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Abstract. This paper addresses the data, information and knowledge 
management challenges in product lifecycle management (PLM) using novel 
industrial internet/industry 4.0/cyber-physical system platforms. PLM is quite 
seminally related to data, information and knowledge, and about getting these 
properly to serve a company’s business and product development as well as to 
create value for the customer. We analyze Industry platforms, that are enabled by 
industrial internet based technologies as well as certain collaboration and social 
media platforms that help solving certain PLM challenges. This analysis will 
allow companies to make informed decisions while selecting platforms to solve 
their PLM challenges.     
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1 Introduction 

Product lifecycle management (PLM) can be defined as a systematic and controlled 
concept for managing product related information and products throughout the whole 
product lifecycle [1]. PLM is quite seminally about data, information and knowledge, 
and about getting these properly to serve a company’s business and product 
development (e.g. [2], [3],[4]), as well as to create value for the customer [2]. 

However, there are various challenges related to accessing and managing all relevant 
data, information and knowledge related to products’ lifecycle, which is often due to 
the fact that such relevant information may be dispersed among a number of various 
actors, who also have their personal conception of the product and its performance[5]. 
Relatively recently, it has been understood that various technologies and approaches 
related to Internet of Things and Industrial Internet, such as sensors, machine-to-
machine communication and various types of platforms can, however, offer quite 
important and novel solutions to the management of product lifecycle information, such 
as providing access and real-time insights to the data of many PLM-related actors. 

For instance, the flow of real time data from the various sensors across the value 
chain will enable for the first time the chance to observe the entire value chain instantly. 
This will enable the optimization of the entire value chain rather than some part of it 
[6]. Hence, industrial internet will go way beyond the traditional factory automation 
and will reduce the transaction costs for every transaction in the value chain. Yet, partly 
due to the recent maturation of many industrial internet related technologies and 



 

 

concepts, there is relatively little research that study the possibilities of industrial 
internet to PLM field. One of such topic is the role of various types of industrial 
internet- related platforms to enhancing the management of relevant data, information 
and knowledge related to products’ lifecycle and different lifecycle phases. 

The significance of platforms has grown increasingly (e.g.[7]). Importantly, 
platforms and platform-like digital services can provide new ways to access and 
accelerate the capturing of data and converting it into insightful information and 
knowledge. The role of various platforms, industrial internet –related platforms in 
particular, in the context of PLM and in facilitating the management of product lifecycle 
information has not been studied previously, according to our survey of current PLM 
and industrial internet literature ([2], [6], [8], [9]). 

Thus, we have come up with the following research questions which will be 
addressed in this study: 

• Which kinds of PLM related data, information and knowledge management 
challenges are addressed by novel platforms in industrial internet? 

• How do the industrial internet platforms address the information and 
knowledge management issues in product lifecycle management?  

To address the above research questions, this study will try to discover and analyse 
novel types of platforms from academic literature as well as other relevant sources. 
Selection of different types of platforms for further analyses, and evaluation of their 
capabilities to address the various challenges related to the management of data, 
information and knowledge in PLM context will be done. 

2 PLM and Product Lifecycle Management Challenges 

Product lifecycle management (PLM) can be defined as a systematic and controlled 
concept for managing product related information and products throughout the whole 
product lifecycle [10]. However, the focus of our study lies essentially in the 
management of data, information and knowledge related to products and product 
lifecycle, not e.g. product management as such. PLM aims to provide a shared platform 
for effectively capturing, representing, organizing, retrieving and reusing product-
related lifecycle information across companies, and to support the integration of the 
existing software systems. PLM is often seen essentially as PLM software (either 
essentially a single PLM solution, or a large group of different types of solutions, such 
as PDM, CRM, ERP, excel sheets, various collaboration tools etc.). Commonly, 
however, PLM can be seen as a larger PLM concept which involves e.g. people, 
processes and technological solutions. (e.g. [2], [11]). In our study, we focus on the 
latter, more extensive concept of PLM. 

