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ABSTRACT According to the theory of a complex network, the overall characteristics are derived from
complex interactions among its components, that is, network structure. For its service network, its overall
characteristics are its functions. In view of the coordinated linkage between the 3D printing industry and the
logistics industry, 3D printing is deeply integrated with Internet technology, digital casting technology and
Internet + service platforms. We propose a hyper-network model of raw material suppliers, semi-finished
product processors and finished product manufacturers that realize on-demand customization. To analyse,
design, and build the cloud 3D printing manufacturing capability service competition network, we propose a
3D printing service node structuremodel based on a super network using a reference and cloudmanufacturing
service model. The model’s mathematical structure is given in detail. Under this condition, it is necessary
to discuss the interaction between the logistics service level, productivity level and product processing
quantity. The process of the proposed model and method is given, and the validity is proven with a case
study of a Cloud 3D printing service hyper-network in service-oriented manufacturing systems.

INDEX TERMS Complex network, manufacturing resource services, service-oriented manufacturing
(SOM), cloud manufacturing, cloud 3D printing, order-driven.

I. INTRODUCTION
In the socialization process of advanced manufacturing
systems (AMSs), the applications of the Internet of Things
(IoT), big data and cloud technologies in manufacturing play
increasingly important roles [1]. According to these concepts
and techniques, the proposed service-oriented manufactur-
ing (SOM) systems (e.g., cloud manufacturing (CMfg) and
cloud-based design andmanufacturing) are attracting increas-
ing attention from researchers [2]. The existing related works
primarily focus on the following aspects.

Considering manufacturing capability services, there are
essential differences between cloud 3D printing services
(C3DPSs) and traditional resource services that are related
to the participation of people [3]. Especially when the
dynamic events and uncertainty of the CMfg environment are
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considered [4], how to allocate optimal services for random
arriving tasks is a issue worthy of study. The dynamic task
scheduling problems in different manufacturing systems have
been studied for years [5]. Typical methods for it include
agent-based approach [6], [7], heuristic-based approach [8],
real-time process information method [9], workflow-based
method [10] and pheromone based approach (Renna 2010).
The manufacturing capability service of C3DPS has more
similar human behaviour characteristics [11]. There are var-
ious logical relationships among their manufacturing capa-
bility services. Therefore, these relationships are not unique
but rather the coexistence of various relationships [12]. Social
networks mainly refer to networks that are composed of com-
plex connections between social individuals and individuals.
According to the related theory of a social network, the man-
ufacturing capability service in a C3DPS service platform
is built into an online social network that relies on these
complex relationships [13], [15].
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C3DPSs involve many industries, knowledge and data
scales, and there are problems of understanding ambigu-
ity and non-standard terminology in the natural language
description [14]. At present, the format of the exchange
between those services’ and the order tasks’ information with
cloud 3D printing (C3DP) is not uniform, which affects the
efficient processing of order task and service matching in the
C3DPS platform [16]. To solve the ambiguity between those
services’ and order tasks’ information, complex and hetero-
geneous resources are required along with unified description
and modelling [17]. The process of executing the C3DP order
task (C3DPOT) can be regarded as a series of C3DP services
that are combined according to a certain timing and logical
relationship to complete the corresponding manufacturing
task activity. It is an organic collection of those services’ and
tasks’ active objects (such as order type, processing process,
delivery time, and product material) on time, information,
and physical flow [18]. The modelling and digital description
of C3DP tasks and services are the basis for information
monitoring and processing in the execution process of C3DP
tasks based on order-driven tasks [19]. This order tasks model
and services model can formally represent its information
and effectively integrate and manage the data of those ser-
vice and manufacturing tasks. Additionally, the information
description in each stage of the C3DPOT execution process
is not only a formal semantic description of the equipment
resources but also a potential source of sensitive information
such as semantic description, knowledge discovery, matching
and combination. How to use the online store, reasoning,
query, and access to knowledge and information by these
formally defined task knowledge and data with the C3DPS
order is the basis for constructing the C3DPS platform.

