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Abstract: to cope with the customer-oriented business model in a global 

competitive market, enterprises tend to be networked for achieving mass 

customisation: i.e. offering customisable products with the same efficiency as 

mass production. This scenario highlights two faces of variability: variability of 

needs (on customer side) and variability of organisations (on production side). 

Both types of variability induce a huge number of specified products, namely 

configurations. This configuration variability must be efficiently managed. This 

position paper discusses trends and issues for rationalising the number of 

configurations: i.e. engineering the right number of configurations that match 

both the customer needs and the production strategy. After this positioning, we 

propose a systemic perspective for addressing the discussed issues from a 

sustainability point of view. Finally we give a perspective for a product line 

definition method that leads to models that meet the discussed variability 

rationalisation. 

Keywords: mass customisation, collaborative network, product lines, 

sustainability 

1. Introduction  

Nowadays enterprises tend to a customer oriented business model, but at the same 

time, the stress is on the efficiency of the organisation. The mass customisation 

concept fits perfectly these trends, but the consequent product variability and the high 

production volumes often lead enterprise to network. Then, this complex scenario 

reveals another source of variability, coming from the heterogeneity of manufacturing 

facilities in the network. 

In this position paper, we analyse the nature of these kinds of variability in order to 

propose a method for a product line definition in this scenario. The aim of the 

resulting product line is to rationalise those sources of variability rather than reduce 

them: reducing the first one, we quit a portion of market; reducing the second one, we 

abandon advantages coming from the enterprise networking. Therefore, the paper will 

also show the impacts of the rationalization strategy on the sustainability character of 

the network. 

The structure of the paper is the following: in the section 2, we analyse the mass 

customisation concept (seen as first source of variability), showing the transition 

toward the enterprise networking (seen as second source of variability); in section 3, a 

state of the art of product lines is described according the impact on the variability 

management for mass customisation and enterprise networking; in section 4, 

following a systemic vision, the gaps between current approaches and a possible 



 

 

solution are highlighted and our perspective to fill this gap; moreover at the end of 

section 4, the implications of this approach on sustainability are discussed; section 5 

is dedicated to conclusions and future work discussion.  

 

2.  From mass customisation to networking  

2.1 Customisation: a 1st source of variability 

If we were a shirt manufacturer: what if technology made it possible for every one of 

the five thousand shirts to be customized while on the assembly line […] produced 

just as quickly as the five thousand identical shirts, yet at not greater expense? 

Starting from these words, Davis introduced for the first time in [1] the term Mass 

Customisation (MC). The MC concept is also analysed in [2] and [3]. In these works, 

the authors identified two other perspectives of the MC concept: 1) during the selling 

process, the aim is to offer to the customer, the same product customisation 

capabilities as an engineer-to-order organisation; 2) during the manufacturing process, 

the aim is to manage the production variability with the same organisational 

efficiency as in mass production. 

The one-funnel schema in the Fig. 1 describes these two effects. The enterprise has to 

manage the variability due to different customer’s needs. Therefore at each order 

entry, a transformation has to be performed (on the left side of the figure) from the list 

of customer’s needs to the features of the customized product. A further 

transformation (on the right side of the figure) is needed in order to find the 

appropriate organisation of processes and resources (i.e. efficiency optimisation) at 

the manufacturing level. 

 
Fig. 1 – Variability for MC (i.e. customer’s needs). 

2.2 The need of networking: a 2nd source of variability 

In MC scenarios, the dynamic network of enterprise operating units (i.e. specific 

processes or tasks) that allows to decrease the complexity in managing product 



 

 

variability is a quasi-mandatory strategy [3] and is even a requirement [15]. 

Moreover, by definition, the term MC induces not only variability, but also the 

presence of high production volumes. Therefore, in the current turbulent market, 

companies tend to build collaborative networks in order to cope with these two 

challenges. The enterprise networking implies sharing risks, resources, 

responsibilities, and rewards [4].  In this particular scenario, if the reduction of the 

single enterprise efforts is easily understandable, the impacts on variability are not 

evident.  

Comparing the Fig. 1 to the Fig. 2, there are in Fig. 2 different realization possibilities 

corresponding to different manufacturing facilities involved in the network. That 

means that another source of variability has to be taken into account. 

 
Fig. 2 – Variability for MC (i.e. customer’s needs) in enterprise network (i.e. manufacturing 

facilities). 

3. Product Lines for managing variability 

A commonly accepted solution [5–9] for coping with the previously highlighted two 

kind of variability is to place, during the order entry process, between the customer 

and the product to be manufactured, a product configuration software tool. It is based 

on a product model in which customer can enter values for some options in order to 

define a specific product. This kind of tools is able to create manufacturable products 

based on configuration rules formalised by designers. At the design stage, the 

manufacturability of all possible customised products is verified. Usually this kind of 

product model is named in different ways, e.g. product family [10], configurable 

product model [11] or product line [12, 13]. The name Product Lines (PLs) will 

represent here all these types of models. 

