
HAL Id: hal-00794349
https://hal.science/hal-00794349

Submitted on 25 Feb 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Study of different principles for automatic identification
of Generalized System of Contradictions out of Design

Of Experiments
Ivana Rasovska, Sébastien Dubois, Roland de Guio

To cite this version:
Ivana Rasovska, Sébastien Dubois, Roland de Guio. Study of different principles for automatic iden-
tification of Generalized System of Contradictions out of Design Of Experiments. 8th ENIM IFAC
International Conference of Modeling and Simulation, MOSIM 2010, May 2010, Hammamet, Tunisia.
pp.1096-1101. �hal-00794349�

https://hal.science/hal-00794349
https://hal.archives-ouvertes.fr


8
th
 International Conference of Modeling and Simulation - MOSIM’10 - May 10-12, 2010 - Hammamet - Tunisia 

“Evaluation and optimization of innovative production systems of goods and services” 

STUDY OF DIFFERENT PRINCIPLES FOR AUTOMATIC 
IDENTIFICATION OF GENERALIZED SYSTEM OF CONTRADICTIONS 

OUT OF DESIGN OF EXPERIMENTS 

 

 

I. RASOVSKA, S. DUBOIS, R. DE GUIO 

 

LGECO / INSA 

24 Boulevard de la Victoire 

67084 Strasbourg Cedex - France 

ivana.rasovska@insa-strasbourg.fr, sebastien.dubois@insa-strasbourg.fr, roland.deguio@insa-strasbourg.fr 

ABSTRACT: Problems in design of technical systems can be solved by optimization or inventive solving principles. 

Two representation models are studied: Generalized System of Contradictions (GSC) as inventive principle and Design 

of Experience (DoE) as optimisation principle. Our purpose is to improve the capacity of design problems resolution by 

using the both solving principles articulated to one representation model. We will show how it is possible to shift from 

DoE representation model to GSC representation model by using different methods. On the one side this transition can 

be done by the identification of Generalized System of Contradictions out of Design of Experiments based on a set of 

equations to resolve. On the other side methods of data analysis can be used to visualise and reorganise the DoE matrix 

in the form of “contradiction blocks” reflecting the set of equations. This reorganisation of representation model will 

be illustrated on a simple technical system. 

 

KEYWORDS: Design of Experiments, Generalized System of Contradictions, methods of data analysis. 

 

1 INTRODUCTION 

Problem solving in design of technical systems implies 

the evolution of these systems. Two types of the evolu-

tion are possible: one can improve the system efficiency 

by system parameters optimisation or redesign the tech-

nical system as an answer to some changes. The first 

type of technical evolution uses mainly the optimisation 

solving principles whereas the redesigning uses mostly 

the inventive solving principles. At the beginning of the 

design process one cannot predict which kind of solving 

principle will be required. Hence the common represen-

tation model is necessary to enable shifting from optimi-

sation representation models to the inventive ones and 

the simultaneous use of both solving strategies.   

 

The Generalized System of Contradiction was proposed 

as a generic model for inventive problem statement satis-

fying the condition “a contradiction exists if and only if 

no solution can be found by optimisation of a known 

model” (Eltzer and De Guio, 2007). It is based on logical 

assertions about values of parameters which mean that 

two concepts based on sets of action parameters satisfy 

simultaneously two sets of evaluation parameters. 

 

Figure 1: Generalized System of Contradictions 

 

As shown later in this article the representation in the 

form of GSC can be obtained from the optimisation 

model of representation issued from Design of Experi-

ments (DoE). The DoE (Montgomery, 2004) is a strategy 

to gather empirical knowledge on the studied technical 

system. It is based on the analysis of experimental data 

expressed in the rectangular table. The rows of table rep-

resent the experiments and each column corresponds to 

different process variable expressing one system parame-

ter. One can distinguish two kinds of parameters: the 

controlled ones usually noted X and the measured ones 

usually noted Y.  

 

 x1 … Xl y1 ... yi ... yr 

e1 v11  v1l z11  z1i  z1r 

e2 v21  v21 z21  z2i  z2r 

…         

ek-1 vk-11  vk-1l zk-11  zk-1i  zk-1r 

ek vk1  vkl zk1  zki  zkr 

Table 1: A Design of Experiments table 
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The identification of GSC in the DoE representation 

model permits to solve the problem by inventive solving 

principles in the case that the optimisation ones do not 

work. The goal of this article is to study different princi-

ples of reorganisation and visual representation of matrix 

in order to obtain the GSC representation from DoE ma-

trix and so to identify the sets of evaluation parameters 

in contradiction.  

