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Abstract In order to improve the practicability of the
search engine of cloud manufacturing platform in
small- and medium-sized enterprises (SMEs), the paper
studied the matching process’ diversity, heterogeneity,
and multi-constraints between the intelligent matching
engine and cloud manufacturing (CMfg) service, then
established an intelligent searching engine of CMfg ser-
vice in SMEs which is based on ontology language for
service (OWL-S), and analyzed its matching degree
quantization problems of matching process between on-
tology concept parameters and constraint parameters. To
verify its validity, we have applied it in automobile/
motorcycle accessory industry. By combining a quantiza-
tion method, a matching algorithm and semantic similar-
ity, an automobile/motorcycle accessory ontology data-
base is established. It has fulfilled the semantic inference
of the service resources ontology and has realized the
valid and rapid intelligent matching of cloud searching.

Keywords Cloudmanufacturing (CMfg) . Small- and
medium-sized enterprises (SMEs) . Knowledge base .

OWL-S . Ontology library . Semantic similarity

1 Introduction

With the expansion of business scale in small- and medium-
sized manufacturing enterprises (SMEs), the significance of
the product’s data information of designing, production, test-
ing, and management had increased in the past few years [1,
2]. In order to achieve sharing and on-demand of manufactur-
ing resources and manufacturing capacity and improve re-
source utilization, cloud manufacturing will encapsulate all
kinds of resources and the ability into cloud services. Cloud
manufacturing resource information is dynamic unstructured
information based on heterogeneous environment. Traditional
information modeling methods cannot completely describe
the manufacturing resource information and realize the service
discovery, searching, and matching of cloud manufacturing
environment resources.

At home and abroad, document [3] focuses on the interac-
tive interface in the cloud manufacturing (CMfg) [4, 5] envi-
ronment and analyzes the demand characteristics of the inter-
face of CMfg system. At the same time, the research frame-
work of pervasive Human-Computer Interaction Techniques
and the dynamic of the user interface, the customization tech-
niques used to personalize the interface human-equipment in-
teraction technology in the CMfg environment, have been
studied. Based on the researches of the hard manufacturing
resource virtualization package, the characteristics of hard
manufacturing resources, and resource-related virtualization
technology, document [6] analyzes the characteristics of hard
manufacturing resources and resource-related virtualization
technology and clearly puts forward that hard manufacturing
resources based on CMfg encapsulate the framework describ-
ing in detail by virtualization technology [7–9]. And, on this
basis, the process of resources in which virtualization technol-
ogy is utilized to encapsulate is studied, and crucial questions,
such as resource description and matching, are elaborating.
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The CMfg to which virtualization technology is utilized can
realize overall and deep share in hard manufacturing re-
sources, so that virtual resource cloud pool can become highly
scalable and flexible. Document [10] establishes matching
model of inputs, outputs, preconditions, and effects of CMfg
services which is based onweb ontology language for services
by the semantic match of CMfg method which is based on
ontology language for service (OWL-S) and is preceding ap-
plication of case by three-dimensional inverse demand of au-
tomobile tail light which is digitized. Document [11] is pro-
posed to a description framework of machine tools resource
based on web Services Modeling Ontology (WSMO). The
key technologies such as metadata ontology representation
approach and service-oriented packaging of machine tools
resource for realizing this framework are researched. This pa-
per has analyzed the characteristics of the machine tool equip-
ment resource and the method of semantic description in the
CMfg environment.

Researches of the current CMfg mainly focus on the con-
cept, pattern features, function system, technical framework,
and so on, but multiple heterogeneous manufacturing re-
sources and uniform description which are realized form the
prerequisite and foundation for CMfg of circulation and pop-
ularization [12, 13]. But, current research in this area is rela-
tively weak.

While, it is impossible for traditional manufacturing service
management model to satisfy the increasing transaction and
matching of CMfg service resources [14]. So, it is of great
necessity to research the intelligent matching of supply and
demand, in order to dispatch manufacturing resources ratio-
nally and improve the cooperation efficiency among SMEs.

Aiming at these deficiencies, this paper puts out a three-
layer structure expressing knowledge (knowledge, the psy-
chological result of perception, learning, and reasoning) name
at domain ontology-the index of knowledge-the data resource
(OKD) to unify the terminology (terminology is a system of
words used to define things in a particular discipline) [15, 16].

CMfg service platform for intelligent matching supply and
demand is around the whole life cycle of product manufactur-
ing in this paper. The semantic description of CMfg service
according to synonym service resource dictionary from CMfg
service itself, subject’s capacity of CMfg, manufacturing re-
sources of CMfg and so on by setting up ontology library of
manufacturing service resources of industry-classified. There-
fore, firstly, this paper theoretically analyzes the algorithm of
intelligent matching supply and demand and describes the
CMfg service by Web Services Description Language. And,
on this basis, this paper establishes services semantic
matchingmodel of CMfg service by using modeling approach
of bibliographic knowledge. Secondly, model of phases of
parameter matching, attribute matching, and integrate
matching is analyzed, and then, quantitative methods of
matching degree and matching algorithm are proposed in the

matching processing. Finally, matching algorithms of seman-
tic similarity and the semantic inference engine are intro-
duced, so that match of keyword and semantic can realize four
aspects: function, data, quality of service, and execution. The
list of service eventually is made for users to select. It will take
function, data, quality, and execution into consideration when
searching service resources [17]. With the semantic matching
of keywords, a service recommendation list will be formed for
users to choose eventually.

