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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract

Manufacturing companies are revolutionizing the way they deal with customers, trying to satisfy their emerging needs with new, Product-Service 
System-centered (PSS), offerings. The shift towards this offering and its implementation are not easy since the proposal of badly structured 
offerings leads to unsatisfactory results for all the stakeholders. To obtain the maximum value in use, the way products and services are sold and 
delivered must be configured properly. In view of this, proper conceptualization, design and engineering methodologies must be adopted, along 
with suitable Decision Support Systems (DSS) to support them. DSS could help decision-makers in improving the service delivery process, 
proposing its scheduling, or deciding which kind service and how to provide it to customers. To be effective, DSS must be fed with right data 
and, in this sense, the implementation of Industry 4.0 technologies results crucial since the availability and exploitation of new, big, and structured 
datasets could improve DSS reliability. The aim of this work is to investigate how the presence of a DSS focused on service delivery process can 
enhance PSS offering in the context of Industry 4.0. The authors used a set of keywords related to PSS, service delivery process, DSS and Industry 
4.0 to perform the research on the Scopus database. Following, they filtered results according to parameters of interest and, after reviewing the 
papers’ pool, they identified the final set for the review. The analysis highlighted a gap in literature due to the lack of researches around the 
improvements in the service delivery process achievable through the implementation of smarter DSS exploiting the Industry 4.0 technologies.
© 2019 The Authors. Published by Elsevier B.V.
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1. Introduction

The recent market evolution forced manufacturing
companies to find new convenient ways to deal with their 
customers. In fact, the new needs emerged in the last decade 
pushed companies toward the proposal of new offerings based 
on bundles of products and services able to satisfy customer 
requirements namely Product-Service Systems (PSS) [1]. It 
must be cleared that shifting from a traditional, product-
centred, business model, where the relationship with customer 
is purely transactional, to a new, customer-centred, PSS 
business model, characterized by different levels of intimacy, 
is not an easy task [2]. The provision of such complex and 
customer-tailored offering demands a profound revolution in 
the way products and services are designed, manufactured and 

delivered to customers [3]. Researchers conducted several 
studies around this topic, proposing numerous methodologies 
aimed at improving different aspects of the PSS life cycle – e.g. 
conceptualization [4] and design [5] phases, while only a few
authors have worked to improve PSS delivery and operations. 
Anyhow, a good design of product and services is not enough 
to guarantee the correct PSS provision and delivery. In order to 
create the maximum value in use, service provision must be 
supported by suitable Decision Support Systems (DSS), able to 
help decision-makers to make the right decisions and able to 
smooth PSS delivery process. In this regard, [6] states “DSS 
comprise a class of information system that draws on 
transaction processing systems and interacts with the other 
parts of the overall information system to support the decision-
making activities of managers and other knowledge workers in 
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must be cleared that shifting from a traditional, product-
centred, business model, where the relationship with customer 
is purely transactional, to a new, customer-centred, PSS 
business model, characterized by different levels of intimacy, 
is not an easy task [2]. The provision of such complex and 
customer-tailored offering demands a profound revolution in 
the way products and services are designed, manufactured and 

delivered to customers [3]. Researchers conducted several 
studies around this topic, proposing numerous methodologies 
aimed at improving different aspects of the PSS life cycle – e.g. 
conceptualization [4] and design [5] phases, while only a few
authors have worked to improve PSS delivery and operations. 
Anyhow, a good design of product and services is not enough 
to guarantee the correct PSS provision and delivery. In order to 
create the maximum value in use, service provision must be 
supported by suitable Decision Support Systems (DSS), able to 
help decision-makers to make the right decisions and able to 
smooth PSS delivery process. In this regard, [6] states “DSS 
comprise a class of information system that draws on 
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organizations”. In this sense, the wise exploitation and sharing 
of data collected from products and processes could lead to 
improved service delivery [7]. In parallel, the industrial world 
is witnessing a profound revolution under the umbrella of 
Industry 4.0 (I4.0) strategic programs [8]. One of the main 
benefits produced by the implementation of I4.0 technologies - 
such as Cyber-Physical Systems (CPS) [9] - is the availability 
of a consistent number of new data – e.g. collected from the 
production process [10]. Alternatively, the presence of sensors 
on the products, along with their ability to connect to the 
Internet, allows gathering and sharing useful data on all the 
product lifecycle stages. These data, if wisely exploited, can 
enhance significantly the way products and services are offered 
and delivered to customers [11]. Indeed, the adoption of I4.0 
technologies could boost the diffusion of PSS offerings on the 
market, especially if these technologies are used to enhance and 
facilitate the delivery of tailored services to customers [12]. 
The aim of the authors is to investigate how the presence of a 
DSS focused on the service delivery process enhance PSS 
offering in the context of I4.0. This work intends to investigate 
the knowledge available on the topic, summarizing the results 
achieved until now and delineating the open gaps.  

