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ABSTRACT

Today, a production enterprise cannot survive without using combased machines. Neverthele:
not all enterprises have enough money to invest in such manufacturing resources. On the ott
handling the resource or providing appropriate platftgmot easy at all. For companies, Clet
based strategies give them a chance to bring their inherent knowledge and intelligence 1
business case and cause a quick response by reducing the cost of investment. Manufactur
that providing capaagjt according to demand will increase the profit and help them to get new
contracts. In the recent century, intelligent manufacturing would be the one in which all inforr
is available in the most useful way, right where and when that it is néedsald an optimum
operation or response such as cloud manufacturing. This paper aims to provide a framework
using cloud services emerge at obtaining lean concepts in the manufacturing companies. The
has conducted through sestructurediiterviews among professionals in Cleb@dsed environment
and production systems. Key managers or employees from different levels have selected. Al
interview transcripts using a constructivist approach to grounded theory is supposed to res
model for how to develop cloud service models according to the lean concepts, espec
manufacturing frameworks.

Keywords: Cloud manufacturing, Lean principles, Manufacturing system, Grounded th
Manufacturing resources.
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1. Introduction

With the emergence of a business era that constant change is its critical feature, the production
success has become madlifficult than the past. The key point is the ability for adaptation to
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change in the business environment and purs
proactively. This change in business filed causes uncertainty in decision parameters. Therefore
being flexible in the supply chain is necessary; a flexible supply chain will adapt to changes. As
Dowlatshahi and Cao [7] said, The Global competition caused evolutions, characterized by an
increase in products with shorter and insecure life cyclasyative technologies and processes

and customers who expect to faster respond, lower costs and bigger customization
simultaneously. The companies should effectively focus on the continuum andcdenges to

be able to survive in this competitigavironment. The ability to fast and effectively respond and
comply with customer s’ needs has become the
companies. Mass production apart from improvements made bip4tiste strategies and lean
manufacturing nexssarily is a system suitable for latgmale and hierarchical enterprise
structures.

Findings show that the needs and challenges of data integration in-Nbedkalim sized
Enterprises (SMEs) have a close relationship with the limitations of current selatiche
supply chain. Current ERP (Enterprise Resource Planning) solutionshiekde corporate
support and the shared approach based on the cloud. On the other hand, current administration
system solutions could not perform distributed manufactysiogesses. As a response to these
requirements, a presentable offer is the fyexteration architecture of administration solution
for production [12]. As Song et.gR7] expressed, in recent decades, several professionals and
academics such as compangsbally spent considerabtame on exploring and studying how

to solve the problem of capital, technology, hupeard equipment loss for SMEs to be able to
improve their competitive power and find new markets. In this period by development of
InformationTechnology and Internet of Thing®T), the cloud manufacturing has emerged.

2. Literature Review

Similar to design systems, because of changing demand and emerged technologies,
manufacturing systems have passed great transitions. In this section, eve sinilar studies

in the scope of manufacturing systems. Every research has focused on a special aspect (lean or
cloud). Some others tried to combine different approaches by extracting essential factors and at
the same time relatthese measures. In thellbwing paragraphs, the evolution process of
manufacturing systems from assembly lines to cloud manufacturing is discussed.

As Alizon et al. [2] states, Henry Ford, for example, constructed the first assembly line.
Producing became more efficient and eeiéctive. In the 1960s, the Toyota Manufacturing

System (TPS), also known as JusiTime manufacturing system, had been innovated. This
manufacturing system has several principles that help to eliminate waste besides reducing lead
time, inventory, and amaged goods. As Powell et al. [24] described, Lean manufacturing is
referred to a combination of relevant methodologies seeking to make manufacturing processes
simple and effective. | deal | y, \dxtermal) cugirers® pr ov i
need to achieve their goals without any wast €
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The alternative option for an intensive factory with mass production is the transition to a
decentralized model. Management and human resource systems have changed to survive in
global competition. Lagstevelopments in communication technologies have emerged team based
managerial methods such as JIT and FMS. In the 1980s, to offer new types of products, the
Flexible Manufacturing System@MS) were developed that enablélde high operational
flexibility. Especially, the main benefit of a manufacturing system is enabling change in pieces
and assembly methods, although is expensive to apply [11, 15].

