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Abstract  Cloud manufacturing (CMfg) provides new opportunities toward the 
servitization, and embeds a set of functional features to enhance the collabora-
tion among various service providers and their resources. The main target is to 
compose dedicated manufacturing cloud, by encompassing a set of cloud ser-
vices, to manufacture a requested service. CMfg is a recent concept, but already 
widely spread in the academic and industrial researches in China. The paper 
firstly focuses on the manufacturing environment background to understand its 
purpose. Thus as an introduction, the concept of CMfg is discussed. Finally, we 
present a method based on intuitionistic fuzzy set for the similarity evaluation 
between cloud services and service clusters. The objective is to match the best 
service cluster to provide composite resource services as cloud service candi-
dates. Our method is ABC (Artificial Bee Colony) optimized, and its perfor-
mance are discussed through experiments. 
 
Keywords. Cloud manufacturing (CMfg), Service cluster, Cloud service, Intui-
tionistic fuzzy set (IFS), Artificial bee colony (ABC) 

1 Background 

Modern manufacturing industries are facing a major change in their organization, 
conducted by an unpredictable competition on a worldwide scale [1], the emergence 
of new information technologies, and cloud technology. Indeed, IoT (Internet of 
Things) / IoS (Internet of Services), Future Internet, Cloud computing and Virtualiza-
tion techniques offers many new possibilities to remodel the manufacturing environ-
ment significantly. Meanwhile, during the past two decades, many advanced manu-
facturing models and technologies have been proposed in order to realize the aim of 
TQCSEFK (i.e. faster time-to-market, higher quality, lower cost, better service, better 
environment, greater flexibility, and higher knowledge) for manufacturing enterprises. 
Typical examples include computer integrated manufacturing (CIM), lean manufac-
turing (LM), digital manufacturing, agile manufacturing (AM), networked manufac-
turing (NM), virtual manufacturing (VM), application service provider (ASP), collab-
orative manufacturing network, industrial product-service system (IPS), manufactur-
ing grid (MGrid), crowd sourcing and supply chain [2]. But the modern manufactur-
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1.2 High-performance and precision equipment  

In a world of competition with a wide range of offers, a service demander may give 
priority to the “best of breed”. This phenomenon necessarily stimulates the enterprises 
to invest in better equipment and manufacturing resources, to enhance the service or 
product quality. Such investment can be unreachable for SMEs, especially with a 
large number of machineries and resources implied. As a result, collaboration be-
tween SMEs becomes an undeniable fact for their survival and expansion. On another 
hand, enterprises willing to invest might face under utilization of high-performance 
and precision equipment. From a business view, an interesting fact will be to offer the 
use of these equipments on demand, enabling a full sharing and open new business 
opportunities. 
 

1.3 Enhance the QoS (Quality of Service), with interoperability, collaboration 
and standardization 

As mentioned above, collaboration appears to be one of the main factors to succeed in 
modern manufacturing. Along the collaboration setups, come the interoperability and 
standardization challenges. The required manufacturing resource is transmitted among 
the enterprises, which employs different standardization strategies [6]. Considering a 
third-party platform, the core service has to insure the interoperability and standardi-
zation coverage of the shared resources among the service providers. The objective is 
to enhance the quality of the requested service, by evolving the best resources and 
equipments, while maximizing the collaboration between the service providers and 
their occupancy. 

1.4 The emergence of Cloud Computing 

Cloud computing is a concept consisting to dispatch computer programs to distant 
servers rather than local server or customer computer. The users are not anymore the 
host or the manager of the computer services, but can access from anywhere to online 
services without the need of managing the infrastructure model, often very complex. 
Cloud computing is changing the way industries and enterprises do their businesses in 
the meaning that dynamically scalable and virtualized resources are provided as a 
service over the Internet. Enterprises currently employ Cloud services in order to 
improve the scalability of their services and to deal with resource demands [7]. The 
concept of Cloud computing can be extended to the manufacturing field, providing 
on-demand service from remote resource service providers. Cloud computing mainly 
emerged to satisfy the needs of long time follow-up and service quality [8]. 
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assessment is the result of a membership function in the interval [0, 1] to characterize 
the strength of its membership to this set. The fuzzy set theory can be used in a wide 
range of domains in which information is incomplete or imprecise [11]. 