The purpose of establishing a cloud 3D printing service-
oriented model is a descriptive model of C3DPSs, which
easily directly matches the demand of the manufacturing
task on the demand side, thereby realizing the transac-
tion of services. However, the probability of these services
being single-invoking is small, especially for the personalized
design requirements of innovative and creative products in
the whole product life cycle. Based on this idea, the best
group of services is usually selected and combined with
several services [20]. Considering that the manufacturing
service description model in the traditional cloud manufac-
turing service portfolio can only be matched with the manu-
facturing task requirements, a C3DPS network is proposed,
which can realize a self-organizing cluster among C3DPS
resources [21].

Therefore, considering the aforementioned characteristics,
to ensure the quality and efficiency of manufacturing services
in cloud environments [22]. The main contribution of this
work is that a complex network-based method is proposed
to respond to the dynamic arrival of tasks in order to select
the current optimal services for sub-tasks according to the
real-time status of the candidate services and shorten the
task execution time [23]–[25]. By abstracting manufacturing
services to the nodes of networks and regarding the various

FIGURE 1. The logical relationship diagram between the main node.

correlations among those heterogeneous nodes as the edges
of networks, the manufacturing service network is modeling
to address complexmanufacturing servicemanagement in the
cloud environment.

II. THE SELECTION OF C3DPS NODES AND DESIGN OF
THE DATABASE
Using these C3DPSs in the associated network as the object
of research, the structure of the manufacturing capability
information model is described and processed such that
they are realized in a specific way, including the extraction
and classification of various feature attributes in the model.
On this basis, this paper proposes a method in which the
different characteristics of forms and granularity informa-
tion are described by DDL and formed by the relationships
between manufacturing capability services[26]. Therefore,
these dynamic services realize on-demand delivery by man-
ufacturing capability.

A. THE CONSTRUCTION OF THE C3DPSs NODE TABLE
To meet the modelling requirements of various service
resources in the virtual resource pool, it is necessary to
create many different types of unstructured or arbitrary for-
mat fields, convert them into corresponding structured data,
and establish a corresponding database and data warehouse
according to the specified structure. As shown in Fig. 1, it is
a logical relationship diagram between the main node.

where this corresponding database and data warehouse
include the following data tables, such as the manufacturing
resource table, service resource node table, service resource
classification table, service resource function input table,
service resource function output table service resource rela-
tionship table, and service constraint table.

Considering the alternative relationship between manufac-
turing services, that is, when two atomic tasks are executed
in a serial sub-sequence, their logical relations are equal, and
the two atomic tasks are joined into an edge [27]. When the
weight of the manufacturing capability is adjusted, the gran-
ular tasks are divided into different coarse and fine-grained
manufacturing capabilities, and the alternative relationship
of manufacturing capabilities is formed into an atomic task
relationship network among business-level manufacturing
service sets. Here, the Multi-Dimension-ality of directionless
edges in the C3DPSs set is not considered [28].
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FIGURE 2. The diagram of the relationships between C3DPSs and C3DPSs.

Taking the user’s demand as an example, portrait 3D print-
ing is divided into six sub-tasks: portrait scanning, cartoon
image design and modelling, model slicing, portrait 3D print-
ing, surface post-processing, and coloring [29]. Each sub-task
corresponds to its own business process, namely, BMP-A,
BMP-B, BMP-C, BMP-D, BMP-E and BMP-F. As shown
in Fig. 2, it is a diagram of the relationships between C3DPSs.

where BMP-B is composed of both the data model and
multiple business logic activities in accordance with cartoon
image design and cartoon image modelling. The logical rela-
tionship between two business logic activities is serial order
and loop, and the constraint condition is that the two steps
have a sequence relationship. For example, this model slice
process is composed of the datamodel, and two business logic
activities form the sub-task, and the relationship between the
two business logic activities in this step is sequential and
parallel.