As Matt et al. [22] mentioned the Centralizeénufacturing structures present important cost
advantages ithe form of economies of scale and are less complicated than the decentralized
network manufacturing plants. Nevertheless, there are strong reasons for developing the
geographically distributed manufacturing structures. Certain industries have to cotingiuct
manufacturing facilities close to consumption locationbenefit of a centralized production
(capital advantage, the effect of scalepr rapid adaption of capacity as well as operational
performance among components in response to sudden chianipes market or regulatory
requirements, the Reconfigurable Manufacturing Systems (RMS) are designed for changes in
structurealso in hardware/software components [34]. In this makemanufacturing lines are
modular so single line produces differegppods without any dedicated space for a special line.
This modular approach makes it possible to move among products, so downtime is lower. The
combination of reconfigurable manufacturing and design smooth the way for mass
individualization and modular eprarchitecture and customer based products [15]. By the
increase of markets and decrease of transportation and logistics costs as well as reduction of
interaction costs by means of World Wide Web in the early 1998s, Europe faced a
globalization waveWith the growth of international trade and increment of the global need for
products, companies presented the new foreign markets all over the world. Hence, it inevitably
caused a high competition among foreign companies and global actors from coutltriesvwi

cost and small expenditure structures. To respond to this need and certainty of competitiveness,
many of firms followed the goal of distributed manufacturing structures by the transition of
internal manufacturing capacity to external companies. At &t al. [22] mentioned, the driver

for this change was the more and more important market, customer proximity and on the other
side, meeting local requirements such as local faaterdow labor cost.

One type of distributed manufacturing is Cloudndéacturing (CM). The manufacturing can be

as a service. Using a command embedded,_user can request a production operation in a
special geographical place. For this system, the facilities like server farms can be located
remotely [15]. This kind ofmanufacturing that in fact means a collective manufacturing in
production labs is flexible and performed geographically by distributed manufacturing
laboratories to produce different products with manufacturing processes by means of CAD data
andtransfered digitally from the cloud [22]. In this field of study, some researchers tried to
incorporate manufacturing systems to gain better results. For example, Agarwal et al. [1] modeled
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criteria for lean, agile and leayile supply chains. They derived sonréetcia and concepts
related to lean and agile production in the supply chain.

Among other manufacturing systems, cloud manufacturing is rather a new c@inzem et al.

[38] introduced the manufacturing capability/resourmedshared through a cloud. They stated
that the specialized and customized demand could be better served at this cloud because of nature
of flexible and fast accountability. Villegas et al. [31] presented a coalition among independent
clouds to leverage sufgrs. They studiethelayer models for offering services in order to define
cloud coalition based on serviogiented architecture. They believe the layered architecture leads
naturally to design in which interloud federation takes place at each serlagerandmediated

by a broker specific to the concerns of the parties at the layer. Thetb&isgleration increases
customer value. Xu [37] in a study presented a complete concept of cloud manufacturing based
on service layers. He described the fanties and differences between cloud computing and
cloud manufacturing. Wangnd Xu[32] presented a full representation of architecture and
performance in cloud manufacturing and finally, by using a case study, they explored integration
capability of cbud manufacturing services and optimizing it from the cost perspective. They said
the cloud technology brings into manufacturing industry with a number of benefits such as
openness, cost efficiency, resource shariagd production scalability. The resultgere
quantified by OR techniques. Mubigent is an effective tool in solving problems through sharing
knowledge during the implementation of cloud manufacturing. Ferreira et al. [10] proposed a
cloud-based architecture for generating dashboards andtsapazioud manufacturing setting
aiming to design a managerial and supervisory software. The focus maoagement
information systensolutionsmobile and GIS integrationValilai andHoushmand§] presented

a manufacturing platform based on cloud computing paradigm. In addition to developing an
integrated platform called LAYMOD, a serviogiented approach for distribog theproduction

agents is offeredhey emphasized on STEP 10303.