 

An example will be presented in the last section to illus-

trate the identification of GSC in the DoE representation 

matrix. 

2 GENERALIZED SYSTEM OF 

CONTRADICTIONS IN DESIGN OF 

EXPERIENCE 

The Generalized System of Contradictions is an exten-

sion of the models of contradiction defined in TRIZ 

(Altshuller, 1988). The models of contradictions in TRIZ 

are based on a dialectical representation of the problems. 

This kind of problem formulation frames has proved its 

benefits for problem resolution in many domains. In 

(Dubois et al., 2009) the limit of this model has been 

defined as not satisfying the equivalence between the 

two propositions: “the problem has no solution” and “a 

contradiction exists”. To overcome this limitation the 

GSC has been defined. In this part the properties of this 

model will be presented. 

 

The properties of the Generalized System of Contradic-

tions can be characterized by the set of definitions that 

enables the extraction of the GSC out of a DoE. Let one 

considers a DoE characterized by: 

• a set of action parameters X=(x0, x1, …, xn) 

• a set of domains D=(D0, D1, …, Dn) where Di defines 

the possible range of values for xi 

• a set of evaluation parameters Y=(y0, y1, …, yp) cha-

racterized by binary values, either 1 if yi is satisfied, 0 

otherwise 

• a set of experiments E=(e0, e1, …, em). An experiment 

ei is a particular instantiation of the action parameters: 

(ai1, ai2, …, ain), so that aijαDj and the induced values 

of evaluation parameters (zi1, zi2, …, zip), so that zij=1 

if yj is satisfied in experiment ei, 0 otherwise.  

The goal is to satisfy all the evaluation parameters – let 

consider that such a solution does not exist in the consid-

ered DoE, i.e. that no experiment enable the satisfaction 

of all the evaluation parameters. 

 

Identifying a Generalized System of Contradictions in 

such a DoE is looking for: 

• Three sets of evaluation parameters Y0, Y1 and Y2, 

such as Y0∩Y1=∅, Y1∩Y2=∅, Y0∩Y2=∅, 

Y0∪Y1∪Y2=Y, Y1≠Ø and Y2≠Ø. 

• Three sets of experiments E0, E1 and E2: E0∩E1=∅, 

E1∩E2=∅, E0∩E2=∅, E0∪E1∪E2=E, E1≠Ø and E2≠Ø. 

Moreover 

• E1 is a set of experiments for which all the evaluation 

parameters of Y1 are satisfied. 

• E2 is a set of experiments for which all the evaluation 

parameters of Y2 are satisfied. 

 

Such a definition gives the way to reorganize the DoE 

table by permutations of the rows and of the columns in 

order to group the previously defined Ei and Yi (cf. table 

2). 

Table 2: GSC representation in a DoE 

 

2.1 Extraction of the GSC in a DoE 

The analysis and definition of the equations to solve in 

order to extract the three sets of evaluation parameters Yi 

and the three sets of experiments Ei out of the DoE will 

be presented in this part. Our purpose is to obtain two 

sets of evaluation parameters that are “in contradiction”. 

This contradiction is translated as two orthogonal blocks 

of ones obtained by permutations of the rows and col-

umns of rectangular DoE matrix. Different methods of 

data analysis can be used to identify the blocks in the 

matrix as we will show in the next section. First a set of 

equations characterizing these blocks will be described 

as the extraction of a GSC in the DoE matrix involves 

resolution of these equations: 

x1 x2 … xn ys … yt yu … yv yw … yh

ei ai1 ai2 ain

… 
ej aj1 aj2 ajn

ek ak1 ak2 akn

… 
el al1 al2 aln
eq aq1 aq2 aqn
… 
er ar1 ar2 arn 

E0

Y1 Y2 Y0 

 ei  E2

ei x Y1: 
└  j / zij=0

┐ ei ☻  E1

ei x Y2: 
└ j / zij=0

E1xY1:
zij=1

E2xY2:
zij=1

E1

E2
┐ ☻ 

☻
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Concerning the algorithm to solve the set of equations 

defining a GSC; several questions have to be explored 

and answered. 