2 Overview of supply and demand intelligent
matching engine

This intelligent matching engine for supply and demand is
studied to integrate the mass enterprise service resources, op-
timize the internal resources, share the manufacturing re-
sources and manufacturing capabilities, and realize the man-
agement, such as intelligent scheduling and configuration,
based on knowledge [18].

The active way of intelligent matching for supply and
demand is classifying those service resources in a partic-
ular manner firstly and then establishing ontology library.
Each ontology class, namely concept, will describe the
corresponding CMfg service resources with Web Ser-
vices Description Language (WSDL) document and label
all of the parameters in the document with ontology con-
cept. Especially for those demands, they also will be
established into the ontology library. Each concept in-
volved in the demand will be defined, and they will
map to the related parameter from the service description
document [19]. Each parameter in the demand will be
described by those concepts from service domain ontol-
ogy, and a formal demand mapping mode will be built as
the demand ontology when users submit the service de-
mand. Based on the above work, the intelligent matching
engine can work easily. Parameters from service descrip-
tion document will correspond to the concept in the de-
mand ontology, and they will take a comparison based
on semantic. After the comparison, the engine will take
the comparison value into a weighted summation and
then offers an arrangement about those service resources
as the comparison value for users to choose.

From Fig. 1, the supply side and the demand side of
the system use service demand information resource
function modules described via the Internet cloud. De-
scriptive text, through a standardized structure model, is
standardized in accordance with industry standards and
the body, between the text and the final description of
conduct intelligence service needs to match supply and
demand and access to useful system to meet the needs
of users.

104 Int J Adv Manuf Technol (2016) 84:103–118



2.1 Keyword semantic intelligence

Nowadays, many searching methods (such as keyword
searching, structure searching, vertical searching, and seman-
tic searching) are used to search for all kinds of manufacturing
service widely [20, 21]. Most of these searching engines are
based on keywords. It will break the semantic relationship
seriously when searching information by those searching
method based on keyword. Due to none of semantic informa-
tion in the searching process, users always cannot acquire
satisfying results. Because of a lack of intelligence and knowl-
edge, this searching mechanism is more and more difficult to
meet people’s growing knowledge demands [22, 23].

The keyword of semantic intelligent searching is used in
this intelligent matching engine for supply and demand of
manufacturing capability in this paper. The intelligent
matching engine depends on efficient searching algorithms
to return function, data, and service related to input conditions.
With support from this engine, users can obtain results corre-
sponding to input conditions and the best service. Keyword is
the word which can generalize related information that users
want to search for maximum and it’s the generalization and
centralization of information. Enterprise users can index
manufacturing service resources that they need by keyword
searching after logging into the main interface of the CMfg
service platform. During the searching process, a searching
expansion, namely synonyms and semantic contain extension,
is taken to improve the shooting. The basic idea of query
expansion is considering the similarity between semantic

concepts firstly and then expanding the semantic based on
similarity degree according to the classification structure of
service resources [24]. The computational process of semantic
similarity is as follows:

Definition 1 Assuming that there are two words named asW1

andW2, ifW1 has n concepts—S11,S12,…,S1n—andW2 hasm
concepts—S21,S22,…,S2m—then the semantic similarity of
W1 andW2 is the maximum value of each concept’s similarity,
namely

Sim W 1;W 2ð Þ ¼ max
i¼1…n; j¼1…m

Sim S1i; S2 j
� � ð1Þ

where Sim(W1,W2) is the maximum value of each word’s sim-
ilarity and max

i¼1…n; j¼1…m
Sim S1i; S2 j

� �
is the maximum value

of each concept’s similarity.

Definition 2 Where Sim(S1i,S2j) is the concept of similarity,
the calculation method is

Sim S1i; S2 j
� � ¼ X4

i¼1

βi ∏
i

j¼1
Simj S1; S2ð Þ ð2Þ

where S1 is the concept of the first word,S2 is the concept of
the second word, and β is an influence operator.
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The result will be as the follows:

Sim W 1;W 2ð Þ ¼ max
i¼1…n; j¼1…m

X4

i¼1

βi Π
i

j¼1
Sim S1i; S2 j

� � ð3Þ

Definition 3 The depth factor of two concepts (S1, S2) is
Ddep(S1,S2):

Ddep S1; S2ð Þ ¼ Ddep S1ð Þ þ Ddep S2ð Þ���Ddep S1ð Þ−Ddep S2ð Þ
���þ 2Depth

ð4Þ

where Ddep(W1) is the hierarchy network depth of con-
cept nodeS1, Depth is the depth of hierarchical network
diagram.