Let ܺ ൌ ሼݔଵ, ,ଶݔ … , ,௜ݔ … -௡ሽ be a fixed set of cardinality n. A fuzzy set A is exݔ
pressed as: 

ܣ ൌ ሼ〈ݔ, ݔ|〈ሻݔ஺ሺߤ ∈ ܺሽ (1) 

where ߤ஺: ܺ → ሾ0,1ሿ  is the membership function of A and ߤ஺ሺݔሻ ∈ ሾ0,1ሿ  is the 
membership of ݔ ∈ ܺ in A. 

The notion of Intuitionistic Fuzzy Set (IFS) was introduced as generalization of 
the notion of fuzzy set [12].   

Let ܺ ൌ ሼݔଵ, ,ଶݔ … , ,௜ݔ …  ௡ሽ be a fixed set of cardinality n. An IFS A is expressedݔ
as: 

ܣ ൌ ሼ〈ݔ, ,ሻݔ஺ሺߤ ߭஺ሺݔሻ〉|ݔ ∈ ܺሽ (2) 

where respectively ߤ஺: ܺ → ሾ0,1ሿ and ߭஺: ܺ → ሾ0,1ሿ are the membership degree and 
the non-membership degree of A, as ߤ஺ሺݔሻ ∈ ሾ0,1ሿ is the membership degree of ݔ ∈ ܺ 
in A and ߭஺ሺݔሻ ∈ ሾ0,1ሿ is the non-membership degree of ݔ ∈ ܺ in A. 

Naturally is introduced ߨ஺ሺݔሻ the degree of indeterminacy [13] of ݔ to A, deter-
mined as: 

ሻݔ஺ሺߨ ൌ 1 െ ሻݔ஺ሺߤ െ ߭஺ሺݔሻ (3) 

If	ߨ஺ሺݔሻ ൌ 0, for all ݔ ∈ ܺ, then the IFS A is reduced to a fuzzy set, else 	ߨ஺ሺݔሻ ൐ 0, 
thus an indeterminacy occurs for the element ݔ. 

The similarity between two IFSs A and B is defines as [14]: 

ܵሺܣ, ሻܤ ൌ 1 െ
ሻݔ஺ሺߤ| െ |ሻݔ஻ሺߤ ൅ |߭஺ሺݔሻ െ ߭஻ሺݔሻ|

2
 

(4) 

with ܵሺܣ, ሻܤ → ሾ0,1ሿ expressing the similarity degree. 

3.3 Environment Definition 

A service to manufacture S is a set of cloud services as 
ܵ ൌ ሼܥ ଵܵ, ,ଶܵܥ … , ܥ ௜ܵ, ௜݊ܫ ேሽ. Then, let’s considerܵܥ… ൌ ሼ݅݊ଵ

௜ , ݅݊ଶ
௜ , … , ݅ ௝݊

௜, … ݅݊௃೔
௜ ሽ, the 

set of input relative to the cloud service ܥ ௜ܵ, where ݅ ൌ 1,2, … , ܰ and ݆ ൌ 1,2, … ,  ,௜ܬ
with ܰ, ௜ܬ ∈ Գ . As well, ܱݐݑ௜ ൌ ሼݐݑ݋ଵ

௜ , ଶݐݑ݋
௜ , … , ௞ݐݑ݋

௜ , … ௄೔ݐݑ݋
௜ ሽ  is the set of output 

relative to ܥ ௜ܵ, with ݇ ൌ 1,2, … , ௜ܭ ௜ andܭ ∈ Գ. Both input and output can globalize 
functional and non-functional parameters. The proposed approach is then, fully cus-
tomizable and scalable to any type of cloud services. 

Thus, an IFS ݊݅ܨܵܥ௜	is introduced to characterize the degree of membership of the 
elements from the set ݊ܫ௜ within ܥ ௜ܵ based on eq.(2). 

௜݊݅ܨܵܥ ൌ ሼ〈ݔ, ,ሻݔ஼ௌி௜௡೔ሺߤ ߭஼ௌி௜௡೔ሺݔሻ〉|ݔ ∈  ௜ሽ (5.a)݊ܫ

And a second IFS to characterize the membership of the elements from the set 
ܥ ௜ toݐݑܱ ௜ܵ. 
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௜ݐݑ݋ܨܵܥ ൌ ሼ〈ݔ, ,ሻݔ஼ௌி௢௨௧೔ሺߤ ߭஼ௌி௢௨௧೔ሺݔሻ〉|ݔ ∈  ௜ሽ (5.b)ݐݑܱ

The objective is to evaluate the similarity for each element between a given  ܥ ௜ܵ 
and a set of service cluster eligible, within the same domain (e.g. power supply, jour-
nal bearing). 

