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Abstract Comprehensive evaluation is the key to ensuring

that cloud manufacturing services can run smoothly over

the whole life cycle of products. It is therefore of great

importance to carry out a careful scientific evaluation of

cloud manufacturing services. In this paper, a combination

of qualitative and quantitative methods was adopted based

on fuzzy comprehensive evaluation (FCE), and a compre-

hensive evaluation index system and fuzzy trapezoidal

membership function were established. At the same time,

using the analytic hierarchy process (AHP) and entropy

method, combination weights were obtained, and finally, a

comprehensive evaluation model was determined using the

five grades of ‘‘excellent’’, ‘‘good’’, ‘‘medium’’, ‘‘quali-

fied’’ and ‘‘poor’’. Using 30 examples, it was verified that

the established evaluation model could classify cloud

manufacturing services effectively and systematically

according to the different needs of users, thus providing a

more effective reference for cloud manufacturing services.

Keywords Cloud manufacturing services � Fuzzy theory �
Comprehensive evaluation � Evaluation index � Evaluation
model

1 Introduction

Using a service-oriented networked manufacturing

approach, cloud manufacturing [1] has developed into a

new mode of service manufacturing and smart

manufacturing [2]. Its manufacturing services are both

highly integrated and highly modular, which offer new

opportunities in the development of the related industries.

Over the whole life cycle of cloud manufacturing

activities, the cloud manufacturing platform brings together

a large number of manufacturing services resources [3]. By

breaking down the manufacturing tasks, analyzing

requirements and matching functional requirements, these

integrated manufacturing services resources can be divided

into a number of different independent service portfolios,

and the ‘‘centralized use of decentralized resources,

decentralized service of centralized resources’’ is realized

[4]. Due to the dynamic, diverse and discrete nature of the

manufacturing services, the service capability in cloud

manufacturing is faced with high requirements. The com-

prehensive evaluation of manufacturing services can not

only enhance the competitiveness of different services, but

can also concentrate advantageous resources, reduce pro-

duction costs and achieve additional advantages for cloud

manufacturing service resources. It is therefore very

important to evaluate cloud manufacturing services under

networked manufacturing resources.

Several research achievements have been made in cloud

manufacturing service evaluation. In terms of cloud service

evaluation index systems, Li et al. evaluate the reputation

of a cloud service [5], and put forward six kinds of eval-

uation indices, including time control, economic efficiency,

processing quality, service attitude, business scale, and

logistics efficiency. Li and Bardi propose four kinds of

second-level indices for cloud service security, including

control measures and so on, and 16 kinds of third-level

indices, including security management and so on [6]. In

the study of Yan et al. a credit evaluation index [7] is

divided into three categories, including 16 kinds of second-

level indices involving time and quality, etc. In terms of
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evaluation methods for services, in order to meet the needs

of the users, Lartigau and Xu propose a quality evaluation

model for cloud manufacturing services based on an arti-

ficial honey bee algorithm [8]. Strunk uses a genetic

algorithm to evaluate service quality, and optimal service is

obtained [9]. In order to make use of cloud service

resources effectively, a cloud resource evaluation model

based on entropy optimization and ant colony clustering is

proposed [10]. Taking into consideration the complexity of

service quality, Setiawan and Sarno propose a service

evaluation model based on the Fuzzy Analytic Hierarchy

Process (FAHP) [11, 12] and the Technique for Order

Preference by Similarity to an Ideal Solution (TOPSIS)

[13, 14].

It can be seen from the above works that the establish-

ment of an evaluation index system is the basis for and key

to the evaluation of cloud manufacturing services. How-

ever, in the current comprehensive evaluation index system

of cloud manufacturing services, the evaluation indices are

different for each category, some are qualitative, some are

quantitative, and have characteristics of diversity, hierar-

chy and fuzziness; in addition, there are not only qualita-

tive and quantitative indices, but also positive and inverse

indices. Furthermore, the evaluation indices proposed by

different researchers are very different for the evaluation of

the same cloud service, and are not universal and exten-

sible. Cloud manufacturing services have fuzziness and

complexity, and although many methods have been com-

bined to implement a comprehensive evaluation, it is dif-

ficult to obtain the reasonable evaluation results. It is

therefore very important to establish a general, flexible and

comprehensive evaluation model of cloud manufacturing

services.