B. THE FORMAL DESCRIPTION AND ASSOCIATION
DEFINITION OF THE C3DPS
Association relation refers to the structural relationship
between two or more types of objects [30]. The combinable
association relation is a special case of the association rela-
tionship; that is, this C3DPS is also an association relation
in which the combinable association relation exists in the
functional feature description and the functional connection
structure. In view of this, the judge-ment of C3DPSs com-
posable association relation mainly represents whether there
is a combination of input and output function relationships
between two C3DPSs.
Definition (Relationship of Services, RoS) 1: The relation-

ship of C3DPSs:

RoS = {R1,R2,R3,R4,R5,R6} (1)

where R1 represents its replacement relationship, R2 is a com-
plementary relationship, R3 is a joint relationship of service
combinations, R4 is a support relationship of single input
and output, R5 is a support relationship of multiple input and
single output, and R6 is a support relationship of single input
and multiple outputs.

FIGURE 3. The diagram of the manufacturing capability service
association network.

The input/output of any two services C3DPSi and C3DPSj
in the cloud 3D printing virtual resource pool is expressed as:

C3DPSi : Inputi = {Inputi1, Inputi2, . . . , Inputim}

Outputi = {Outputi1,Outputi2, . . . ,Outputin} (2)

C3DPSj : Inputj = {Inputj1, Inputj2, . . . , Inputjm}

Outputj = {Outputj1,Outputj2, . . . ,Outputjn} (3)

where l(i, j) represents an association relation of any two
services C3DPSi and C3DPSj.

If the relationship between two services C3DPSi and
C3DPSj is not equal, this weight coefficient will also be
strained one by one. The specific situation is as follows:
(1) If l(i, j) = R1, then ωij = T = n.
(2) If l(i, j) = R2, then ωij = T < n.
(3) If l(i, j) = R3, then ωij = m = n.
(4) If l(i, j) = R4, then ωij = T = m.
(5) If l(i, j) = R5, then ωij = m < T .
(6) If l(i, j) = R6, then ωij = T < m.

where l(i, j) = R3 represents a joint relationship of services,
and l(i, j) = R1, l(i, j) = R2, l(i, j) = R4, l(i, j) = R5, and
l(i, j) = R6 are all in a state in which they can be combined.

The C3DPS association network is a complex network that
covers all granularities and the relationship between services.
Its core is the service node and service relationship (edge).
The expression of the mathematical set is as follows:

G = {V ,E,W } (4)

where V = {C3DPS1,C3DPS2, . . . ,C3DPSn} is a set
of all C3DPSs in the virtual resource pool, E = {<
C3DPS1,C3DPSj > |C3DPSij ∈ V , 1 ≤ i, j ≤ n} is a set of
services that have an association relationship between these
C3DPSs, andW = {ωij|1 ≤ i, j ≤ n} is a weight set in which
an association relationship exists.

C. THE CONSTRUCTION OF THE C3DPSs MODEL
Taking C3DPSs as an example, the specific process of the
cloud 3D printing manufacturing capability service model is
shown in Fig. 3.
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TABLE 1. The table of the basic information of C3DPS nodes.

FIGURE 4. The diagram of the coupling relationship between C3DPSs
nodes.

First, the nodes are selected; that is, all these C3DPS
resources in the virtual resource pool are selected. There
are a considerable number of C3DPS resources of different
sizes. Therefore, this paper takes these service providers as
the object from a macroscopic perspective and establishes the
basic information table of C3DPS nodes, as shown in Table 1.
The specific expression is as follows:

Second, the decoupling problem and dimension-reduction
in C3DPSs is addressed; that is, they change in the isolation
and reduced complexity between C3DPSs andmanufacturing
tasks. When these service features are de-redundant, it leads
to slow recognition speed and weak classifier performance of
high-dimensional data in this complex network [31].