Verl et d. [30] claimed that a cloudased provision of control technology for machine tools
eliminates the disadvantages of current integrated controls in the service area. The control Job
can be centrally maintained and administered by a qualified staff. Tle afiecloud
manufacturing has already raised expectations to a visionary value concept. In future, the
industrial production can be changed in midterm and-teng not only by wider use of 3D
printers and not being necessary to sell physical productssioyuat product data [22].

Nowadays, the manufacturing companies try to adoptef@istent manufacturing systems.
Reviewing recent firms show that the global manufacturing companies distribute their production
abilities all over the world. The succegdleese companies depends on the global full integration

of their product development processes and operations they perform around the world.
Cooperation of distributed manufacturing agents and integration of production data play an
important role in sucas of manufacturing companies [9].
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Traditional manufacturing is obsolete and the dynamic and global model of business has changed
its processes by integrating them into a global chain of resources and stakeholders. Agility, rapid
reaction to market changand proactivity, availabilityandhigh capacity for effective response

to requirements are some main principles of competitiveness and survival. Traditional
manufacturing systeneebuilt on economies of scale principles. So, the big fixed costs related
to manufacturing due to huge capital investment in operation with high capacity is extremely
depreciable. TPS manufacturing system principkes ledto lean production which also called

lean thinking. In this way of thinkingthe manufacturing and assetybcells including
concentrated product resources (worker, machine, shop floor, etc.) planned according to
operation periods and inventory control. Economic benefits related to lean production consist of
the reduction of leatime, elimination of waste, mme products, higiguality output, flexible
operation, fewer middle processes, lower space requirenaadt$inally less cost of production

unit [28].

3. Cloud Manufacturing

Today’' s competitive gl obal mar ket hfaduringh anged
companies work. The pressure of globalization has linked people and firms from around the
world, which enables them to share data, information, and knowledge in a collective manner [32].

The main characteristics of a CleBésed system which maké different from the others is
presenting everything you may need as a service [10, 11, and 12]. The service is flexible, based
on demand and presented on a network, provides a resource sharing opportunity for business to
set information technology asaw partner for innovation [37].

Collaborative teams provide professional knowledge in the cloud that shapes the knowledge base
referred by users through the internet.

Manufacturers face several important requirements that could be satisfied byysiaumss
ACost and production productivit§carce resources scaling while solving problems faster.
AGrowth and innovatiorBringing new ideas to market faster than competitors.
ACust omer ' s Previdipgenew servicessfa supporting customer service.
ARisk managemenieeping intellectual property and reducing global breaks in the supply chain.
AGreen goalstncreasing requests for reducing energy usage and environmental effects.

The term “service” in c¢cloud i s oaentsthroughsgléer of u
net work. Offering “as a service” consists of

AThere are fewer barriers to enter and can be provided easily for small businesses.

ALarge scalability.
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AMultiple rents that allow many users to share resources.
ADeviceindependence that allows users to access systems on different hardware.

A manufacturing system could be seen as an arrangement and operation of manufacturing tools,
material, people or information for the production of physical vatlded products, inforation

or services [14]. Similar to the ICT industry, design and production have also been changed by
the transition of the increasing amount of manufacturing operation to a cloud and led to the
evolution of cooperative, distributeand traditional welbased manufacturing/design to cloud

based manufacturing/design. Gradually, a global chain of resources and stakeholders becomes
the alternative dfraditional production industryurthermore a worldwide and dynamic business

model emerges. Cloud manufactgriis established as a solution to address all these changes
[26].

Development of cloud manufacturing is an advancement from the single adoption of cloud
computing capabilities and operations to the adoption of all manufacturing resources as a service.
In this scope, involving procedures in all manufacturing processes, from product/machining
design parameters to equipment maintenance could be obtained byatmdiservices [11].

Decentralizing manufacturing makes the network flexible. If the existingrfaistalosed or not

able to respond to needbe essential components are ordered to small local manufacturing
plants. In future, most of the business successes can be gained by combinatory technologies using
inter-process platforms in that industry. Bging JIT, it makes the production lines leaner for
making parts as soon as they are needed instead of ordering or storing separately [15].

