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Abstract

The industrial production landscape is significantly affected by digitization. In the course of this development, various production paradigms
have been proposed, such as ubiquitous manufacturing, distributed manufacturing or, most recently, cloud manufacturing.

A selective discussion and interpretation of these similar concepts remains in the literature as a research gap. Following the call for research, the
aim of this paper is to distinguish the concept of cloud manufacturing from neighboring production paradigms and to locate it within the theory.

This goal will be achieved by means of a literature analysis as well as argumentation based on it and finally presented graphically.
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1. Introduction

The manufacturing domain is changing rapidly. The actual
meaning of manufacturing could be formulated as follows:
‘making articles by physical labour or machinery, especially on
a large scale’ [1].

Hence, there is a logical transformation from some kind of
input towards a specific output, i.e. product. The rational as well
as the actual meaning within this process didn’t have changed
at all over time; manufacturing still is some kind of
transformation. The crucial change lies within the needs of
actual outputs together with new possibilities and opportunities
regarding the transformation process itself. In the following
some crucial developments regarding the manufacturing
domain are synthesized.

There has been a shift towards ‘user-centric’ and
‘participant-centric’ philosophy [2] e.g. blurring the boundaries
between consumers and producers. Moreover, there is a need to
account for complexity, disturbances as well as uncertainties.
This is due to the worldwide globalization and therefore,
worldwide connectivity and availability of manufacturing
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enterprises. Traditional supply-chains do not make hold at
cross-national borders anymore, they are largely interconnected
[31.

Going back to Wright's citation of the meaning of
manufacturing — nothing, content-wise, has changed at all.
Nevertheless, traditional manufacturing systems are not suited
to account for the mentioned environmental changes within the
manufacturing domain, as traditional manufacturing systems
are often highly centralized. Generally, a central manufacturing
system schedules and controls the production facility. The
hierarchical control of a traditional manufacturing system is
suitable for batch production in a steady state, but not for small
batches in a dynamically changing environment. The need for
a distributed e.g. heterarchical control structure becomes
evident.

The advent of information technology and the internet in the
last two decades provided meaningful tools to cope with the
changed manufacturing environment. In this regard, several
production paradigms have been proposed. A non-exhaustive
list would entail Agile Manufacturing [4], Lean Manufacturing
[5], Distributed Manufacturing [6], Ubiquitous Manufacturing
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[7] or Cloud Manufacturing [8]. These developed production
paradigms are aiming to account for the mentioned changes
within the manufacturing environment. Whilst Cloud
Manufacturing is a meaningful development and combination
of previous production paradigms [9], there is general heavy
theoretical ambiguity regarding concurrent production
paradigms.

The goal of this paper is to eliminate a well-chosen
ambiguity between three concurrent production paradigms:
Distributed Manufacturing (DM), Ubiquitous Manufacturing
(UM) and last but not least Cloud Manufacturing (CM).

The literature body of knowledge consists of even more
assumable concurrent production paradigms — e.g. Digital
Manufacturing or Intelligent Manufacturing. Whilst
acknowledging their existences, these further comparisons are
not in the scope of this article.

Actually, contradictory findings for our chosen comparison
of DM, UM and CM are fueling an utter research need of
clarification and thereby, dominating the relevance of possible
other theoretical comparisons of concurrent production
paradigms.

Firstly, it is interesting to note that the literature on DM and
UM is highly fragmented due to the fact that both have
demonstrable applicability in a wide variety of sectors as well
as in varying contexts. Most of the literature in both paradigms
are focusing on implementation topics e.g. development of an
architecture or an algorithm. Pure theoretical contributions in
both paradigms remain somehow underrepresented.

Secondly, one could argue the opposite content for CM.

Here, the literature consists mainly of theoretical contributions,
while actual implementations remain somehow
underrepresented. It is nevertheless important to note, that the
literature base in CM is shifting nowadays towards more
implementation topics.
The following equalizations or ambiguous statements are
highlighting the particular research need for a meaningful
comparison and distinction of the concurrent paradigms DM,
UM and CM.

In [10], the authors are implying several times the equality
of CM and UM. Apart from several pure content-wise
implications of equality, the authors did even implement a pure
CM-definition into a table of UM-definitions. Additionally, the
authors of [7] are implying that CM is a subset of UM e.g. CM
is applying UCT-technologies in the manufacturing
management and process planning domain. Following this
ambiguity further, the authors of [11] didn’t distinguish
between UM and CM, too. To provide another piece of
evidence for this ambiguity, the authors of [12] did analytically
compare UM and CM and found a non-equality, as there are
important underlying differences.

