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ABSTRACT 
Modern design methodologies have used Function Component 
Matrices in a variety of different ways in order to support 
various facets of an engineering design process. The mapping 
of functions to components can be used to model and capture 
the dependencies and relationships that exist. This process is 
accomplished by breaking down complicated functions into 
smaller, easier to understand functions. This decomposition 
allows engineers to get a better understanding for how a change 
in each component within a product will affect the overall 
operation of the product. Being able to recognize the impact of 
the propagation of a sub-function change will give designers a 
better understanding of the flexibility (or lack thereof) of 
choices they have when designing a product for customization. 
In turn they can be used to inform the consumer regarding the 
consequences their customization choices can have on the final 
product. This paper discusses how a Functional Component 
Matrix (FCM) can be used to assist in this process of product 
customization and understanding change propagation.    
 
1. INTRODUCTION 
 
Preferences tend to vary when two individuals look at a 
product. Generally speaking, no two people have the same 
preference structure. As corporations have grown in size so has 
their sight on the fact that every customer is unique [1]. Most 
products are designed to satisfy a wide range of preferences, 
and thus are not designed specifically for one individual. When 
a product is not designed specifically for a certain customer, 
there is a certain degree of compromise with respect to meeting 
each customer’s preferences precisely.  
 
While tradeoffs will exist when designing any product, if these 
tradeoffs can be minimized it is likely that the product will be 
more successful.  In fact, in [2] it is implied that some 
performance tradeoffs are a result of poorly designed systems. 
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The number of necessary tradeoffs can be reduced by allowing 
the consumer to make some of their own product configuration 
decisions, thus creating customized products and allowing them 
to make their own individual tradeoffs and in the process 
designing better fit systems.  
 
Allowing a consumer to create their own product configuration 
would require the involvement of the consumer in portions of 
the design process. Customers have traditionally been brought 
in early in a design process for market testing and focus groups 
[3], or during the later stages of design for testing purposes [4], 
but have had limited involvement with the embodiment or 
detailed design phases. In addition, in [5], it is noted that the 
customers who provide inputs to product design are not 
necessarily the product purchasers, implying that design is not 
truly customized.   
 
Going from conceptual design to a final product typically 
requires the extensive involvement of several specialized 
individuals (i.e. engineers of various disciplinary fields), but 
some previous work has attempted to involve the customer 
more in a product design process. “It is clear that future 
organizations will seek to achieve far greater levels of customer 
involvement, culminating in continuous customer engagement 
at all stages of manufacturing” [5].   
 
Recognizing the challenges to having customers involved 
throughout a design process, a company can instead take a 
product they wish to design and use possible conceptual design 
choices as customer options, instead of picking one design as a 
solution.  By doing this they leave the final design option to the 
consumer and are able to better address the preference needs of 
the consumer. The consumer can then choose between these 
conceptual options (that have realizable embodiment) instead of 
being forced to pick the design option chosen by the engineers.  
This  idea,  however,  needs  formality  and  requires a format in 
 Copyright © 2008 by ASME 



 

 

 

 
 
 
 
 
 
 

 

 

 

 
 

 
 

 
 
 

Table 1 - Flow Class Functional Basis [15] 
 

Table 2 - Function Class Functional Basis [15] 

Class Material Signal Energy 
 Human Status Human Electrical Mechanical 

 Gas Control Acoustic Electromagnetic Pneumatic 

Secondary Liquid  Biological Hydraulic Radioactive 
 Solid  Chemical Magnetic Thermal 
 Plasma     
 Mixture     

Class Branch Channel Connect Control 
Magnitude 

Convert Provision Signal Support 

 Separate Import Couple Actuate Convert Store Sense Stabilize 
Secondary Distribute Export Mix Regulate  Supply Indicate Secure 

  Transfer  Change   Process Position 
  Guide  Stop     
which it will be conducted.  In this paper, we attempt to 
provide the first steps to providing this configurable capability 
by, introducing a collaborative design process that uses FCM’s 
to help engineers create customizable products, while giving 
consumer great control over a products sub-functions.     
 
In Section 2 some background on functional modeling and 
functional component matrices is presented building the 
groundwork that our method was based on, followed by a 
review on the current state of customization within products. 
Section 3 formalizes how functional component matrices can 
be used to facilitate a customization interface, describing some 
technical issues that existed and how they were resolved. In 
Section 4 a case study is presented to demonstrate the method, 
and finally the paper is concluded with the impact of the study. 
 
