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REZUMAT. Calitatea produselor depinde în mare parte de calitatea proiectării, a conceperii lor. Un produs de calitate poate fi obţinut 
dacă el este proiectat utilizând proiectarea axiomatică. Eficienţa metodei de concepţie axiomatică creşte dacă aceasta este asistată 
de calculator. Pentru proiectare pot fi utilizate pachete de programe de calculator existente, dar pentru a le completa a fost 
conceput un program pentru calculul conţinutului de informaţii în cazul produselor care au funcţiile impuse cuplate parţial. Lucrarea 
prezintă modul în care proiectarea axiomatică asistată de calculator poate asigura calitatea cea mai buna a produselor. 
 
Cuvinte cheie: proiectare axiomatică, funcţii impuse, parametrii de concepţie, conţinut de informaţii. 
 
ABSTRACT. Product quality depends in a great proportion of the design quality. The products’ quality can be obtained if it is used a 
design process that follows the axiomatic design methodology. This design method’s efficiency increases if it is used a computer 
assisted design process. The authors have elaborated a software program, in Visual Basic, for computing the information content of 
decoupled designs that can be used as a mean to improve the existing software. The paper present the way in which axiomatic 
design, assisted by the computer, can assure the best quality for the products. 
 
Keywords: axiomatic design, functional requirements, design parameters, information content. 
 

1. INTRODUCTION 

Among the product’s design phases, the product’s 
conceptual design phase has a great influence in 
obtaining a quality product. This is the reason why we 
should confer a great importance to this design stage.  

Axiomatic design’s aim is to establish scientifically 
bases for product’s design and improve the general 
design activity. It wants to stimulate the designers 
creativity, to reduce the random solutions searching, 
minimize the iterative optimal solutions finding 
processes, to allow to designers to conceive complex 
systems that will be logically and explicit. The 
industrial needs rise impose a corresponding rising in 
products quality and reliability. That conducts to a 
greater companies’ capability regarding the design 
activity in order to assure a shorter time to market, 
launching for new products, manufacturing costs 
decreasing and increasing quality. To attain the 
requirements there are needed knowledge, imagination, 
experience and a constantly scientific research activity. 

AXIOMATIC DESIGN 

To be able to design a product, that is perfectly 
adapted to the customer’s needs, it is very important to 

know as well as it is possible the customer’s require-
ments. To satisfy these requirements it is necessary to 
established the functional requirements FRs [1] that 
describe what we want to achieve and in the next phase 
are established the design parameters DPs that defines 
how we achieve the FRs. Axiomatic design has four 
core concepts: domain, zigzagging and hierarchies, 
mapping, axiom explained further. 

 

o Domains. The design is interplay between what 
we want to achieve and how we choose to satisfy the 
need. To systematize the thinking process in this 
interplay, it was created the domain concept, foundation 
of axiomatic design. The four domains are customer 
domain, functional domain, physical domain and 
process domain (fig. 1). 

The passing from left to right through domains 
represents what we want to achieve and the domain 
from the right side represents the design solutions, how 
we propose to satisfy the needs (functional require-
ments) from the left domain. This domain concept can 
be used in all design fields, this contributing to its 
generality. The design objectives may be different but 
the approach used to attend them is the same [2]. The 
definitions for Functional Requirements, Constraints, 
Design Parameters and Process Variables are [2]: 

– Functional Requirements (FRs) are defined as a 
minimum set of independent requirements that the 
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design must satisfy and which characterizes completely 
the functional requirements of the product (system, 
organization etc) in Functional Domain. When they are 
established they are independent each other; 

– Constraints represent the bounds on acceptable 
solutions and differ from requirements in that that they 
can be related. The design objectives take into account 
the constraints. The input constraints are mentioned in 
design specifications and system constraints are 
imposed by the design of the system in which the 
design solution must operate;  

– Design Parameters (DPs) are physical variables in 
the Physical Domain that characterizes the design and 
satisfies the Functional Requirements in the Functional 
Domain;  

– Process Variables (PVs) are process variables in 
Process Domain that characterizes the process that can 
generate the specified DPs in Physical Domain.  

 

o Zig - Zagging. The design process starts from a 
high level of abstractisation and from this level, takes 
place decomposition in levels and sublevels. De-
composition realized in functional, physic and process 
domains result in a hierarchy for FRs, DPs and PVs in 
their domains. 