Cloud manufacturing service evaluation involves a large

number of complex factors. Fuzzy mathematics [15] has

the advantages of both qualitative and quantitative evalu-

ation, and can quantify certain factors that have unclear

boundaries and are not easy to quantify. It can intuitively

reflect the membership degree of an evaluation index, and

can therefore be more objective and accurate in reflecting

the true situation. In view of the above, and combination

with the theory of fuzzy mathematics, this paper establishes

a model of fuzzy comprehensive evaluation [16]. The

evaluation model is verified using several examples, and

has a certain reference value for further selection of cloud

manufacturing services.

2 The Multi-level Fuzzy Comprehensive
Evaluation Model

Fuzzy comprehensive evaluation method is based on fuzzy

mathematics. This method takes a fuzzy object and fuzzy

concept as a fuzzy set; it establishes the appropriate fitness

Fig. 1 Flow chart of multi-level fuzzy comprehensive evaluation model for cloud manufacturing service
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Table 1 Comprehensive cloud manufacturing services evaluation indices

First-level evaluation index Second-level index Third-level index

Comprehensive cloud manufacturing service

evaluation index E

Cloud manufacturing service capability

evaluation index C

Optimal allocation of

manufacturing resources C21

Resource decomposition capability C231

Resource combination capability C232

Resource coordination capability C233

Design optimization capability C234

Manufacturing process management

capability C235

Personnel quality ability C22 Number of scientific and technical

personnel C236

Number of senior technicians C237

Staff culture level C238

Flexible manufacturing capacity

C23

Machine flexibility C239

Process flexibility C2310

Product flexibility C2311

Production capability flexibility C2312

Maintenance flexibility C2313

Extended flexibility C2314

Green manufacturing capacity C24 Green design capability C2315

Selective purchasing and selection of green

materials C2316

Green manufacturing process planning

capability C2317

Green packaging and transport capacity

C2318

Green recycling and disassembly capability

C2319

Green remanufacturing and components

reuse capability C2320

Green processing capacity for waste

emissions C2321

Service quality evaluation index Q Service time Q21 Product manufacturing time Q231

Logistics service time Q232

Service response time Q233

Service cost Q22 Product manufacturing cost Q234

Logistics service cost Q235

Cost control capability Q236

Service reputation Q23 Product function satisfaction Q237

Product raw material satisfaction Q238

Service satisfaction Q239

On time delivery rate Q2310

Contract execution rate Q2311

Product qualification rate Q2312

Service transaction security evaluation

index S

Service reliability S21 Friendly service attitude S231

Payment capability of service order S232

Service collaboration S233

Service compliance S234

Service stability S235

Service success rate S236

Service responsiveness S22 Service punctualityS237

Service timeliness S238

Service effectiveness S239

Service security S23 Network communication ability S2310

System fault recovery capability S2311

Data protection capability S2312

Integrity of information S2313

Availability of information S2314
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function [17] and through the relevant operations of fuzzy

set theory [18, 19] carries out a quantitative analysis of the

fuzzy object. This fuzzy comprehensive evaluation model

can give a comprehensive summary of the opinions of each

evaluated subject and can reflect the quality of the evalu-

ated objects. The flow chart of multi-level fuzzy compre-

hensive evaluation model of cloud manufacturing service

established in this paper is shown in Fig. 1.

2.1 Establishing the Multi-level Comprehensive

Evaluation Index System

A cloud manufacturing service is a complex service com-

position system. It is very important to establish a scien-

tific, reasonable and reliable evaluation index system.

Since there are many factors involved, this paper focuses

on representativeness and comprehensiveness in order to

select an effective evaluation index. At the same time, the

evaluation system can be increased or reduced according to

the real-world situation. Based on the above principles,

combined with the characteristics of cloud manufacturing

services, this paper establishes three types of first-level

evaluation indices: a manufacturing service capability

evaluation index, a service quality evaluation index and a

service transaction security evaluation index. Table 1 pre-

sents the comprehensive cloud manufacturing services

evaluation indices.

