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Abstract. Cloud manufacturing is a new service-oriented networked manufactur-

ing paradigm which can integrate various physical manufacturing resources and 

manufacturing capacities and provide manufacturing services of the lifecycle for 

the product. It is a new research direction in the field of the advanced manufactur-

ing. In this paper, a provisioning method of service resources for cloud manufac-

turing is studied. Firstly, the service-oriented architectures are investigated to de-

cide the service architecture for the encapsulation of manufacturing resources. 

Then a three-step provisioning method of manufacturing services are proposed, a 

function-classification based manufacturing service interface is defined, and the 

encapsulation strategies for four categories of manufacturing resources including 

intelligence resource, knowledge resource, tool resource and manufacturing capac-

ity are put forward, and the dynamic provisioning process of manufacturing ser-

vice is described. By the proposed method, the four categories of manufacturing 

resources can be dynamically provisioned as services with well-defined service 

interfaces for cloud manufacturing. 
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1. Introduction 

Networked manufacturing (NM) [1] represents a manufacturing pattern which can de-

liver products to the market in time by sharing manufacturing resources from different 

manufacturing enterprises connected by network technology, information technology 

and manufacturing technology. In order to realize NM, various NM paradigms have 

been proposed such as application service provider (ASP) [2], manufacturing grid 

(MGrid) [3], agile manufacturing (AM) [4], global manufacturing (GM) [5], etc. By 

these NM paradigms, a lot of research results have been achieved in the filed of re-

source modeling, service encapsulation, collaborative design, supply chain manage-

ment, etc. In order to further expand and deepen the application of NM, a new NM pa-

radigm, called cloud manufacturing (CMfg) [6,7], is proposed. CMfg is a new ser-

vice-oriented model developed from existing NM paradigms (e.g. ASP, MGrid, AM, 

GM) to provide on-demand, high quality, low consumption, reliable and safe services 

by the network and service platform under the support of cloud computing [8], internet 

of things (IoT) [9], cyber physical system (CPS) [10], service oriented technologies, 

enterprise information technologies and so on. It is also an important direction to be 

followed in the field of the advanced manufacturing [11]. 
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The goal of CMfg is manufacturing tertiarization [12] which includes two aspects 

of meaning. The first aspect is manufacturing inner-tertiarization which means the 

manufacturing enterprises provide the manufacturing resources as manufacturing ser-

vices among the manufacturing industry to increase the resource utilization rate, and its 

essence is to provide services of the whole manufacturing lifecycle for producers. The 

second aspect is manufacturing outer-tertiarization, which means the manufacturing 

enterprises expand the their business to the product-related services such as installation, 

maintenance, recycling, etc. in order to get higher additional profits, and its essence is 

to provide services of the whole product lifecycle for customers. The two aspects not 

only support and promote each other, but also develop along together. 

The inner-tertiarization is the foundation of manufacturing tertiarization, and how 

to provision service resources for cloud manufacturing is a key research topic for the 

inner-tertiarization. In this paper, a study of provisioning manufacturing services is 

carried out. The paper is organized as follows. Section 2 selects the service architecture 

for manufacturing resources according to the resource characteristics. Section 3 pro-

poses a three-step provisioning method of manufacturing services, which includes three 

technologies: manufacturing service interface, four encapsulation strategies for manu-

facturing resources and dynamic provisioning of manufacturing service. Section 4 

gives the conclusions. 

2. Selection of Service-Oriented Architecture 

In order to provision service resources for cloud manufacturing, a service-oriented ar-

chitecture (SOA) is needed as the underlying service architecture. SOA is a software 

architecture using loosely coupled software services that integrates them into a distri-

buted computing system by means of service-oriented programming [13], and it has 

three elements: service provider, service requestor and service registry. According to 

whether the communication protocol between service provider and service requestor is 

fixed or not, SOA can be classified into service protocol-oriented architecture (SPOA) 

and service object-oriented architecture (SOOA) as shown in Fig. 1.  