Definition 4 Concept S1 to conceptS2’s initial semantic simi-
larity is written asSimorj(S1,S2):

Simor j S1; S2ð Þ

¼ λ3
λ1

λ1 þ loge e−1þ nð Þ � Σdist
�
link1 Si; S j

� ��� �λ2

0
B@

1
CA

þ λ4Ddep S1; S2ð Þ þ λ5Ddep S1; S2ð Þ
ð5Þ

where S1 is the concept of the first word, S2 is the concept of
the second word. βi(1≤i≤4)is an adjustable parameter,β1+
β2+β3+β4=1and β1>β2>β3>β4, which reflects that the im-
pact decreases from Sim1 to Sim4 in order in the overall
similarity [25, 26]. When the semantic similarity is calculated,
the calculation process of concept similarity is added with the
greatest weight, because the method taking the concept simi-
larity as the similarity of words is used.

In the above-mentioned intelligence semantic search algo-
rithms, it is the most important to establish a strong enough
service resources dictionary full of concept synonyms. In the
CloudManu platform, the combination of those three classifi-
cation methods (service resource type, engaged in the produc-
tion industries, and transaction types) and knowledge ontolo-
gy technology about service resources will realize the active
matching of supply and demand finally.

2.2 Building synonym concept dictionary

In order to overcome the shortage of keyword searching, this
method applies synonym concept dictionary to realize the
specification, extension, and query of searching question from
users and understand their search intention with the concept
searching. The synonym concept dictionary always contains
many professional words defined by experts with their hands

or correlation concept space generated through machine learn-
ing [27]. Service resources synonym dictionary is a collection
of main synonyms about each keyword, while the main syn-
onym is the corresponding attribute of keyword. With the
service resources synonym dictionary, this CMfg service sys-
tem will shift each keyword used to describe service request to
be service resources properties automatically [28]. So, a se-
mantic similarity algorithm is imported to take a keyword
semantic matching from the service name, credit rating, trans-
action data, and execution process of those service resources
in this matching engine [1]. The service resources concept
description related to the maximally cloud searching result
will be listed in the service recommendation list as the com-
prehensive factor of the above aspects, so users can find sat-
isfied service resources easily.

The computation of semantic similarity based on the con-
cept of domain ontology is as follows:

Definition 5 If X and Y are any two concepts in the ontology
hierarchy tree, so the semantic distance between the two is
“Distance(X, Y)” [29]. In addition, Level(X) is the layer in
which concept X is set in the ontology and Level(Y) is the
corresponding layer of Y, so the gap between them is |Level(X)
−Level(Y)|.

On the basis of the above two definitions, a formula to
calculate the similarity between any two concepts, X and Y,
in the domain ontology is proposed, and the formula can be
described as the follows:

Sim X ; Yð Þ ¼ 1;X¼Y
α

Distance X ;Yð Þþαð Þ� β
NodeSet Xð Þ∪NodeSet Yð Þj j�

NodeSet Xð Þ∪NodeSet Yð Þj j

γ�

���Level Xð Þ−Level Yð Þþ1

� �;X≠Y

8>>>><
>>>>:

ð6Þ

When X equals to Y, namely X=Y, the calculation result will
be “1,” namely Sim(X, Y)=1, which means that the similarity
between the two is 1; however, when X is not equal to Y,
namely X≠Y, the result will be as the follows:

Sim X ; Yð Þ ¼ α
Distance X ; Yð Þ þ αð Þ

� β
NodeSet Xð Þ∪NodeSet Yð Þj j

� NodeSet Xð Þ∪NodeSet Yð Þj j
γ �

���Level Xð Þ−Level Yð Þ þ 1
� � ;X≠Y ð7Þ

where α is an adjustable parameter, the value of α can reflect
the relationship of semantic similarity, and the value is a pos-
itive real number.α is an adjustable parameter, and β is used to
adjust the influence degree that value of the coincidence over
the similarity. The value of β in the range of (1, Ddep(S1,S2))
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and Ddep(S1,S2) indicates the level of depth of the body. On-
tology semantic overlap of the largest species of the two con-
cepts is the largest body in the tree hierarchy node and its
parent, semantic overlap; this value range β can guarantee
the case of X≠Y, Y is an adjustable parameters for regulating
the level of poor concept of similarity, and Y ranges generally
between (0,1).

Definition 6 If X and Y are any two nodes in the ontology
concept correlation graph, ShortestPath(X,Y) is the shortest
route from X to Y. When X, Y is not connected, the value of
ShortestPath(X,Y) is∞.

Based on the above-proposed formula, a method to mea-
sure semantic association of any two concepts in ontology is
as follows [30, 31]:

Rel X ; Yð Þ ¼ 1;X¼Y or X ;Y Equivalence
λ

ShortestPath X ;Yð Þþλ;Other Relationships

(
ð8Þ

where Rel(X,Y)is the relevance between any two concepts in
the domain ontology is, λ is an adjustable parameter, and β1+
β2+β3+β4=1, namely the correlation of 0.5, is the shortest
distance between the values of concepts.
where Sim_Rel(X,Y)is combined with similarity and correla-
tion comprehensive relationship, the calculation method is as
follows:

Sim Rel X ; Yð Þ ¼ Sim X ; Yð Þ
þ Rel X ; Yð Þ‐Sim X ; Yð Þ*Rel X ; Yð Þ ð9Þ

Among them, Sim_Rel(X,Y) is the integrated relationship
of X and Y concept value, Sim(X,Y) is the concept similarity of
concept of X and Y, and Rel(X,Y) is the correlation of concept
of X and Y.