2. BACKGROUND 
 
2.1 Functional Modeling 
“In engineering design, the end goal is the creation of an 
artifact, product, system, or process that performs a function 
or functions to fulfill customer needs” [6]. Chenhall takes it as 
far as saying the lexicon which is used to classify items in a 
museum “is based on the assumption that every man-made 
object was originally created to fulfill some function or 
purpose and, further, that original function is the only common 
denominator that is present in all of the artifacts of man, 
however simple or complex” [7]. While some simple products  
may have just one function for the consumer (i.e., a house key 
used for locking and unlocking a door), other more complex 
products with challenging functions may require many “sub-
functions” [8] to complete its main function.  These sub-
functions are an integral part of engineering design today. 
Most conceptual design methods that are used rely on some 
form of functional decomposition to carry out the method [4,-
9-11]. However, in order to decompose a product’s overall 
2

function into meaningful sub-functions, a formal method is 
required.   
 
The need for formality of this process has pushed research into 
developing a high level design language to describe product 
functions, allowing a systematic approach to functional 
modeling. The result of some of this work has created a design 
language known as the Functional Basis [6]. The Functional 
Basis was developed by combining two similar, independent 
research efforts [6, 12]. Other approaches exist including the 
work in [13] that uses the 20 subsystem representations from 
living systems theory to represent mechanical design 
functions. Kirschman and Fadel [14] have proposed four basic 
mechanical functions groups. Their approach however tends to 
vary from the standard verb object sub-function description 
common to most other methodologies.  
 
The standard Functional Basis consists of a flow class (Table 
1), and a function class (Table 2) that use flow and function 
words to describe functions and sub-function within a product. 
All together there are three flow classes: material, signal, and 
energy. The eight function classes are branch, channel, 
connect, control magnitude, convert, provision, signal, and 
support.  These classes and flows are believed to be broad 
enough where they cover all aspects of engineering design, 
and can be used to describe any product sub-function in a 
generic form.  
 
There are three tiers of sub-functional breakdown [6], and 
depending on the depth in which a designer wants to 
decompose a product’s overall function, more layers can be 
used. A single level breakdown can be used for simple 
products, like electronics (e.g., digital camera or cell phone), 
and for larger products (e.g., automobile engine) a tertiary 
level may be necessary. The three levels that exist are the class 
level, the first level, which represents the overall function of 
the product. The subsequent secondary and tertiary levels 
 Copyright © 2008 by ASME 



represent the overall sub-functions broken down in greater 
detail. Throughout this paper, and in our case study, we 
maintain a secondary tier functional breakdown. The second 
tier breakdown gives sufficient sub-function information to be 
able to implement the methodology.  
 
Once the sub-functions in a product are found, they need to be 
presented in a useful manner in order to use them effectively. 
One way in which function decomposition has been used is in 
Functional Component Matrices. 

 
2.2 Function Component Matrix 
As stated, a complex overall function can be broken up into 
sub-functions. Pahl and Beitz describe the process of breaking 
down complex functions as having these two parts. 
 

⋅ The determination of sub-functions facilitating the 
subsequent search for solution; and  

⋅ The combination of these sub-functions into simple and 
unambiguous function structure [9].  

 

When describing a product and the function of that product, 
the sub-functions within a product can have many levels [16]. 
Figure 1 shows the overall function and sub-function 
hierarchy.  
 

 
Figure 1 - Functional Decomposition  

 
To begin the creation of an FCM we require all the sub-
functions of a product, along with all the components that are 
used to fulfill it. The purpose of a FCM is to represent 
components which solve given functions where the (i, j)th 
entry in an FCM represents whether function i is solved by 
component j [17]. Using the Functional Basis discussed in 
Section 2.1 a product’s overall function can be decomposed 
into sub-functions. Having generated all sub-functions for a 
product, the next step in creating a FCM is to come up with 
the components that will fulfill the sub-functions. 
 
Using the sub-functions for a given product and all the 
corresponding components, an FCM can be developed. Once 
the matrix has been populated with all the sub-functions and 
components the relationships between them needs to be 
addressed. This process requires checking to see which 
component will solve which sub-function. Each component 
sub-function relationship is assigned a value of one if the 

Overall Product Function 

Sub-Function 1 Sub-Function 2 Sub-Function 3

SF 1-1 SF 1-2 SF 2-1 SF 2-2 SF 3-1 SF 3-2
 3 
component solves the sub-function and a value of zero if it 
does not. This mapping of sub-functions to components makes 
the relationship between them more obvious.  
 