There are a number of different types of challenges related to the management of 
product lifecycle information. We will review some of the major challenges here, and 
analyse in later sections how such challenges can be dealt with through the novel 
possibilities of Industrial internet and specifically the identified various Industrial 
internet platforms. Here, we focus on the important overall challenges of PLM that can 
most probably be addressed through means of Industrial internet and Industrial internet 
platforms, not e.g. topics related to standards.  



There are various PLM-related literature reviews and outlook or survey-type of 
articles (e.g.[1], [5], [8], [12], [13]) and other found relevant generic articles on the 
broad topic of data, information and knowledge management in PLM context. The 
many challenges in the management of data, information and knowledge in PLM 
context are rooted in the long lifecycles of products (e.g.[14]); the transfer of 
information between product lifecycle phases (beginning, middle and end of life) and 
so-called “closed-loop” PLM (e.g.[1]); problems related to the extended enterprise and 
the collaboration and communication of companies, customers and other relevant actors 
with relevant expertise and knowledge during the lifecycle (e.g.[15]); the real-time 
accessing, transfer, management, aggregation and analytics of all different types of 
data, information and knowledge needed in PLM, including structured, not structured 
and even tacit knowledge of employees (e.g. [15]) as well as making sense of the data 
and connecting it to the decision making of various PLM-related processes. The goals 
and challenges of PLM might be very different in different types of companies, e.g. 
project-based or one-of-the-kind organizations vs. mass-customized or many-of-the-
kind organizations (E.g.[4],[5]). The interoperability of Information Systems 
throughout the product’s life cycle is primordial for a successful Product Lifecycle 
Management approach. The ability of two (or more) systems to communicate, 
cooperate and exchange services and data, thus despite the differences in languages, 
implementations, executive environments and abstraction models [12]. 

3 Industrial Internet Platforms 

3.1 Types of Platforms 

Platforms on a very broad level can be divided into “internal” or firm level platforms 
and “external” or ecosystem level (industry wide) platforms. This broad classification 
allows us to place external or industry platforms as key enablers for enhancement in the 
management of data, information and knowledge during the lifecycle of a product. 

We take the definition of Industry Platform by [7]. According to them, “industry 
platforms are defined as products, services, or technologies developed by one or more 
firms, and which serve as foundations upon which a larger number of firms can build 
further complementary innovations and potentially generate network effects.” External 
or Industry platforms are probably most relevant forms of platforms in the context of 
PLM, because they can enhance the management of data, information and knowledge 
not only internally, but also amongst the various organizational actors throughout the 
lifecycle phases (BOL, MOL, EOL). 

In case of Industry or external platforms, there are differences in the degree of 
platforms’ openness meaning how ‘open’ the platform is in order to let third party 
developers and companies to make applications over the platform using the data and 
information from the platform ([7], [16]). In an external platform the degree of 
openness can vary on a number of factors or dimensions[7]: the access to information 
in the platform to build applications can vary, the rules that allow the usage of platform 
can differ, and even the fee to get the access (license fee) can change. The more open 



 

 

the platform is in these three dimensions, the more easily it is for the different parties 
to access and share the relevant data through the platform. 

3.2 Industrial Internet Platform Functionalities 

Industrial internet, Industry 4.0 and CPS can be collectively defined as industrial 
systems that integrate computational and physical capabilities of machines in order to 
provide advanced analytics and interact with humans ([9], [17], [18], [19], [20]). In this 
study, we define industrial internet platforms as platforms which adhere to the general 
definition of industry platform (as in section 3.1) and the industrial internet definition 
mentioned above.  

In the context of product lifecycle management (PLM), there has been a marked 
shift in its vision, which would ideally mean the ability to access, manage and control 
product related information across various phases of lifecycle [5]. In case of PLM, 
industrial internet platforms can provide the real time management of data and 
information flows and help in the data-information-knowledge (D-I-K) transformations 
along all the phases of product lifecycle.  