3 Key issue discussion

CMfg service resources contain all the resources in the oper-
ation process and product life cycle from manufacturing en-
terprises. It is required to build an index knowledge base to
establish the CMfg service resources ontology according to
the requirement characteristic of small- and medium-sized en-
terprise. The index knowledge base is used to manage the
knowledge characteristic and knowledge content [32, 33]. It
can also provide knowledge link, but it does not manage the
content and structure of the service resources themselves.
Therefore, all kinds of resources can be accessed seamless
without changing the structure of ontology knowledge base.
We can generally know that new service resources ontology
through the description and then determine whether to open
the corresponding data resources fatherly.

In the building process, WSDL documents are used to
specify the description, so as to index service data and take
intelligent matching quickly.

3.1 Building index knowledge base

All kinds of resources need to be standardized before registra-
tion, which can contribute to the intelligent matching of sup-
ply and demand under the CMfg service environment. Index
knowledge is applied to guide the service resources searching.
On one hand, the definition of index knowledge content and
structure works for the structure and lightweight of service
resources data. On the other hand, the knowledge description
of service resources data based on domain ontology realizes
the semantic association between those service resources, thus
improving the rapidity and accuracy of the searching.

Index knowledge contains lots of knowledge to design and
develop; it can reflect the content of work flow about transac-
tions between supply and demand at the same time. When
dealing with the whole design document and product model
of CMfg service resources, the following three tipples will be
used to describe the index knowledge [9, 34].

IK ¼ < AD;KD;URL >

in which, IK means index knowledge, AD means the descrip-
tion of knowledge attribute, KD means the description of
knowledge, namely the relevant design knowledge of service
resources, and URL means the address of knowledge.

AD and KD usually be described as the following:

<AD> {Name of the service resource, id of the service
resource, type of the service resource, creation data,
founder, audit, type, field, category, and key sets}

<KD> {Task goal, task description, input and output,
solution, design experience, and description of
service resource model}

The modeling of index knowledge is the process to extract
those new service resources, and the building steps are shown
in Fig. 2.

According to specification, the term ontology knowledge
base has been established for the new service resources de-
scription text word processing documents. After being proc-
essed, ontology’s service resources use new markup tools,
which will draw automatic domain terms, and in accordance
with TF-IDF algorithm (inverse document frequency, term
frequency-inverse document frequency), automatic document
features extraction of terms, terminology, and knowledge in-
dexes’ key set documentation of word document features.
Among them, the feature set of words is one of the main fields
of subsequent knowledge index matching [35, 36]. In the on-
tology knowledge library, the new service resources markup
tool will automatically propose document-related attribute
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information. To ensure the knowledge and stylistic unity of
the description of a term, the new service resources markup
tools feature set of words based on the service resources de-
scription document annotation knowledge and fill in the new
knowledge-related resources and services (including the de-
scription of the service resources, solutions, and design expe-
rience knowledge sets), so as to form an index of knowledge.
Therefore, it is not only describing the development knowl-
edge of service resources description document, also allowing
that both sides of supply and demand are obtained understand-
ing and experience by the form of natural language description
in the process of publishing tasks [37]. Finally, the knowledge
engineer will review the legality and validity of knowledge.
You have the ability to decide whether you can put in storage.

The manufacture resources attribute classification of cloud
service platform and the classification map are shown in
Fig. 3.

In the process of development, we integrate from above
manufacturing resources properties that describe the unique
attributes. As shown in Fig. 4, it is the property ontology
meta-model of CMfg service resources:

3.2 Building characteristic vector model of searching
words and index knowledge

After the semantic parsing of service resources, index knowl-
edge of vector space model is used to matching algorithm.
According to the ontology concept collection, ontology rela-
tionship weight and business demand knowledge weight are
input to build characteristic vector model of searching words
and index knowledge. The ontology relationship weight of
service resources is used to distinguish the important degree

of each attribute description in keywords to the searching, so
as to acquire a more comprehensive cloud search result and
improve the recall rate.

1. The characteristic vector expressing of search keyword sets

Generally speaking, keyword from original problem
description will reflect the demand of supplier and de-
mander. Thus, the highest weight original keyword sys-
tem can give automatically “1.0” in the searching word
sets, while the ontology concept relevance of extension
words is given different weights. At the same time, devel-
oper can also give the corresponding weight according to
their needs when searching. The design problem is con-
verted to vector Vq eventually [38–40].

Vq ¼ Wq1Wo1;Wq2Wo2;…;WqiWoi;…;WqnWon

� � ð10Þ

In addition,Wqi is the characteristic weight of term i in the
searching word sets q, whileWoi means the ontology relation-
ship weight between searching word i and the original
keyword.

2. The characteristic vector expressing of index knowledge

Searching words may appear in different contents of
one index knowledge, and different descriptions are put
with different important degree, so it is necessary to dis-
tinguish the important degree of each content to improve
recall rate.