In SPOA, the service provider publishes the service description to the service regi-

stry, and the service requestor looks up the service in the service registry then gets the 

service description. By the service description, the service requestor constructs a ser-

vice proxy to communicate with the service provider, and the communication protocol 

in SPOA is fixed like SOAP (Simple Object Access Protocol) in Web Services and 

IIOP (Internet Inter-ORB Protocol) in CORBA. In SOOA, the service provider pub-

lishes the service proxy to the service registry, and the service requestor looks up the 

service in the service registry then gets the service proxy. The service requestor can 

communicate with the service provider by the service proxy without knowledge of the 

communication protocol, and the service provider can use any communication protocol 

according to its particular distributed application.  

Most of manufacturing resources especially the manufacturing equipment uses ex-

clusive communication protocol, because the manufacturer may not foresee that all the 

manufacturing resources will be connected in the future, or they want to maintain the 

key customers’ share. So the SOOA which is protocol neutral is more suitable than the 

SPOA which uses fixed protocol for manufacturing resources. 
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3. Provisioning Method of Manufacturing Services 

Based on SOOA, a three-step provisioning method of manufacturing services is pro-

posed: (i) Interface defining: to define manufacturing service interface which needs to 

be implemented by the manufacturing resources, so the service resources can be recog-

nized and invoked correctly in SOOA; (ii) Resource encapsulation: according to the 

characteristics of manufacturing resources, to encapsulate different manufacturing re-

sources as services and implement the interface in the service program; (iii) Dynamic 

provisioning: to deploy the service program into the service container, and then register 

the service in the service registry. 

3.1. Manufacturing Service Interface 

Crucial to the success of SOOA is interface standardization [13]. Service providers can 

publish their services and also be identified by the standardized interface. In order to 

define standardized interface for manufacturing resources, a manufacturing service 

interface is proposed based on the function classification as shown in Fig. 2.  

Manufacturing service interface has two parts: manufacturing function tree and 

service interface. The manufacturing function tree is a classification system of manu-

facturing functions, and its basic element is manufacturing function (MF). Each MF 

node can be divided into sub MF classifications, e.g. a manufacturing function can be 

divided into design function, processing function, assembling function, transportation 

function, etc., and the design function can be divided into requirement analysis, con-

ceptual design, structure design, etc., and the structure design can be divided into geo-

metric modeling, structure analysis, digital simulation, etc. Thus a multi-dimensional 

and multi-level manufacturing domain-oriented tree can be constructed.  

Service interface is the description model of MF node, it has three parts: descrip-

tion, signature, and method. Description is an extensible node which can describe the 

function information. The signature is the identifier of the service interface. The me-

thod represents the invoking information of the service interface, it can has multiple 

operate, and each operate can have more than zero input and output. Service interface 

is the model of manufacturing function and is not related to the manufacturing re-

sources. Each service interface can be implanted by multiple manufacturing resources. 

And the service interface is connected to the MF tree by the function path. The manu-

SPOA architecture (a) SOOA architecture 

Figure 1. Comparison between SPOA and SOOA. 

L. Kong et al. / Provisioning Service Resources for Cloud Manufacturing218



 

 

facturing interface needs to be implemented by the resource provider according to the 

resource function, so the manufacturing service can be identified and invoked correctly. 

3.2. Encapsulation Strategies for Manufacturing Resources 

According to the formational relations between manufacturing resources, the manufac-

turing resources are classified into four categories: intelligence resource, knowledge 

resource, tool resource and manufacturing capacity. Because the content of each cate-

gory is very rich and has many types of resources, it is infeasible to study the encapsu-

lation method of every type of manufacturing resource. So the encapsulation strategies 

for the four categories of manufacturing resources are proposed below. When encapsu-

lating a specific type of manufacturing resource, the corresponding encapsulation 

strategy can be extended to achieve the encapsulation of the specific resource. 