3.1 Product lines for mass customisation 

In this section, we show how the current solution in the domain of PLs can fit the MC 

variability (on the left side of the Fig. 1 and Fig. 2). In this case, PLs have to be able 

to identify a link between needs expressed by customers and the corresponding 

customised product that can be manufactured by the enterprise.  

In [14], authors define an ontology for engineering design in which they define the 

concept of requirement. According to them, requirements are properties of artefacts to 



 

 

be designed. Customer needs are considered to be fuzzy and incomplete; therefore a 

refinement is required to make them usable.  

In [15], the authors present a product configuration tool developed in JAVA and 

based on CBR (Case Based Reasoning) and constraints representation of PL. The case 

studied is related to a personal computer (pc) configurator: here most of customer 

needs are components such as RAM, CPU, etc. These variables evidently describe pc 

components but not customer needs and not even how the pc meets those needs. In 

[16], the authors present an initial PL metamodel formalized in UML. Here, customer 

requirements are defined as a set of values for product attributes.  

In [17], the authors justify the importance of a constraint based representation of PL: 

the product configuration (PC) process is performed solving a constraint satisfaction 

problem (CSP). They propose a four-concept model: customer requirements (i.e. the 

needs), component types, design parameters and design constraints. As in other 

works, the authors mean for needs, the product functions.  

In [18], the authors formulate the PC as a multi objective configuration problem. 

They apply a genetic algorithm to solve the problem. Also in this case, the product 

functions are used for interfacing the customer with the PL.  

In [11], the authors try to extend the configuration impact on customer satisfaction 

and on production planning. Here customer requirements are products or product 

components properties.  

In [19], the authors propose a method (for an assembly-to-order product) for taking 

into account the customer and the manufacturer utility at the same time in a PC. A 

genetic algorithm is used for solving the CSP. Here, the customer requirements are 

represented as product properties.  

In [20], the authors use a technique based on the application of fuzzy multiple 

attributes decision making for PC. Customer requirements are represented as product 

technical specifications and prices.  

In [10], the authors represent the PC as an optimization problem of customer 

satisfaction. A genetic algorithm is deployed for finding a solution. Graphs are used 

for linking product components features with customer needs, but here customer 

needs are still product features.  

In [21], the authors propose a modular-based PC process. The most remarkable point 

of this paper is the classification of customer needs: binary, optional, parameter, 

description and explanation types. We can yet state that needs are seen as product 

specifications.  

In [22], the authors represent the PC process in a two-stages translation: from 

customer requirements to product functions; from product functions to product 

modules. Also here, requirements are expressed by means of product components or 

product features.  

In [12, 23], the authors represent the PL in a CSP. In the first paper a definition of 

configuration needs is given: anyway the configuration needs are represented on the 

basis of product component features.  

The analysis of the state of the art shows that current PLs engineering methods are not 

completely formalising the link between the customer needs and the customised 

product.  



 

 

3.2 Product lines for networking 

In this section, we show how the current solution developed in the domain of PLs can 

fit the variability coming from the networking (on the right side of the Fig. 2). In this 

scenario, the most important point is the ability to take into account all local 

constraints coming from manufacturing facilities. In other words, the PLs outputs 

must not add constraints that can limit the flexibility of each manufacturing facility in 

optimising the organisation of its processes and resources.  

All work on PLs cited above refer to a single manufacturing facility. Therefore here 

we can highlight a lack of a method able to take into account this kind of variability. 

4. A systemic perspective for variability rationalisation 

In this section we use a systemic perspective in order to highlight the lacks of current 

approaches for the illustrated scenario. Here the aim is to describe how we can 

improve the PL definition to meet the variability rationalisation. Finally we show the 

impact of this strategy on the sustainability perspective of the enterprise. 

The General Systems Theory, described for the first time in [24], is an 

interdisciplinary study with the system as the core concept. Starting from this work, 

Le Moigne built a modelling theory in [25]. He stated that a system is a structured 

object that functions and evolves, in an environment, for a fixed purpose.  

The engineering theory based on this concept is called System Engineering (SE) [26]. 

For [26], three main models define the system: 

1. The System requirements model contains the required system features in order to 

fulfil customer needs; this model is independent from solution alternatives and 

from technology; 

2. The Logical architecture model describes how the system functions, i.e. its 

behaviour for the requirements fulfilment; this model is independent from 

technology 

3. The Physical architecture model describes the set of elements that perform 

functions; this model is related to technologies. 

