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Abstract: Intelligent manufacturing has produced a revolutionary change, mainly driven by the current competitive
world, reinforcing the importance of inserting Product Lifecycle Management (PLM) approach. PLM emerges with
the aim of efficiently managing product-related information throughout the product lifecycle with sustainability.
It also satisfies the interest in managing the services and products lifecycle, and in the case of products, their
management, from their insertion in production processes, to their lifecycle end, generating a closed management
cycle. This paper aims mainly to understand how the concept of PLM is being approached and defined by academics.
For this, a systematic literature review with bibliometrics, networks and contents analysis were applied. The goal
of this paper to evidencing the main PLM definitions, providing a comprehensive view of the current researches

and raising knowledge gaps for future research about it.
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1. Introduction

Currently, new business challenges are constantly
emerging in a scenario of short product lifecycles,
increase of outsourcing, mass customization demands,
geographical dispersal of teams and fast depreciation.
This scenario enhances collaborative and integrated
engineering, caused by the management need of products
are increasing in diversity and complexity (Ming et al.,
2008; Fortineau et al., 2013). This demands the reduction
of the time-to-market and production costs, while
improving quality (Fortineau et al., 2013), resulting
in a highly competitive and fast change of the global
marketplace, challenging for a modern collaborative
business environment, requiring the industry to consider
design, control and optimization of the whole product
lifecycle, besides the capability to operate in a dynamic
global environment. It also demands the acquisition
of new capabilities for competitive advantages in the
current Internet Economy (Jun et al., 2009; Young et al.,
2007; Ming et al., 2008). This way, the management of
the lifecycle becomes critical to innovations, meeting
the customer needs, without driving up costs, sacrificing
quality or delaying deliveries (Jun et al., 2009; Young et al.,
2007).

Academics and industrial researchers engage tremendous
efforts in research and develop industrial information
technologies, pursuing more competitive business
advantages in product lifecycle, highlighting the increasing
interest in the benefits of the effective use of lifecycle Big
Data (Ming et al., 2008; Zhang et al., 2017b). This way,
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information management has received a considerable
attention, mainly because organizations work in a complex
business environment characterized by information
overload, high levels of competitiveness and acceleration
of technological change. These efforts led to the Product
Lifecycle Management (PLM) software, offering powerful
tools and enabling high levels of manageable information
(Soto-Acosta et al., 2016; Jun et al., 2009; Sharma, 2005).

PLM has been recognized for evidencing challenges and
opportunities, once modern technological advances have
resulted in innumerable complex systems, processes, and
products, and this increasing complexity offers considerable
challenges in design, analyses, production and management,
for their whole lifecycle (Venkatasubramanian, 2005).
Anew knowledge research field is thus provided which aims
to assist in the current industry challenges (Fortineau et al.,
2013).

Therefore, this study aims to understand and to evidence:
How is the PLM concept being approached and defined
by academics? The paper also investigated the evolution
of PLM, providing an overview of the researches already
conducted and the knowledge gaps for future researches.
A systematic literature review was applied, assisted by
bibliometrics, networks and contents analysis.

This paper comprises five sections. The first section
details the context and relevance of this study. Section two
presents the method. Section three evidences the results.
Section four discusses the results, while section five
provides the conclusions.
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2. Research method

The research conducted a systematic literature review
to understand the use of PLM by academics. The purpose
was to evidence the state of the art about PLM, providing
a comprehensive view of the research already conducted
about the theme and the possible knowledge gaps for future
research.

The systematic literature review was used for searching
the state of the art to detect the advances and the limitations
of the research already published (Palmarini et al., 2018).
This allows identifying the future research opportunities, the
research gaps and evidencing the subject structure, causes,
effects and processes (Dikici et al., 2018; Maier et al., 2016).

2.1. Sample and procedures

The sample of analyzed papers is a result of searches in
two databases, Scopus and Web of Science (WoS).

Figure 1 summarizes the research based on 962 documents,
selected after different filters, resulting in 469 papers
about the subject of interest, used for the bibliometrics
and networks analysis, and 56 most relevant articles for
full reading, forming the database for this article content
analysis. The method is detailed in the next topics.