 

In fact there are several ways to build a GSC and moreo-

ver to choose the GSC that has to be solved firstly. Two 

criterions could be defined: 

 

• Solving a problem means understanding the limits of 

the model used to represent the problem, and so being 

able to change this model (Rasovska et al., 2009). 

Thus, to propose an efficient model change, it is 

meaningful to build a model based on the biggest 

amount of knowledge about the problematic situation. 

Such a strategy leads to the building of a GSC mini-

mizing the cardinality of E0. Such a GSC is based on 

more experiments of the problem model; this GSC 

could be referred as exhaustive GSC.  

 

• To solve a contradiction also means to satisfy all 

evaluation parameters implied in the contradiction, 

whereas solving the problem means satisfying all 

evaluation parameters. If one aims at solving the 

problem in a “one-shot” contradiction resolution, the 

contradiction model has to be based on all the evalua-

tion parameters. This strategy has as the objective to 

minimize the cardinality of Y0. Such a GSC will be 

built by defining a GSC so that Y=Y1≥Y2 and could 

be called an efficient GSC. 

 

 

Figure 2: Contradiction of the strategy to build the GSC 

 

These objectives should be used in different principles of 

automatic identification of the GSC in the DoE table in 

order to minimize the computational costs. The structure 

of DoE in the form of matrix and the set of equations 

describing the GSC reveal two possible solving strate-

gies:  

• the resolution of equations by optimization methods 

which is quite hard to solve because of its complexity 

and/or  

• the reorganization of DoE matrix by data analysis 

methods which is simplified by the binary character of 

the matrix. 

 

In this article the second approach is adopted in order to 

avoid the time-consuming calculation of set of equations. 

Different possible reorganisation methods are presented 

in the next section. 

3 DIFFERENT REORGANISATION METHODS 

The reorganisation of matrix and its visualisation is usu-

ally used in order to clarify its structure before the statis-

tical analysis, particularly in domains such as sociology, 

ecology, archaeology, geography etc. The goal is to 

study the data in more details and express the existing 

relations between groups, categories or parameters of 

different systems or communities. This remains the cen-

tral problem in GSC – the relation of contradiction be-

tween different evaluation parameters. Different methods 

of reorganisation exist with regard to the required objec-

tives. 

 

3.1 Principal component analysis 

One of the widely known methods of statistical analysis 

is the principal component analysis PCA (Shlens, 

2009). The PCA is a variable reduction procedure ex-

pressing the data in such a way as that highlights their 

similarities and differences. The goal is to reduce a num-

ber of observed correlated variables into a smaller num-

ber of artificial variables called principal components 

which are uncorrelated. It is closely related to the singu-

lar value decomposition and usually used for the image 

compression. The PCA belongs to linear transformation 

methods; as other methods such as the factor analysis, 

the projection pursuit or the independent component 

analysis. The goal of all these methods is to search spe-

cial components of the representation that are linear 

combinations of the original variables. The PCA in-

volves the calculation of the eigenvalue decomposition 

of a data covariance matrix or singular value decomposi-

tion of a data matrix, usually after mean centering the 

data for each attribute. The results of the PCA are usu-

ally discussed in terms of component scores and load-

ings. For our purpose this method is interesting if two 

independent orthogonal principal components are identi-

fied representing two sets of parameters in contradiction. 

 

3.2 Seriation methods 

Another method aiming at visual reordering of the two 

dimensional binary table is a seriation (Björke and 

Smith, 1997). The seriation methods offer a visual means 

of examining the structure of data by reorganizing the 

data to present as homogeneous a picture of the data 

structure as possible and hereby assisting in the problem 

interpretation. The idea of seriation is to bring similar 

rows and similar columns as close to each other as pos-

sible by their permutations, then the seriated table (im-
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age) reveals a structure demonstrating the relationship 

between the variables. The concept of seriation is quite 

simple but in general form it is difficult to implement it 

on a computer. In our case we can use the quasi-seriation 

method of two classes where the residuals define Y0 and 

the two classes define Y1 and Y2. This remains the block 

seriation methods (Kusiak, 1983) which search the si-

multaneous partition of objects (experiments) and attrib-

utes (variables). The principle is based on the permuta-

tion of the rows and the columns of binary table in order 

to identify on the diagonal disjoint blocks of maximal 

density. 