The industrial internet platforms can access data from different sensors, actuators, 
enterprise systems, social media and other novel data sources ([21], [22]). The 
industrial internet platform is able to aggregate data into a single database which can 
be stored, either in dedicated in-house servers or with other third party cloud storage 
providers ([19], [23]). This organised data can be used, for example, by technicians to 
remotely monitor the condition of machine without physically being present [24], the 
data can also be run through machine learning algorithms to predict the health condition 
of a machine and notify the concerned technician to make an informed decision about 
the need to have the machine maintenance [25]. The data, via the platform, can provide 
different analytics like descriptive, predictive and prescriptive to create proper 
infographics which facilitate experienced knowledge workers [18]. Consider the 
example of a new industrial internet platform based risk assessment solution in Oil & 
Gas sector, which allows real time visual representation of risks to oil pipeline, based 
on internal and external environment factors. These infographics provide the 
experienced pipeline operators a new way to check pipeline integrity. [26] In many 
cases the industrial internet platforms enable development of applications ("apps”) on 
top of the platform. These applications help in sharing the relevant information between 
the different actors and can also help in sense-making [27]. 

Today, there is a plethora of platforms available. We selected a subset of platforms 
that enable efficient and real time management of data, information and knowledge 
over various lifecycle phases. These platforms were searched from mainly academic 
articles (example [17], [28]–[31]) and other relevant sources which 
reviewed characteristics of platforms, functionalities of platforms and data and 
information management perspective of platforms. Some platforms, such as Exosite 
and IndustryHack, were added into this pool because they were discovered to be 
interesting in some of their characteristics. From this subset a large pool was selected 
based on the following inclusion criteria:  

1. Platforms that are relevant to industrial internet and cater to manufacturing 
and industrial companies 



2. Platforms that are international. This allows various actors involved in the 
lifecycle of the product to use them from different geographical locations.   

3. Platforms that satisfy the definition of External/industry platforms [7] that 
allow the inter-organizational collaboration to manage data, information and 
knowledge 

Table 1. Large pool of industry platforms by their domain 
Division by domain Platform examples 

Industrial Internet/Industry 4.0 
/Cyber Physical System(CPS) 
Platforms 

General Electric’s Predix, Microsoft Azure, Cyberlighting’s 
Cyberville, Schneider Electric’s Wonderware, SAP Hana Cloud 
Platform (Connected Manufacturing & Predictive Maintenance and 
services), Bosch Production & Logistics, LifeCycle Care (Your 
KoneCranes + TrueConnect), John Deere Forest Insight   

Internet of Things Platforms PTC-Thingworx, IBM BlueMix, Exosite, Google Brillo, Sap IoT 
Platform, Intel IoT, Salesforce IoT Cloud 

Social Media Platforms in 
manufacturing Industrial 
Companies 

Yammer, LinkedIn, Twitter 

Crowdsourcing & Collaboration 
Platforms 

IndustryHack, GrabCad, Innocentive  

 
Table 1 above shows the examples of various platforms in the domain of Industrial 
internet/Industry4.0/CPS ([9], [17]), Internet of Things (IoT) ([28], [31]), social media 
platforms in manufacturing industrial companies [32], crowdsourcing and collaboration 
platforms [33]. These examples are not an exclusive list of platforms but they are 
representatives of the domains.  

4 Analysis of industrial internet platforms from PLM perspective 

In order to do an in depth analysis of industrial internet platforms from the perspective 
of PLM, we further selected 10 platforms (see Table 2), that represent different platform 
domains and have unique features as platforms, considering especially their capabilities 
to address various challenges (drawn from section 2, and represented as the major 
evaluation criteria in Table 2). We further selected 5 platforms (see Table 3), that 
provide analysis to highlight the effects on management of data, information and 
knowledge across various PLM phases using industrial internet as a technology enabler.  