Components 
Sub-functions  Component 1 Component 2 … Component n 
Sub-function 1 1 0 0 0 
Sub-function 2 0 1 0 1 
Sub-function 3 1 0 0 1 

… 0 0 0 0 
Sub-function m 1 1 0 1 

Table 3 - Example FCM 
 
Table 3 shows a simple example of an FCM. The method 
starts by having all the sub-functions of the product in the first 
column of the matrix. The remaining columns contain the 
product components.  The entries in the matrix show whether 
a relationship exists between the sub-function and the 
component. An entry of one lets the user know that a 
relationship exists, while an entry of zero states that there is no 
relationship. 
 
From the first row it is evident that sub-function 1 is only 
coupled to component 1. This is apparent by the only entry in 
the first row. This entry is in the second column and has a 
value of 1. The other entries for component 2 and n are both 
zero, meaning they have no effect on sub-function 1. Sub-
function m is coupled to all the components in the product. 
Any change in one of the three components in this product 
will have some effect on that sub-function. This type of binary 
relationship in FCM’s has been used in different areas of 
engineering [18].   
 
FCM’s have served engineers in a variety of different ways 
[16, 19-21], and can be a powerful tool if used appropriately.  
Different approaches have been used for the rating scheme in a 
FCM depending on what it’s being used for.  For example, in 
[22, 23], the functional representation of a product stores 
customer needs and functions in the matrix instead of just the 
relationships between components and functions. A tri-level 
system was used to describe the sub-function component 
relationship in the method purposed. This paper demonstrates 
how FCM’s can be used to help customize a product, but first 
the current state of customization within products is discussed. 
 
2.3 Current Customization Methods  
Currently many companies offer customization in a variety of 
different ways. Pine and Gilmore [1] discuss four approaches 
to customization and how they are used today: 
 

⋅ Transparent – Where the customer does not know that 
the company is researching their preferences, and 
constantly making changes to the services and products 
they offers.  
Copyright © 2008 by ASME 



⋅ Adaptive – Here customization is achieved through some 
form of modification, or reconfiguration that is done to 
the product after it has been produced. 

⋅ Cosmetic – The simplest form of customization where 
customers make choices on how the final product will 
look. 

⋅ Collaborative – This type of customization permits the 
customer to have some participation in the design process, 
thus creating a product based on their individual 
preferences. 

 
Transparent customization fulfills the needs of an individual 
customer without the customer knowing that the product has 
been customized for them. Instead of investing the time with a 
customer to describe and address their preferences, transparent 
customizers observe the behaviors and routines of their 
customers and try to predict their preferences over a period of 
time. This type of customization works best when the 
customers’ specific needs can easily be predicted. Transparent 
customization also can work when the customer is not 
interested in explicitly stating their own preferences and may 
not want to be bothered with surveys on preference structures. 
One example is a company called ChemStation which offers 
soap to commercial establishments like car washes [1]. 
ChemStation has independently analyzed each customers 
needs and knows precisely when they run out of soap by 
analyzing their usage patterns. This gives them the ability to 
deliver soap to the customer when they need it without the 
customer ever ordering more.  
 
A second approach to customization is an adaptive approach. 
Rather than provide a customized product, adaptive 
customizers tailor their product so that it can easily be 
modified, or reconfigured to fit different functions without any 
direct interaction with the company. In this approach the 
company releases a standard product, but once the product is 
released it can be altered. This approach works best if the 
prospect customers wish to have a product that can perform 
different tasks based on different situations. An effective 
realization of this type of customization is reconfigurable 
systems, which are systems that are designed to maintain a 
high level of performance through adaptations in their 
configurations when operating conditions change [24].  
 
Designers have taken ideas from nature amongst other things 
to create products that change functionality by reconfiguring 
themselves. The puffer fish, shown in Figure 2 adapts by 
expanding if it feels threatened. The fundamental 
transformational principle behind this adaptation – 
expand/collapse [25] – has also been used in consumer 
products, as illustrated by the portable sports chair and the 
collapsible hand bag/towel shown in Figure 2. In [25], a group 
of comprehensive transformation principles and facilitators are 
developed to support the design of a reconfigurable system. 
 4 
Using the method described aids in the design of 
reconfigurable systems.  
 