Customers can use cloud services according to their need. Cloud users can request services rating
from design, manutduring, test, managemend all other stages of a product lifecycle. Cloud
manufacturing service platform performs searching, intelligent mapping, adadeunning a

service. With spreading the concept of service to a wider domain, all manufactojects and

features can be treated as service; so everything as a service emerges.

In global manufacturing networks, computing and intebeted technologies like cloud
computing have the ability to respond to new challenges. This development |eaxlfidxiltie

use of manufacturing resources with global, sca)ailé service oriented distribution. Resource,
knowledge and information sharing through geographically distributed manufacturing entities
would increase cosdffectiveness and better utilizami of their resources. The success of many
manufacturing companies depends on the distribution of their production capacity throughout the
world [11].

I n S 0me cases, i nstead of c | éBasdd Desmgn wrida ct ur
Manufact ur i s gsed(w@GiehDdieys’to ai product diagnosis model in which group
innovation and rapid product development are available with minimum cost througasedth

networks and negotiation platform between a service provider and customers. In fact, it is a
parallel and distributed system including a collection of physical and virtual interconnected
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design and manufacturing services as well as intelligent searching capabilities for design and
manufacturing solutions [35, 36].

In cloud manufacturing systemshe different manufacturing resources can be diagnosed
intelligently and connected in a wide internet by the help of various technologies (such as RFID,
wired/wireless sensor networks)dembedded systems). Afterwards, construction resources and
capabilities are virtualized and capsulated to several manufacturing clouds that can be accessed,
requested and deployed according to knowledge by virtualization technologies and- service
oriented echnologies as well as cloud computing. Different users can search and request
resources from manufacturing cloud according to their need and connect them to their virtual
manufacturing environment or solution to fulfill their productiask,in which cagthe lifecycle

of whole manufacturing processes are under the support of cloud computing,-sgerted
technologies, and computing technologigfier modeling manufacturing actions, the next step

is the integration of their operational processesu@lmanufacturing is not just using cloud
computing in production. It is necessary to manufacturing organization and related
resource/capability be described, divided, virtualjzatd be integrated into a manufacturing
cloud [18].

The structure of the sy&h consists of a storage cloud that manages a manufacturing data model.
Data model reserves information based on workload and facility model. An agent for versioning
supportghestorage cloud. This agent checks the changes in the inventory history n&hiite
structure and prevents disparity in logged data. This environment enables maintenance,
synchronization and version control among userghchultiple companies potentially sharing
manufacturing resources. Finally, schedule and performancaiodiare available [23].

In cloud manufacturing systems, the key objective is relating users to resource suppliers who
could provide their needs with acceptable cost, schedule, and g@ibtyd manufacturing
platform compromises these features:

AEvery resource and task belongs to an unknown entity.
Aln cloud manufacturing system, manufacturing resources are changeable. The platform can
i ncrease or decrease t he resources dynami ca
requirements.
AFor cloud user not dythere is no concern about the reliability of entities and resources, but also
it is attractive that resource supplier can offer manufacturing capabilities with high trustworthiness
and successful task accomplishment [17].

According to Xu [37]the cloudmanufacturing layers include:

AApplication layer:It acts as an interface between users and system. For service providers,
application layer provides a customized interface for management of manufacturing resource. The
information about service history,s@urce workload, market forecaatidproposals for service
improvement and customer feedback is transmitted to the service provider [18]. This layer is
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responsible for connecting user and cloud manufacturing resources; the user can define and
produce a ne product by the help of virtual resources [32].

AGlobal servicelayeThi s | ayer is related to agent’'s requ
equivalent to the platform as a service and formed based on these platforms. Offering agile and
dynamic cbud services to agents by cloud service is the most important thing all agents want and
it has to be considered in designing this layer. Accordingly, two kinds of action can be offered by
cloud servicesFull service and local service situations. In therfer,the global service layer is
responsible for all operational activities of the cloud. These services may be monitored
dynamically and managed how they are assigned. They are also able to balance themselves simply
with their congener components accoglito requests load. Global service layer has the
responsibility for location, assignment, costiagd remote monitoring of resources. These all
need enough knowledge about optimization. This layer should process requests for service as well
as managingapsulated services.