Section 2 presents the methodology used to perform the 
review and the reasons behind it. Section 3 and 4 deal 
respectively with the papers and DSSs’ analyses. Section 5 
discusses the results delineating the gaps arose during the 
review. Section 6 concludes the paper summarizing the results 
and depicting the future work. 

Table 1. Papers' Numbers and Filters 

 

2. Literature Review 
 

2.1. Methodology 
 
In a PSS-centred business model, services have a central 

role in the creation of additional value for the company and the 
customers. Because of this, they must be associated with 
tailored instruments, able to support the service delivery 
process. In this sense, I4.0 technologies could play a significant 
role if well integrated into the decision-making and service 
delivery process [12]. A literature review has been conducted 
with the aim of investigating the work done until now on this 
topic and the maturity of this research field. 

Fig. 1 depicts the methodology used to conduct the 
literature review while Table 1 reports how filters were applied 
to search results. The authors defined a set of keywords, and 
related synonyms, able to delineate the research context and 
useful to investigate the maturity of this field. To run the 
search, the authors used one of the major research database – 
SCOPUS. Keywords such as “decision support system”, 
“product service system”, “service delivery”, “service”, 
“service process”, “Industry 4.0”, “cyber-physical system”, 
“manufacturing” and “life cycle” were used to construct the 
queries, along with the operators “AND” and “OR”. To widen 
as much as possible the initial pool of papers, the authors run 
multiples searches with different combinations of the 
abovementioned keywords on the “Article title, Abstract, 
Keywords” field. Following, search results were refined using 
some of the SCOPUS filters, selected according to the authors’ 
research interests. The values used to filter the search results 
are the following:  

 Publication Year: “2011”, “2012”, “2013”, “2014”, “2015, 
“2016”, “2017”, “2018”; 

 Subject Area: “Engineering”, “Computer Science”, 
“Business, Management and Accounting”, “Decision 
Sciences”; 

 Document Type: “Conference Paper”, “Article”, “Article in 
Press”; 

 Source Type: “Conference Proceedings”, “Journals”; 
 Language: “English”. 

The authors exported the filtered results as separate .csv 
files. Once collected, the authors started reading the papers’ 
title, using it as a proxy to select the ones interesting for the 
research. Papers with title explicitly not related to the research 
topic were discarded; papers with title interesting for the 
research or in doubt were kept. Once obtained the filtered list 
of papers, the authors started reading their abstract. Once again, 
papers with abstract not related to the scope of the research 
were discarded, while papers with abstract related or partially 
related to the research were kept. At this point, filtered .csv files 
were converted and merged in a single Excel file, and paper’s 
title was used as a proxy to remove duplicates. The authors 
downloaded the full-text of the remaining papers and started 
reading them to obtain the final pool for the detailed analysis. 
Once downloaded the full-texts, the authors started reading 
papers in the scope of classifying them according to their 

Filters Number of 
Papers 

Initial pool 671 
Title filter (504) 
Pool after title 167 
Abstract filter (96) 
Pool after abstract 71 
Duplicates removal (24) 
Pool after duplicates 47 
Full-text not available (6) 
Pool to read 41 
Not useful (21) 
Final pool for the analysis 20 

Fig. 1. Methodology 
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content. Particular attention was devoted to the collection of 
content information (e.g. the nature of the research or the 
industry of application) and the scope of the research (e.g. PSS, 
DSS and enabling technologies). Accordingly, the following 
categories were used: 

 Nature of the research; 
 Presence of model or framework; 
 Industry and area of application; 
 PSS description; 
 Product; 
 Service; 
 Technology/Architecture; 
 B2B/B2C; 
 DSS type; 
 DSS scope; 
 Input information (for the DSS); 
 Output information (from the DSS); 
 Life cycle phase of application. 