Designing knowledge domain weight refers to giving
different weights to different contents of index knowl-
edge. Each content corresponds to a domain weight Wk
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[41]. The higher is the value ofWk, the more important is
the content of this index knowledge.

Vd ¼ Wd1 ⋅ Π
j¼1

m1

Wk j ;Wd2 ⋅ Π
j¼1

m2

Wk j ;…;Wdi ⋅ Π
j¼1

mi

Wk j ;…;Wdn ⋅ Π
j¼1

mn

Wk j

	 

ð11Þ

In addition, Wdi means the characteristic weight of the

word in the index knowledge d, Π
j¼1

mi

Wk j means the knowledge

domain weight that the word get,Wk j means the domain

weight of the content in the index knowledge, and mi means
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the occurrence number of the word in the index knowledge
[42].

3.3 Index knowledge matching algorithm based on vector
space model

On the basis of the using of index knowledge, synonyms, and
semantic contain query, this paper takes a comparison of the
whole similarity by semantic similarity matching algorithm
[43]. At present, vector space model (VSM) is a mature Smart
text retrieve system. Its design idea is as follows: creating
multiple vector (W1, W2, W3,……Wq) and assuming Wi as
the weight of the key item firstly and then automatically
extracting document key item to find the solution by the TF-
IDF algorithm, calculating the cosine value between searching
field and papering searching field of the keyword in vector
space. If the value is more close to 1, the similarity will be
higher.

W t; dð Þ ¼ t f t; dð Þ⋅id f t; dð Þ
¼

ffiffiffiffiffiffiffiffiffi
nt; d

p
* 1þ log N= Nt;d þ 1

� �� � � ð12Þ

In addition,W(t,d) is the t weight of key item in document
term, f(t,d) is the word frequency of document collection in all
the document term, nt,dis occurrence number of document in
althea document, idf(t,d) is the frequency of the inverse doc-
ument, N means the number of all document, and Nt,d means
the document number of occurrence items.

3.4 The implementation of reasoning logic description

According to the specific requirement of web services capac-
ity constraint description, the constraint conditions of predic-
tions and effects are divided into two categories. One category
is the numerical constraints; namely, the constraint is de-
scribed by using numerical type to the web services outside
the state of the world or input and output parameters; the other
category is the object-type constraints; namely, the constraint
is described by using object type to the web services outside
the state of the world or input and output parameters of the
hierarchical domain ontology in the class definition of the
class and attribute property [44]. For example,

Service provider:

P partsType(?x)∧shaftParts(?x)∧cylindricity(?y)∧
smallORequal(?x,9)

Service requester:

R partsType(?x)∧steppedShaft(?x)∧cylindricity(?y)∧
smallORequal(?x,10)

By using OWL reasoning engine, reasoning logic de-
rive out steppedShaft containsshaftParts. Then, web

services capabilities needed constraints on the object-
type service providers to meet the requirements, but
the numerical constraints are not directly through the
concept of OWL reasoning engine (including relation-
ships); therefore, ontology web services capabilities in
the field of numerical reasoning require a separate pro-
cess. Therefore, according to numerical constraints and
object constraints, reasoning logic needs to use different
inference algorithms for matching. For numerical con-
straints, the method of domain ontology inference rule
consistency constraints between reasoning. In ontology,
numeric constraints matching rules are described to
SWRL language. Thus, the rules and OWL domain on-
tology may be separately expressed in the rule-based
reasoning system. For matching object-type constraints,
domain ontology decryption logic inference engine con-
sistency judgment.

1. Matching algorithm of numerical constraints

Define the numerical constraints in the form of the following:

numberCondition

¼ numberTerm1; numberTerm2;…; numberTermnf g

where numberTermis ar(x,v)form of two predicate logics and x
is an adjustable parameter. This variable can be defined as an
instance of the class OWL in domain ontology, and vis a specific
value, which rare the four predicate numerical constraint rela-
tions. Now, we define that the four kinds of numerical con-
straints described predicates from the equal (Equal), greater than
or equal to (LargeOrEqual), and less than or equal to
(LessEqual), within the scope of numerical constraints
(RangeIn) [45]. The inference rules are defined as follows:

Definition 7 Equal−Consistent:

Equal Provider; ?xð Þ;Equal Requester; ?yð Þ;
Equal ?x; ?yð Þ⇒Equal−Consistent

Definition 8 LessOrEqual−Consistent:

LessOrEqual Provider; ?xð Þ; LessOrEqual Requester; ?yð Þ;
LessOrEqual ?x; ?yð Þ; LessOrEqual−Consistent

Definition 9 LargeOrEqual−Consistent:

LargeOrEqual Provider; ?xð Þ; LargeOrEqual Requester; ?yð Þ;
LargeOrEqual ?x; ?yð Þ⇒LargeOrEqual−Consistent
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Definition 10 RangeIn−Consistent:

RangeIn Provider; ?x; ?yð Þ;RangeIn Requester; ?z; ?wð Þ; LessOrEqual ?z; ?xð Þ; LargeOrEqual ?w; ?yð Þ⇒RangeIn−Consistent

Among them, the Provider and Requesterrepresent the ser-
vice provider and requester both in describing the variables
used in constraint conditions. The x,y,z, and ware concrete
constraint values.