Interestingly, one can find the same ambiguity statements
within the DM literature. In [13], the authors cite DM research
articles within the CM section, implying an assumable equality
of both.

When inspecting the current National Institute of Standards
and Technology (NIST) landscape for manufacturing in [14],
the authors actually did distinguish between DM and CM. Here,
the authors did list Holonic Manufacturing (which is a

reasonable representation of DM according to [15]) by
neighboring and not equaling to CM.

Interestingly, there is similar observation of ambiguity
between another production paradigm: CM and Smart
Manufacturing (SM). Whereas the authors in [14] and [13]
actually do distinguish between CM and SM, the authors in [12]
come to the conclusion that CM is a SM paradigm, implying
equality of both. This similar observation in a neighboring field
is further spurring the motivation of this particular research. It
seems to be a common and relevant problem within the
manufacturing literature.

Henceforth, there is a major research need to finally clarify the
distinction and relationship between DM, UM and CM.

In order to differentiate between the paradigms of Ubiquitous
Manufacturing, Distributed Manufacturing and Cloud
Manufacturing, these terms are defined in the following
chapter. Thereby, the meta database Google Scholar is used,
paradigms are searched by their names and the results are sorted
according to their relevance. Using Google Scholar as a single
source of literature seems to be valid approach according to [16]
and [17], as it not only may be used to identify the most highly-
cited articles, but also provides a more comprehensive coverage
of relevant literature when compared to Scopus or Web of
Science. For the definitions, starting with the first hit, all
accessible results that were available in English were
considered until an appropriate saturation was reached.
Saturation is assumed when five sources do not provide new
criteria for the definition of the respective paradigm.

Based on these definitions the paradigms are distinguished
in chapter three. For this purpose, Euler diagrams are used,
which have their origin in set theory. They show all relations
between the considered definitions. Finally, the results are
discussed in chapter four and lastly a conclusion is given.

2. Foundations

In this section the term and characteristics of Ubiquitous
Manufacturing, Distributed Manufacturing and Cloud
Manufacturing are enlightened.

2.1. Ubiquitous manufacturing

First of all it is important to note a small deviation from the
mentioned literature-searching approach stated previously. [7]
was included after carefully inspecting [6], where the former
was stated as a comprehensive state-of-the-art survey of UM-
literature. It is moreover interesting to note, that [7] wouldn't
have been included otherwise with our procedure.

As already mentioned in the introduction, the literature
regarding UM seems to be fragmented. Firstly, it is interesting
to note that there is no definition-aspect, onto which all
inspected authors do agree — thereby already neglecting a
uniform definition and a restrictive definition. Secondly, there
are aspects onto which a majority of authors do agree, namely:
collection of logically distributed, free accessible and
independent intelligent devices which are using ubiquitous
computing technology. In order to be ubiquitous,
manufacturing events have the necessity of market orientation
as well as a certain frequency of occurrence higher than a
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specific threshold. For the following, this definition is treated
as the major definition. Highlighting the fragmentation of the
literature, there are several characteristics which are neither
shared by every author nor by the majority of authors, which
leads to the expensive definition of UM.

Hence, the expansive definition of UM is the combination of
the major definition stated above, as well as all of the other
criteria in the following table one, as they are non-
contradictory.

Table 1. Criteria for ubiquitous manufacturing and their utilization

system, while retaining a minimal amount of global
information for the highest possible production efficiency.

Likewise in UM, the literature in DM seems to be
fragmented, as there are several mentioned characteristics
which are solely shared by a minority or even just a single
author within the inspected literature. These characteristics in
total do form the expansive definition of DM (whilst including
the restrictive and major characteristics stated above), as they
are non-contradictory, see the following table two.

Table 2. Criteria for distributed manufacturing and their utilization

Criterion Mentioned In ~ Chnt.
collection of logically distributed, free [18-20, 23] 4
accessible and independent intelligent devices

market oriented with frequency of occurrence [18,20-22] 4

greater than a specific threshold

utilization of ubiquitous computing technology [18-19,21,23] 4
provision of real time data [18,21,23] 3
events on the lowest level of hierarch [20, 22-23] 3
utilization of product life cycle (PLC) [21,23] 2
information

provisioning through information and [18,23] 2
communications technology (ICT)

design, make and sell anywhere at anytime [18,20] 2
fusion of utilization and cloud technologies with ~ [20-21] 2
traditional manufacturing systems

automatic identification and localization via [18] 1
sensor technology

change dynamically and reconfigure [18] 1
automatically for new manufacturing tasks

supported by semantic tools for communication  [18] 1
utilization of micro electrical, chemical and [18] 1
radio frequency technology

service-orientation [20] 1
is a practical an approximate term [20] 1
utilization of material process, information [20] 1
processing and knowledge resources

managed by meta organization via ‘chaos and [20] 1
complexity'

based on industrial location and central place [22] 1
theory

seamless information exchange [23] 1

2.2. Distributed manufacturing

Whereas the literature in UM was uncertain regarding a
uniform characteristic, it is a little bit different for DM. All of
the inspected literature agreed on the following, which will
serve as a restrictive definition of DM: It is a collaboration
within a cluster or network of cross-border relationships in
carefully developed supply chains, within loosely coupled
production units.