2.2. Research method steps

Bibliometrics analysis uses empirical evidence to
explore a research field (Neely, 2005), summarizing the
major research trends and subjects (Kolle et al., 2017;
Yu et al., 2016; Zhang et al., 2017b), guiding future
researches (Zhang et al., 2017b). Assuming that the authors
of a theme cited the most relevant researches in the field,
evidencing the most relevant citations and co-citations
(Ramos-Rodriguez & Ruiz-Navarro, 2004). The network
analysis evidences a photograph of the publications (Takey
& Carvalho, 2016). The application of bibliometrics
and networks analysis allows the active investigation of
publications (Yataganbaba et al., 2017). The content analysis
assists in the conceptualization of the research in different
ways (Hazen et al., 2015), assisting in the analysis of the
information (Wasike, 2017; Arslan, 2012) and evidencing
common practices, interpretations, and relationships
(Allen et al., 2014).

The research methods steps were first analyzing
the number of publications per year and per journal,
highlighting the evolution of the subject published over the
years, and the journals that published about it. The second
step, all the publications were analyzed to develop a coding
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Figure 1. Systematic literature review workflow.
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scheme involving the publication methods and main subject.
The third step consists of the network’s development,
using the VOSviewer 1.6.6 software to elaborate and to
visualize the networks and the NetDraw software to edit the
networks, analyzing all the publications, developing three
networks: co-authorship countries, co-occurrence keywords,
and citation authors. The fourth step, the database for the
qualitative analysis were developed; for that, the papers’
Impact Factor (IF) was calculated, using Equation 1, as
in Carvalho et al. (2013). Pareto’s analysis from Takey &
Carvalho (2016) was used to select the papers representing
an 80% IF, resulting in 56 publications, composing this
study content analysis.
IF =C *(JCR+1) (1)
Equation 1. Impact Factor (IF).
C - represents the number of citations and JCR - the impact
factor of the journal in which the paper was published,
based on its Journal Citation Report. Source: Carvalho et al.
(2013).

3. Results

The results of this research were classified into two
main categories, quantitative results and qualitative results.

3.1. Quantitative results

This section presents the quantitative results of this
research, divided into two groups, bibliometrics and
networks results.

3.1.1. Bibliometrics results

Analyzing the publications, it is possible to
evidence 469 papers meeting to this study interest, in an
evolution along the years evidenced in Figure 2, with the
number of accumulated publications increasing along the
analyzed years (2001-2018), since the first publication in
the theme of interest.

This evidenced that the main journals publishing in the
subject were Computers in Industry (8%), International
Journal of Product Lifecycle Management (5%) and
Concurrent Engineering Research and Applications (4%).
The other journals have a representatively inferior to 3%,
being a subject of interest from different journals.

3.1.2. Networks results

Out of 56 different countries, 21 countries presented a
minimum of five documents published; the co-authorship
countries network evidences the countries publishing
together, see Figure 3.

The main connections are between France and the
United Kingdom; France and Switzerland; Germany and
the United States of America; and China and Singapore.
Only four countries represent 53% of the citations and 51%
of the publications number, respectively, the United States
of America (20%; 13%), China (13%; 14%), the United
Kingdom (11%; 10%) and France (10%; 14%).

There are 3,194 different keywords, 31 keywords have a
minimum of 17 occurrences, leading a three main clusters,
see Figure 4.
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Figure 2. Accumulated view of the publications, evolution along the years.
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Figure 4. Co-occurrence keywords network.

The major clusters were Management, Development and
Systems, the pillars of currently concept of PLM. The main
connections are between Product Lifecycle Management
and Lifecycle; Product Lifecycle Management and Product
Design; Lifecycle and Product Lifecycle Management; and
Lifecycle and Product Development. Only five keywords
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represented 51% of the occurrences, Product Lifecycle
Management (20%), Lifecycle (15%), Product Development
(9%) and Product Design (7%).

Out of 1,074 different authors, only 16 authors present a
minimum of five publications; forming five main clusters,
see Figure 5.
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Only three authors represented 51% of the citations,
detailing, Kiritsis (32%), Eynard (10%) and Vezzetti (9%).
The main connections are between Demoly and Gomes;
Demoly and Kiritsis; Demoly and Eynard; and Kiritsis and
Eynard. Evidencing only few authors publishing about the
theme.

3.2. Qualitative results

This section presents these research qualitative results,
presenting the contents analysis, which can also be
considered as the literature review of this study.