Therefore, we consider ܵܥ௜ ൌ ሼܿݏଵ
௜ , ଶܿݏ

௜ , … , ௠௜ܿݏ , … ெ೔ܿݏ
௜ ሽ the set of service clusters 

associated to the same domain than ܥ ௜ܵ. The two IFSs to characterize the elements x 
membership from the two sets ݊ܫ௜ and ܱݐݑ௜ within a given ܿݏ௠௜  are defined as: 

௠௜݊݅ܨܿݏ ൌ ሼ〈ݕ, ௦௖ி௜௡೘೔ߤ ሺݔሻ, ߭௦௖ி௜௡೘೔ ሺݔሻ〉 ݔ| ∈  ௜ሽ (6.a)݊ܫ

and 

௠௜ݐݑ݋ܨܿݏ ൌ ሼ〈ݕ, ௦௖ி௢௨௧೘೔ߤ ሺݔሻ, ߭௦௖ி௢௨௧೘೔ ሺݔሻ〉 ݔ| ∈  ௜ሽ (6.b)ݐݑܱ

3.4 Membership, Non-membership and Indeterminacy functions generation 

The membership functions ߤ௦௖ி௜௡೘೔ ሺݔሻ ௦௖ி௢௨௧೘೔ߤ , ሺݔሻ  and the non-membership 

߭௦௖ி௜௡೘೔ ሺݔሻ, ߭௦௖ி௢௨௧೘೔ ሺݔሻ can be obtained through different methods; e.g. consult spe-

cialists, use predefined membership functions, sort of the membership functions au-
tomatically [15]. In our case they will express the degree of optimization and owner-
ship of a given set of inputs or outputs to a given manufacturing resources. The ad-
vantage is to define the domain of capabilities and optimization for the whole set of 
service cluster candidate according to the cloud service definition. 

However, for the sake of simplicity, we consider the intervention of several spe-
cialists to evaluate the membership of an element ݔ ∈  ௜. That’s why we setup the݊ܫ
following matrix for membership and non-membership function generation process 
for a given ܿݏ௠௜  and the set of input ݊ܫ௜ and the set of output ܱݐݑ௜ as: 

௠௜݊݁ܩ݊ܫ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
௠,ଵݏ݋ܲ݁ۍ

௜ ݁ܰ݁݃௠,ଵ
௜ ௠,ଵ݀݊ܫ݁

௜

௠,ଶݏ݋ܲ݁
௜ ݁ܰ݁݃௠,ଶ

௜ ௠,ଶ݀݊ܫ݁
௜

.																					.																	.
௠,௝ݏ݋ܲ݁

௜ 						݁ܰ݁݃௠,௝
௜ ௠,௝݀݊ܫ݁				

௜

.																					.																	.
௠,௃೔ݏ݋ܲ݁

௜ ݁ܰ݁݃௠,௃೔
௜ ௠,௃೔݀݊ܫ݁

௜ ے
ۑ
ۑ
ۑ
ۑ
ۑ
ې

ଷൈ௃೔

 (7.a) 

௠௜݊݁ܩݐݑܱ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ ௠,ଵݏ݋ܲ݁

௜ ݁ܰ݁݃௠,ଵ
௜ ௠,ଵ݀݊ܫ݁

௜

௠,ଶݏ݋ܲ݁
௜ ݁ܰ݁݃௠,ଶ

௜ ௠,ଶ݀݊ܫ݁
௜

.																					.																	.
௠,௞ݏ݋ܲ݁

௜ 						݁ܰ݁݃௠,௞
௜ ௠,௞݀݊ܫ݁				

௜

.																					.																	.
௠,௄೔ݏ݋ܲ݁

௜ ݁ܰ݁݃௠,௄೔
௜ ௠,௄೔݀݊ܫ݁

௜ ے
ۑ
ۑ
ۑ
ۑ
ۑ
ې

ଷൈ௄೔

 (7.b) 

where ݁ܲݏ݋௠,௝
௜  is the number of positive evaluation for the membership of the ele-

ment ݅ ௝݊
௜ in the IFS ݊݅ܨܿݏ௠௜  associated to the service cluster ܿݏ௠௜ , ݁ܰ݁݃௠,௝

௜  the number 
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of negative evaluation (non-membership), and ݁ݐ݊ܫ௠,௝
௜  the number of indeterminacy; 

e.g. specialist who did not evaluate the parameter membership of ݅ ௝݊
௜. 