4.1 The approach for customisation variability  

We propose to classify the research work on PLs according the three main models of 

SE: 

 Product component features (i.e. physical architecture) as input: at this stage the 

customer (not supposed to be an expert) is not able to understand the interaction 

between components and evidently he is not able to understand their impacts on 

his needs; 

 Product functions (i.e. logical architecture) as input: the customer is not able to 

understand how functions can satisfy its needs and especially about how 

functions interact for doing so; 



 

 

 Product specification (i.e. requirements) as input: to the customer is provided 

the knowledge about the effects of how the product functions (and so product 

components) interact for performing the product behaviour, of which 

specifications are the description; in this case, the customer still is not able to to 

evaluate the impact of the product specification on his needs. 

Doing so, we can highlight a gap (Fig. 3) between the customer needs and the input of 

current PLs. In order to fill this gap in the configuration system: 1) customizers use 

market research [27], therefore the manufacturer designs the products and after looks 

for potential customers; 2) customizers optimize customer satisfaction [10], but that 

implies ability for representing and assessing the feeling of satisfaction of each 

customer; 3) sellers are in charge to fill this gap, performing a real requirement 

analysis process [28]; 4) finally, in the worst (but very usual) case, customers have to 

fill this gap. 

 
Fig. 3 – Gap between current PL approaches and a PL able to cope with MC in a network. 

In one-of-a-kind systems, the transformation of needs in system requirements is 

performed during the requirement analysis process. A definition of this process can 

be found in [29]: here the authors analyse the requirement analysis process in SE. 

This process is iterative and recursive [29]. But in MC, once the PLs is designed, the 

requirement analysis process has to be linear, i.e. in order to avoid a requirement 

analysis at each sold product, we need to formalise the link between needs and system 

requirements only once, at the PL design stage.  

Usually, needs represent the customer point of view on the system requirements. 

Therefore, the requirement analysis process aims to refine needs in order to translate 

them into an expert view. In our vision a possible solution is to put the PL inputs at 

the origin of needs, i.e. the environment. In this way a PL can include the direct 

transformation of the customer environment into system requirements. 

4.2 The approach for networking variability  

As pointed out in section 3.2, current PLs take into account only one manufacturing 

facilities. This means that, the output of the PL is very detailed at the technological 

level (Fig. 3). Applying this solution in a network of enterprises, we can have two 

resulting scenarios: 

1. to take into account all technological constraints coming from all manufacturing 

facilities; therefore, in order to optimise the efficiency of each single 

manufacturing facility, it is needed to take into account all constraints coming 

from all other network participants; 



 

 

2. to develop a PL for each facility in the network; this implies an increase of the 

product design effort proportional to the number of enterprises in the network. 

In our vision, in order to rationalise the efforts and the resources consumption, a PLs 

output has to be independent from any technological definition. Using the SE vision, 

the PLs output has to include concepts belonging to the logical architecture of the 

system (Fig. 3). 

4.3 From variability rationalisation to sustainability 

In this section we briefly show how an appropriate design of PLs can impact the 

sustainability assessment of an enterprise network. Our vision of the solution, shown 

in the two previous sections, allows the rationalisation of the variability: i.e. we find 

the right compromise between resource consumption (environmental and economical 

pillar of sustainability) and the amount of targeted customer needs (social pillar of 

sustainability). 

As seen in section 4.1, the link between the customer needs to the system 

requirements can be formalised. The implications of this formalisation are doubles: 

 On the customer side, the customer is able to ask for products that he really 

needs; 

 Therefore, on the customizer side, the enterprise develops only product that 

customer needs, avoiding useless resource consumption. 

As seen in section 4.2, setting the PL outputs on the logical system architecture, each 

manufacturing facilities can optimise the resource consumption without taking into 

account constraints coming from other facility in the network. In this way, the facility 

resource consumption efficiency is not impacted by the networking strategy. 

Moreover, already in [30] authors showed how a function-based (i.e. logic) design 

can be integrated with the enterprise information systems in order to support 

sustainability. 

5. Conclusions and future works 

In this position paper, we proposed a systemic point of view for analysing the current 

state of the art of the variability management, particularly of the Product Lines. We 

also proposed our perspective to meet the variability rationalisation and we showed 

how the variability rationalisation can lead to sustainability in a customizer network. 

We are currently analysing the scenario and working on a solution to be experimented 

in the Trane Company. Trane, designs, manufactures and develops air-handling 

systems. The typical Trane product proposes several possible customisations. This 

leads easily to a large variability: several thousand of combinations to cope with. 

Moreover, the high volume and the product complexity stress on the need of 

temporary partnership, usually defined on the basis of one product. 

Our future efforts will focus on a detailed design solution for a Product Lines in this 

scenario. In particular, we envisage to deal with this point using basics of the 

cybernetic [31] and systemic approaches.  
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