  
Figure 2 - Examples of Expand/Collapse [25] 

 
A third approach is cosmetic customization.  In this approach 
the customer is given a standard product that only differs in 
the way it looks. This type of customization should be adopted 
by a company if their product satisfies almost every customer 
and only the product’s form needs to be customized based on 
preferences. All functions performed by the product remain 
the same. This approach is used when customer do not require 
different functionality from the product however wish for their 
product to look different then all the others. As an example of 
cosmetic customization Puma has available on their website 
its Mongolian shoe barbecue [26], giving customers the ability 
to pick from several different colors to place anywhere on a 
pre-selected shoe. Other companies like Nike and Reebok now 
offer the same type of cosmetic customization on a limited 
number of shoes. Cosmetic customization can typically be 
accomplished using simple aesthetic changes that do not 
impact functionality in any way. This is the main reason that 
most cosmetic customization will come towards the “end of 
the value chain” [1].  
 
Hardly any company offers a collaborative customization 
process (a fourth approach) where specific performance issues 
can be changed for a product. Certain companies have taken 
this idea forward and now offer made to order products (e.g. 
jeans, bicycles) that have physical dimensions that cater to 
customer preferences. However the product architecture is still 
fixed [5].  
 
Other companies offer functional customization in the form of 
product platforming, product families, and modular options 
[27-29], which is more of an adaptive approach. While 
improving economics and scope in a manufacturing process a 
product platform also can facilitate customization by allowing 
products to quickly change to satisfy different needs for 
consumers [30]. Product platforms serve many purposes and 
offer great variety when it comes to products, however 
offering variety in a product is not the same as offering a 
customizable product. Variety of products will give customers 
choices, but too many choices can have negative effects [31, 
32, 33], and does not allow a consumer to implement their 
own preferences structure on a product. 
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To achieve functional customization, these rigid platforms 
would have to be made more and more flexible essentially to 
the point of having no broad platforms, but customizable 
modules and component architectures. This would then allow 
the consumers to pick any option on a product, and the options 
would not be limited based to a certain product level. To 
facilitate this level of customization, the designer must have 
full understanding of how each component within a product 
impacts the products functionality. Furthermore, the designer 
must know what type of change propagation occurs in a 
product with each customization choice. The focus of this 
study is to help establish some foundational methods for 
configurable design. In the next section we propose a method 
to carry out a collaborative customization process.   
 
3. COLLABORATIVE CUSTOMIZATION METHOD 

 
3.1 Product Decomposition 
 
3.1.1 Step 1 Develop functional basis of product 
Using the Functional Basis technique presented in Section 2.1, 
a functional decomposition of the product is created. This 
gives a list of all the sub-functions that exist in the product, 
which are used in the FCM matrix. The depth of the 
decomposition depends on the complexity of the product and 
the level of customization desired for the product. This can 
generally be done during the conceptual or embodiment 
design phases if the product is in development. If an existing 
product is being used then the decomposition can be 
performed using the product itself. Within this phase the 
designers can start considering what sub-functions in the 
product are viable options for customization. At the 
completion of this step a list of sub-functions is generated. The 
next step is to create a list of components that will carry out 
the sub-functions.   
 
3.1.2 Step 2 Develop component list 
If working with an existing product, a component list most 
likely exists for the product, however if for any reason one is 
required a physical dissection of the product can be used to 
construct the component list. Conversely, if the product is 
being developed, a conceptual functional analysis can be 
utilized to map all the sub-functions to a set of solutions [4]. 
Then, the solution set can be mapped to a list of components. 
In both cases this step results in a list of components for the 
product’s sub-functions.  The sub-functions and components 
are input into the FCM and the relationships between them are 
determined.  
 
3.2 Using FCM for Customization 
 
3.2.1 Step 3 Populate FCM 
Having developed a set of sub-functions and components the 
FCM can now be assembled. All the components and sub-
functions are translated into matrix form. Now the designer is 
 5 
tasked with defining the relationships that will describe the 
connectivity between sub-functions and components. The 
definition of relationships is essentially the process of labeling 
what component will solve what sub-function. Multiple 
methods have been used for the rating scheme, and for this 
study we have developed a new method, catered to product 
customization. In Section 3.5, the new rating scheme is 
introduced. 
 
3.2.2 Step 4 Using FCM Relationships to Develop 
Customization Questions for Use in the Interface 
Once the FCM is populated the engineer can look for possible 
customizable sub-functions. Knowing the dependency 
between the sub-functions and components can help facilitate 
the creation of a product that can be functionally 
customizable. In order to create a customizable interface, a 
series of questions pertaining to the sub-functions needs to be 
created. While inspecting the sub-function component 
relationship the engineer can create a series of customizable 
questions for use in the interface. These questions are used in 
the interface through a series of line commands that the 
consumer uses to make changes on the product. The questions 
focus on the sub-functions in the product and not the 
components. They can also change the level of that sub-
function (i.e. battery life, storage) where a choice of more or 
less is an option.  
 