Therefore we can setup the functions ߤ௦௖ி௜௡೘೔ ሺݔሻ , 	߭௦௖ி௜௡೘೔ ሺݔሻ  and ߨ௦௖ி௜௡೘೔ ሺݔሻ , 

ݔ∀ ∈ ݔ ௜. Let’s consider the case݊ܫ ൌ ݅ ௝݊
௜ , with	݆ ൌ 1,2,… ,  :௜ܬ

௦௖ி௜௡೘೔ߤ ሺ݅ ௝݊
௜ሻ ൌ

௠,௝ݏ݋ܲ݁
௜

ሺ݁ܲݏ݋௠,௝
௜ ൅ ݁ܰ݁݃௠,௝

௜ ൅ ௠,௝݀݊ܫ݁
௜ ሻ

 
(8.a) 

߭௦௖ி௜௡೘೔ ሺ݅ ௝݊
௜ሻ ൌ

݁ܰ݁݃௠,௝
௜

ሺ݁ܲݏ݋௠,௝
௜ ൅ ݁ܰ݁݃௠,௝

௜ ൅ ௠,௝݀݊ܫ݁
௜ ሻ

 
(8.b) 

and 

௦௖ி௜௡೘೔ߨ ൫݅ ௝݊
௜൯ ൌ

௠,௝݀݊ܫ݁
௜

൫݁ܲݏ݋௠,௝
௜ ൅ ݁ܰ݁݃௠,௝

௜ ൅ ௠,௝݀݊ܫ݁
௜ ൯

 

ൌ 1 െ ௦௖ி௜௡೘೔ߤ ሺ݅ ௝݊
௜ሻ െ ߭௦௖ி௜௡೘೔ ሺ݅ ௝݊

௜ሻ 

(8.c) 

By analogy, we setup the functions ߤ௦௖ி௢௨௧೘೔ ሺݔሻ,	߭௦௖ி௢௨௧೘೔ ሺݔሻ and ߨ௦௖ி௢௨௧೘೔ ሺݔሻ using 

௠௜݊݁ܩݐݑܱ . 

3.5 Similarity evaluation between ࢏ࡿ࡯ and ࢏࢓ࢉ࢙  

We propose the following framework (Fig. 5.) to illustrate the similarity evaluation 
process between a given ܥ ௜ܵ and ܿݏ௠௜ . For the sake of readability, we only consider 
the set ݊ܫ௜. Our approach is to evaluate the similarity separately (heuristic approach) 
between all the elements from ݊݅ܵܥߤ௜, ߭݊݅ܵܥ௜  and ݊݅ܿݏߤ௠௜ ௠௜݊݅ܿݏ߭ ,  respectively the 
set of membership  and non-membership functions from the elements ݊ܫ௜ in ܥ ௜ܵ, and 
the set of membership and non-membership functions from the elements ݊ܫ௜ in ܿݏ௠௜ . 
Thus, the similarity evaluation for the element ݔ௝ is defined using eq.(4) as: 

ܵ ቀ݊݅ܨܵܥ௜൫	ݔ௝൯, ௠௜݊݅ܨܿݏ ൫ ௝൯ቁݔ

ൌ 1 െ
ቚߤ஼ௌி௜௡೔൫ݔ௝൯ െ ௦௖ி௜௡೘೔ߤ ൫ݔ௝൯ቚ ൅ ቚ߭஼ௌி௢௨௧೔൫ݔ௝൯ െ ߭௦௖ி௢௨௧೘೔ ൫ݔ௝൯ቚ

2
 

(9) 

Finally, the overall similarity between the IFS ݊݅ܨܵܥ௜  and ݊݅ܨܿݏ௠௜  is linearized 
and computed  as: 

ܵ௠௜ ൌ෍ ሾܵ ቀ݊݅ܨܵܥ௜൫ ,௝൯ݔ ௠௜݊݅ܨܿݏ ൫ ௝൯ቁݔ ൈ ௝߱ሿ
௃೔

௝ୀ଴
 (10) 

with ௝߱  the weight associated to the importance of the element ݔ௝  as ௝߱ ∈ Թ଴
ା  and 

∑ ௝߱ ൌ 1௃೔
௝ୀଵ . 
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(b) Onlooker Bees, who position themselves on food sources presenting 
higher nectar amount. 