3.2.1. PLM evolution and concept

The concept of Product Lifecycle Management
(PLM) appeared in the 90s as an extension of Product
Data Management (PDM) (Stark, 2011), providing more
information related to large organizations (Kiritsis,
2011). The PDM has been developed to improve the
data management and documented knowledge for new
products design, allowing the focus on the product design
and production phases (Kiritsis, 2011). In this view, PLM
development depended upon the idea of an evolution and
continual assimilation of computer-oriented product-based
solutions, from early engineering design applications
(e.g. Computer-Aided Design (CAD) or Computer-Aided
Manufacturing (CAM)) in the 70s and 80s, through to
the integration of Enterprise Resource Planning (ERP),
Customer Relationship Management (CRM) and Supply
Chain Management (SCM) solutions (Ameri & Dutta 2005).
The importance of product information management
during the whole product lifecycle has increased due to
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the technical sophistication of products as well as stricter
governmental regulations for lifecycle management
(Framling et al., 20006).

PLM concept provides a definition of a complete
product lifecycle, including all information and processes
required to plan, develop, manufacture and support the
product from conception through the end of its lifecycle,
integrating: people, processes, business systems and
information (Lee et al., 2008a). Appearing to focus on
a design perspective with the best association with the
manufacture components parts (Young et al., 2007). This
concept evidence the importance of a manufacturing model
that not only provides a common information source to
support design decisions, but which focus in the business
core competencies, providing a new understanding of the
product manufacturer, with a model that can be updated for
future benefits (Young et al., 2007).

As benefits, the PLM is a strategic business system that
allows effective communication among different groups at
dispersed locations, to share ideas and access information,
to develop new products and execute innovative processes
(Lee et al., 2008a). In summary, PLM not only provide
process management throughout the entire product lifecycle,
but also enables effective collaboration among networked
participants in product value chain, which distinguishes it
from other enterprise application systems, such as Enterprise
Resource Planning (ERP), Supply Chain Management
(SCM), Customer Relationship Management (CRM), etc.
(Ming et al., 2008). With the goal of reducing the product
time to market improving the product functionality and
increasing the ability to customize (Schuh et al., 2008).
Under these circumstances, new PLM system development

Santos et al.



technologies are being employed to develop attractive PLM
systems that will provide more satisfaction to customers
(Schuh et al., 2008).

In the literature review, several different PLM definitions
were found, summarized in the Table 1.

3.2.2. PLMin the products” lifecycle

The product lifecycle consists of three main phases:

* Beginning-Of-Life (BOL): including design and
manufacture;

* Middle-Of-Life (MOL): including use, service,
maintenance, and distribution (logistics);

* End-Of-Life (EOL): where products are recollected,
disassembled, remanufactured, recycled, reused, or
disposed.

During BOL, information flow is quite complete and
supported by information systems such as Computer
Aided Design (CAD)/Computer Aided Manufacture
(CAM), Product Data Management (PDM) and Knowledge
Management systems (Jun et al., 2009; Cao & Folan, 2011;

Kiritsis, 2011; Cao et al., 2009). However, the information
flow becomes vague or unrecognized after BOL, demanding
the feedbacks of product-related information such as product
usage data, and disposal conditions to have information
supporting the MOL and EOL phases (Jun et al., 2007).
In a scenario where the lifecycle activities of MOL and
EOL phases have limited visibility of the product-related
information (Jun et al., 2007), emerging the PLM to allow
the management of product lifecycle data, offering the
features present in Figure 6.

Detailing the PLM system, they are generally computer-
based information systems which assist the organization’s
PLM strategy. The components in a full PLM system include
the items evidenced in Figure 7.

The idea is that information of MOL could be used at the
EOL to support deciding the most appropriate EOL option
(specially to plan for re-manufacturing and reuse), providing
feedback for the BOL, improving a new generation of
products (Demoly et al., 2012).

All these phases have as objective to minimize cost
and time by understanding problems before the product
development and manufacturing processes, improving the

Table 1. PLM definitions.

Author

Definition

Sharma (2005)

A concept that aims to integrate the various processes and phases involved during a typical product lifecycle.
Based on horizontal business processes without a single tool or a package that can describe the whole PLM.

Jun et al. (2007)

A new strategic approach to manage the product lifecycle information efficiently. Enabling to gather and analyze
the product lifecycle information and make decisions on several issues.

Chen et al. (2008)

A strategic business approach that manage all the product lifecycle stages.

Lee et al. (2008a)

A concept that evidence the information management, throughout all the stages of a products’ lifecycle.