Decisions taken at higher levels of decomposition 
will affect the problem at lower levels. At a given level 
of decomposition, there exists a set of functional 
requirements. To make the further decomposition for 
these functional requirements we have to choose the 
corresponding design parameters.  

If a DP satisfies one FR then we will make the 
decomposition for this FR further and the process will 
be repeated. This is applied also to the elements of the 
physical domain and the process domain. To create 
these hierarchies, we permanently must pass from a 

domain to another, to realize the decomposition. This 
process is named zigzagging between domains (zig 
from FR to DP and back, zag from DP to FR (fig. 2), to 
decompose further the FR) to make the decomposition. 
The decomposition does not take place integrally in one 
domain but in parallel in the both domains. 

 

o Axioms. Axiomatic design process is based on 
two fundamental design axioms that govern the 
design process. These are the Independence axiom –
maintain the functional requirements independence 
and information axiom-minimize the information con-
tent. 

At a given level of detail in design, functional 
requirements, which define specific design objectives, 
are an FR vector in functional domain. In the same way 
the set of design parameters in physical domain (the 
how for an FR) are a DP vector. In an acceptable 
design, DP and FR are related so that a specific DP can 
be modified to obtain the desired FR without affecting 
the others FR.  

The first axiom requires to maintain the functional 
requirements independence. Each functional require-
ment has to be accomplished and controlled by a single 
design parameter. There has to be a minimum FRs set 
that characterizes the product or the process. From their 
definition, these FRs has to remain independent during 
the whole product design process. This is the ideal and 
in the same time the desired situation - sections of the 
design should be separable so that changes in one have 
no (or as little as possible) effect on the other.  

The second axiom, Information Axiom refers to 
minimize the design information content. Among the 
design solutions that satisfy the first axiom (inde-
pendence axiom), that which has the best probability of 
success is the best. 
 

 
Fig. 1. Axiomatic Design Concept, after Nam P. Suh [2]. 
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Fig. 2. Zigzag between Functional Requirements in Functional Domain and Design Parameters  

in Physical Domain. 
 

That is why, the design which minimizes the number 
of functional requirements and constraints, has 
integrated parts which maintain his functional inde-
pendence, use standardized parts, uses symmetry as 
much as possible represents designs with a minimized 
information content and has a higher probability of 
success. The designs, which do not satisfy the first 
axiom, are coupled and here is impossible to modify a 
DP without affecting at least two FRs. The design that 
satisfies the first axiom is named uncoupled or 
decoupled. The difference between them is that in an 
uncoupled design DPs are independent and in a 
decoupled one DP affects at least one FR.  

A design specified in terms of DPs has a certain 
probability to meet specified FRs within given tole-
rances. A design with high probability to meet FRs 
within tolerances has also a high probability to satisfy 
customers and is therefore preferable. Axiom 2 "Minimize 
information content." is referring to this fundamental 
connection. Information content is here defined as 
log2(1/p) where p is the probability to meet the require-
ments. In an uncoupled design, the smallest sum of 
information content is equivalent with highest probability 
to meet all functional requirements within tolerances [1]. 

The probability of success can be computed by 
specifying the Design Range (dr) for the FR and by 
determining the System Range (sr) that the proposed 
design can provide to satisfy the FR.  

The vertical axis (the ordinate) is for the probability 
density and the horizontal axis (the abscissa) is for 
either FR or DP, depending on the mapping domains 
involved. 

When the mapping is between the functional domain 
and the physical domain as in product design, the 
abscissa is for FR, whereas for the mapping between 
the physical domain and the process domain as in 
process design, the abscissa is for DP [2]. Figure 3 
illustrates Design Range and System Range graphically. 
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design’s probability of success of achieving the speci-
fied goal. Then, the information content is expressed as: 

 )(log2

cr

sr

A

A
I   (1) 

where Asr denotes the area under the System Range and 
Acr is the area of the Common Range. Furthermore, 
since Asr = 1 in most cases and there are n FRs to 
satisfy, the information content may be expressed as:  

 



n

i criA
I

1

1
 (2) 

When taking into account the uncoupled design the 
smallest sum of the information content is equal with 
the higher probability of meeting all the functional 
requirements within the limits of the tolerances. 

2. COMPUTER ASSISTED AXIOMATIC 
DESIGN 

o Axiomatic Design Assisted by ACCLARO 
Software. Axiomatic Design offers the ways to realize 
the FRs and corresponding DPs decomposition to a  

detailed level so that DPs can be implemented in order 
to build physically the solution or the system. 
ACCLARO DFSS is a software product and a system 
developing tool that helps a good practice during the 
concept development in design process, following a 
axiomatic design methodology and an approach based 
on DFSS [5]. 