It is within these sub-functions, and the ability to change the 
sub-functions that a designer can give the consumer the ability 
to functionally customize their product and create a 
collaborative customized product. The questions should 
translate the sub-functions into customer attributes and then 
leverage the FCM to determine the necessary component 
changes, as explained in the next section. The interface also 
includes a feasibility check which is used to check for any 
preference inconsistencies that the consumer may have stated 
while customizing the product. This check is demonstrated in 
Section 4.3. 
 
3.3.2 Step 5 Detect dependencies and update product 
With the FCM in place it is insured that any customer change 
will be functionally feasible. This process is done by creating 
an interface that is checking the product’s FCM after every 
customization choice made by the customer. As the customer 
changes the sub-functions (e.g., add or take away sub-
functions) in the product the interface checks the FCM and the 
sub-function component dependencies to make sure that the 
product is still functional. When a sub-function is removed by 
the customer, so is the component that is responsible for 
solving it. When this happens the FCM is checked for other 
dependencies the component that was taken out may have with 
other sub-functions and make the consumer aware of the 
consequences of their actions. When a sub-function is added 
the dependencies in the FCM will get updated to reflect this 
choice. The collaborative design process ends at this stage 
Copyright © 2008 by ASME 



however a modified FCM is required to carry out this process 
which is presented in the next section. 
 
3.3 Modified FCM for Customization  
For a customization interface, it is necessary to know the 
strength of dependence rather than just the existence of one. 
The strength of dependency is required to give the designer 
and the consumer a sense for how much a change in a sub-
function would affect a product. Using a binary rating would 
only capture that a sub-function was affected, but would not 
capture how much it would be affected. Using a tri-level 
method gives more qualitative information which serves the 
purpose of this study better.   
 
This method describes the dependency of each component to 
each sub-function in three tiers. The levels 0, 1, 2, relate to 
how much each component impacts each function. The levels 
essentially pertain to how much the product is affected by a 
customization choice, and lets the user and the designer know 
if the product will be able to function based on the choices 
they have made. The rating scheme was chosen to show an 
increase in the dependency level. Only 3 levels of dependency 
are needed for the method. The only concerns that will have to 
be reflected in the FCM can be described in three levels. A 
more detailed rating scheme having more levels could cause 
confusion for the consumer and the engineer. The three levels 
are: 
 

• Level 0 – No relationship exists between the 
component and the sub-function. 

• Level 1 – A relationship exists between the 
component and the sub-function, however the 
component is not the main component that fulfills the 
sub-function. 

• Level 2 – The component is the primary component 
fulfilling the sub-function. 

  
A digital camera can be used to demonstrate the tri-level 
relationship. Table 4 illustrates a simplified FCM which has a 
sample of digital camera sub-functions and components. The 
table shows that of the given components, the lens is the most 
vital to sub-function 3 (Zoom), indicating that zooming is 
critically dependent upon the cameras lens. 
 

Components 

Sub-functions LCD Screen Lens Memory Slot 

Capture Video 1 1 2 
Picture Editing 2 0 0 

Zoom 0 2 0 

Table 4 - First Three Rows Updated 
 
A customer can customize the sub-function on the camera by 
stating they do not wish to have Zoom as an option with their 
camera. This change would have the largest impact on 
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component 2 as seen in Table 4. When the customer states 
zooming is not required, the FCM predicts that component 2 
would not be fulfilling any function and therefore could be 
taken out of the camera. With this customization, the camera 
can still take pictures and perform all the other sub-functions. 
Note that this component may be added later due to other 
dependencies or preferences. If a component is related to more 
than one sub-function and if any of these other sub-functions 
are added during the customization process, then the 
component will be added as well.  The product would then 
have all the functionality providing by the component even if 
the customer has not stated a preference for some of the 
functions.  
 
This raises another issue. Component 2 has a level 1 
dependency to sub-function 1. In a more complicated example 
it may have other level 2 dependences and thus make other 
sub-functions nonfunctional. Level 0 dependencies are not a 
concern, as they do not affect the functionality of the product. 
Here is where the FCM becomes very powerful in the 
customization process. After every customer customization 
choice the algorithm will check all the relationships in the 
FCM to determine what components have been affected and 
provides the consequences of each choice on the final product 
to the user.  
 
As an example in Table 4, once component 2 is removed from 
the product the algorithm searches other sub-functions to 
determine what components are affected. If any other level 2 
dependencies exist in the product for that specific component, 
the algorithm will determine that those sub-functions are no 
longer available. The consumer is also made aware of level 1 
dependencies. This is done by stating that some sub-functions 
have been limited by this choice, but not completely removed 
from the product. 
  