3.2.1. Encapsulation Strategy for Intelligence Resource 

Intelligence resource (IR) is a kind of manufacturing resource which has human wis-

dom behavior, and has the features of dynamic, mobility and autonomy. IR includes 

domain engineer, expert advisor, manufacturing activity coordinator, manufacturing 

requestor, product customer, etc. Generally speaking, intelligence resource is a kind of 

offline resource, for example, the domain engineer might not be online all the time, it 

might be working in the workshop or on a regular rest schedule, the IR needs to be no-

tified to work online on time when the task arrives. If the IR has intelligent terminal, 

such as smart phone, PDA or tablet computer, the manufacturing task can be directly 

Figure 2. Structure of manufacture service interface. 
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pushed to the intelligent terminal for IR. Meanwhile, the engineering background and 

knowledge structure of different IRs differs a lot, the customized human-computer in-

teraction interfaces are needed to be constructed for different IRs. 

According to the analysis above, the encapsulation strategy for IR is shown in 

Fig. 3 which has three layers: (i) Connectivity layer. The SOOA service connects to the 

network dynamically and is used as the connector of IR and IR service, when the IR 

service is requested, then it submits the request to the upper layer. (ii) Management 

layer. The task manager is responsible for the management of submitted service re-

quests, forms the task queue according to the task strategy, and provides task informa-

tion to the upper layer. (iii) Interface layer. The interface manager gets the task from 

the management layer and invokes suitable interface to communicate with IR according 

to the task status and IR features. If the task status is uninformed, the interface manager 

invokes the notification interface to ask the IR to work online on time, if the IR has 

intelligent terminal, the interface manager invokes the push interface to send the task 

directly to the terminal of IR and provides customized human-machine interaction in-

terfaces to help IR finish manufacturing task successfully. 

3.2.2. Encapsulation Strategy for Knowledge Resource 

Knowledge resource (KR) is generated by intelligent activity of IR. KR is a kind of 

manufacturing resource which is knowledge-based and can be reused in the manufac-

turing process. KR can be classified into explicit knowledge and tacit knowledge. Ex-

plicit knowledge is a kind of KR which has physical form such as engineering case, 

working standard, simulation model and so on. Tacit knowledge is a kind of KR which 

still exists in IR, such as project experience, operation experience, individual method, 

etc. Assistant methods are needed to help the IR convert tacit knowledge to explicit 

knowledge in order to avoid repeated intelligent activity. For example, the knowledge 

engineer acquires domain knowledge from the domain engineer by means of meeting 

 

Figure 3. Encapsulation strategy for intelligence resource. 
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or questionnaire. The digitization is the precondition of service encapsulation of KR. 

Because the same KR can provide different KR services to different target users, the 

manufacturing function needs to be identified in order to confirm the manufacturing 

function interface, and the service process is the query and reasoning process of KR. 

Take the KR service of material property for instance, the service target user is the fi-

nite analysis element engineer, service input is the material name and analysis type, 

service output is the set of material properties, and the service process is the criteria 

query of material property database. 

The encapsulation strategy for KR has three steps as shown in Fig. 4: (i) Materia-

lization. By the methods of knowledge engineering, convert the tacit knowledge such 

as project experience, operation experience, individual method, etc. to explicit know-

ledge such as working standard, operation manual, engineering case, etc. (ii) Digitiza-

tion. Convert the explicit knowledge to digital knowledge resource such as electronic 

document, knowledge database, case database, etc., and the knowledge resource in this 

stage is a localized electronic resource or a networked information resource which can 

be accessed through a particular tool or interface. (iii) Tertiarization. Convert the digi-

tal knowledge resource to knowledge service by means of SOOA technology, imple-

ment the manufacturing service interface according to the resource function, implement 

the service execution process, the knowledge resource in this stage is a knowledge ser-

vice which has well-defined service semantic on the network. 

3.2.3. Encapsulation Strategy for Tool Resource 

Tool resource (TR) is developed by IR according to specific aim, and it is a kind of 

manufacturing resource which has specific manufacturing functions, and can be classi-

fied into software tool and hardware tool. The software tool includes office software 

such as word processor, presentation software, etc., and engineering software such as 

CAx, PDM, PLM software, etc. The hardware tool includes computing resources such 

as computer, storage, network, and manufacturing equipment such as NC lathe, ma-

chining center, drill machine and etc. The service encapsulation of TR has two precon-

ditions: (i) TR can connect to the network. The software tools which are installed in 

computer can get network connection through the resource host computer. Most hard-

ware tools need to be network-connectable by adding network connection module, for 

instance, add the Zigbee wireless module to fatigue-testing machine; (ii) TR provides 

open interface. The open interface is needed as the encapsulation interface of TR, so 

TR can be invoked externally. 