 

 

 
In Table 2, IndustryHack is a unique actor as it uses the concept of hackathon [34] in 
industrial setting to bring together outside experts who can help in rapid prototyping 
[35] and present a proof of concept for the given industrial problem. In terms of data 
access, Predix, MyJohnDeere and Bosch IoT Suite have the unique advantage of 
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providing their own sensors which can work in different environments ([9], [21], [26]). 
These platforms have capability to directly access a new source of data which is not 
possible for platforms which don’t provide their own hardware (example sensors, 
actuators). On the other hand, IndustryHack collects data in terms of a pool of experts 
which can collaborate with industries in the hackathons. Hana, Azure, Predix, 
Thingworx also allow the real time data integration with data from novel data sources 
like social media ([28]–[30]). This kind of combination of data can lead to creation of 
new information. Platform like Cyberville provides feature like multilayered 3D view 
of complex network in real time. Thingworx lowers technological complexities for 
users through codeless mashup capabilities. This enables easy creation of variety of 
visual infographics. [29], [31] In business context, sense making needs experts who can 
help in making quality decisions after an informed sense making process (2015, 
Namvar et. al). While sense making is enabled by most of the platforms in the above 
list. Platforms like Yammer (microblog) and IndustryHack directly support sense-
making by bringing together relevant experts to make sense of provided information.  

Table 3 provides detailed analysis of 5 platforms that address the challenges 
of PLM in the context of data information and knowledge management. Platforms have 
different degrees of openness [7]: Access to data and information, Rules governing the 
platform and cost of access to data and information. Cyberville is open from the 
viewpoint of DIK in a way that it follows the open source standards of the internet 
technology. Access to data information and knowledge across the life cycle phases and 
within the different phases (in case of Closed Loop PLM) is the key to the value creation 
from product related lifecycle data, information and knowledge [8]. MyJohnDeere is a 
kind of a platform that enables the product manufacturer to tap into all the data and 
information throughout the lifecycle phases and also access within different lifecycle 
phases. Interoperability [12] which is one of the key issues in all industry softwares ( 
for example PLM, PDM, CRM, ERP) is solved by the use of industrial internet 
platforms by the use of plugins. In order to create value of data and information it is 
important to get this data and information in real time and provide analytics based on 
this data in real time as well. GE Predix and Microsoft Azure kinds of industrial internet 
platform have incorporated Big Data technologies in the platform architecture to enable 
real time monitoring as well as analytics ([9], [26], [28]). One of the key differentiator 
between traditional industry softwares and platforms like PTC Thingworx, Cyberville, 
GE Predix is the availability of On-demand tailored solutions ([29], [31]) or “apps” 
which result into a marketplace. These “apps” or applications create value of data, 
information and knowledge for the platform users. The popularity and acceptance of 
this marketplace generates network effects for the platform [7].   

 
 
 
 
 
 
 
 
 
 



 

 

 
Table 3 Detailed analysis of Industrial Internet Platforms in the context of PLM 

5 Discussion and Conclusion 

The challenges with the management of data, information and knowledge in case of 
PLM is a very important area of research. Problems such as real-time data access, 
transfer, management and analytics are some of the challenges that need to be solved 
efficiently. Industrial internet platforms address to the challenges of data information 

Platforms to be analyzed → 

GE 
Predix 

Microsoft 
Azure 

PTC 
ThingWorx MyJohnDeere CyberVille- 

CyberLighting Criteria for  
Analysis   ↓ 

Detailed 
Criteria for 
Analysis ↓ 

Openness of the 
Platform 
 
Level of openness – 
Low, Medium & 
High 

Access to 
Information 

High High High Low Medium 

Cost of 
Access 

High High Medium Low Low 

Control in 
terms of 
Rules to use 
the platform 

High Low 
(Users 
can 
decide 
about data 
access) 

Low (Users 
can decide 
about data 
access) 