In this case we see that sub-function 1 (Capturing Video) has a 
level 1 dependency on component 2. The algorithm now 
informs the customer that the ability to capture video has been 
limited. This is with the assumption that Capturing Video 
could have used zooming while taking video and does not 
require zoom to actually take any video. This is a limiting 
relationship and the lens is not the main component in the 
camera responsible for capturing video. This limitation on a 
sub-function is what a level 1 relationship would describe. By 
deleting this component a sub-function was not taken away 
from the product, but was limited in some way.  
 
If the user decides to have the sub-function Zoom as part of 
the product, the interface will take all the dependencies for this 
sub-function and the related components, and make the 
dependencies a level 0. All the entries in the sub-function 
Zoom column will be changed to a level one dependency. This 
is done to help assist the customization process. By changing 
the dependencies in the FCM for these particular areas of 
Copyright © 2008 by ASME 



concern, later customization choices will not be affected by 
the old dependency relationships, and are now only affected 
by the new developed dependencies based on the customer’s 
preference.  Using FCM’s and the tri-level rating scheme the 
designer and the customer can be assured that the final product 
of choice will be functional.  
 
4. CASE STUDY 
 
4.1 Developing a FCM for an iPod 
The idea of having a product that is unique to the individual 
has the benefit of fitting that person’s performance criteria, as 
well as having a product that is completely unique to them. In 
order to implement this methodology an Apple iPodTM, shown 
in Figure 3, is used for the case study. The product was chosen 
for its popularity as well as the multiple models that are 
available for the product at this point. This makes the product 
ideal for a customization case study. 
 

 
Figure 3 - Standard Apple iPodTM 

 

The first required step in creating the customization interface 
is to develop an FCM for a standard iPod. The Functional 
Basis along with the functional modeling discussed in Section 
2.1 are used to decompose the product into a second level sub-
function decomposition. Maintaining a second level sub-
function breakdown was sufficient as these sub-functions 
would allow the customer to have full control over the iPod’s 
functionality. It is determined that eight sub-functions exist in 
a standard iPod and it is these sub-functions that are used to 
construct the FCM: 
 

⋅ Play back music 
⋅ Play back video 
⋅ Store data 
⋅ Receive energy 
⋅ Store energy 
⋅ Display Information 
⋅ Receive user input 
⋅ Sync 

 

 7 
The next step in constructing the FCM is to generate a list of 
components within the iPod that solve the sub-functions. With 
a product that currently exists reverse engineering can be used 
to develop the component list. In a standard iPod, 11 
components are found. A complete FCM using the tri-level 
system is shown in Table 5.  This table is the initial FCM for 
the iPod and the starting point of customization for the 
product. As the consumer makes customization choices the 
FCM is updated. As shown in Section 3, as sub-functional 
level choices are made the relationships are checked to see if 
any conflicts exist with the choices. 
 
If the user decides not to add functionality the FCM remains 
unchanged and the algorithm will just do a simple check to see 
if there is any level 1 or 2 conflicts in any of the columns 
relating to that sub-function. If the user adds sub-function 
level functionality to the product then the relationships in the 
FCM will need to be updated to reflect these preferences.  
 
4.2 Implementing iPod FCM in the Customization 

Interface 
The FCM was loaded into a program (coded using C++) in 
matrix form. Once the program is loaded the customer is given 
a series of questions using command lines, relating to the 
different choices they have on the iPod. These questions were 
geared towards the iPod case study but some of them can be 
generalized to fit other situations. The questions are as 
follows: 

1. Will you be watching video on your iPod? 
2. What type of user interface do you prefer? 
3. How much storage space do you require? 
4. Is the size of the iPod an issue and if so do you prefer 

a smaller or larger iPod? 
5. Do you wish for your iPod to be portable? 

 
The questions are presented in line commands within the 
interface and the user picks between predetermined answers. 
Their answers are not related to any specific component. 
However, the questions are mapped to the functions using the 
FCM. The program then executes and gives the user an initial 
iPod based on the preferences they have declared.  
 