Here, the premise of the decoupling problem is first identi-
fied in the coupling. The coupling refers to the phenomenon
that two or more systems or two forms of motion (such as
agglomeration between services or tasks) can interact with
each other. In the C3DPS network, there are two coupling
methods: similar coupling and random coupling. Similar
coupling means that nodes in any two groups of networks
are clustered according to the degree of connectivity, and
the dependencies of nodes are constructed [32]. As shown
in Fig. 4 (a), the connectivity values of S3 and S6 are equal
or very similar, and this phenomenon of between nodes has
the feature of similar coupling. The random coupling refers
to the phenomenon of random coupling relationships between
nodes in any two groups of networks, as shown in Fig. 4 (b).

A common decoupling method ignores or simplifies a
motion that has less impact on this coupling problem under
study and only analyses the main motion (such as changes in

FIGURE 5. The diagram of C3DPSs status.

the state of the C3DPSs). Therefore, the essence of C3DPSs
decoupling is weakened by the coupling strength of the
dependent network in a complex network environment. In the
C3DPSs, these nodes can be changed into an independent
node in the S_Network , so that it does not have functional
dependency. This process of transforming dependence is
called the decoupling process of C3DPSs.

Taking the design and processing of innovative creative
product parts as an example, the decoupling process of the
C3DPSs is described as follows:

For the design and processing of innovative creative prod-
uct parts, the state set can be set, such as free, running, and
suspend, as shown in Fig. 5.

where StateSet={S(Free),S(Running),S(Suspend)}. The
set of state transitions is expressed as:

StateSet(S1) = {S (Free)⇔ S (Running) ,

S (Running)⇔ S (Suspend) ,

S (Free)⇔ S (Suspend)} (5)

Taking the Running state as an example, it is expressed as:

TransS(free)⇔S(running) = (Ps,Es) (6)

where Ps is a precondition for performing state transition,
such as the state of S1 is idle, andEs is an effect of performing
state transition, such as the state of S1 is running;

Here, the innovative creative product parts services can
provide the following functions:

C3DS = (Fun1,Fun2, · · · ,Fun7) (7)

In addition, each function has a certain execution process.
For example, the processing of the portrait 3D model is Fun1,
which is the process of part shape design – model slice –
3D printing – test delivery, as shown in Fig. 6 and can be
expressed as follows:

Process(Fun1) = {P1→ P2,P1 |← P2,

P2→ P3,P3→ P4,P3 |← P4} (8)

where P1 → P represents that P1 and P2 are sequential
relations, and P1 |←P2 represents that P1 is dynamic feedback
in accordance with the execution result of P2.

According to the dependency strength of C3DPSs nodes,
the threshold λ of dependency intensity (determined by
experts according to the actual situation) is set, and the
C3DPS nodes are merged or decomposed without other influ-
ence, as shown in Table 2.
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FIGURE 6. The diagram of the C3DPSs execution process.

TABLE 2. The coupling merged or decomposed operation table of C3DPSs
nodes.

1) THE NODE MERGE DECOUPLING
If fij ≥ λ and fji ≥ λ exist, the two nodes with coupling
relationships are merged into one new node S(Pij).

2) THE NODE DECOMPOSED COUPLING
If fij < λ or fji < λ exists, the node decomposed coupling
operation is performed; that is, the smaller fij is deleted and
assigned a new empirical value e.

Third, the relationship between service nodes is deter-
mined.

According to the input and output information of services,
these characteristics and relationships are described by a
series of attributes of nodes or edges in this C3DPS network,
and the weights and the triple data structure table of the asso-
ciation relationships between the services are determined.

For these C3DPSs, the input and output are mainly in
the form of services. Considering the alternative relationship
between C3DPSs, the service providers take the candidate
service set with equal or different similarity matching as the
output alternative service.