2.2 Establishment of the Multi-level Evaluation

Factor Set

As shown in Table 1, the comprehensive cloud manufac-

turing service evaluation is a three-level index evaluation

system. The evaluation of the first level indices, manu-

facturing service capability, service quality and service

transaction security, is a fuzzy evaluation process. In other

words, the third-level indices corresponding to the first

level are first comprehensively evaluated; then, the second-

level indices are evaluated; and finally, the first-level

indices are evaluated. Thus the layer-by-layer evaluation

can obtain the final evaluation results. Multi-level evalua-

tion factor structure is shown as Fig. 2.

The resulting multi-level evaluation factor sets are as

follows:

(1) First-level evaluation factor set:

E ¼ C1; Q1; S1f g

(2) Second level evaluation factor set:

C1 ¼ C21; S22; C23; C24f g;
Q1 ¼ Q21; Q22; Q23f g; S1 ¼ S21; S22; S23f g

(3) Third-level evaluation factor set:

C21 ¼ C231; C232; C233; C234; C235f g;
C22 ¼ C236; C237; C238f g

C23 ¼ C239; C2310; C2311; C2312;C2313; C2314f g;
C24 ¼ C2315; C2316; C2317; C2318; C2319; C2320; C2321f g;
Q21 ¼ Q231; Q232; Q233f g; Q22 ¼ Q234; Q235; Q236f g;
Q23 ¼ Q237; Q238; Q239; Q2310; Q2311; Q2312f g;
S21 ¼ S231; S232; S233; S234; S235; S236f g
S22 ¼ S237; S238f g; S23 ¼ S239; S2310; S2311;f

S2312; S2313; S2314g

Fig. 2 Multi-level evaluation factor structure chart
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2.3 Establishment of Evaluation Criteria

for the Third-level Indices

Since the value range of the third-level evaluation indices

is different, and the types of indices are different, a unified

standard is needed. Based on the actual situation and the

relevant data, the evaluation standards for indexes can be

divided into five grades: ‘‘excellent’’, ‘‘good’’, ‘‘medium’’,

‘‘qualified’’ and ‘‘poor’’. Within these, there are 33 criteria

for the qualitative evaluation of cloud manufacturing ser-

vices, and 14 criteria for quantitative evaluation, as shown

in Table 2.

2.4 Establishment of Multi-level Fuzzy Relation

Matrix R

According to Tables 1 and 2, the indices first undergo fuzzy

processing, and the evaluation indices are then quantified

for each factor individually; in this way, the membership

degree between the evaluation index and its corresponding

fuzzy subset is determined. Based on this idea, this paper

presents a fuzzy trapezoidal distribution function to cal-

culate the membership degree of each evaluation index.

This function is simpler and more practical than the tri-

angular membership function. For some evaluation indices,

a higher value represents a better result, and for others the

opposite is true, in view of this, for the first type of index

that, a fuzzy ascending trapezoidal equation is adopted, as

shown in Eqs. (1) to (5), and for the second type, a fuzzy

descending trapezoidal equation is adopted, as shown in

Eqs. (6) to (10).

Fuzzy ascending trapezoid equation

r1 ¼

0 xi � v2
xi � v2
v1 � v2

v2\xi\v1

1 xi � v1

8
>><

>>:

9
>>=

>>;

ð1Þ

r2 ¼

0 xi � v1 or xi � v3
xi � v3
v2 � v3

v3\xi\v2

1� ri v2 � xi\v1

8
>><

>>:

9
>>=

>>;

ð2Þ

r3 ¼

0 xi � v2 or xi � v4
xi � v4
v3 � v4

v4\xi\v3

1� r2 v3 � xi\v2

8
>><

>>:

9
>>=

>>;

ð3Þ

r4 ¼

0 xi � v3 or xi � v5
xi � v5
v4 � v5

v5\xi\v4

1� r3 v4 � xi\v3

8
>><

>>:

9
>>=

>>;

ð4Þ

r5 ¼
0 xi � v4

1� r4 v5\xi\v4

1 xi � v5

8
><

>:

9
>=

>;
ð5Þ

Fuzzy descending trapezoid equation

r1 ¼

1 xi � v1
v2 � xi
v2 � v1

v1\xi\v2

0 xi � v2

8
>><

>>:

9
>>=

>>;

ð6Þ

r2 ¼

1� r1 v1\xi � v2
v3 � xi
v3 � v2

v2\xi\v3

0 xi � v1 or xi � v3

8
>><

>>:

9
>>=

>>;

ð7Þ

r3 ¼

1� r2 v2\xi � v3
v4 � xi
v4 � v3

v3\xi\v4

0 xi � v2 or xi � v4

8
>><

>>:

9
>>=

>>;

ð8Þ

r4 ¼

1� r3 v3\xi � v4
v5 � xi
v5 � v4

v4\xi\v5

0 xi � v3 or xi � v5

8
>><

>>:

9
>>=

>>;

ð9Þ

r5 ¼
1 2 xi � v5

1� r4 v4\xi\v5

0 xi � v4

8
><

>:

9
>=

>;
ð10Þ

where V1, V2, V3, V4 and V5 are the corresponding

standard values of excellent, good, medium, qualified and

poor, respectively; xi is the actual value of the evaluation

factor set corresponding to the index; and r1, r2, r3, r4 and

r5 are the membership values of the five grades after the

fuzzy operation, where ai ¼ wibiPn

i¼1
wibi

.

The membership values of each evaluation index are

derived from Eqs. (1) to (5) and (6) to (10); based on these,

the fuzzy membership degree subset Ri can be structured,

and the fuzzy matrix or the evaluation matrix is then

obtained as follows:

ai ¼
wibiPn
i¼1 wibi

ð11Þ

2.5 Weights of Evaluation Indices

2.5.1 Comprehensive Weight of the Third-Level

Evaluation Index

The analytic hierarchy process (AHP) is a method com-

bining both qualitative and quantitative methods. It deter-

mines the weights of evaluation indices, which contain the

knowledge and experience of decision makers and expert

Y. Hu et al.: Comprehensive Evaluation of Cloud Manufacturing Service Based on Fuzzy Theory 1759

123



Table 2 Standard value of cloud manufacturing service evaluation index

Index Grade standard value

Excellent Good Medium Qualified Poor

Resource decomposition capability C231 9.6 8.3 7.2 6.8 5.3

Resource combination capability C232 9.6 8.3 7.2 6.8 5.3

Resource coordination capability C233 9.6 8.3 7.2 6.8 5.3

Design optimization capability C234 9.6 8.3 7.2 6.8 5.3

Manufacturing process management capability C235 9.6 8.3 7.2 6.8 5.3

Number of scientific and technical personnel C236 12 9 8 7 3

Number of senior technicians C237 16 10 7 4 1

Staff culture level C238 9.6 8.3 7.2 6.8 5.3

Machine flexibility C239 9.6 8.3 7.2 6.8 5.3

Process flexibility C2310 9.6 8.3 7.2 6.8 5.3

Product flexibility C2311 9.6 8.3 7.2 6.8 5.3

Production capability flexibility C2312 9.6 8.3 7.2 6.8 5.3

Maintenance flexibility C2313 9.6 8.3 7.2 6.8 5.3

Extended flexibility C2314 9.6 8.3 7.2 6.8 5.3

Green design capability C2315 9.6 8.3 7.2 6.8 5.3

Selective purchasing and selection of green materials C2316 9.6 8.3 7.2 6.8 5.3

Green manufacturing process planning capability C2317 9.6 8.3 7.2 6.8 5.3

Green packaging and transport capacity C2318 9.6 8.3 7.2 6.8 5.3

Green recycling and disassembly capability C2319 9.6 8.3 7.2 6.8 5.3

Green remanufacturing and components reuse capability C2320 9.6 8.3 7.2 6.8 5.3

Green processing capacity for waste emissions C2321 9.6 8.3 7.2 6.8 5.3

Product manufacturing time Q231 3.5 4.1 5.2 7 7.6

Logistics service time Q232 12.1 15.3 16 20 23.3

Service response time Q233 0.5 0.8 1.2 1.6 1.8

Product manufacturing cost Q234 4.9 5.2 5.4 5.8 6.5

Logistics service cost Q235 5 5.3 5.6 5.8 6.1

Cost control capability Q236 9.6 8.3 7.2 6.8 5.3

Product function satisfaction Q237 91.5 82.1 75.2 71.58 68.3

Product raw material satisfaction Q238 89.3 80.46 76.5 65.1 56.3

Service satisfaction Q239 96 93 82.1 78.2 73.4

On-time delivery rate Q2310 95.2 86.3 79.1 70 64.5

Contract execution rate Q2311 86 79 62 50 43

Product qualification rate Q2312 93.5 89.2 76.3 70.3 68.1

Friendly service attitude S231 9.6 8.3 7.2 6.8 5.3

Payment capability of service order S232 9.6 8.3 7.2 6.8 5.3

Service collaboration S233 9.6 8.3 7.2 6.8 5.3

Service compliance S234 9.6 8.3 7.2 6.8 5.3

Service stability S235 9.6 8.3 7.2 6.8 5.3

Service success rate S236 95 83 76 65 57

Service punctuality S237 9.6 8.3 7.2 6.8 5.3

Service timeliness S238 9.6 8.3 7.2 6.8 5.3

Service effectiveness S239 9.6 8.3 7.2 6.8 5.3

Network communication capability S2310 9.6 8.3 7.2 6.8 5.3

System fault recovery capability S2311 9.6 8.3 7.2 6.8 5.3

Data protection capability S2312 9.6 8.3 7.2 6.8 5.3

Integrity of information S2313 9.6 8.3 7.2 6.8 5.3

Availability of information S2314 9.6 8.3 7.2 6.8 5.3
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opinion. The entropy weight method is an objective method

for determining the weight of an evaluation index. The

entropy weight method fully reflects the information con-

tained in the original data; however, although the results

are objective, they cannot reflect expert knowledge and

experience and the views of decision makers. Sometimes,

the weights obtained by the entropy weight method may be

inconsistent with the actual importance of the index and

may deviate from this. By comprehensively analyzing the

advantages and disadvantages of the two methods, this

paper combines the results of both the AHP and entropy

weight methods to obtain the final weight values.

Since the first- and second-level evaluation indices have

no corresponding actual value, the weight value is deter-

mined by AHP. The third-level evaluation index has an

actual value, so its actual weight can be obtained using

entropy weight method, and the subjective weight then

obtained by AHP. In this way, through a combination of

subjective and objective approaches, the comprehensive

weights of the third-level evaluation indices can be

obtained, as shown in Eq. (12).

ai ¼
wibiPn
i¼1 wibi

ð12Þ

where wi is the weight obtained by AHP, bi is the weight

obtained by the entropy weight method, ai is the compre-

hensive weight.

2.5.2 Multi-level Fuzzy Comprehensive Evaluation Result

Matrix F

In practice, the most commonly used method is the maxi-

mum membership principle; however, the disadvantage of

this method is the high loss of information in some cases,

which may lead to unreasonable evaluation results. A

method of finding the membership grade by means of a

weighted average is therefore proposed; a number of items

to be evaluated can be sequenced according to their grade

positions. In this paper, the weighted average model is

adopted for the fuzzy comprehensive evaluation. The

comprehensive weight i and the fuzzy relation matrix R are

combined for all levels of the evaluated items, and the

fuzzy comprehensive evaluation result vector F of the

evaluated items can then be obtained for all levels, as

shown in Eq. (13).

F ¼ a � R ¼ a1; a2; :::; anf g �

r11 r12 ::: r1m
r21 r22 ::: r2m
::: ::: ::: :::
rn1 rn2 ::: rnm

2

6
6
4

3

7
7
5

ð13Þ

where i is the comprehensive weight, R is the fuzzy relation

matrix, and F is the comprehensive fuzzy evaluation result

vector.