ACCLARO domains and views are designed to 
support the axiomatic design methodology .The process’ 
central element is a prescriptive design technique 
named functional modeling based on hierarchical 
decomposition. The methodology regarding the FRs 
decomposition is schematically represented in figure 4.  

The first step in a design process is product’s 
defining phase that consists in analyzing customer 
requirements generally derived from clients’ needs and 
other documents generated by various sources.  

This part is sustained through the use of ACCLARO 
modules Voice of Customer and Quality Function 
Deployment.  

The functional decomposition (fig. 5) is sustained 
through the predefined view of FR-DP decomposition 
meant to support the functional axiomatic decomposition. 

That view allows the user to introduce the FRs and 
DPs and the constraints that can have impact on 
choosing the solutions (DPs) can be seen optionally. 

 

 
Fig. 4. Axiomatic design methodology regarding the FRs decomposition. 
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Fig. 5. The FR-DP View. 
 

 
 

Fig. 6. Design Matrix View. 
 

As design developing advances, axiomatic design 
theory encourages the designer to analyze the coupling 
at each decomposition level and to avoid the 
dependencies during design process because these 
causes problems during the solutions implementing.  

Another important view is the design matrix view 
(fig. 6) that allow to the designer to designer analyze 
the coupling at each decomposition level during design 
before the passing to the next decomposition level. In 

that way it can be reduced the amount of time and 
money spent during the redesign in case that there are 
problems reported by the consumers.  

Predefined views in ACCLARO software are also 
TRIZ (Theory of Inventive Problem Solving) view, 
FMEA (Failure Modes and Effect Analysis), RISK and 
design structure matrix.  

TRIZ view can be very useful during the analyze 
phase to solve the contradictions raised during the FRs 
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coupling analysis. TRIZ brings to the design team the 
inventive ideas from hundreds of brevets, generating 
ideas that can conduct to applicable solutions to 
encompass current design difficulties.  

FMEA view can be used as an evaluation process to 
analyze and evaluate the potential failures in conceived 
system’s operation. By doing this from the design 
activity’s beginning the operational deficiencies can be 
early identified to avoid expensive modification and to 
assure to the system high level of reliability.  

In a similar way the RISK view can be used to 
analyze and communicate the essential problems in 
design processes so that the whole team can concentrate 
their attention on these problems.  

The design structure matrix view offers a different 
analyzing and communication way of dependencies that 
can help the teams in avoiding the redundant work and 
a better design system organization or design team 
regarding the dependencies impact.  

 

o Computing the Information Content. The se-
cond design axiom-the information axiom requires to 
minimize the information content related to design 
variant aiming the obtaining of a design variant with a 
higher probability of success-minimum information 
content. To make this thing happen it is essential that 
the designer to be able to rapid calculate the designed 
variant information content. The second axiom, in the 
case where the FRs are probabilistically independent 
(the realization of one FR is not conditioned by the 
realizing of another FR) the whole information content 
for a system having n FRs is the sum of the information 
content for each FR. In that case, where the entire FRs 
is probabilistically independent the system is un-
coupled. There exist situations when the designed 
variant has decoupled FRs and the designers will try to 
transform the decoupled designs into uncoupled ones. 
For these systems, the design matrix has to be a 
triangular one. In the next sections, the notations used 
for functional requirements FRs will be FIi and for 
design parameters DPs will be PCi. 

In axiomatic design, the design process is focused on 
establishing a dependence between FRs in functional 
domain (see fig. 1) and DPs in physical domain [1], [2], 
[3] and that process’s modeling leads to the next 
equation: 

  (3) 

where  

  (4) 

In the case of a decoupled design A matrix has to be 
a upper or lower triangular matrix. If the design is an 

uncoupled design (the independence axiom is respect-
ed) the A matrix will be a diagonal one. If the design 
matrix is populated with dependencies both upper and 
lower diagonal, we have a coupled design, an un-
desirable and no solution design. In axiomatic design, 
the probability that all the FIi for a product to be 
satisfied is the success probability and is noted as (pi). 
The information content I is defined as: 

  (5) 

In the case when the probability density function is 
uniformly distributed on its values range, it can be 
defined a tolerance field TFI of FIi as a dispersion field 
of FIi where the probability density is not zero.  