The questions are chosen with the intent of covering all the 
sub-functions in the FCM to a customized iPod based on their 
preferences. For example the first question, “Will you be 
watching video on your iPod”, relates to four of the eight 
functions in the FCM. The functions are; playback music, play 
back video, display information, and receive user input. 
Similarly other questions map to other sub-functions and each 
sub-function is referenced at least once when all the questions 
have been answered.    
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Table 5 - iPod FCM 

  Components 
  c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 

Functions LCD 
Screen 

Video 
decoder 

Audio 
decoder 

Power 
manager 

audio 
jack 

hold 
button 

USB 
connection 

Storage 
device 

case wheel touch 
screen 

F1 play back 
music 

1 0 2 2 2 0 0 2 1 1 1 

F2 play back 
video 

2 2 2 2 2 0 0 0 2 0 0 

F3 store data 0 0 0 0 0 0 2 2 1 0 0 
F4 receive 

energy 
0 0 0 2 0 0 2 0 1 0 0 

F5 store energy 0 0 0 2 0 0 2 0 1 0 0 
F6 display 

information 
2 2 0 2 0 0 0 2 2 0 1 

F7 receive user 
input 

1 1 0 2 0 0 0 0 1 1 1 

F8 sync 0 0 0 0 0 0 2 2 1 0 0 
 
The customer makes customization choices by answering the 
line command questions and in turn, changing the sub-
function level functionality of the product. The FCM is 
updated and the product is checked for functionality after 
every choice. Once the customer has made all the desired 
choices a final check is done by the program to see if the iPod 
will function. This is done using a feasibility check, which 
tests the iPod for consistency. The main test is checking the 
overall product function and making sure the customer has not 
stated any inconsistent preferences. 
 
Not all the sub-functions will be changed with customization 
choices. For example, the sub-function play back music is 
expected to be standard on any iPod. Without this the product 
would essentially be an expensive hard drive. An example of a 
sub-function that allows for better functionality control would 
be the play back video option. This sub-function is discussed 
in greater detail in the case study demonstration section. The 
main sub-functions that are to be customized are ones that 
include some surprise and delight features. The Kano model 
[34] discusses products having must have (critical to quality 
and function), linear (would prefer more or less of a feature) 
and surprise and delight features (features that set the product 
apart). The presented approach to configurable design does not 
purpose that the consumer customize the “must have” features. 
In most cases the consumer will be customizing the “linear” or 
“surprise and delight” features on a product. 
 
4.3 Case Study Demonstration 
The first question is selected to demonstrate the approach.  
This question is primarily related to component 1 (LCD 
screen). However it does concern four of the eight functions in 
the FCM. The first component in the FCM has two listed level 
2 dependencies. The two sub-functions are: play back video, 
and display information. For instance without video play back 
the LCD screen component is no longer required. Without the 
LCD screen, the iPod can not play back video or display any 
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information either, hence the level 2 dependencies that exist 
with the two sub-functions. This is shown in Table 6. 
 

Functions LCD Screen 
play back music 1 
play back video 2 

store data 0 
receive energy 0 
store energy 0 

display information 2 
receive user input 1 

sync 0 
Table 6 - LCD Screen Dependencies to All Sub-functions 

 

 
The numbers in the system have been mapped to three colors, 
red = 2, yellow = 1, green = 0 for use in the program. The 
colors are used in the text prompts to the customer as they 
make customization choices. The colors are selected with the 
intent of showing the severity of the choice being made. The 
assumption is that the color red is an undesirable choice while 
green is a more desirable choice. This color scheme is used in 
the interface while prompting the user.   
 
If the user decides not to have an LCD screen by stating they 
do not wish to watch video on the iPod, then the play back 
video, and display information sub-functions are affected the 
most. The algorithm takes out the LCD screen component 
from the iPod. The other sub-functions are also checked to 
determine the impact of this choice. Based on this it will 
prompt the user accordingly.  
 
Table 7 shows the logic flow of the algorithm in the interface. 
The process takes the following form: 

• Preference is stated through a customization question 
relating to a sub-function. 
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• If a sub-function is removed the algorithm will check 
every column of that sub-function to see if other 
dependencies exist.   

• If other dependencies exist the user is informed of the 
consequences of the preference choice. This is 
represented with the arrows going down each column 
that has a dependency greater than 0 for F2.  

 
Figure 4 shows what the user sees as they make this choice. 
The interface has gone through the logic flow shown in Table 
7 and now informs the user of the other sub-functions that are 
affected.  