Avirtual service layerIn service provider domain of the cloud manufacturing, there are virtual
service layer and manufacturing resource layer. Virsealice ayer is responsible for an affair
like manufacturing resource detectiomtwalizing and grouping them as cloud service package
[33].

Manufacturing resources consist of material and-maiterial resources, including equipment,
machines, tools, intelligent assetand etc. From the perspective of resources, every
manufacturing capability requires supporting from related manufacturing resource that is in two
types of soft and hard resources [13].

Xu [37] applied two important concepts to describe cloud manufacturing® i nt egr ati o
di stributed resources” and “distribution of i
into this cloud manufacturing platform and then distributed resources are capsulated to cloud
services and managed in a focused apprdachsumers use cloud services according to their
requirements. They can request services rating from product design to production, test,
managemeniand other steps of a product lifecycle. As the system includes groups of devices

such as robots, CNCs, sens and so on, keeping operation at high performance is a tough work.

Ren et al. [26] classified cloud services in two ty@svices running completely on the cloud

and outof-cloud services, which need additional operation by an operator throughotite cl

platform.

High-performance services need effective resource and appropriate methodology for applying
them. Manufacturing capability facing the need of the cloud user can be provided by a single
service provider or a collection of them. In the transfmion from the current manufacturing

state to cloud manufacturing, the manufacturing capabilities and resources should be integrated
and applied in a cloud manufacturing context [32].
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According to cloud manufacturing idetage platform of cloud manufacturing services for SMEs
depend on 10T and information technology to promote combination and conversion of
manufacturing and servicetbie social resource integration in manufacturing processeshand
improvement of resource ughtion like decrease of resource consumption is checked to provide
new way for companies to guide them from manufacturing type to service type.

When accessing to the platform for the first time, corporate users should write in their information
for enrolment. At the same time, their primary validity would be assessed according to
registration information. If enrollment is successful, users will be able to login to platform by
importing username and password accordingly. The First thing corporateshamédsdo after
logging successfully is presenting service resource information (supply side) or demand
information (demandide) and then can customize their related manufacturing processes through
the management tools of the business process.

Demandside searches service resources through intelligent adaption motor for supply and
demand to find supplier companies in accordance with service capability, reasonable rate, easy
transfer, and higher validity. The Demand side registers orders in platform systesigias the
contracts with the supply side offline. Then, the platform system accepts these orders and sends
them to the motor of transaction coordination logic to implement. Logic motor tracks and
manages the coordination of orders transaction and thedegy both sides for the
accomplishment of the whole process including online payment, procedure feedback, delivery,
and reception. Corporate users can log in to check transaction process and order status or to deal
with incomplete orders in real time [25]ntelligent manufacturing in this century is a
manufacturing system in which all information is available when and where needed and in the
most useful type to lead the operation and optimum response [16].

Features of this manufacturing system offer comgmathe flexibility to manage their business.

By cloud approach, there is no need for costlyestment in purchasing manufacturing
equipment, maintaining production line, and even hiring professional engineers. Instead, they
can have quick access to ttmest efficient and innovative business technology solutions based

on pay as use model, so, cloud use can make business agile. Especially in SMEs, the transition
to cloud leads monetary and intellectual capital to focus on innovation and technologyahstead
buying or maintaining expensive resources [18]. Agile producers know that providing capacity
based on demand can increase profit and help them to get new contracts. Cloud platform brings
virtualization and automation power to the whole supply chain.uféaturers can dynamically

add new resources to a certain projgithout the need to additional investment on hardware or
human resource [29]

1 Internetof Things
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Figure 1. Cloud Manufacturing.

As Lutz et al. [19] said, in modern manufacturingtegss, information technology has a strong
relation with operational performance of the production. To provide reliable service, IT
departments should have appropriate IT infrastructure to support industrial actions now and in
the future. Advanced manufacing depends on acquiring, disseminating and using on time
information about machines and processes over local limitations. These activities can enhance
the accuracy and reliability to forecast resource requirements and assignments, maintenance and
scheduhg, and preserve the lifetime of the equipment. These are all reasons why Gao et al. [11]
claim that using cloud platforms provides new opportunities for gaining advanced manufacturing
goals.