In the same way, it can be defined for PCi a 
tolerance field TPC as dispersion field for PCi that will 
conduct to obtain the FIi in the desired range of values. 
In this case, the information content is defined as (fig. 7): 

  (6) 
 

 
Fig. 7. Information Content for Uniform Distribution. 

 

In the case of uncoupled systems the total informa-
tion content is obtained as a sum of each FIi infor-
mation content: 

  (7) 

In case of decoupled systems, it has to be taken into 
account the effect generated by the nondiagonal design 
matrix elements and in this way it will counted the 
tolerance fields propagation. To exemplify this it we 
will consider a system with two FIi: 

  
(8)

 

In the case of functional requirement FI1 the infor-
mation content is determined as in uncoupled designs 
because PC2 does not affect FI1. That situation will be 
changed in case of FI2 because its information content is 
affected by both PC1 and PC2. If we consider symmetric 
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tolerance fields for FI and PC like that given in the next 
relation: 

    
and for PCi     

  
(9)

 
where MFIi is representing the middle of the FIi 
tolerance field and MPCi is representing the middle of 
the PCi tolerance field. 

With these notations, relation (8) becomes: 

  
(10)

 
Through the solving of equations from matrix relation 

(10) will result the values for the middle of tolerance field:  

  
(11)

 

  
(12)

 
And the symmetric deviation of tolerance field: 

  
(13)

 

  
(14)

 

As we can observe PC1 has a constant value while 
PC2 is a linear relation concerning PC1. In figure 8, 
we have the graphical representation for this situation  

In system’s realization, it will be assured a uniform 
dispersion domain for design parameters. For example 
for PC1 the selected tolerance field is PC1ef, and for 
PC2 the selected tolerance field is 2PC2ef. As we can 
observe in figure 9 the common dispersion field is 
smaller than the system’s dispersion field. In the case 
when we have more PCs it can be said that are obtained 
volumes of polytopes. In this case, the information 
content can be calculated with the relation: 

  (15) 

To support the designers in computing the infor-
mation content the authors elaborated a calculation 
software program in Visual Basic for PCi and PCi and 
for information contents in uncoupled systems. Because 
design parameters have to be tracked in manufacturing 
phase, the reminded program calculates also theirs 
capability. The program first opens the view presented 
in figure 10 where has to be filled out the following 
initial data: 

– the number of functional requirements FIi (the 
program is designed for 6 FI); 

– the value for each functional requirement FIi. This 
value is the middle of the functional requirement (FIi) 
dispersion field; 

– half from dispersion field (this field is symmetrical). 
 

 
 

Fig. 8. The Design Dispersion Field. 

 
 

Fig. 9. The System’s Dispersion Field and Common  
Dispersion Field. 

 

 
 

Fig. 10. Starting Pane. 
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Next, after the data recording the next view that will 
appear is presented in figure 11. The values for the 
design matrix will be filled out and recorded and next 
the program will calculate the PCi values (noted with 
DPi in figure 12). It is necessary that in the left part 
from the view in figure 12 to introduce the PCi values 
that can be reached at the product’s fabrication 
(realization) as it can be seen in figure 12.  

after there are introduced the values for the design 
parameters realized in product manufacturing the 
program will calculate the overlapped aria (volumes 
dependent of FIi number) and the individual 
information content for each FIi and also the global 
information content. In addition, for each FIi it will be 
calculated the Cp capability, respectively Cpk that will 
be obtained during the manufacturing process. All these 
values and graphical representation of the tolerance 
field for PCi overlapping (noted in figure 12 with DPi) 
and that resulted from manufacturing (named „ales” in 
figure 12) are presented in figure 13.  

It is pointed out that in the case when the tolerance 
field for one design parameter PCi resulted upon its 
choice (selection), it is not adequate being too large the 
program notices this thing as it is presented in figure 13. 

 

 
 

Fig. 11. Filling the Values for Design Matrix. 
 

 
 

Fig. 12. Computing and Filling of Selected Values for Design Parameters. 
 

 
 

Fig. 13. Calculated Values. 
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CONCLUSIONS 

The design process quality is one of the most 
important factors regarding the products quality and in 
this sense the designers has to make efforts to assure a 
quality products design. This can be facilitated by using 
the axiomatic design methodology and tools. The 
efficiency of axiomatic design rises if it is computer 
assisted and as it was presented there exists a specialized 
program to assist the axiomatic design methodology. 
These can be completed (supported) by applications like 
that presented in the paper, a software program in Visual 
Basic, which can support the axiomatic design activity.  
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