Note that we are reasoning that is based on the precondition
predicate constraints matching the description. The match
constrained parameters are the first to match and predicate in
the constraint condition. If the predicate is not an exact match,

the match constrained parameters will not be matched; if the
predicate is an exact match, then the match constrained parame-
ters will be again to match each individual word [13]. Of course,
the field of ontology predicate variable in line with consensus,
then it should also be semantically consistent (Table 1).

The matching relationship between numerical constraints
can be judged by reasoning from the above rules, and then, the
algorithm is described as follows:

Algorithm 1  matchingmaking:  numberCondi�onProver
Input: number Condi�on-Requester, number Condi�on-Provider

Output Result-True or False.
Result=Emp�est

Th=threshold
For each number Term in number Condi�on-Provider do

If number Term in number Condi�on-Requester
Where r is equal, x is seman�c consistent and number

Rule-Consistent
Then

Return Result-True
Else

return sort(Result-False

2. Matching algorithm of object constraints

Object-type constraints matching algorithm thought is chang-
ing the Horn clause semantics of the object constraints matching
algorithm (include Horn clause) into a constraint satisfaction
problem (CSP) [46]. In the transformation process, make full
use of the semantic relations between concepts of domain ontol-
ogy as the semantic heuristic information, reasoning logic try to
simplify the complexity of CSP, and then use a variety of opti-
mization algorithms of CSP field to determine compatibility
between constraints.

The matching algorithm of object-type constraints is main-
ly divided into three steps:

First, this algorithm is normalized in a constraint clause;
namely, the constraints are exhumed into the semantic infor-
mation of the expression contains and then exhumed into
OWL ontology knowledge and description language (DL)

reasoning machine. The semantic information normalization
is associated with specific DL. Generally speaking, the more
powerful the DL language, the more complicated the normal-
ization process of semantic information; simply, we mainly
consider the class, property, and the implied semantic infor-
mation of the property domain and range of the OWL lan-
guage in the current semantic normalization.

Second, the semantic θ (contains problems between conjunc-
tive normal form clauses) is transformed into a CSP problem. It
also exist a range of values of the variables which predicate
containment relationship between the class of the OWL as vari-
able substitution, and the existence of binary predicate contains
relations (OWL property) between variables to as constraint con-
ditions; thus, this put the replacement of variables into CSP prob-
lem. By using semantic information of domain ontology,
matching algorithm is combined with the method of node. The
consistency and Arc, consistency of the CSP field, reasoning
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logic is reducing to the complexity of the corresponding CSP
problem. Lastly, this method can greatly reduce the search area
of the variable displacement.

Third, the rules adopted some optimization algorithms in
the CSP field. Within a range of the predicate form, search to
satisfy all the constraints from the binary predicate variable
replacement; then, DL reasoning machine reused clauses be-
tween text semantic reasoning.

3.5 The linguistic match of intelligent matching engine

Criteria semantic matching (linguistic match) is based on the
above reasoning judgment out of service resources, to evalu-
ate them in the linguistic sense of the wordmeaning similarity.
Therefore, the establishment of the criteria semantic matching
is a practical significance in the name of the semantic con-
cepts. Semantic matching algorithm has used a variety of
names and a string of matching methods, including the use
of common conceptual similarity judgment NG algorithm,
using the Word Net Dictionary to synonym judgment, and
calling the abbreviation for judging the thesaurus. Alternative-
ly, you can make essential pretreatment when those entries
that match a particular query string, when you use the
matching algorithm, such as conversion of punctuation and
uppercase and lowercase letters; filtering out the stop words,
stem extract, or substring; removing the affix; and so on. After
the pretreatment methods and various matching algorithm ex-
ecutions, if any kind of algorithm to get the match exactly
results (matching degree is 1), the two concepts are considered
as exact match [18, 47]; if all the algorithms do not match the
results (matching degree is 0), then the two concepts do not
match; otherwise, it is a non-zero average value as the
matching degree of matching concepts. Through the analysis,
the distance between twomain concepts X, Y can be calculated
by the distances between the nodes:

LingMS wc; ocð Þ ¼
1 if ms1∨ms2∨…∨msn ¼ 1ð Þ
avg msið Þ if msi≠0; i∈Ið Þ∧ msj ¼ 0; j∉I

� �
0 if ms1 ¼ ms2 ¼ … ¼ msn ¼ 0ð Þ

8<
:

ð13Þ

where Wc(WSDL concept) is on behalf of WSDL concepts,
Oc (ontology concept) is on behalf of the ontology concepts.
Wc and Oc’s match scored are obtained for different matching
algorithms.

4 Case study

In this article, in order to match supply and demand initiative,
related concept synonym service resources dictionary is built
to service resources including car/motorcycle lamps, mirrors,
plastic parts and general machinery parts, and so on.We took a
verification application in the automobile headlight.