The encapsulation strategy for TR has three steps as shown in Fig. 5: (i) Connect 

TR to the network. According to the resource features, add the network connection 

module to TR; (ii) Choose resource function. Most TRs have multiple functions, such 

as the ANSYS software can execute geometric modeling, meshing and finite element 

analysis, the multifunctional NC machine can perform the operation of drill, mill, grind 

 

Figure 4. Encapsulation strategy for knowledge resource.  
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and laser processing, and thus the resource function needs to be chosen according to the 

application requirements; (iii) Build SOOA service program. Based on the open inter-

face of TR such as application programming interface, command line interface, data-

base interface, etc., develop the local program of the chosen resource function, then 

encapsulate the program by means of SOOA technology. 

3.2.4. Encapsulation Strategy for Manufacturing Capacity 

Manufacturing capacity (MC) is a kind of intangible resource which is composed by IR, 

KR and TR according to a certain logical relations and constraints. MC can provide a 

certain capacity to finish a type of manufacturing task, suck as design capacity, 

processing capacity, transportation capacity and so on. Organizing the resources of IR, 

KR and TR as MC has two benefits. The first benefit is the manufacturing enterprise 

can provide the overall solution of problem in the form of MC to attain high profits. 

The second benefit is the resources which are difficult to integrate by computers can be 

shared indirectly by the IR in MC. 

The encapsulation strategy for MC has two steps as shown in Fig. 6: (i) Inner en-

capsulation. Based on the encapsulation strategies for KR and TR, encapsulate the easy 

encapsulation resources of the interior of MC as services to improve the operation effi-

ciency of MC. (ii) Outer encapsulation. Based on the encapsulation strategies of IR, 

encapsulate the IR of the interior of MC as IR service. The IR service is taken as the 

service agent. The requestor can submit task to the IR service, then the IR service will 

inform the representative IR to coordinate the resources in the interior of MC to finish 

the task collaboratively. 

3.3. Dynamic Provisioning of Manufacturing Services 

After the encapsulation of manufacturing resources, the SOOA service programs need 

to be deployed into the SOOA service container and be provisioned as manufacturing 

services on the network. The SOOA service container is a light-weight service contain-

 

Figure 5. Encapsulation strategy for tool resource. 

L. Kong et al. / Provisioning Service Resources for Cloud Manufacturing222



 

 

er for SOOA services, and it supports distributable hot deployment, e.g. Cybernode 

service in RIO [14]. The provisioning process of manufacturing service has six steps as 

shown in Fig. 7: (i) Send instantiation instruction with the location information of code 

server and the service interface to the SOOA service container; (ii) SOOA service con-

tainer deploy the service program by downloading the service program from the code 

server according to the service interface; (iii) SOOA service container startups the 

deployed service program; (iv) The started service program registers its service proxy 

in the service registry; (v) After the invoking of the service, the destroying instruction 

is sent to the SOOA service container; (vi) The service container destroys the service 

instance, and the service is unregistered by the service registry. 

 

Figure 6. Encapsulation strategy for manufacturing capacity. 

 

Figure 7. Provision process of manufacturing service. 
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4. Conclusions 

Provisioning diversified service resources is the key to the implementation of cloud 

manufacturing. According to the exclusive characteristics of communication protocols 

of manufacturing resources, SOOA is selected as the underlying service architecture. 

An SOOA-based provisioning method of manufacturing services is proposed, by which 

the four categories of manufacturing resources including intelligence resource, know-

ledge resource, tool resource and manufacturing capacity can be encapsulated and dy-

namically provisioned as services with well-defined interface for cloud manufacturing. 

This work is the research basis for the following studies of CMfg in the future. 
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