Taking portrait 3D printing as an example, the C3DPSs
network is represented by the form of an adjoining matrix
in traditional graph theory. In this process, these nodes are
selection, decoupling and multidimensional reduction, and
then the matrix is constructed into a corresponding adjacency
matrix. The part transaction data are selected, and a corre-
sponding adjacency matrix is generated as follows:

A =


0 3 0 1 1
3 0 1 2 0
4 2 0 0 0
0 2 0 0 1
1 0 0 1 0



FIGURE 7. The diagram of the part network.

FIGURE 8. The triples of transaction data.

FIGURE 9. The digraph of the portrait 3D service node in the S_Net .

Thus, the complex network is a directed logical network
that this corresponding adjacency matrix is not easy to deal
with the types and parameters. Therefore, the network repre-
sents the form of triples in which the adjacent edges can be
calculated. As shown in Fig. 8, the triplet form of portrait 3D
printing is shown in Fig. 7.

Finally, the nodes and edges of all C3DPSs are determined.
According to the historical C3DPSs data, the nodes and

edges form a complex network topology, as shown in Fig. 9,
that is imported to Gephi 0.8.1.

III. THE PROCESS OF MULTI-DIMENSIONALITY
REDUCTION IN C3DPSs
Because of the high-dimensional data in the network char-
acteristic, the redundant features and the large scale of
data records and attributes result in slow recognition speed
and weak classifier performance [33]. Thus, the process of
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Multi-Dimensionality reduction in the C3DPS network maps
to its C3DSs. The process of Multi-Dimensionality reduction
in C3DPSs is as follows:

A. FEATURE RECOGNITION
Taking the construction of the C3DPS network as an example,
it is used to cluster by the computer program. The basic data
of the network must be described as a graph in the form
of database tables; the database table is the structure of the
3D printing service network [34]. Because the task-service
network is a directed logical network, the adjacency matrix is
convenient for computer processing, and it is not convenient
for the expression of the logical network. Therefore, this
service network topology is expressed in a triple in which
the construction process of the network is divided into the
following steps:

1) THE INITIAL STATE OF THE C3DPS
According to the QoS indicators, MSQoS is set between 0
and 1, representing time, service cost, service quality, cred-
ibility, reliability, etc. Here, each node is configured to a
service load factor threshold i for setting the number of
connections.

If the point set of the C3DP service satisfies the condition
of S = (S1, S2, . . . , SN ), j is the total number of service
points, and Si = (xi, yi) represents the coordinates of the
i-point. Taking the node of the complex network as each
point set of S = (S1, S2, . . . , SN ), the distance of the relative
positions is calculated as the connected side between each
pair of Si and Sj. The formula is expressed as:

d(Si, Sj) =
√
(xi − xj)2 + (yi − yj)2 (9)

Poly(G) can be represented by a weight value matrix A(G)
of n-order. The weights of Si and Sj are expressed as:

wij = d(Si, Sj) (10)

Thus, a fully connected network is constructed. It is a
normalizing calculation.

This constructs a fully connected weight network, normal-
ized processing calculation:

Thus, a fully connected network is constructed and nor-
malized weighting processing and a formula to calculate the
weights:

W =
W ′

max(wij ∈ W ′)
(11)

If a threshold is t ∈ [0, 1], C3DPS is divided by operator
Dt (W ). When the connection weight of a pair of nodes is
greater than or equal to t , there is no connected edge between
the two nodes in the S_Network . Otherwise, there is a con-
nection edge between the two nodes.

The expression of the operator Dt (W ) is:

At = Dt (W ) =
{
0, wij ≥ t
1, other

(12)

where At is the adjacency matrix of a complex network when
the threshold is t , aij = 0 indicates that there is no connection
between Si and Sj, and aij=1 represents a connection between
Si and Sj.