 

3.3 Clustering 

The seriation methods are related to cluster analysis 

(Jain et al., 1999). Cluster analysis is the organization of 

a collection of patterns – observations (usually repre-

sented as a vector of measurements, or a point in a mul-

tidimensional space) into clusters (groups) based on 

similarity. Typical clustering involves the pattern repre-

sentation (feature extraction), definition of pattern prox-

imity measure, the proper clustering (grouping) and 

eventually data abstraction and assessment of output. 

Clustering is a subjective process; the same set of data 

items often needs to be partitioned differently for differ-

ent applications. This subjectivity makes the process of 

clustering delicate. Different types of clustering methods 

are known such as hierarchical clustering, K means clus-

tering or two way clustering. The k-means algorithm 

assigns each point to the cluster whose center is the 

nearest. For our purpose the two-way clustering could be 

used where not only the objects are clustered but also the 

features of the objects, i.e., if the data is represented in a 

data matrix, the rows and columns are clustered simulta-

neously. 

 

3.4 Blockmodeling 

The blockmodeling (Doreian, 1999) deals with the clus-

tering of a network. The goal is to reduce a large, poten-

tially incoherent network to a smaller comprehensible 

structure that can be interpreted more readily. Block-

modeling is based on the idea that units in a network can 

be grouped according to the extent to which they are 

equivalent, according to some meaningful definition of 

equivalence. One of the main procedural goals of 

blockmodeling is to identify, in a given network, clusters 

(classes) of units that share structural characteristics in 

terms of equivalence relation. This method is based on 

the graph theory and particularly on relations of domi-

nance between different units. Two types of such rela-

tions are distinguished: a structural equivalence and a 

regular equivalence. In the first case the equivalent units 

have the same connection pattern to the same 

neighbours; meanwhile in the regular equivalence the 

equivalent units have the same or similar connection 

pattern to (possibly) different neighbours. For our case 

the structural equivalence with complete blocks – block 

of ones should be searched. 

3.5 Quadratic assignement problem 

Quadratic assignment problem QAP is one of the most 

known combinatorial optimization problem (Com-

mander, 2005). It can be used for data analysis tasks 

characterized by the use of proximity matrices. The QAP 

is an extremely hard problem from both theoretical and 

practical points of view. In order to find a global optimal 

solution for a given QAP one can use methods of dy-

namic programming or branch and bound procedures. 

The problem is NP-hard, so there is no known algorithm 

for solving this problem in polynomial time. However 

quite a lot of algorithms was proposed to deal with the 

complexity of the QAP. The very popular procedure 

used I QAP is the branch and bound algorithm based on 

lower bounds which are also used to evaluate the good-

ness of solutions produced by different heuristics. This 

principle will be used to illustrate the automatic identifi-

cation of General System of Contradictions in the Design 

of Experiments. 

4 BINARY ORDERING ALGORITHM 

To illustrate the automatic identification of GSC out of 

DoE we propose to use a Rank Order Clustering algo-

rithm from (King, 1980). It is quite simple to use and not 

really time consuming. This algorithm is based on bloc 

diagonal structure; the diagonal blocks represent the 

natural groups. This reminds a principle of group tech-

nology using in the manufacturing. The binary ordering 

algorithm is based on several assumptions. It considers 

the rows and columns as binary strings. To get block 

diagonal form, the similar rows should be brought to-

gether and similarly similar columns. A row is a binary 

number, then similar rows have similar values; similarly 

we can envision columns. That is, we can reorder rows 

or columns in the descending order of their binary value. 

 

Algorithm 

 

Step 1: 

For row M…1,2 = m compute the decimal equivalent 

of binary string mc  : 

∑ =

−
=

P

p pm

pP

m ac
1
2 ; 10∨=pma  ; 

where P is a number of parts (columns) and p index of 

column. 

Reorder the rows in decreasing order of mc . In case 

of tie, keep the original order. 

 

Step 2: 

Compute the decimal equivalent of binary string pr  

corresponding to column p: 

∑ =

−
=

M

m pm

mM

p ar
1
2  ; 10∨=pma . 

Reorder the columns in decreasing order rp . In case of 

tie, keep the original order 
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Step 3: 

If the new matrix is unchanged, then stop, else go to step 

1. The process should be reiterated till the stabilisation of 

rows and columns. 

 

Ending orderings are not unique for a given data set. 

Different starting orderings may yield different ending 

orderings. It provides starting point for most of the 

grouping procedure. 

This algorithm should be applied just on the evaluation 

parameters where one searches the set of parameters in 

contradiction. After the reorganisation of the DoE matrix 

the visual analysis of blocks is necessary to identified 

different possible GSC. 