High Low 

Used in Product 
Lifecycle Phases 

BOL Across 
and 
Within 
all phases  

Across 
and 
Within 
all phases 

No Across and 
Within 
all phases 

No 

MOL Across and 
within 
MOL and 
EOL 

Extensively in 
MOL 

EOL Less in EOL 

Interoperability 
between different 
information systems  

Yes/No Yes Yes Yes Yes Yes 

Real Time 
Monitoring/Analytics 

Basic 
Advanced Advanced Advanced Advanced Basic 

Advanced 

On-Demand Tailored 
Solutions 

Demand-
side user 
(End User) 

Yes Yes Yes Yes Yes 

Supply-side 
(Application 
Developer) 

No Yes Yes No Yes 



and knowledge during and within the PLM phases. Most of the platforms are efficient 
and similar in the storing the data and sharing information. Platforms like IndustryHack 
that allow tapping into outside experts while Yammer is centered on supporting 
collaboration between experts enable the sense-making of the data and information. 
Advanced analytics like the multi-layered real-time 3D visualization and mashup kind 
of applications (for analytics) is enabled by industrial internet platforms. The On-
demand tailored solutions help visualize and manage data and information using 
portable devices (mobile phones, smart watches) which the large PLM and PDM 
systems do in a restricted manner.   

Our purpose was to analyse and understand the potential role of II platforms in the 
management of product lifecycle related information and knowledge. From our 
analyses, first, we can conclude that there exist quite different types of external industry 
platforms with different emphases in their capability of addressing various types of 
PLM challenges. In addition to IoT platforms, industry 4.0 platforms and CPS 
platforms, these include also crowdsourcing and social media platforms that can 
address some of the relevant PLM challenges that others are not well-positioned to do, 
such as tapping into external knowledge resources and helping to make sense of various 
existing data. The analysis, in overall, demonstrates that many of the platforms seem to 
cater for the PLM challenges in rather different and unique manner compared to 
traditional PLM software, even if various PLM software have recently adopted 
platforms features and even developed their own app store solutions. This uniqueness 
is related to for instance enhanced interoperability and the ability to make use of novel 
data sources in a flexible and real-time manner. Second, we claim that industrial 
internet platforms can and should, in many cases, be adopted to allow more extensive 
and useful management of all relevant data from the lifecycle, and combined to existing 
PLM software through the platforms’ capabilities to connect to external software and 
hardware. We believe that such platforms, when selected in an informed manner, can 
have even a significant role in enhancing the management of product lifecycle related 
information and knowledge. Simultaneously, companies should be careful when 
selecting platforms (as well as any other software solutions), because switching to other 
software can be difficult later on due to the path-dependency of the decisions. 
A small or medium sized company might want to select a platform based on open source 
standards and open interfaces, such as CyberVille- Cyberlighting, while a large 
established company might prefer a more mature and developed platform like Predix 
or ThingWorx. Companies should also take care to make a decision which suits the 
core objectives of PLM in the longer term, defining these objectives carefully before 
the decision. 

6 References 

 
[1] S. E. Kadiri and D. Kiritsis, “Ontologies in the context of product lifecycle management: 

state of the art literature review,” Int. J. Prod. Res., vol. 53, no. 18, pp. 5657–5668, Sep. 
2015. 

[2] G. Schuh, H. Rozenfeld, D. Assmus, and E. Zancul, “Process oriented framework to support 
PLM implementation,” Comput. Ind., vol. 59, no. 2–3, pp. 210–218, Mar. 2008. 



 

 

[3] H. Kärkkäinen, H. J. Pels, and A. Silventoinen, “Defining the Customer Dimension of PLM 
Maturity,” in Product Lifecycle Management. Towards Knowledge-Rich Enterprises, L. 
Rivest, A. Bouras, and B. Louhichi, Eds. Springer Berlin Heidelberg, 2012, pp. 623–634. 