When further looking for a major definition, most of the
authors do agree onto increased flexibility of a plant, partly
with the same manufacturing capability in different locations
or varying quantity. Furthermore, they are engaged on a
decentralized, sometimes fully distributed heterarchical control

Criterion Mentioned In  Cnt.
collaboration within network of cross-border [6, 24-28] 6
relationships in carefully developed supply

chains

increased flexibility of plant [6,25-28] 5
decentralized control type [6, 24-25,28] 4
retention of minimal amount of global info for [24,26-28] 4
highest possible production efficiency

geographical dispersion of production locations [6,27-28] 3
concurrent production systems [25,28] 2
redistribution of value or manufacturing [6,28] 2
digitalization of product design, production [6,28] 2
control and demand or supply integration

personalization of products [6,28] 2
process plan according to near optimal [26,28] 2
blurring boundaries between consumer and [6] 1
producer

diverse or disparate stakeholders [6] 1
just in time (JIT) production [28] 1
human influent complex system for decision [28] 1
making

focus on core competencies [28] 1
enabled via service-oriented architecture (SOA)  [28] 1

or agent concept

2.3. Cloud manufacturing

When searching for the most relevant papers with the
keyword Cloud Manufacturing in Google Scholar, a strong
dominance of some authors and thus the similarity of the
content between the papers is striking. When it comes to the
content-related discussion of CM, many authors agree on one
point, that there seems to be no shared definition [29-32].
However, all of the consulted agree in one criterion that has to
be fulfilled for CM, that manufacturing resources can be
accessed on demand, that they are considered as services. Table
three gives a complete overview of all the mentioned criteria,
their origin and the frequency of their appearance. Additional
to this consensus criterion, the majority of the authors demand
orchestration as well as resource management functionality and
the utilization of network technology, at least half of the authors
the utilization of virtualization technology. The demanded
orchestration functionality focuses on customers and describes
the ability to form temporary, reconfigurable production lines
out of dedicated manufacturing services. The demanded
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resource management functionality focuses on the service
providers.

Table 3. Criteria for cloud manufacturing and their utilization

Criterion Mentioned In Cnt.
resources-as-a-service [29-38] 10
orchestration functionality [30,33,36,32,37- 6
38]
resource management functionality [29-30, 33, 6
34,35,37-38]
utilization of network technology [29,31,33-36] 6
utilization of virtualization technology [31,33-36] 5
capabilities-as-a-service [30-31,35,38] 4
participation of multiple suppliers [30-31,34,38] 4
utilization of cloud computing [33-36] 4
utilization of IoT technology [33-36] 4
manufacturing execution functionality [37] 1

Beyond this, some authors demand that not only resources
but also further technical as non-technical capabilities to be
available on demand and that multiple supplies need to share
their resources for the CM paradigm to be fulfilled.
Furthermore, the utilization of cloud computing and IoT
technology is partly required. A single author explicitly
demands that the manufacturing services can not only be
allocate but also has to be directly executable. Based on this
analysis, the following common definition can be derived,
which includes all criteria mentioned by the majority of
authors: In CM solutions, resources are managed, offered as a
service via network technology and can be orchestrated by the
end customer as required. A restrictive definition, which is
consistent with all authors, is limited to making resources
available as a service. An expansive Definition can include all
of the above criteria, since they are non-contradictory.

3. Distinction of the Paradigms

In the following, the definitions of the three production
paradigms UM, DM and CM are distinguished. The distinction
is based on the previously developed restrictive, major and
expansive definitions. Euler diagrams are used for presentation.

3.1. Placement of restrictive definitions

As mentioned above, there is no consensus regarding a
restrictive definition for UM. Hence, the following Euler
diagram shows the relationship between CM and DM.

Fig. 1: Euler diagram for CM and DM
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3.2. Placement of major definitions

Figure two is showing the Euler diagram for the relationship
between CM, DM and UM.

