jante J

→ 4Cl

⎡ ⎤
= ∈ ⎢ ⎥

⎣ ⎦
5

_ _13
_ _16

Diam Jante
DIAM M

Diam Jante
→ 5Cl = =6_13 [ _ _13]DIAM M Diam Jante → 6Cl

= =7_16 [ _ _16]DIAM M Diam Jante → 7Cl
⎡ ⎤

= ∈ ⎢ ⎥
⎣ ⎦

8

_ _
_ _

Type Jante B
JANTE M

Type Jante J
→ 8Cl

= =9_ [ _ _ ]CROCHET B M Type Jante B → 9Cl = =10_ [ _ _ ]CROCHET J M TYpe Jante J → 10Cl

= =11_ [ _ ]LIAI VOILE M Liai voile → 11Cl
⎡ ⎤
⎢ ⎥= ∈ ⎢ ⎥
⎢ ⎥⎣ ⎦

12

_
_

Fix Uni
FIX UNI M Disque

Moyeu
→ 12Cl

⎡ ⎤
⎢ ⎥= ∈ ⎢ ⎥
⎢ ⎥⎣ ⎦

13

_
_

Vis ecrou
VIS ECROU M Disque

Moyeu

→ 13Cl
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Generic Nomenclature  

WHEEL

WHEEL 
CETRE

UNI_FIXI SCREW_NUT

DIAM

RIM

SYS_SUP

CHAM_TIGH

FLANCHE

FLAN_BDIAM_16DIAM_13 FLAN_J
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Regrouping by blocks or modules    
and typology of the components

← { _ , _ }ROUE LIAI VOILE SYS SUP

←_ { _ , _ }LIAI VOILE VIS ECROU FIX UNI

←_ { , / }SYS SUP JANTE CHAM ETAN

← { , }JANTE DIAM CROCHET

← { _13, _16}DIAM DIAM DIAM

← { _ , _ }CROCHET CROCHET B CROCHET J

Constant Generic Component (CGC)

Variant Generic Component (CGV)

Partial Generic Component  (CGP)

Plan

Problématique

Famille de 
produits 

Modélisation 
par les 
grammaires de 
graphe

Modélisation 
par les 
matrices

Conclusion et 
perspectives

Outline

Problematic

Product Family

Modeling using
graph grammar

Modeling using
matrix
transformations

Conclusion and
prospect



43

Matrix Transformations 

/T CGCM /T CGVM /T CGPM

 
VIS

ECROU

FIX
UNI

CHAM
ETAN

13

12

3

Cl
Cl
Cl

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

12F

11F

22F

≅

VIS
ECROU

FIX
UNI

CHAM
ETAN

13

12

3

Cl
Cl
Cl

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

12F

11F

22F

≅

 VIS
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FIX
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CHAM
ETAN

/T CGCM =

VIS
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FIX
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ETAN

/T CGCM =
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Matrix Transformations 

/T CGCM /T CGVM /T CGPM

 
ROUE

LIAI
VOILE

SYS
SUP

JANTE

DIAM

CROCHET

0F

1F

2F

21F

211F

212F

≅[ ]CGVCl

ROUE

LIAI
VOILE

SYS
SUP

JANTE

DIAM

CROCHET

0F

1F

2F

21F

211F

212F

≅[ ]CGVCl

 DIA
M13

DIAM
16

CROCHET 
B

CROCHET
J

VIS
ECROU

FIX
UNI

2111F

2112F

2121F

2122F

21F

11F

≅[ ]CGPCl

DIA
M13

DIAM
16

CROCHET 
B

CROCHET
J

VIS
ECROU

FIX
UNI

2111F

2112F

2121F

2122F

21F

11F

≅[ ]CGPCl
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Visual representation. Graphical representations make the
internal data structure of a product family explicit and easy to 
understand

Formal definition. Using a mathematical language, all
permissible manipulations are defined precisely and
unambiguously. A complete space of design altenatives is
articuled in a succinct manner

Ease of computational implementation. Owing to the formal
representation, product family design is transformed to a 
computational and direct production process of product variant

Ouline

Problematic

Product Family

Modeling using
graph grammar

Modeling using
matrix
transformations

Conclusion and
prospect

As observed in the case study, the advatanges of graph
grammar based approach include

Extensibility. News productions can be easily defined for extra 
manipulation of modules. In addition, the importance of
understanding the product family from an architectural 
perspective has been realized.
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Conclusion and Prospect

Examples is treated manually 

Interest to develop a computerized procedure

To make a vaster industrial case study

Development of a software platform supporting these 
models

Proposition of a model representing the knowledge on a 
product family :

• rules of productions to code a knowledge on the 
products, to share it and to reuse it, 

• to develop a capitalization of reusable knowledge in 
way adapted by the designers
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Setting in relation of the functional and physical approaches

In the two models

use of common terminologies (modules, components)
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Thank you for your Attention !
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