5 ILLUSTRATION ON ELECTRICAL CIRCUIT 

BREAKER 

Let consider a simple technical system such as an elec-

trical circuit breaker. When an overload occurs, the over-

load creates a force (due to magnets and electrical field) 

which operates a piece called firing pin. The firing pin 

opens the circuit by pressing the switch, located in the 

circuit breaker. In case of high overload, the firing pin, 

this is a plastic stem, breaks without opening the switch. 

Components are presented on figure 3. 

 

 

Figure 3: Components of electrical circuit breaker. 

 

5.1 Problem statement 

The problem has been studied and the main system pa-

rameters and their domains have been defined as: x1: 

firing pin material (plastic – 1, metal – 0) ; x2: core inter-

nal diameter (high – 1, low – 0) ; x3: core external di-

ameter (high – 1, low – 0) ; x4: firing pin diameter (high 

– 1, low – 0) ; x5: spring straightness (high – 2, medium 

– 1, low – 0) ; y1: circuit breaker disrepair (satisfied – 1, 

unsatisfied – 0) ; y2: circuit breaker reusability (satisfied 

– 1, unsatisfied – 0) ; y3: spring core mounting (satisfied 

– 1, unsatisfied – 0) ; y4: firing pin bobbin mounting (sat-

isfied – 1, unsatisfied – 0) ; y5: normal mode release (sat-

isfied – 1, unsatisfied – 0) ; y6: firing pin initial position 

return (satisfied – 1, unsatisfied – 0). In this definition of 

the problem the xi are the action parameters whereas the 

yi are the evaluation ones. The system behaviour was 

modelled by Design of Experiments and it is shown in 

table 4.  

 

The objectives that have been established to build the 

DoE are: 

• the satisfaction of at least one evaluation parameter 

in each experiment;  

• each of the action parameters has at least one time 

each of its possible values;  

• to minimize the number of experiments.  

 

Even if the assumption is not totally consistent, the ac-

tion parameters have been considered independent in the 

limits of their defined domains. 

x1 x2 x3 x4 x5 y1 y2 y3 y4 y5 y6

e1 1 1 0 0 1 1 0 1 1 1 1

e2 0 1 1 1 1 0 1 0 0 1 1

e3 1 0 1 0 0 1 0 1 0 0 0

e4 1 1 0 0 0 1 1 1 1 0 0

e5 1 0 1 0 1 1 0 1 0 1 1

e6 0 1 0 1 2 0 1 0 1 1 1

e7 1 0 1 1 0 1 0 1 0 0 0

e8 1 0 0 0 1 1 0 0 1 1 1

e9 0 1 0 0 2 0 1 0 1 1 1  
Table 4: DoE for the circuit breaker 

 

First evidence is that no solution can be found in the 

defined DoE, as no experiment enables the satisfaction 

of all the evaluation parameters. Looking for General-

ized System of Contradictions in such a table could lead 

to several ones, at least one per evaluation parameter, as 

soon as each evaluation parameter is at least satisfied 

once. 

 

Assuming that the choice of action parameters is done 

such a way that each evaluation parameter will be satisfy 

at least in one experiment, and assuming that no solution 

is found in the table, one can say that each evaluation 

parameter will have at least one experiment in which it 

will be satisfied and one experiment in which it won’t 

be. Thus a contradiction could be formulated for each of 

the evaluation parameters. But of course the Generalized 

System of Contradictions also enables the formulation of 

more complex Generalized System of Contradictions, 

implying two combinations of evaluation parameters. 

Thus a set of Generalized System of Contradictions can 

be formulated for one solutionless DoE. 

 

One question becomes underlying: should all the Gener-

alized System of Contradictions be elicited? If no, how 

to choose the Generalized System of Contradictions, or 

set of contradictions to be considered?  