3 Classifying the Evaluation Results

Since this approach uses a three-level comprehensive

evaluation index system, according to the steps of the

multi-level fuzzy comprehensive evaluation model the

first-level indices are evaluated first; then, the second-level

indices are evaluated; and the third-level indices are eval-

uated last. From this multi-level evaluation, the final

evaluation result is achieved. In addition, cloud manufac-

turing services are diverse, and different service require-

ments may place different importance on the same indices;

thus, it is necessary to bring the comprehensive evaluation

model more into line with the actual situation.

For the first-level evaluation index, three kinds of

weights are obtained by AHP; first is WS[WQ[WP,

the second is WP[WQ[WS, and the third WQ[
WP[WS, where WS is the weight value of the manu-

facturing service capability, WQ is the weight value of the

service quality, and WP is the weight value of the service

transaction guarantee.

Based on the above situation, the standard matrix of

evaluation results is established, N = [100,90,80,65,55],

corresponding to ‘‘excellent’’, ‘‘good’’, ‘‘medium’’, ‘‘qual-

ified’’ and ‘‘poor’’. The total evaluation result Z is obtained

from Eq. (14). Finally, based on the value of the result Z,

the grade classification in Table 3 can be obtained.

Z ¼ F � N ð14Þ

where: N is the evaluation result standard matrix, F is the

fuzzy comprehensive evaluation result vector, Z is the total

evaluation result value.

Table 3 Grade classification

Evaluation score Evaluation grade

Z C 88 Excellent

78 B Z\ 88 Good

68 B Z\ 78 Medium

62 B Z\ 78 Qualified

Z\ 62 Poor
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4 Case Study

In order to verify the effectiveness of the fuzzy compre-

hensive evaluation model, we select 30 groups of cloud

manufacturing services as an example for evaluation. The

evaluation results are shown in the following table.

(1) First type of weight: WS[WQ[WP.

where WS = 0.5714, WQ = 0.2857, WP = 0.1429,

obtained by AHP.

As shown in Table 4, the cloud manufacturing services

with an ‘‘excellent’’ grade are 1, 3, 5, 6, 7, 8, 9, 10, 13, 14,

16, 19 and 22. Those with a ‘‘good’’ grade are 2, 4, 12, 15,

17, 18, 20 and 21; those with a ‘‘medium’’ grade are 23, 24,

25 and 28; those with a ‘‘qualified’’ grade are 26, 27 and

29; and the only one with a ‘‘poor’’ grade is 30.

(2) Second type of weight: WP[WQ[WS.

where WS = 0.1429, WQ = 0.2857, WP = 0.5714,

obtained by AHP.

As shown in Table 5, the cloud manufacturing services

with an ‘‘excellent’’ grade are 2, 5, 6, 7, 8, 13 and 19. Those

with a ‘‘good’’ grade are 1, 3, 4, 9, 10, 11, 12, 14, 15, 16,

17, 18, 20, 21, 22, 23 and 24; those with a ‘‘medium’’ grade

are 25, 28 and 29; those with a ‘‘qualified’’ grade are 26,

27; and the only one with a ‘‘poor’’ grade is 30.

(3) Third type of weight: WQ[WP[WS.

where WS = 0.1429, WQ = 0.5714, WP = 0.2857,

obtained by AHP.

As shown in Table 6, the cloud manufacturing services

with an ‘‘excellent’’ grade are 2, 4, 5, 6, 7, 8, 13, and 19.

Those with a ‘‘good’’ grade are 1, 3, 10, 11, 12, 14, 15, 16,

17, 18, 20, 21, 22, 23 and 24; those with a ‘‘medium’’ grade

are 25, 26, 27, 28 and 29; and the only one with a ‘‘poor’’

grade is 30.