4.1 Background

Auto parts’whole process of new product development relates
to software resources such as sample data scanning, image
ware point cloud processing, UG reverse design, UGCAM
machining, NC code programming, etc. and a large number
of hardware resources including scanning equipment,
machine tools, molds, etc. [48]. At present, these service
resources are scattered in different places and each point,
and most of these companies can offer only partial auto
parts product development services. But, new product devel-
opment of auto parts is a continuous, consistent process from
product reverse designing, researching, and designing to
manufacturing.

4.2 Query expansion process

This paper will establish a new service resources ontology
library of the automobile and motorcycle spare parts product
research and development, developed by Stanford
University’s protégé.

To verify the Smart Matching of CMfg service and feasi-
bility and practicality of process traceability, we manufacture
in the early development of the motorcycle parts companies
leaked processing support system, combining with the above-

Table 1 Matching algorithm of numerical constraints

Term Provider2N (numerical constraints type)

Degree of match Equal (相等) LargeOrEqual (大于等于) LessEqual (小于等于)

(provider, requester) ≥ ≤ = ≥ ≤ = ≥ ≤ =

Term provider1 Exact matching
(term requester1)
Compatible matching
(term requester1)
Contains matching
(term requester1)
Mismatching
(term requester1)

1.0
0.7
0.4
0

1.0
0.7
0.4
0

1.0
0.7
0.4
0

1.0
0.7
0.4
0

0.8
0.5
0.2
0

0
0
0
0

0.8
0.5
0.2
0

1.0
0.7
0.4
0

0
0
0
0
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mentioned research ideas and related outcomes [49–51]. This
paper makes local improvement and updates the modeling,
description, registration, publication, cloud search, service ca-
pabilities, and other aspects of cloud system in automobile and
motorcycle parts new product resources and improves the sys-
tem to have attribute analysis, resources modeling, semantic
description, and service of packaging and other function.
Therefore, the system overcomes this kind of automobile
and motorcycle parts itself functional new product develop-
ment complexity and, meanwhile, initially meets the automo-
bile and motorcycle parts smart match of demand and supply
of new products manufactured under a cloud environment,
polymerization of process knowledge, and other requirements
of application.

Automobile lamp ontology includes car lamps class, mir-
rors class, plastic parts class, and general machinery parts
class, etc., and the car lamp class also includes lighting lamp
and signal lamp two subclasses: lighting lamp subclass also
includes headlamp, reversing lamp, door lamp, etc, and signal
lamp subclass includes turn signal lamp, operating turn signal
lamp, turn signal lamp, etc. When establishing a subclass, we
want to create restrain, object properties, and data properties.
At the same time, the subclass’ instance will be created. As
shown in Fig. 5, it is the automobile lamps instance Jambalaya
diagram of CMfg service resources:

In the figure, “Flashlight” and “Signal lamp” are in the same
class and belong to a car light subclasses, “Flashlight” and

“Signal lamp” subclasses’ semantic value has a weight of 2.
The second bottom of the “Head light” and “Reversing lamp”
are respectively corresponding to the subclasses of “Flashlight”
and “Signal lamp.” The semantic distance between the two con-
cepts is far away from the root and can be set to 3.

The input, output, precondition, and effect (IOPE)
matching model of headlamp service providers provider
(abbreviated P) and demanders requester (abbreviated R) is
R=<RInput, ROutput, RPrecondition, REffect>. In the auto-
motive headlamp parameters corresponding to each lamp at-
tribute as an example, RInput={Head light, Three--
dimensional reverse engineering service, Three-dimensional
optical scanner+Image ware software, Dimension error, An-
gle deviation}, ROutput = {Class A Engineering},
RPrecondition={Chongqing city}, PEffect={Dimension
error≤0.01, Angle deviation≤0.5}[29]

Headlamp service providers’ IOPE matching model is P=
<PInput, POutput, Precondition, PEffect>, where the parame-
ters corresponding to each attribute are as follows: service
release parameters are Input={Retrofit Design service,
Three-dimensional optical scanner, UG, Institute for
Manufacturing Engineering, Dimension error, Angle
dev i a t i on} , POu tpu t = {C l a s s A Eng ine e r i ng} ,
Precondition={Chongqing city}, Effect = ={Dimension
error≤0.01, Angle deviation≤0.5};

According to the using of index knowledge, synonyms,
and semantic contain query retrieval algorithm, the model

Fig. 5 Car lamp body Jambalaya diagram
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IOPE Input, Output, Precondition, Effect four parameters are
calculated and calculate its data of 0.9,1,0.9,1.

And, automobile headlamps providers’ and requesters’
comprehensive matching degree: matchingmaking=0.9+1+
0.9+1=3.8, namely=3.8.

In view of the above parameter values by formula (5), that is,

Sim “Head light”; “Lighting lamp”ð Þ ¼ 3� 3:8� β
5� 2þ βð Þ ð14Þ

Sim “Head light”; “Reversing light”ð Þ ¼ 1� 3:8� β
3� 2þ βð Þ ð15Þ

Because the α and β are positive, then Sim(“Head light”
and “Lighting lamp”)>Sim(“Head light,” “Reversing lamp”),
then the depth of reaction has effect on similarity (Table 2).

In the formula, we import keywords into the cloud
searching box to calculating the similarity algorithm. If the
value is less than a certain numerical value, we can deduce
all relevant service resources in the formula.