 

The application of Rank Order Clustering algorithm 

leads to the following reorganisation of the DoE matrix: 

After two steps and the stabilisation of rows and col-

umns the final matrix is shown on table 5.  
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x1 x2 x3 x4 x5 y1 y3 y4 y2 y5 y6

e4 1 1 0 0 0 1 1 1 1 0 0

e1 1 1 0 0 1 1 1 1 0 1 1

e5 1 0 1 0 1 1 1 0 0 1 1

e7 1 0 1 1 0 1 1 0 0 0 0

e3 1 0 1 0 0 1 1 0 0 0 0

e8 1 0 0 0 1 1 0 1 0 1 1

e9 0 1 0 0 2 0 0 1 1 1 1

e6 0 1 0 1 2 0 0 1 1 1 1

e2 0 1 1 1 1 0 0 0 1 1 1   
Table 5: Final reorganisation issued from ROC algo-

rithm 

 

As one can see, different possible blocks of ones can be 

identified in the part of evaluation parameters Y. The 

choice of these blocks and so the choice of the GSC 

should be done according to some criterion. Two criteri-

ons were presented above – one minimizing the set of E0 

and the second minimizing the set of Y0. 

 

5.2 Criterion of minimizing E0 

The first postulate is to choose the Generalized System 

of Contradictions that minimizes E0, as it is composed by 

the experiments that won’t be considered in the contra-

diction model. The hypothesis is that the more experi-

ments the Generalized System of Contradictions will 

include, the more representative of the problem it will 

be. 

 

Thus, the minimization of E0 leads to a Generalized Sys-

tem of Contradictions where  

• E0 is empty.  

• E1 groups the experiments where y1 and y3 are simul-

taneously satisfied, E1=(e1;e3;e4;e5;e7) 

• E2 corresponds to the experiments where the evalua-

tion parameters y5 and y6 are satisfied, 

E2=(e2;e6;e8,e9). 

 

Therefore the DoE is organised, as shown on table 6, to 

graphically represent the Generalized System of Contra-

dictions. 

x1 x2 x3 x4 x5 y1 y3 y4 y2 y5 y6

e4 1 1 0 0 0 1 1 1 1 0 0

e1 1 1 0 0 1 1 1 1 0 1 1

e5 1 0 1 0 1 1 1 0 0 1 1

e7 1 0 1 1 0 1 1 0 0 0 0

e3 1 0 1 0 0 1 1 0 0 0 0

e8 1 0 0 0 1 1 0 1 0 1 1

e9 0 1 0 0 2 0 0 1 1 1 1

e6 0 1 0 1 2 0 0 1 1 1 1

e2 0 1 1 1 1 0 0 0 1 1 1

E1

E2

Y0

 
Table 6: Illustration of the Generalized System of Con-

tradictions minimizing E0 in DoE 

 

A first way to interpret the Generalized System of Con-

tradictions model out of the reorganized DoE is to sim-

ply enumerate all the states of the action parameters that 

are characterized by E1 and E2. For the domain experts, 

the matrix representation of the concepts is not really 

meaningful, but the translation into the physical terms is 

more comprehensive. So the set of the evaluation pa-

rameters that consists of the normal mode release and the 

firing pin initial position return is in contradiction with 

circuit breaker disrepair and the spring core mounting. 

 

5.3 Criterion of minimizing Y0 

The second postulate is to choose the Generalized Sys-

tem of Contradictions that minimizes Y0, as it is com-

posed by the evaluation parameters that won’t be consid-

ered in the contradiction model. The hypothesis is to 

solve the problem in a “one-shot” contradiction resolu-

tion and to obtain an efficient GSC. 

 

Thus, the minimization of Y0 leads to a Generalized Sys-

tem of Contradictions where  

• Y0 is empty, E0=(e2,e8)  

• Y1 groups the experiments where y1 and y3 are simul-

taneously satisfied, E1=(e1;e3;e4;e5;e7) 

• Y2 corresponds to the experiments where the evalua-

tion parameters y2, y4, y5 and y6 are satisfied, 

E2=(e6,e9). 

 

Therefore the DoE is organised, as shown on table 7, to 

graphically represent the Generalized System of Contra-

dictions. 

x1 x2 x3 x4 x5 y1 y3 y4 y2 y5 y6

e4 1 1 0 0 0 1 1 1 1 0 0

e1 1 1 0 0 1 1 1 1 0 1 1

e5 1 0 1 0 1 1 1 0 0 1 1

e7 1 0 1 1 0 1 1 0 0 0 0

e3 1 0 1 0 0 1 1 0 0 0 0

e8 1 0 0 0 1 1 0 1 0 1 1

e9 0 1 0 0 2 0 0 1 1 1 1

e6 0 1 0 1 2 0 0 1 1 1 1

e2 0 1 1 1 1 0 0 0 1 1 1

E1

E2

E0

E0  
Table 7: Illustration of the Generalized System of Con-

tradictions minimizing Y0 in DoE 

 

When the normal mode release and the firing pin initial 

position return are satisfied the circuit breaker disrepair, 

the circuit breaker reusability, the spring core mounting 

and the firing pin bobbin mounting are not. 