Finally, the authors used Python 3.6 to perform a 
quantitative and qualitative analysis of the information 
contained in the Excel file. The results of the analysis are 
reported in the following. 

 
2.2. Papers Analysis  

This section reports the quantitative and qualitative 
analyses performed on the papers used in this literature review. 
Besides the categories listed in the previous section, the 
analysis also covered other indicators. The discussion around 
DSS topic in the PSS context is gaining importance. In fact, 
from the graph in Fig. 2, it is possible to notice a positive trend 
in the number of publications. Regarding the publishing source, 
no evidence of preference between journal articles and 
conference proceeding was observed. On the contrary, it is 
possible to affirm that CIPR IPSS community is the one who 
has the major interest on the topic. This is an expected result 
since it is a community working on PSS theme and since the 
keywords used for the search were PSS-related. Regarding 
keywords analysis, part of results is depicted in Fig. 3. To 
favour readability, only a subset of keywords is shown. As it is 
possible to notice, there is a strong presence of PSS-related 
keywords. Moreover, also DSS-related keywords constitute a 
relevant part of the total pool, with DSS as most popular 
keyword. Another interesting hint comes from the analysis of 
I4.0-related keywords. In fact, despite Cyber-Physical System 
(CPS) is one of the most popular topics in the I4.0 research 
stream [13], it appears only twice in the keywords’ list. The 
full-text reading and categorization highlighted the presence of 
a model or a framework in the majority of papers and, in 
particular, the analysis pointed out that simulation (e.g. Agent-
Based Simulation and Discrete Event Simulation) is the most 
used technique for system modelling. Other instruments used 
to model the system are flowchart, UML, BPMN 2.0, Petri-
Nets. As shown in Fig. 4, 14 out of 20 papers deal with 
manufacturing industry. The result complies with the main 
scope of the research. Related to this, the papers covered a wide 
variety of application area, such as agriculture, energy, 
household appliances, machine tools, industrial complex 

systems, etc.  

2.3. Decision Support System (DSS) Analysis 

After an initial analysis of papers according to 
bibliographical and content data, the authors focused the 
attention on DSS. The authors used the DSS classification 
framework described in [14] to classify DSS type and capture 
trends in DSS implementation and usage for PSS decision-
making. Model-Driven DSS is the most common category, 
followed by Document-Driven and Knowledge-Driven DSS. 
While some of the DSSs have been classified as Data-Driven 
DSS, no Communication-Driven DSS is present in the pool. In 
order to be effective, DSSs must be built around a clear scope 
[15], clear in the required inputs and expected outputs [16] and 
designed according to the life cycle phase to which they belong 
to [17]. The analysis points out that the majority of publications 
have a scope related to maintenance in terms of scheduling, 
maintenance type and/or priority. The second most common 
scope in the analyzed pool is operations management, detailed 