2) THE INCREASE IN COMPUTING NODES
The process of web service optimization based on QoS: in a
certain period of time, any new service resource node has a
cooperative relationship with several nodes, and there exists a
phenomenon that is a high preference and high value of QoS
attribute [35]. Its selection probability is as follows:∏

i
=

MS iQoS
n∑
i=1

MS iQoS

(13)

3) THE REDUCTION IN COMPUTING NODES
To solve the problem of computing resource allocation, it is
proposed that the requested service network manages and
schedules a large number of computer resources in a uni-
fied way so that these computer resources can be properly
allocated or compensated for the shortage of computing
resources and deleted in the lower quality of service [36].
Here, any node is calculated by the randomly selected nodes
that select an associated relationship. Its selection probability
is as follows:

∏′

i
=

∏
i
=

1
MS iQoS

1
n∑
i=1

MS iQoS

=

n∑
i=1

MS iQoS

MS iQoS
(14)

4) THE INCREASE IN EDGES
At a certain point in time, the collaborated nodes will be
affected by the association relation of new nodes, and then it
changes the weight value or the number of nodes and edges.
If a new node is added, the weight value of the new edge is 1;
otherwise, the weight of the edge increases by 1.

5) THE REDUCTION IN EDGES
If these nodes or edges of the collaborated nodes are deleted,
then the weight value is reduced by 1.

6) THE CONSTRAINTS OF THE CONNECTED SERVICE NODE
For a certain period of time, C3DPSs can be used without
restrictions, but the node connection is limited by the degree
of service capability. After associating with another manu-
facturing service, the node load factor MS jload will increase.
If MS jload ≥ 1, the manufacturing service node Kronecker
cannot be associated with other nodes.

7) THE ADAPTIVE EVOLUTION OF MANUFACTURING
SERVICES
Every two times, MSQoS is adjusted and corrected to ensure
that excellent service can be provided with a higher QoS
index value.
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FIGURE 10. The schematic diagram of the relationships between C3DP
services.

B. THE MULTI-DIMENSIONALITY REDUCTION IN THE
SERVICE NODE
Due to a certain correlation between information features, the
Multi-Dimensionality reduction in service node features can
effectively reduce the redundancy in information, which is
conducive to the selection and description of service nodes
[37]. Here, the original data are calculated by principal com-
ponent analysis and reduced to one-dimensional data:

F = [kλ(T0), kλ(T1), . . . , kλ(TN ),

kmax(T0), kmax(T1), . . . , kmax(TN )] (15)

where kλ(Ti) represents a threshold of the average degree of
the complex networks at Ti; kmax(Ti) is a threshold of the
maximum degree of the complex network at Ti.
The difference between the degree thresholds on the com-

prehensive indicators:

1F = [1kλ(T0),1kλ(T1), . . . ,1kλ(TN ),

1kmax(T0),1kmax(T1), . . . ,1kmax(TN )] (16)

where 1kλ(Ti) = kλ(Ti)− kλ(Ti−1) represents the difference
between the average degree thresholds of the complex net-
work at Ti, and1kmax(Ti) = kmax(Ti)−kmax(Ti−1) represents
the difference between the maximum degree thresholds of the
complex network at Ti.

IV. CASE STUDY
Taking portrait 3D printing as an example, the user-submitted
manufacturing task is divided into six sub-tasks by the service
demand decomposition module: portrait scanning, cartoon
image design and modelling, model slicer, 3D printing, sur-
face post-processing and colouring. Each sub-task (such as
BMP-A, BMP-B, BMP-C, BMP-D, BMP-E, and BMP-F)
corresponds to any one of a set of candidate C3DPSs,
WS1, WS2, WS3, WS4, WS5 and WS6. As shown in Fig. 10,
a schematic diagram of the relationships between C3DPSs
and C3DPSs is shown.

where BMP-B is composed of different business logic
modules according to cartoon image design and cartoon
image modelling activities. The BMP-B logical relationship

FIGURE 11. The tree structure diagram of the C3DP resource template
node and root template node.

FIGURE 12. The diagram of tag extraction and similarity matching based
on XML documents.

between two business logistics is concatenation and loop, and
the constraint condition is that the two steps have a sequential
relation [38]; BMP-C is composed of multiple sub-tasks, and
the constraint condition is sequential and parallel.