(c) Scout Bees, who search to discover new food sources area. 
The route of the algorithm is defined as [17]: 
 

1 Initialization; set cycle 
2 Repeat 
3     Place the employed bees on their food sources 
4     Place the onlooker bees on the food sources depending on 

their nectar amount 
5     Send the scouts to search new areas for new food sources 
6     Memorize the best food source found so far 
7 Until cycle=0 

 
Here the food source represents the possible solution, which in our case is an eligi-

ble service cluster, and the nectar amount the fitness, which is related to the similarity 
of the service cluster to a given cloud service. 

An onlooker bee selects its food source according to the probability value ݌௠௜  asso-
ciated with that food source as: 

௜݌ ൌ
௜ݐ݂݅

∑ ௡ݐ݂݅
ௌே
௡ୀଵ

 (11) 

with ܵܰ the population number equal to the number of possibilities, and ݂݅ݐ௜ the fit-
ness value of the solution i. In our case: 

ܵܰ ൌෑ ௜ܯ

ே

௜ୀଵ
 (12) 

∀݉ ∈ ሾ1,ܯ௜ሿ; ௜ݐ݂݅ ൌ෍ ܵ௠௜
ே

௜ୀଵ
 

(13) 

 
Thus, the objective is to minimize ݂݅ݐ௜, ∀݅ ∈ ሾ1, ܰሿ and ∀݉ ∈ ሾ1,ܯ௜ሿ. 

In ABC, as the search approaches the optimal solution in the given population of 
service clusters, the research area is adaptively reduced.  

There are three controlled parameters to setup the search and evaluation environ-
ment: 

(a) The limit is the number of cycle, during which one, each bee will search 
for better food sources in its neighborhood. If the fitness is not improved 
by then; the food source is abandoned. 

(b) The NP, the number of colony size (employed bees + onlooker bees). 
(c) MCN (Maximum Cycle Number) set up the number of time the sequence 

of foraging will last. 
These parameters are settled arbitrarily, and can influence the performances of the 

algorithm significantly. But as an advantage, ABC has only three [18]. 

4.1 Performance Evaluation 

We evaluate the performances of our method optimized through ABC, and the same 
similarity evaluation method using LP (linear programming) through all the possible 
solutions, enabling us to identify the optimal solution. During these experimentations 
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the number of possible solutions, whereas the ABC optimization offers a faster com-
putation, especially for large scale problem. 

However, the LP method consisting to browse all the solutions to match the opti-
mal one presents the best fitness possible. While the problem size is increasing our 
similarity evaluation ABC optimized shows a distance between its best fitness and the 
optimal fitness (Fig. 7.). The discrepancy is linked to the number of   ܰܥܯ. Since 
ABC is based on a probability selection process, it is impossible to define a sure value 
of ܰܥܯ according the problem inputs. Nevertheless, the CMfg system can train a 
neural network aiming to define the best ܰܥܯ. But of course, ܰܥܯ has a strong 
influence on the computational time.  

Therefore, the advantage of our similarity evaluation ABC optimized is to scale 
the computational time and the quality of the fitness evaluation, according to the 
equipment restriction and / or quality fitness requirements. 

5 Conclusion & Future work 

The research work presented in this paper proposes a method to evaluate the similari-
ty between service clusters and cloud services, to match the service cluster with the 
highest similarity value, according to a set of definition (݊ܫ௜ and / or ܱݐݑ௜). The ABC 
optimization offers satisfying computational time for the proposed method. 

However, this method has to be considered in the whole problematic of cloud ser-
vice composition. As mentioned, this process represents the core value of the CMfg 
system, enabling the creation of services and innovations. Therefore, the CMfg sys-
tem has to select the best matches toward the functional parameters of the cloud ser-
vices to manufacture, and also the non-functional parameter as QoSs, to satisfy the 
demander’s requirements. In this purpose, our method represents an entry point to the 
whole composition process, enabling to select the best service cluster. Thus, a strategy 
concerning the evaluation of composite resource service within the same service clus-
ter must be established. Since our method is mainly designed to insure the coordina-
tion among the requested inputs and outputs for a given cloud service, a strategy more 
QoS-aware oriented will be a relevant point to ponder. 
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