Fig. 2. Publication Year Analysis 

Fig. 3. Keywords Analysis 

Fig. 4. Industry Analysis 
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in many cases as service delivery, which represents the main 
interest of this research. The full-text reading allowed defining 
the different inputs used in the DSSs. Due to the vast diversity 
of inputs, and to facilitate the comprehension and discussion of 
results, they are classified in categories. Fig. 5 provides a visual 
representation of the most common information required as 
inputs for the DSSs. As expected, business model information, 
such as costs (e.g. maintenance, planning, set-up, logistic, 
etc…) and market characteristics, are the most required inputs. 
This is because profits are a fundamental driver that companies 
have to take into consideration when making decisions. Of 
course, also product and service characteristics, along with 
production system information, have great importance in 
decision-making process. For what concerns services, it is 
important to mention that maintenance represents probably the 
most diffused service offered to customers and, for this reason, 
authors put maintenance-related inputs in a separate category. 
If the input information category is mainly related to business 
model, the most common output of DSS is related to 
maintenance decisions. As shown in Fig. 6 these decisions are 
mainly related to maintenance delivery policy, scheduling and 
quotation. Business decision constitutes another important 
category in the output information analysis. In particular, these 
are mainly related to the optimization of business process, to 
the management of business relations with the customer (e.g. 
penalties or discounts). Other important aspects addressed by 
the pool of papers are production (e.g. Kanban status, 
production schedule), requirements (e.g. expert systems, full 
cost model, etc…) and risk assessment. Furthermore, the 
authors categorized papers according to the life cycle phase 
[18] where they are used. According to Fig. 7, usage phase is 
the most covered one by DSS, followed by maintenance phase. 
In particular, four papers categorized in the usage phase deal 
with service delivery process, which is the focus of this 
research. Due to the necessity for companies to provide 
efficient PSS, some DSS focuses on Conceptualization and 
Design phase. The results are in accordance with what has 
resulted from the DSS scope analysis.  

3. Discussion 

PSS business model is spreading around manufacturing 
world because of the benefits it could bring to companies and 
customers. Multiple studies have demonstrated that an 
imperfect implementation could turn into poor results for both 
users and providers [19]. For this reason, besides the 
integration of product and services during the design phase, 
another relevant aspect for the creation of the maximum value 
in use is the correct service delivery process and, thus, the 
support of suitable DSS supporting it. This topic is of great 
importance due to the new, central role, which services gained 
in PSS business model. As demonstrated by this literature 
review, the discussion around this topic is starting, as 
researchers are becoming aware of the strategic role that 
service delivery has in value creation. As [15] states, it is 
necessary to distinguish between DSS and Specific DSS 
(SDSS) because of their different reliability and flexibility. In 
fact, begin focused on a specific task, SDSSs are more reliable 
in the domain they are acquainted with allowing, in certain 
cases, to reduce human intervention in the decision-making 

process. On the other hand, their flexibility is very low, and 
they cannot be used outside their domain without diminishing 
their reliability. On the contrary, generic DSSs are more 
flexible and, because of this, less reliable due to the fact that 
they are not built to deal with single and specific knowledge-
domain but to deal with different domains. DSS can be applied 
to different phases of PSS life cycle like conceptualization [20], 
design [21], manufacturing [22], [23], usage [15], [24]–[26], 
and maintenance [27], [28]. Being the life cycle phase crucial 
for the definition of the DSS characteristics, it also influences 
the DSS scope and DSS type, and vice versa [15], [17]. As 
emerged from the paper analysis, different DSS types are 
proposed in literature. Among these, simulation is very 