Tables 4, 5 and 6 show the number of cloud manufac-

turing services corresponding to these three weights, as

shown in Fig. 3 For the first type of weight, the numbers of

excellent, good, medium, qualified and poor cloud manu-

facturing services are 13, 9, 4, 3 and 1, respectively. For the

second type of weight, the numbers are 7, 17, 3, 2 and 1,

respectively. For the third type of weight, the numbers are

9, 15, 5, 0 and 1, respectively.

Table 4 Evaluation results for 30 cloud manufacturing services

Service number 1 2 3 4 5 6 7 8 9 10

Evaluation score 88.9631 86.6183 88.3763 85.8003 90.4366 89.7891 90.5402 89.9907 90.0046 90.0598

Service number 11 12 13 14 15 16 17 18 19 20

Evaluation score 84.4692 81.8326 89.9215 88.7960 86.8027 88.6784 85.9830 85.0993 89.8145 79.4391

Service number 21 22 23 24 25 26 27 28 29 30

Evaluation score 80.2983 88.0623 77.3615 74.7086 70.6260 65.3523 65.4752 68.3529 66.6856 59.4058

Table 5 Evaluation results for 30 cloud manufacturing services

Service number 1 2 3 4 5 6 7 8 9 10

Evaluation score 87.4487 89.9308 86.9035 87.9879 90.0974 90.0043 89.6741 91.4180 87.8039 85.5989

Service number 11 12 13 14 15 16 17 18 19 20

Evaluation score 80.4101 84.9235 90.4376 87.6249 87.5423 87.6570 81.8052 80.3982 89.5278 84.1506

Service number 21 22 23 24 25 26 27 28 29 30

Evaluation score 84.9457 85.4519 79.9576 81.7957 74.1129 67.7159 65.3538 68.8863 73.1226 59.8808

Table 6 Evaluation results for 30 cloud manufacturing services

Service number 1 2 3 4 5 7 8 9 10 1

Evaluation score 86.2386 89.5929 85.6730 89.2070 90.4384 89.1960 89.0993 88.4730 86.7390 86.2386

Service number 11 12 13 14 15 17 18 19 20 11

Evaluation score 82.5879 84.5852 89.8262 87.5022 87.9522 84.6873 78.9791 88.3583 82.8889 82.5879

Service number 21 22 23 24 25 27 28 29 30 21

Evaluation score 85.0611 86.1940 79.0561 80.0809 77.7397 69.7078 69.6761 73.2708 61.3312 85.0611
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From the above, it can be seen that the comprehensive

fuzzy evaluation grade classification model can classify the

cloud manufacturing services and achieve the desired

purpose more effectively; thus, the needs of different ser-

vice users can be more closely met.

5 Conclusions

This paper proposes a hierarchical evaluation model using

AHP, entropy weight and fuzzy comprehensive evaluation,

based on the theory of fuzzy mathematics and the charac-

teristics of the cloud manufacturing service. Using 30

examples, the evaluation model is shown to be both rea-

sonable and effective. The main results are as follows:

(1) According to the characteristics of the cloud man-

ufacturing service, a representative three-level eval-

uation index system is constructed. At the same time,

this evaluation system can be modified according to

the actual needs of the service users.

(2) The evaluation index and fuzzy membership func-

tion of the cloud manufacturing service can be used

to analyze the qualitative and quantitative indexes.

(3) The use of the AHP and entropy methods to obtain

the comprehensive evaluation index weight value

means that the result of the comprehensive fuzzy

evaluation is more scientific and reliable.

In summary, the comprehensive fuzzy evaluation hier-

archy classification model has the following characteris-

tics: a reasonable evaluation index weight; clear evaluation

steps; simple evaluation rules, quantitative indices and easy

data processing; and very strong versatility. This model can

therefore be applied to a variety of cloud manufacturing

services, and can easily evaluate the key problems of

different evaluation objects. It can therefore provide a more

valuable reference for users, which is of great significance

in the further improvement of cloud manufacturing

services.

In our future work, we will study a variety of intelligent

service evaluation theories and methods. Combined with a

variety of evaluation methods of intelligent optimization

theory, the evaluation has the characteristics of intelli-

gence, autonomous learning, high fault tolerance and high

security, so it can freely deal with complex and changeable

cloud services.
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