6 CONCLUSION AND PERSPECTIVES 

The proposed Generalized System of Contradictions 

model is a model that covers both optimisation and in-

ventive problems. As soon as no solution can be found 

by optimisation algorithms, a set of Generalized System 

of Contradictions can be formulated. 

 

The first interest is to enable a linking between optimisa-

tion tools and inventive problems resolution tools such 

as those from TRIZ-based approach. As most of the 

time, the nature of the problem is not known at the be-
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ginning of the problem resolution process, it is interest-

ing to be able to shift from one family of resolution tools 

to the second one. 

 

The proposal of different data analysis to extract auto-

matically contradiction out of optimisation models has 

been tackled in this paper. The use of Rank Order Clus-

tering algorithm was proposed because of its simplicity 

and not time consuming. However this algorithm does 

not enable to extract automatically the different GSC and 

this should be done manually. 

 

The question of the contradiction to take into account 

has also to be considered. In this paper two hypothesis 

was to consider the Generalized System of Contradic-

tions minimizing the size of E0 and the Generalized Sys-

tem of Contradictions minimizing the size of Y0. Other 

different hypothesises should be tested. Another question 

is the evaluation of the meaning of the contradiction; it is 

represented currently by the dimension of E0, but what if 

this dimension is high? What if its dimension is higher 

than the ones of E1 and E2? The same question appears 

for the dimension of Y0. As the resolution phases have 

not been tackled for the moment, it is difficult to propose 

an answer, but the relevancy of the Generalized System 

of Contradictions will be evaluated in accordance to the 

benefits of its resolution. This means also that one im-

portant criterion to evaluate the relevance of a General-

ized System of Contradictions is the number of consid-

ered evaluation parameters.  

 

REFERENCES 
 

Altshuller, G.S. 1988. Creativity as an Exact Science. 

Gordon and Breach, New York. 

 
Commander, C. W., 2005. A Survey of the Quadratic 

Assignment Problem, with Applications. Morehead 

Electronic Journal of Applicable Mathematics, Issue 

4, MATH-2005-01. 

 

Dubois, S., I. Rasovska, and R. De Guio, 2009. Interpre-

tation of a General Model for Inventive Problems, the 

Generalized System of Contradictions. In: Roy, R., 

Shehab, E. (eds.): Competitive Design. Proceedings of 

the 19th CIRP Design Conference. Cranfield Univer-

sity Press, Cranfield, UK, pp. 271-276. 

 

Doreaian, P., 1999. An intuitive introduction to block-

modeling with examples, Bulletin de Méthodologie 

sociologique, January 1999, N.61, p. 5-34. 

Björke, J.T. and B. Smith, 1996. Seriation: 

implementation and case study, Comput., Environ. 

and Urban Systems, Vol. 20, No. 6, pp. 427-438. 

 

Eltzer, T. and R. De Guio, 2007. Constraint based 

modelling as a mean to link dialectical thinking and 

corporate data. Application to the Design of 

Experiments. The 2nd IFIP Working Conference on 

Computer Aided Innovation, Springer, Brighton, 

USA. 

 

Jain, A.K., M.N. Murty and P.J. Flyn, 1999. Data 

Clustering: A Review. ACM Computing Surveys, Vol. 

31, No. 3. 

 

King, J.R., 1980. Machine-Component Group Formation 

in Group Technology. OMEGA Journal of 

Management Science, vol.8, n° 2, p. 193-199. 

 

Kusiak, A., 1983. Integer programming approach to the 

clustering problem. Working paper, Dept. of 

Industrial Engineering Technical University of Nova 

Scotia, Halifax, 3/83. 

 

Montgomery, D.C., 2004. Design and Analysis of Ex-

periments. Wiley-Interscience. 

 

Rasovska, I., S. Dubois and R. De Guio, 2009. Mecha-

nisms of Model Change in Optimization and Inven-

tive Problem Solving Methods. International Confer-

ence on Engineering Design, ICED'09, Stanford, CA, 

USA. 

 

Shlens, J., 2009. A Tutorial on Principal Component 

Analysis, Center for Neural Science, 

http://www.snl.salk.edu/~shlens/pub/notes/pca.pdf. 

  

 

 