Fig. 5. Input Information Analysis 

Fig. 6. Output Information Analysis 

Fig. 7. Life Cycle Phase Analysis 
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common, especially in the middle phases of PSS life cycle 
(delivery, maintenance), while for the initial phases other 
approaches, such as Petri-Nets are preferred. If the simulation 
is the most diffused DSS type, maintenance is probably the 
most diffused service offered; this is why a considerable 
number of papers among the pool focused on that. 
Maintenance-oriented DSSs are strategic for the assets’ End-
of-Life (EOL) management and, consequently, for the value 
creation [29]. Moreover, as [30] affirms, DSS-oriented 
maintenance has a direct impact also on other phases of PSS 
life cycle like manufacturing and use phase, influencing 
production process and product availability directly. [31] 
discusses the importance of decision-making to support 
capacity planning in PSS delivery context, highlighting how, 
depending on the specific business model, it could significantly 
influence revenues and relationships with customers. In this 
sense, the integration of I4.0 technologies and data collection 
could impact the service delivery significantly, improving the 
reliability of Data-Driven and Model-Driven DSSs such as the 
ones described in [26], [27], [32] and, in turn, fostering cross-
organizational processes [33]. As data availability constitutes 
one of the major advantages of I4.0, important problems like 
data collection [34], management [35] and usage [10] must be 
faced by decision-makers and DSS designers. In this sense, the 
majority of case studies and applications cases in the papers 
suggests the presence of sensors and cloud as fundamental 
technologies to support the service delivery. Despite this, the 
discussion around the possibilities offered by CPS in this 
context is very poor. Even though [13] states that CPS usage 
could be beneficial for a more reliable and autonomous 
decision-making process, among the pool only a few papers 
deal with the CPS concept [22], [30], [36]. The discussion 
around this topic should be deepened, especially since CPSs are 
used frequently as a synonym of I4.0 in literature. As [37] 
states, process and relations modelling can play a fundamental 
role in the improvement of the service delivery process. As 
proper DSS should support service delivery process, accurate 
process modelling should be used as a support to improve DSSs 
decisions. The paper analysis demonstrated that a wide variety 
of modelling languages and techniques - such as BPMN2.0 
[33], flowchart [38], VSM [39] and UML [36] – can be used to 
support decision-makers. One of the most peculiar advantages 
of process modelling is the possibility to clarify the information 
flow, delineating in each step input and output information. As 
mentioned in the previous section, information related to 
business model and production system along with constraints 
and product and service characteristics are the most common 
input information for the DSS, especially in the service 
delivery phase. As a result, output information is mainly related 
to maintenance or business decisions. In particular, 
maintenance decision policy or scheduling and price discount 
or penalty decisions.  

What emerges from the analysis is that despite the structure 
of the queries specifically focused on the service delivery, the 
number of paper related to this is only a minor part of the total 
pool [15], [26], [33], [39] and, none of them deals with the CPS 
concept. Thus, more efforts should be put on this theme due to 
the strategic importance that service delivery process has on 
value creation.  

The research around DSSs enabled by the Industry 4.0 
technologies in the service delivery process is still poor. Given 
the diffusion of Industry 4.0 related technologies, this theme 

should be deepened.  
None of the analysed papers has discussed the possibility of 

a service selection framework to use in the service delivery 
process, in order to understand which kind of service should be 
provided to the customer to answer to his/her specific need. The 
theme has been discussed only slightly in some of the 
maintenance papers, where different maintenance scenarios 
have been compared.  

None of the analysed papers deals with the theme of the 
automation of decision-making in service delivery process. 
This could be interpreted as a hint that service delivery process 
is, as of now, still mainly managed manually and, thus, could 
be biased by the interests of the decision-maker.  

Given these findings, it is clear that there is a gap around 
the research on how the implementation of DSSs able to 
automate the decision-making activity, and enabled by the 
Industry 4.0 technologies, could result in a more effective 
service delivery process. Examples of application could be the 
following: 
 Data collected from CPS and uploaded in the cloud could 

be used by the DSS as input for the selection of the service 
to provide to customers (e.g. selection between supporting 
the customer through the remote Help desk, through a 
phone call or by sending a technician at the customer place); 

 Similarly, a DSS could be used to automate the selection of 
the technician to send on the field to provide maintenance. 
In this case, the DSS could take as input information like 
machine location, skills required to execute maintenance, 
technicians' schedule, etc… and provide as output a list of 
technicians able to provide the service. 

4. Conclusion 

If companies offering PSS to the market want to maximize 
their profits and customer satisfaction, they should be aware of 
the importance that the service delivery phase has on the value 
creation. The scope behind this literature review was to 
investigate the role of DSS as support for the PSS delivery, 
paying particular attention to the presence, and the role, of I4.0 
technologies in the process. Among the initial pool of more 
than 600 papers, only 20 satisfied the selection criteria. Among 
these, only 4 were strictly focused on the service delivery 
process, while the others were focused on other aspects of the 
PSS life cycle. In addition, only a minor part of the papers 
mentioned explicitly I4.0 technologies and, in this pool, only 3 
dealt with the CPS theme. None of the papers in the pool 
discussed at the same time of service delivery process and CPS. 
The findings clearly highlight a gap in the research around 
DSSs enabled by I4.0 technologies and able to automate part of 
the service delivery process, improving it. Future research will 
be focused on this theme, trying to understand what kind of 
information are necessary to build a DSS with this scope and 
how to measure the benefits for the companies. 
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