 
Sub-

Function 
LCD 

Screen 
Video 

Decoder 
Audio 

Decoder 
Hold 

Button 
F1: Play back 

audio 
1 0 2 0 

F2: Play back 
video 

2 2 2 0 

F6: Display 2 2 0 0 
F7: Receive 
user Input 

1 2 0 0 

Table 7 - Algorithm Logic Flow 
 

 
Figure 4 - Interface Reflecting a ‘No’ Answer to Question 1 

 
Depending on the customization choices being made, the FCM 
may need to be updated to reflect the individual’s preference 
structure. If the user answers question 1 with a ‘No’, 
indicating their preference to not have an LCD screen on the 
iPod, then an update on the FCM is not required. If the answer 
to this question is ‘Yes’, then the FCM is updated to reflect 
this choice. Figure 5 shows what the user sees as they make 
this choice. The preference has made the LCD screen a 
required component in the iPod. By choosing to watch video 
on the iPod the four functions that are associated with this 
choice, are not limited in any way.  
 
Table 8 shows the affected entries in the FCM based on a ‘Yes’ 
answer to question 1. Only three of the eleven components 
within the functions have been affected based on this question. 
The three components are LCD Screen, Video decoder, and 
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Audio decoder. The program goes through the columns and 
replaces the entries all with a level 0 (no functionality 
limitation) entry. Having replaced the level 1 and 2 
dependencies with a level 0 dependency lets the interface 
know that these particular areas have no limitations to their 
functionality based on the customer’s preference. This allows 
for further customization with these areas not conflicting with 
the process.  
 

 
Figure 5 - Interface Reflecting a ‘Yes’ Answer to Question 1 
 

 Functions 
LCD 

Screen 
Video 

decoder 
Audio 

decoder 
F1 Play back music 0 0 0 
F2 Play back video 0 0 0 

F6 
Display 

information 0 0 0 

F7 
Receive user 

input 0 0 0 
Table 8 - Updated FCM Reflecting a Yes Answer to 

Question 1 
 

The algorithm also makes sure that any choices that are being 
made do not conflict with each other. Sometimes a consumer 
may have inconsistent preferences while customizing a 
product. The interface tracks such inconsistencies and alerts 
the user if any exist during the customization process. As an 
example, if a user states that they do not wish to watch videos 
on the iPod, meaning that the iPod would not have a screen. If 
for any reason later in the customization process the consumer 
makes a selection that requires a screen on the iPod, the 
interface would let them know that they have already stated 
that they did not want a screen and that this component was 
removed from the iPod.  
 
This preference inconsistency is shown in Figure 6. Here the 
user has stated that they do not wish to watch video on the 
iPod, yet they want the iPod to have a touch screen. The 
interface lets the user know that these two preferences are not 
consistent. Watching video and having a touch screen both 
require a screen. Having one of the options automatically 
 Copyright © 2008 by ASME 



provides the other. As stated in Section 3.3, adding one 
component through a given sub-function may provide other 
sub-functions which the customer has not expressed a 
preference towards. This preference inconsistency needs to be 
resolved before the product can be finalized. If this error is not 
resolved the feasibility check would catch the error and inform 
the user again to switch one of the two preferences that are not 
consistent.  
 

 
Figure 6 - Inconsistent Preference Structure 

 
The customer can explore the options as long as they wish and 
make multiple changes to the same part of the iPod. Once 
customizing the product is complete the finalize line command 
is activated. The feasibility check runs through the FCM 
making sure that all the choices are consistent and that the 
selections are compatible with each other. This is the final part 
of the customization process and at this point, the customer 
would be ready to place an order. 
 
5. CONCLUSIONS 
 
Using the iPod as a case study we have demonstrated that 
FCM’s can be used in a customization process to aid both the 
engineer and the customer. By using FCM’s not only does a 
design engineer gain an understanding of where customization 
can take place on a product, but they can plan ahead and 
foresee the change propagation that would take place in a 
product due to any changes that customers may make. This 
allows a designer to create a controlled functional 
customization interface that can be used over the web to sell 
products. This is also the first example of using a FCM 
interface with the customer to customize a product. Giving the 
consumer this level of control over a product design allows for 
a functional customizable product and ensures functionality of 
the product.   
 
Using a tri-level rating scheme in the FCM can limit the 
relationship level from each component to each sub-function. 
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If the overall function of the product is more complicated, a 
larger range of levels may be needed in order to capture all the 
relationship information required to create a customization 
interface, however this area requires more research.  Also, the 
ability for a designer to construct good questions for the 
customer to customize sub-function can be a limiting factor in 
this method. If the questions do not relate well to the sub-
functions or are hard to understand, the effectiveness of the 
method can be reduced.  
 
Future work will focus on generalization of this method to be 
able to work with any product or as many products as possible 
along with advancing the feasibility check to include a 
geometric checker to be sure that all selected components will 
fit together in one case.  
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