Industrial producers try to achieve the lean philosophy but iindifficult. Most of them
withdraw with a sketchy understanding of this system and fail to implement a part of system
pulled out of its original context. Lean production is not only a series of techniques and principles
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but also a new vision for manufadng. The real lean move is about learning and experiencing,
not just a collection of projects.

The strategy of lean production in an organization insists on efficiency increase and quality
improvement by eliminating no valkselded activities. Tosurviven t oday’' s compet i |
the most important challenge is providing products with maximum quality and minimum cost.

The | ean approach can be used for appraisal (
culture compared with other similar orgaations. On the other hand, migrating to the world of

lean in short term is riskj3].

Utilizing lean production includes important organizational changes requiring the organization
to manage key factors which may influence the success of applying.predaction is a
management system focused on the elimination of every kind of waste. So. The main goal of this
system is attaining maximum efficiency by performing at minimum cost and zero waste [20]. In
the other wordJean is the elimination of everytlgradding no value to product or service.
Although this group of actions may exist, in all areasst of the models refer to manufacturing
activities. The reason is that industrial companies usually eliminate waste activities in
manufacturing area first. fother feature of lean is continuous improvement of products and
process. Multfunctional teams are the other feature that insists on training and capital facilities
to make teams work better.

Introducing and applying lean principles during last twerggrg have strongly influenced so
many companies. Experiences show that methods and tools are not applicable for big and small
companies evenly. To reduce waste, improve quality, satisfy custanedrso on, we certainly

need good design, fluent manufaatgy better assembly lines, experienced workforce, quality
control knowledge, and facilities. Implementing lean concepts in manufacturing companies often
needs huge investment in equipment and qualified staff. Most of the fear about implementation
lean praluction is because it is costly and the@nsuming. In comparison to big enterprises,
small firms have fewer resources and usually less access to capital, which leads to lower level of
utilizing cost sensitive packages. MattdRauch [21] Claim that SMEgsing lean production

mostly benefit from competitiveness improvement caused by innovation and faster production,
flexibility increase, and cost reduction. However, it is not easy, especially for SMEs to reach
leanness. SMEs can utilize clebdsed servigesince the services provide usability of software

and solutions, which could be so complicated or expensive or designed for most of organizations.
Gao et al. [11] enumerate advantages of the cloud platform for companies. Pay per use model
with low cost of use and maintenance eliminate the economic limitations such as huge
investments in IT systems and manufacturing equipment that are rarely used and rapidly
depreciated. The philosophy of JIT shows delivery of every part on accurate quantity and in the
exad time. In this way, an important factor is the integration degree between the plan of suppliers
and manufacturers. To achieve this degree of flexibility, important changes are needed and as
mentioned before, the cloud brings all these changes rapidiyiindost efficiency. Castro et

al. [4] studied the benefits of Web 3.0 for manufacturing virtual companies. The main goal is
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applying communication technologies and social media in developing manufacturing processes
of SMEs.

4. Research Methodology

This researcthasconducted through serstructured interviews. The daaaeanalyzed through
discourse analysis and a constructivist appreaapplied to interpret the data and to generate a
grounded theory describing how cloud services should be presented ¢bose to the lean
system. To validate this performance, a criterion for the interviewees' selisdii@npractical
experience in presenting production or cldaaed services or being decision references for
cloud regulatory in Iran.

For each company/organization, a key manager associated with lesudentified. These
individualshavecontacted, interviewed, and asked to provide the name of one person who had
been involved in presenting cloud services. Through this process, one to three individuals per
company/organizatiohaveidentified. The process of the sampling and interviewitity the

new ones continsauntil no more concepts or co@&tracts;overall, 22 persons participated in

the study. Interviews with these peoplave conducted between September 2016 and March
2017. Among the interviewees, fivare professors of industriabngineering/management
familiar with new manufacturing systems, figeeindustrial factory managers/experts, e
consultant or managers of cloud service companies andrgwmanagers of the Information
Technology organization.