A. THE SERVICE TEMPLATES FOR C3DP SERVICES
The C3DPS template is built according to the guidance of
information resources, human resources, and technical guid-
ance, so its sub-template can be derivation, overload and
inheritance on its father-templates. Therefore, the derived
resource template node and root template node can be gen-
erated to a tree structure diagram, as shown in Fig. 11.

where node A is a virtual resource template tree root node
of the C3DP resource, which is the base class of the resource
template and derived from all C3DP resource templates, B is
a single resource template directly derived from the A class,
C1, C2 and C3 are the sub-nodes in the C3DP resource
template tree, which are derived from B class, D1, D2 and
D3 are child nodes derived from C1 class, E1 and E2 are
derived from class C3, and F class is a sub-class of C2, D3 and
E1, which are multiple inheritance relationships.

As a container of information, the service templates mainly
describe the corresponding content of the C3DP service and
its attributes and manufacturing capabilities. XML is a file
format that is described in text form and has the function
of tagging resource attribute information. It is used to tag
the data for C3DP services based on the definition of XML
data. Based on this, this paper parses the grammatical features
of service templates and extracts API function interactive
aggregation by C3DP services. Finally, the service network
is constructed as an order task execution behavior constraint
of the order task, as shown in Fig. 12.
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FIGURE 13. The node relationship of C3DP services.

FIGURE 14. The description diagram of C3DP service.

B. THE MODELLING PROCESS OF THE C3DP SERVICE
NETWORK
Taking the construction of the C3DPS network as an example,
it is used to cluster by the computer program. The basic data
of the network must be described as a graph in the form of
database tables; then, the database table is the structure of
the 3D printing service network. Because the task-service
network is a directed logical network, the adjacency matrix is
convenient for computer processing, and it is not convenient
for the expression of the logical network. Therefore, this
service network topology is expressed in a triple in which
the construction process of the network is divided into the
following steps.

First, we express the information of the C3DP service.
According to the characteristics of many types and different
capabilities, the C3DP service template is expressed in the
XML format to assemble resources for personalized design
products. For example, some attributes of NO. 6 You-rui
3D Printing studio include 3D Printing Service Mode, 3D
Printing Specification Size, Printing Accuracy, PrintingMax-
imum Speed, 3D Printing Device Model, and Printing Type.
There is a node relationship, as shown in Fig. 13. As shown
in Figs. 14 and 15, a C3DP service is represented as in the
XML format. Additionally, the C3DP service also expresses
the logical relationship among the resource-attribute-attribute
values.

Second, we identified the service nodes. Here, ten C3DP
service providers are selected as the research object and
established by the basic information table of nodes, as shown
in table 3. The specific process is described in the PL/SQL
programming language as follows:

Here, the C3DP service network is clustered by the pro-
gram programmed in the software. Therefore, the triple data
of personalized cultural creative design products is described

FIGURE 15. Part XML graph information of the C3DP service template.

TABLE 3. The basic information of the service node.

as a graph in the form of database tables, and it is generated
in the complex network topology structure. Among them,
the basic information of the portrait 3D printing node and the
data attribute of the C3DP service node are shown in Table 4.

Third, determine the substitutable relationship between
C3DP service providers (that is, the service providers can
provide a competitive relationship with the same or similar
services). On this basis, the substitutable relationship is cre-
ated in the table of connective relationships.

Due to the different network integrated service capabilities
of each C3DP service provider, it is necessary to separately
research the candidate services that are connected to each
service node [39]. There are many abilities of the service
provider on the same output, such as Jiayi Hi-Tech service
provider providing 3D scanner outsourcing services, and
Yourui service provider providing 3D scanner outsourcing
services. Then, a similar weight is 1. After all the data of the
C3DP service are summarized, the node connective relation-
ship is generated in the form of a database table, as shown in
table 5.