3.3. Placement of expansive definitions

Due to visualization arguments, in the following Euler
Diagram the major and restrictive definitions are excluded, as
they were already previously shown. Moreover, figure one and
two already implied that there are no intersections or
overlappings between the three paradigms regarding the former
two definitions. It is moreover important to note, that figure
three only included the overlappings between the concepts,
illustrated as rectangles, whilst the ‘“non-overlapping”
characteristics remain hidden to ensure a more suitable
illustration of the actual results. Those “non-overlapping”
characteristics are nevertheless logically included in the
distinctive logical sets of CM, UM and DM, according to the
characteristics respectively defined in table one, two and three.

An observation of figure three is implying that a) there are
common sets of characteristics between CM and UM, CM and
DM as well as UM and DM and that b) there are two
characteristics which are shared by the three production
paradigms.
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Fig. 3: Euler diagram for CM, DM and UM

CM

Blurring boundaries between
producer and consumer

Diverse/Disparate stakeholders
Multiple suppliers

Digitalization of: product design,

Provisioning through ICT

Change dynamically + reconfiguration for new
manufacturing Tasks

Supported by semantic tools for communication

Service orientation

production control and
demand/supply integration Usage of a) material processing. b) information
R o | b processing, ¢) knowledge resources
Personalization of products. DoVt hioNah ICT
SpEted by semani |\ | Utilization of network and virtualization technology
tols for communication | [ . ;
J | Capabilities-as-a-Service

Provisioning through ICT

Supported by semantic tools for communication

Managed by mela organization via ‘chaos and complexity”

Seamless information exchange
Redistribution of value / manufacturing

Human influent complex system for decision-making

DM

4. Discussion

For the following, the results of figure one, two and three as

well as table one, two and three are considered.
The very first obvious implication is that CM, DM and UM are
definitely not equal to each other, contradicting the stated
ambiguity in the introduction where several authors did imply
some equality. Namely, we strongly reject the statements from
[10] and [11]. Additionally, we reject the implied stated
equality of DM and CM in [13].

The rejections become clear when looking at figure one and
two, where either a restrictive (all of the authors do agree) or a
major (more than 50% of authors agree) is used. Looking at
both, there are not overlappings of the production paradigms.
If and only if the expansive definitions are used, some
overlappings  emerge.  Nevertheless, those  shared
characteristics have to be treated with caution, as the expansive
definitions itself are already implying some kind of ambiguity
due to their nature.

Additionally, even within the expansive characteristics, the
non-overlapping characteristics are superior regarding the
actual amount. Last but not least, it is important to note that all
of the three production paradigms have the same origin, as
stated in the introduction. Thus, even if looking at the relaxed
expansive definitions and the respective overlappings within
the three production paradigms, the equal characteristics have
to be treated with caution. There are two characteristics which
are shared by CM, DM and UM, namely provisioning through
ICT and the support by semantic tools for communication.
Having the same motivation regarding their invention and
being finally enabled by the latest developments in information
communication technology and the internet, those two
overlapping characteristics are becoming quite evident.

UM

More interestingly, the
formulated based on our results:

following hypotheses are

Hai: The literature in DM and UM is highly fragmented based
on the sole number of expansive characteristics in both topics.
Hz.1: The literature in UM is even more fragmented than DM,
as there is no possibility to formulate a restrictive definition and
the amount of expansive definitions is clearly outnumbering.
Hz2: UM is not a production paradigm, but rather a
manufacturing approach due to Hz; and due to the literature
found within the actual screening process. Most of the literature
“somehow” uses the concept of UM in a variety of contexts
implementation-wise, whereas one would expect to gather
‘theory-anchoring’ papers within the first results when using
Google Scholar. Additionally, the actual concept has its roots
in geography, already neglecting a one-to-one transformation
into manufacturing literature.

H3s: The focus of CM is to enable lot size one, while the focus
of DM and UM is related to enhance existing production
efficiency.

Hs4: An implementation of DM is
implementation of CM, but not vice versa.
Hs: An implementation of UM is
implementation of CM, but not vice versa.

possible via an
possible via an
With the stated hypotheses Hs, we can now also reject the stated
relationship in [7] — CM is not an implementation of UM, but
vice versa.
5. Conclusion

In order to account for the rapidly changing manufacturing

environment, several production paradigms have been
proposed previously.
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Interestingly, there was a heavy ambiguity between three of
them: CM, DM and UM. This article clarified their relationship
by looking at the restrictive, major and expensive definitions of
those and made their distinction clear. Although there are
similarities when comparing the expansive definitions, they
actually differ obviously. UM cannot be considered as a
production paradigm anymore. The limitation of this study
remain with the chosen methodology. Although there are sound
arguments for solely using Google Scholar regarding this kind
of research, we cannot deterministically exclude the possibility
of slightly other restrictive, major and expansive definitions. In
the future it is planned to integrate our results more precisely
within existing manufacturing literature.
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