Two semistructured ingrview guideshavedevelopedOne for the participants who had been
involved in cloudbased serviceshe other for the participants involved in manufacturing
projects. Consistent with a qualitative methodology, interview questioning during later rounds of
interviewschanged as new data emerged [Blection of the companies and research study
participants was through a snowball sampling technique. Professional contacts provided access
to the first study participants. Those participartsthen able to mvide access to other cloud or

lean development teams and companies. Early phases of the studys foousaiversity
professors specialized in lean concepts to extract the main perspectives of a lean production
system and then, how these aspects can magickith cloud manufacturing models. The
Combination of various participant sampling provides insights into both aspects of the study,
lean frameworks and cloud services.

Faceto-face recorded interviewlsave conducted with 22 practitioner interviewees ahdse
recordingshavetranscribed. An opeended semstructured interview approadias adopted

which gives respondents the opportunity to raise any topics, issues, and concerns outside the
scope of interview questions. Probing questlmngeused to elidimore detail about topics raised

by interviewees. This approach generates detailed descriptions from each participant and enables
integration of the varying interviewee perspectividse audio interviews and associated written
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transcriptshavecarefully eviewed to ensure consistency. The transcriptitasimported into a
qualitative data analysis software tool, ATLAB.

The analysi®ias begunvith the identification of concepts within the data. Grounded theory is an
analytical process for discoverirtigeory through the analysis of data. The new theories arise
from the data being analyzed and are thus grounded in that data. The interview domeepts
coded and then compared within and between interviewees. These interview cohacetiisn
iterativelygrouped and refined into selected categories. The categories become saturated as data
collection progresses and this process forms the basis of the grounded theory. Two independent
coders have used at the beginning and middle stages of coding to provide
verification and reliability for the codes being used [5].

5. Results

This section describes the evolution of the framework extracted from several coding steps. The
interviews were analyzed on a libg-line basis using open coding. Some of the interviewees
who were in the cloud service sector, propounded a need for increasing the efficiency of the
Cloud. For instance, a part of the discourse was as:

[. . .] the trust management system is necessary for the cloud.

[. . .] the security can be defined as agpum according to what extent the customer tends to
pay in this scope.

The others who were in the manufacturing sector, expressed the capital issues associated with
smalltmedium sized companies that want to be lean:

[. . .] the clouduseis a technologial solution to overcome the lack of capital issues in small
medium sized enterprises.

[. . .] receiving customers' ideas and comments can improve processes.

Open coding was conducted on a sentdnesentence basis of the interview transcripts.

Short desci pti ve phrases werencuesredadias ycabout Dwc
“integrated pamdlu‘cel idmismagtni"on of waste”. Const
and sharpen the categories emerging from data in this research.

Over 280 key sdances generated sixty concept labels, which were then collapsed into 16 major
categorieseach one presents a perspective of presenting -tlaseld manufacturing services
(see Table I).
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Table 1. Major categories and lower level concepts.

Major categories

Lower level concepts

Cloud framework role players

Cloud manufacturing existence
reason

Cloud manufacturing benefits

Cloud manufacturing service
levels

Service improvemerfactors in
Cloud manufacturing

Cloud manufacturing selection
factors

Cloud manufacturing
development

Cloud manufacturing obstacles

Trusting in cloud
Service cost
Communicain portal
characteristics

Cloud manufacturing business
model

Presentable resources in Clouc
manufacturing

Chaascteristics of a lean cloud
manufacturing systems

Attaining lean goals through
Cloud

Making a manufacturing cloud
lean

The Government, Macro policymaking, regulatory, business owners, owner
idea

Uncertainty about business scope, indistinctive denteawel, machinery anc
labor idle time, Maintenance and control costs, resource buying cost, I
capital

Decrease infrastructure cost, Continuous improvement, process bette
decrease cost and trouble associated igintenance and control, setup cc
reduction, work station design according to tasks, pull manufacturing sy
Just in Time(JIT), custom product manufacturing

General service, professional service

Demand management, Supplementary technologies, free flow of informat
the cloud, standard

Calculation of RIO, NPV, TCO, Brandlemand accordance with present
service, service fhability, professional service

Conceit elimination, price difference, increase of social capital, determina
of service level agreement (SLA) , public training, culture