[4] H. Kärkkäinen, J. Myllärniemi, J. Okkonen, and A. Silventoinen, “Maturity assessment for 
implementing and using product lifecycle management in project-oriented engineering 
companies,” Int. J. Electron. Bus., vol. 11, no. 2, pp. 176–198, Jan. 2014. 

[5] S. Terzi, A. Bouras, D. Dutta, M. Garetti, and Dimitris Kiritsis, “Product lifecycle 
management – from its history to its new role,” Int. J. Prod. Lifecycle Manag., vol. 4, no. 
4, pp. 360–389, Jan. 2010. 

[6] A. Buda, K. Främling, J. Borgman, M. Madhikermi, S. Mirzaeifar, and S. Kubler, “Data 
supply chain in Industrial Internet,” in 2015 IEEE World Conference on Factory 
Communication Systems (WFCS), 2015, pp. 1–7. 

[7] A. Gawer and M. A. Cusumano, “Industry Platforms and Ecosystem Innovation,” J. Prod. 
Innov. Manag., vol. 31, no. 3, pp. 417–433, May 2014. 

[8] H.-B. Jun, D. Kiritsis, and P. Xirouchakis, “Research issues on closed-loop PLM,” Comput. 
Ind., vol. 58, no. 8–9, pp. 855–868, Dec. 2007. 

[9] N. Agarwal and A. Brem, “Strategic business transformation through technology 
convergence: implications from General Electric’s industrial internet initiative,” Int. J. 
Technol. Manag., vol. 67, no. 2–4, pp. 196–214, Jan. 2015. 

[10] A. Saaksvuori and A. Immonen, “Understanding the product lifecycle,” Prod. Lifecycle 
Manag., pp. 191–206, 2008. 

[11] R. Batenburg, R. w. Helms, and J. Versendaal, “PLM roadmap: stepwise PLM 
implementation based on the concepts of maturity and alignment,” Int. J. Prod. Lifecycle 
Manag., vol. 1, no. 4, pp. 333–351, Jan. 2006. 

[12] D. Elheni-Daldoul, J. L. Duigou, B. Eynard, and S. Hajri-Gabouj, “Enterprise Information 
Systems’ Interoperability: Focus on PLM Challenges,” in Advances in Production 
Management Systems. Competitive Manufacturing for Innovative Products and Services, 
C. Emmanouilidis, M. Taisch, and D. Kiritsis, Eds. Springer Berlin Heidelberg, 2012, pp. 
184–191. 

[13] X. G. Ming, J. Q. Yan, W. F. Lu, and D. Z. Ma, “Technology Solutions for Collaborative 
Product Lifecycle Management – Status Review and Future Trend,” Concurr. Eng., vol. 13, 
no. 4, pp. 311–319, Dec. 2005. 

[14] A. Ball, L. Ding, and M. Patel, “An approach to accessing product data across system and 
software revisions,” Adv. Eng. Inform., vol. 22, no. 2, pp. 222–235, Apr. 2008. 

[15] F. Ameri and D. Dutta, “Product Lifecycle Management: Closing the Knowledge Loops,” 
Comput.-Aided Des. Appl., vol. 2, no. 5, pp. 577–590, Jan. 2005. 

[16] T. R. Eisenmann, “Managing Proprietary and Shared Platforms,” Calif. Manage. Rev., vol. 
50, no. 4, pp. 31–53, Jul. 2008. 

[17] M. Hermann, T. Pentek, and B. Otto, “Design Principles for Industrie 4.0 Scenarios,” in 
2016 49th Hawaii International Conference on System Sciences (HICSS), 2016, pp. 3928–
3937. 

[18] J. Lee, B. Bagheri, and H.-A. Kao, “A Cyber-Physical Systems architecture for Industry 
4.0-based manufacturing systems,” Manuf. Lett., vol. 3, pp. 18–23, Jan. 2015. 