Finally, the basic information table and connective rela-
tionship table data of the C3DP service node are imported and
analyzed in Gephi-0.8.1 software. At present, the research of
MFG services modelling focuses on the service description
of resource discovery matching. The purpose of the research
is to establish a service-oriented description model, which
can easily directly match the MFG task requirements and the
demand-side MFG side, and then realize the result delivery.

C. RESULTS AND COMPARISON
To illustrate the availability and efficiency of the pro-
posed Cloud 3D printing service hyper-network method
in service-oriented manufacturing systems, hyper-network
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TABLE 4. The data attribute of the C3DP service node.

TABLE 5. The table of connective relationships.

FIGURE 16. A diagram of the relationships between the maximum link
ratio and the ratio of deleted nodes.

method is compared with other traditional method, including
Exact matching, Contains matching, Implicit matching and
Mis-matching.

On the basis of a detailed analysis of each matching
index, the matching index’s data sets are simulated with the
traditional MFG service modelling method and 4 types of
similarity algorithms based on a complex network. All the
algorithms’ codes are written on the MATLAB experimental
platform. In the Windows 7 operating system, the CPU is
an Intel i3-2120 (3.30 GHz) and 4G memory [40]. In the
experiments, 90% of five data sets were selected as training
sets, 10% as test sets, and the number of independent experi-
ments was 1,000. The resulting accuracy(AUC) values of the
traditional MFG service modelling method and 4 kinds of
similarity algorithms based on complex networks are shown
in Table 6:

The diagram of relationships between the maximum
link ratio and the ratio of deleted nodes is shown
in Fig. 16 (a) and (b).

TABLE 6. The resulting auc values (%) of the traditional method and
4 kinds of similarity algorithm based on a complex network.

By comparing and analyzing the experimental results
in Table 5, the data set experimental results show that the
combined index CI algorithm is more accurate than the tradi-
tional method and the existing 4 algorithms in five different
domain networks, which further improves the accuracy of
link prediction and has better prediction results for complex
networks; that is, the universal applicability is better. Mean-
while, the visualization of the NS network is shown in Fig. 16.
Except for the PA indicator, the other five indicators have
the highest AUC value, which may be related to the large
module degree caused by the comparison of the traditional
method and 4 kinds of similarity algorithms based on com-
plex networks. Considering the theoretical time complexity
of the algorithms, the common neighbour algorithmfirst finds
the pair of nodes and then calculates the number of common
neighbours. Therefore, the time complexity of the algorithm
is 220(k N). On this basis, the AA and RA indicators are
calculated to neighbours.

Therefore, the proposed C3DPS network modelling
method maintains the same time complexity as the tradi-
tional modelling method, and the accuracy is improved. Here,
the running time of the algorithm is also tested. As shown
in Table 7, the actual elapsed time of CI is relatively short,
which shows that the actual efficiency of the algorithm is
relatively high.
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TABLE 7. Shows the operating time (s) of the traditional method and
4 kinds of similarity algorithms based on a complex network.

TABLE 8. Shows the efficiency (%) of the traditional method and 4 kinds
of similarity algorithm based on a complex network.

TABLE 9. Shows the matching of the traditional method and 4 kinds of
similarity algorithm based on a complex network.

Additionally, we analysed the actual efficiency index (AEI)
of the algorithm under specific experimental conditions,
as shown in Table 8:

Finally, this result of matching of the traditional method
and 4 kinds of similarity algorithm based on a complex
network is as follows in Table 9:

V. CONCLUSION
For the characteristics of dynamics and differences for C3DP
order tasks and C3DP services, an order-driven C3DP task-
service network modeling method is proposed: first of all,
a multiple complex network models based on C3DP task-
service is constructed according to the relationships among
different services, different tasks and between services and
tasks; Then, on this basis of the description of C3DP task
and its definition of constraint structure, it is put forward to
a C3DP order task network modeling;Again, on this basis
of the description of C3DP service resource virtualization,
a C3DP service network modeling method is proposed;
Finally, a C3DP Service_Net model example is designed to
verify the feasibility of the method.
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