Ming et al. (2008)

New strategic business model to support collaborative creation, management, dissemination, and use of product
assets, including data, information, knowledge, etc. Assist organizations in conceptualizing end of life, integrating
people, processes and technology.

Rachuri et al. (2008)

A strategic approach to create and manage the organization’s intellectual capital, from the since a product initial
conception until its discontinuity of production. Supports the product lifecycle by modeling, capturing, manipulating
and exchanging the information.

Alemanni et al. (2010)

An extension of Product Data Management (PDM), representing the missing link between Computer Aided Design
(CAD), digital manufacturing, and simulation. Representing the virtual world and interfaces with the Enterprise
Resource Planning (ERP) system supporting the physical side of modern manufacturing along the supply chain.

Kiritsis (2011)

Strategical approach with three fundamental dimensions: (i) universal, secure, managed access and use of product
definition information, (ii) maintaining the integrity of the product definition, being related with information
throughout the life of the product or plant and (iii) managing and maintaining business processes used to create,
manage, disseminate, share and use of information.

Marchetta et al. (2011)

A key concept for manufacturing industries to improve product quality, time-to-market and costs.

Al-Ashaab et al. (2012)

Strategy and technique that assist the organizations to succeed in the manufacturing industry. Assisting to maintain
the product data timeliness, validity, accuracy, and traceability.

Kubler et al. (2015a)

A wide-ranging concept that aim to integrate the product lifecycle, including people, data, products, processes,
metrics and so forth.

Zhao et al. (2015)

Integrated management of relevant information throughout the product lifecycle from customer needs capture,
through product design and engineering, manufacturing, maintenance, and service, to market.

Bonou et al. (2016)

Is the overarching process for all the product development activities. Including the customer-oriented strategic
planning, design, and development, monitoring the whole product lifecycle activities.

Soto-Acosta et al. (2016)

A new approach for management information along the product lifecycle, enabling organizations to reduce
products’ time to market as well as to respond to a growing demand for quality and customization of products.
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Figure 6. Features obtained by PLM for product lifecycle data management. Source: Adapted from Cao et al. (2009).
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Figure 7. PLM system components.
Source: Adapted from Cao et al. (2009).

organization’s performance utilizing technology and support
(Soto-Acosta et al., 2016). Around 40% of engineer’s time
is spent to connect the information about the processes,
with information search and sharing, and in this scenario,
the correct usage of PLM can save at least 50% of this time,
which could be used to develop more value-adding tasks
(Soto-Acosta et al., 2016).

PLM offers a range of tools to support the business,
including the ability to manage workflows, but the heart
of an effective PLM system is the database structuration,
ensuring that all users have access to effective information
support (Young et al., 2007). Companies need to connect
the product design and analysis processes to the production
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and supply chain processes with PLM support, including:
Product Data Management (PDM), Component Supplier
Management (CSM), Enterprise Resource Planning (ERP),
Manufacturing Execution Systems (MES), Customer
Relationship Management (CRM), Supply and Planning
Management (SPM), and others (Rachuri et al., 2008).
Occurring the PLM optimization achievement only when the
knowledge sharing happens in the whole product lifecycle,
with the PLM development being the result of integrating
many lifecycle data (Zhang et al., 2017a).

Still on PLM in the product’s life cycle, some relevant
improvement opportunities emerge, evidenced in Figure 8.

Santos et al.



Traceability and data
synchronization (Kubler et al.,
2015b).

Lack of attention to customer
requirements, happing problems
in terms of design ability, delays

because of customer
misunderstandings expectations,
etc. (Lee et al., 2008b).

due to incomplete designs, rework

The ability to share information

of information systems tend
inflexible to change and the
ability to share diverse views of
similar information needed by
teams of engineers cannot yet be
supported (Young et al, 2007).

across competitive sofiware tools
are limited, with the development

Limitations of commercial PLM
software (Soto-Acosta et al.,
2016).

Problems of interoperability and
data integration (Matsokis &
Kiritsis. 2010).

Compeatibility issues (Demoly et
al.. 2013).

Customization for sustainability
(Frimling et al., 2013).

Standardize product meta data
models (Srinivasan, 2011).

Need for capacity building in life
cycle thinking and concerns, with
the PLM complexity iterations
and the need for integration and
training, during implementation.
(Bonou et al., 2016).