Traditional workforce, loss of the technical workforce, loss of infrastructt
privacy resistance, policy limitations

Quality, security, trust

Cloud licensing models, discount in general service, Billing, intelligent syst
Customizable, forum, critics and suggestions, opinion survey, Ticketing, o
dashboards

Cost reduction gefficiency improvement, elimination of waste, making val
flow, elimination of the process with no value added, scalability, den
matching service, service measurability, Production without a factory
Material as a Service, Manufacturing Equipment as a Service, Business F
as a Service, Finished Product as a Service, Logistics as a Service, Sk
Service, Business Council as a Service, Market Growth Center as a Servic
as a Service

Cloud management, optimization, technology infrastructure, the soft
platform

Integrated product design, lean organization, lean workflow, justin time deli
demam meet in supply chain, lean technology, standard piece and tem
integration of information with suppliers, lean administration

Making platform, according to demardktermination of standards by the clot
commitmen to service request time, demand liquiditgnagement, logistic as
service, reconfiguration instead of customization, multitask agents, Cloud s
provider and Customer at the same time, visibility of supplier inventory for c
manager, not storingesources by cloud, assignment management by the «
manager through overbooking, resource aggregation by cloud
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By continuing the coding process through axial coding and then selective coding, this research
raises four sectors for the Lealoudframework in manufacturing systems as shown below.

Self-
Provisioning

Multiclass
General SLA

Service
Composition

Automation

Supervision
dashboard for
customer

Market Place

Supervision
Support by
Syndicate

Service appraisal
according to
industry standard

With service
featurelist

E § | Market Growth Business Idea as a Business
! S Center as a consulting as a i Process as a
L@ service service service service
||

-

8

H 5 : Manufacturing Manufacturing Final Product as

Lo Resources Capabilities aservice

LA
et S
i i AT LATIEE S Specialization Customer Care
i ! CSC & CSP agents 5

Y

L e visibility of supplier reconfiguration Logistics as a

! § E inventory for cloud instead of Service, not duty

& manager customization of cloud manager
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E E Dynamic Costs C°mPet'tt:‘°" Competition
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- management Billing Data Mining
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'8! Artificial

= i Intelligence
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Figure 2. Lean-cloud framework in manufacturing systems.

6. Conclusion

Today, the production context is totally competitive and uncertain. A manufacturing system
should belexible or reconfigurable to adapt to the dynamic environments. As the other word, a
manufacturing system should have a goal of operational performance improvement and
production of highquality goods without failure or aggregation. The main contributiotihis
researchwasto derive the characteristics, which adeaa manufacturing cloud to be ledrhe

basis of this researefrasthetrying to explore principles of lean concept in cloud manufacturing
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and present a leasloud framework. The main problem in studying manufacturing approaches
wasthat each one as an independent paradigihtédain properties. In this study, we tried to
extract lean production concepts as well as cloud manufacturing centppand then the
relationship between them was explored and investigated whether lean principles are met by
using cloud manufacturing. Therefore, by adding dimensions of lean to related sections of cloud
manufacturing, we can have a lean cloud coverioth lparadigms. Cloud manufacturing
establishes a unique solution that can be adapted easily to business companies of all sizes. In the
cloud environment, the first step of being lean is to have a lean cloud.

In order to improve the efficiency of cloud mdacturing, some additional functionalities such

as using artificial intelligence and data minwgreproposed. To calculate the cost of the service

in a manufacturing cloud, a billing systemas necessary. By this approach, all sectors of the
organizatiomegotiate together with the language of service. Equipping the logistic vehicles by
IOT technologies can improve the visibilitffo ensure that resources are not idle, the
assignments can be managed by overbooking. It is not necessary to divide thesmodrtieer

cloud to customers and suppliers. Instead, every supplier may offer several professional
manufacturing services and on the other hand be a customer for a special service itself. By using
professional forums in the user interfaceloud, customercan share their experience about the
services. In addition to manufacturing capabilities and resources, presenting idea as a service,
market growth center as a servie&d business consulting as a service, enhance the cloud to
support all the serviceeaded in a manufacturing company.
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