[19] P. C. Evans and M. Annunziata, “Industrial internet: Pushing the boundaries of minds and 
machines,” Gen. Electr. Novemb., vol. 26, 2012. 

[20] M. lansiti and K. R. Lakhani, “Digital Ubiquity: How Connections, Sensors, and Data Are 
Revolutionizing Business,” Harv. Bus. Rev., vol. 92, no. 11, pp. 90–99, Nov. 2014. 

[21] M. E. Porter and J. E. Heppelmann, “How Smart, Connected Products Are Transforming 
Companies,” Harv. Bus. Rev., vol. 93, no. 10, pp. 96–114, Oct. 2015. 

[22] M. E. Porter and J. E. Heppelmann, “How Smart, Connected Products Are Transforming 
Competition,” Harv. Bus. Rev., vol. 92, no. 11, pp. 64–88, Nov. 2014. 



[23] I. Lee and K. Lee, “The Internet of Things (IoT): Applications, investments, and challenges 
for enterprises,” Bus. Horiz., vol. 58, no. 4, pp. 431–440, Jul. 2015. 

[24] C. Lesjak, T. Ruprechter, J. Haid, H. Bock, and E. Brenner, “A secure hardware module 
and system concept for local and remote industrial embedded system identification,” in 
Proceedings of the 2014 IEEE Emerging Technology and Factory Automation (ETFA), 
2014, pp. 1–7. 

[25] J. Lee, H.-A. Kao, and S. Yang, “Service Innovation and Smart Analytics for Industry 4.0 
and Big Data Environment,” Procedia CIRP, vol. 16, pp. 3–8, 2014. 

[26] L. W. Winnig, “GE’s Big Bet on Data and Analytics,” MIT Sloan Manag. Rev., vol. 57, no. 
3, p. n/a, Spring 2016. 

[27] M. Namvar, J. L. Cybulski, and L. Perera, “Using Business Intelligence to Support the 
Process of Organizational Sensemaking,” Commun Assoc Inf Syst Accept. Publ., 2015. 

[28] H. Derhamy, J. Eliasson, J. Delsing, and P. Priller, “A survey of commercial frameworks 
for the Internet of Things,” in 2015 IEEE 20th Conference on Emerging Technologies 
Factory Automation (ETFA), 2015, pp. 1–8. 

[29] Y. J. Heo, S. M. Oh, W. S. Chin, and J. W. Jang, “A Lightweight Platform Implementation 
for Internet of Things,” in 2015 3rd International Conference on Future Internet of Things 
and Cloud (FiCloud), 2015, pp. 526–531. 

[30] B. Familiar, “IoT and Microservices,” in Microservices, IoT, and Azure, Springer, 2015, 
pp. 133–163. 

[31] M. Weinberger, M. Köhler, D. Wörner, and F. Wortmann, “Platforms for the Internet of 
Things : An Analysis of Existing Solutions,” presented at the 5th Bosch Conference on 
Systems and Software Engineering (BoCSE), Ludwigsburg, 2014. 

[32] J. J. Jussila, H. Kärkkäinen, and H. Aramo-Immonen, “Social media utilization in business-
to-business relationships of technology industry firms,” Comput. Hum. Behav., vol. 30, pp. 
606–613, Jan. 2014. 

[33] J. Howe, “Crowdsourcing: A Definition,” Crowdsourcing: Why the Power of the Crowd is 
Driving the Future of Business, 02-Jun-2006. . 

[34] M. Raatikainen, M. Komssi, V. d Bianco, K. Kindstöm, and J. Järvinen, “Industrial 
Experiences of Organizing a Hackathon to Assess a Device-centric Cloud Ecosystem,” in 
Computer Software and Applications Conference (COMPSAC), 2013 IEEE 37th Annual, 
2013, pp. 790–799. 

[35] A. Gunasekaran, “Agile manufacturing: enablers and an implementation framework,” Int. 
J. Prod. Res., vol. 36, no. 5, pp. 1223–1247, May 1998. 

 