Lack of PLM adaptability with
small and mid-sized enterprises
(SMEs) (Soto-Acosta et al.,
2016; Aziz et al., 2005).

More data sources and relations
require more interfaces, meaning
more points of potential failure
(Alemanni et al., 2010).

Figure 8. Improvement opportunities

Opportunities which can be seeen as gaps/needs that can be
filled in with the improvement of PLM.

3.2.3. PLM applications

A big challenge is to understand the implications of
developing and interoperating across different types of
knowledge environments and product lifecycle systems
(Chungoora et al., 2013). Thereby, there is a tendency
in converting existing models into ontologies and the
creation of new models, and because of this in the PLM
field, there are several recent works dealing with ontologies
(Matsokis & Kiritsis, 2010). Besides that, the past years have
presenting growing investments in the field of PLM, by the
automotive sector and the manufacturing industry, that is
facing tremendous pressure on environmental regulations,
such as the reduction of pollutants, e.g., carbon dioxide
(Tang & Qian, 2008).

In this scenario, the researchers classified the application
fields according to the number of published papers, 68%
of the publications are from the application areas shown in
Figure 9 and the other 32% of the articles are from application
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areas that have less than 1% of representativeness on the
PLM topic which can be seen by the author in Appendix 1.

Besides that, the articles were separated by subject, see
Figure 10, evidencing the most published articles on the
topic are related to systems from which it can be connected
and used in conjunction with PLM.

The more representative keywords can be visualized
in Figure 11, and the detailing with the authors are in
Appendix 2.

3.2.4. PLM implementation

When a company adopts PLM for the first time, the
implementation process itself becomes a process of change
(Soto-Acosta et al., 2016). This is because these changes
should occur not only at the IT level but also at strategic and
process level, more specifically, at the level of the individual
skills and capabilities of employees (Soto-Acosta et al.,
2016). With the PLM being currently a technological
solution for a system with a high number and variety
of information systems that need to communicate over
organizational limits and overtime (Framling et al., 2013).
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Companies aiming to implement PLM can refer to
the provided conceptual framework to establish their
own framework, linking the company elements in a
comprehensive PLM environment (Schuh et al., 2008).
Therefore, the following ten steps are necessary: define the
goal of PLM implementation; analyze the existent PLM
foundation; rank processes; identify company maturity
level (as-is process); select an appropriate reference model;
customize reference model; specify requirements for system
selection; select software solution; define the evolution
path; implement software solution; and teach employees
(Schuh et al., 2008). Besides the fact that the implementation
of PLM strategy is a very long-period investment and the
benefits are not measurable in a short period.

PLM implementation failures in cases of incompatibly
between the selected software and the company philosophy
(Soto-Acosta et al., 2016). In order to avoid this type of
issue, the choice of the PLM solution must be preceded by
an extensive analysis of business processes and procedures
(Soto-Acosta et al., 2016), and ever-stricter environmental
legislation over the past decade has led to the search for
greater efficiencies everywhere, including the whole product
lifecycle (Cao et al., 2009).

Although the potential of closed-loop PLM is widely
recognized and have started to address its challenge, there
are still fundamental questions and issues that need to be
addressed. (Framling et al., 2014). There are limitations
of commercial PLM software which means that adopting
commercial PLM software implies assuming certain
limitations since the beginning. For instance, the integration
of the PLM with other systems (Soto-Acosta et al.,
2016). It’s necessary to manage a set of relations to
provide consistency of data spread across different media
and formats, sometimes referred to as “associativity”
(Alemanni et al., 2010) and, there is also opportunity for
improvement at architectures which tend to be inflexible
at data interface (Framling et al. 2014; Young et al., 2007),
meaning more points of potential failure (Alemanni et al.,
2010). Also, it’s necessary to improve the traceability and
data synchronization (Kubler et al., 2015a), and the ability
to share information across competitive software tools
(Young et al., 2007).

4. Discussion

The main objective of the article is to understand how the
concept of PLM was approached in the academy. The article
presents the main approaches on the subject aiming to give
a comprehensive view of the researches already done and
gaps in studies that can be focused in future researches.

With this study, it is possible to show that among the
articles studied there are more studies approaching only
the applications of the system in few areas or studies that
are focused in PLM applications in conjunction with other
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tools. Another discovery was that the three most advanced
areas are Ontology, Automotive, and Manufacturing. Areas
such as Oil and Gas, Healthcare and Food Industry have a
high potential for the development of application of PLM.