4.3 Process of intelligent matching for supply and demand

In the development of CloudManu System, developers can
also adopt the MVC hierarchical model, because a rational
system architecture design hierarchy can not only guarantee
the quality of development, but also help to improve the de-
velopment life cycle, which is convenient for division of labor.
Based on the project, this paper uses service resources net-
work intelligence to create new models to achieve CMfg runs

Cloud Manufacturing
Service Platform for

Small and Medium-sized
Enterprises

Service resource management

Cloud  host

Control layer

(Struts2.0)

View layer

(JSP/Ajax)

Business logic layer

(Spring2.0)

Persistence

layer

(Hibernate)

Cloud storage Cloud security

Intelligent matching engine

for supply and demand

Transaction coordinating

logic engine

Credit evaluation engine

Main Common Engines

Main Function Modules

Business process management

Transaction task management

User information management

Credit evaluation management

Enterprise user

Table 2 Matching degree and I/O property matching degree of ROutput and P

Property Matching condition Matching degree I/O property matching degree

(Automobile tail light, automobile reverse) 0.96 0.90

(Three-dimensional optical scanner, articulated arm measuring instrument) 0.92

Input (Image ware, UG) 0.90

(CATIA, UG) 0.90

(Dimension error, dimension error) 1.00

(Angle deviation, angle deviation) 1.00

Output (Class A engineering, class A engineering) 1.00 1.00
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of a number of manufacturing enterprises with more orders for
collaboration [52–54]. However, it needs relevant

modification if the existing system wants more enterprises
and more orders. Using multi-collaboration can reduce the

Fig. 7 Manufacturing resources cloud search diagram

Fig. 8 CMfg resources semantic
matching diagram
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risk of enterprises, and it needs to authorize the operation for
business users, which is not realistic and very complex in the
existing service platform. In order to let both sides of the
supply and demand obtain the required orders quickly, we
design platform framework (Fig. 6).

The keyword semantic matching will take function,
data, quality, and execution into consideration, when
users search service resources in the CloudManu sys-
tem. With the matching algorithm of semantic similarity,
those records according to the searching conditions will
form a service recommendation list for users to choose.
The manufacturing resources cloud search diagram may
be described with Fig. 7.

When they enter in the CloudManu system, users from
both supply and demand can input keywords of manufactur-
ing service resources that they need into the cloud searching
box, and then, they will get the best service resources after

semantic intelligence computing and matching calculating by
the platform itself (Fig. 8).

In the process of semanticmatching, the similarity value from
similar concept calculation can achieve the searching require-
ment. While, it is impossible to avoid the relationship extension
between concepts based on the query expansion of relevance.

Therefore, based on the above calculation method, quanti-
tative results of comprehensive relationship between concepts
will store into the semantic matching process. When indexing
data by cloud searching, it will acquire the query expansion by
looking for similarities and relevance between concepts and
send it to the searching engine eventually [55].

In the above ontology’s, the query expansion of relevancy
includes the node calculating between upper and lower rela-
tionship and relevant concepts.

The following is a part of OWL description about automo-
bile parts ontology instance:

<rdf:Descrip�on>

<rdf:Descrip�on rdf:about="# Service Type ">

<rdfs:subPropertyOf rdf:resource="# Representa�on property"/>

<rdf:typerdf:resource="h�p://www.w3.org/2002/07/owl#DatatypeProperty"/>

</rdf:Descrip�on>

<rdf:Descrip�on rdf:about="# Flashlight ">

<rdfs:subClassOf rdf:resource="# Head light "/>

<rdfs:subClassOf rdf:nodeID="A0"/>

……

<rdf:type rdf:resource="h�p://www.w3.org/2002/07/owl#Class"/>

</rdf:Descrip�on>

5 Conclusions

CMfg is an important means for the transformation and
upgrading of traditional manufacturing to service-oriented
manufacturing. The Smart Matching of CMfg service is one
of the key technologies that need to be broken through. The
function of Smart Matching is powerfully determines whether
the platform can search and automatic match the results that
we expect conveniently and powerfully. Meanwhile, the
Smart Matching of CMfg service also shows great influence
on the popularity’s function experience. However, the study of
CMfg just starts the research of search and matching in the

CMfg services remains to be enriched and improved. Besides,
the CMfg service’s search and word segmentation, description
of making manufacturing resources synonym to service re-
sources dictionary, the construct of domain ontology library,
and the semantic similarity’s matching algorithm and optimi-
zation of semantic reasoning and other aspects need to further
study. The paper studied the matching process’ diversity, het-
erogeneity, and multi-constraints between the intelligent
matching engine and cloud manufacturing (CMfg) service,
then established an intelligent searching engine of CMfg ser-
vice in SMEs which is based on OWL-S, and analyzed its
matching degree quantization problems of matching process
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between ontology concept parameters and constraint
parameters.

In the next stage, we will further improve the manufactur-
ing service resources ontology library, focusing on studying
related intelligent matching similarity algorithm. We will de-
vote time to promoting the cloud manufacturing service mod-
el, so as to provide better services for small- and medium-
sized enterprises.
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