The co-occurrence keywords evidenced the keyword
Product Lifecycle Management in all clusters, but being
evidenced as the abbreviation PLM only in one cluster, more
related to product development and information technology
with mathematical models. The bibliographical research
evidence that the published articles are centralized in some
journals and in a few countries.

In a highly competitive and fast-changing global
marketplace, PLM is a new strategic approach to efficient
management, its concept is composed of the following
steps: beginning-of-life, middle-of-life and end-of-life,
which includes the design and the manufacture until the
recycle, reuse and disposing of the product. Therefore, the
PLM enables to gather and analyze the product lifecycle
information, which means that it is a key approach for
industries who are searching to improve product quality,
time-to-market and costs.

The article also has the PLM implementation perspective.
It becomes as a process of change, that presents opportunities
for improvement at architectures, and requires a high
company maturity level to the software implementation.
However, it is possible to admit that the concept of PLM is
evolving and has already brought benefits, but still demand
more specific case studies to better evidence the theoretical
studies about the relevance of the system, the stages of the
cycle, the results of system implementation and the best
practices for the ones who participate of the implementation
and for those who receive this change in their process.

5. Conclusion

This paper has provided an overview of PLM state of
the art. The PLM was described through PLM justification;
goals; concept; applications and implementation showing
the benefits and the gaps for all steps. Thereby, the study
brings into view of the main authors and their approaches
to the theme with different and complementary views of
the concept. Besides that, it can also show the difficulties
found by them during their studies.

Thus, for future researchers, it is important to understand
these difficulties and to explore these points and other
elements such as PLM applications with real cases studies.
Mainly with application in the strategical decision making;
more management indicators that involve PLM; to
include semantic, heuristics and mathematical models; to
explore the data synchronization mechanisms; reinforce
the connection and the challenges between the PLM, the
big data, and the [oT. Exploring also the communication,
the intelligent products and the integration between them
with the objective of reducing environmental impacts and
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applying all these studies with the goal to explore in Closed-
Loop Lifecycle Management (CL2M) as well.

In conclusion, with this, PLM is a complex concept and
there is a lack of a deep understanding of the real potential
of its application. And there is also a need to have more
studies with more integration between all the parts that
integrate it through real applications. With this article having
as limitations the fact that only used the Scopus and WoS
databases, and some figures and analysis were developed
only for the papers that compose the contents analysis.
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Appendix 2. Continued...

Authors

Keywords

Hachani et al. (2012), Baughey (2009), Meng et al. (2008), Srinivasan
(2011)

Server-Oriented Architecture (SOA)

Al-Ashaab et al. (2012)

Siemens Teamcenter Software (TcSE)

Demoly et al. (2011b)

SKeLeton geometry-based Assembly Context Definition
(SKLACD)

Kiritsis (2011), Srinivasan (2011)

Standard for the Exchange of Product data model (STEP)

Zhang et al. (2014)

TechnoWare, InforWare, FunctionWare, and OrgaWare (TIFO)

Vezzetti et al. (2011)

Teoriya Resheniya Izobreatatelskikh Zadatch (TRIZ)

Tran (2006)

UGS’ Teamcenter Express

Vadoudi et al. (2017), Eynard et al. (2010), Li & Wu (2005),
Sudarsan et al. (2005), Matsokis & Kiritsis (2010), Srinivasan (2011),
Zhao et al. (2015), Demoly et al. (2013), Young et al. (2007), Cao et al.
(2009)

Unified Modeling Language (UML)

Kultyshev et al. (2013)

Ural Turbine Works (UTW)

Lin et al. (2011)

Value Stream Mapping (VSM)

Polcar & Horejsi (2015), Stelzer et al. (2009)

Virtual Reality (VR)

Zhu et al. (2012)

World Wide Web Consortium (W3C)

Yoo et al. (2014), Matsokis & Kiritsis (2010), Fortineau et al. (2013),
Zhu et al. (2012), Demoly et al. (2012)

Web Ontology Language (OWL)

Adami-Sampson (2007)

Waste electrical and electronic equipment, Restriction of
hazardous substances, and end of life Vehicle
(WEEE, RoHS, and ELV).

Alemanni et al. (2008)

Wide Alenia space Network Data (WAND)

Feng et al. (2009)

Windchill FlexPLM

Liao & Zhang (2005)

Workflow Management System (W{MS)
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