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Abstract: We discuss reverse supply chain which services for iron and steel industry and consider the analysis of the
service resources modular and matching process of reverse supply chain for iron and steel industry. The key service
resources are selected from the service set, which is required in the service activities, according to the importance lever and
value. A comprehensive coupling matrix and the measurement of service resources modular degree are built by analyzing
the coupling relationships of the key service resources. Then a multi-objected service resources modular and matching
model is constructed, considering the degree of service resource module, the service cost and the service time. The
improved non-dominated sorting genetic algorithm (NSGA-II) is used to clustering the service resources into service
resource module, and matching the service resource modules by the service resource providers adaptively. The rationality
and validity of the model and method were verified by the application of case and parameter sensitivity analysis.

Keywords: Supply chain management, Reverse supply chain services, Resource modularization, Resource matching, Iron
and steel industry.

. service modularization [2], the divided criterion[3] and
1 Introduction products service module system [4,5].

At present, the scholars have carried out some researches
on service resources. For example, Wen put forward a task
oriented service discovery algorithm in order to realize the
adaptive and efficient Web service composition [6]. Tan
proposed a multi-granularity  resources  organized
adaptively and discovered mechanism based on geographic
area and manufacturing resource classification tree in
service environment [7]. Guo built a manufacturing
resource  combinatorial ~ optimization  model  for
manufacturing the large scale complex equipment [8].
Martins proposed a resource allocation method based on the
particle swarm optimization [9]. Gao studied the service
matching method using fuzzy integral which is used to
measure the matching degree between cloud service
resources and user needs [10]. Nie established a
recommendation system of digital home service resources
which combines association rules and sequential
association rules, considering family service resource types
and user consumption characteristics based on improved
Apriori algorithm and time series data mining technology
[11]. Gao proposed resource service searching method a
function similar according to the task demands in the view
of the service robot using distributed resource [12].

There are a variety of residues resources in iron and steel
industry. Reverse supply chain service is the effective
operation and management mode of resource recovery and
comprehensive utilization. As a typical complex system,
the service process of the reverse supply chain service
system for iron and steel industry involves lots of service
activities and the service resources [1]. Multiple correlation
relationship exists between the service activities and service
resources between the service resources. In order to clarify
the relationship, modular technology [2] is used to resolve
the service activities and service resources among the
service system. Service modular technology is dividing and
adjusting the complex and continuous service [2]. As one of
the key technologies in the complex system, Service
modular technology can divide the continuity service
process into discrete service activities, and also can cluster
the service resources for the sub blocks from the
perspective of service resource inputs. Service module was
derived from the service industry, and then gradually
extended to production or service organization service
system. Existing research mainly focuses on the concept of
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Fig. 1 The modularity process of reverse supply chain services for iron and steel industry.

Yin analyzed the cloud manufacturing resource characters
[13], such as uncertainty, coarse-granularity, diversity and
dynamics, established an optimization model of cloud
manufacturing services resource combination for new
product the development. Ma and Yang build a kind of
service resource combination optimization model for the
group-buying model in the cloud manufacturing
environment [14], considering the group-buying factors of
purchase price, purchase credibility and flexibility of the
manufacturing unit. Li proposed a service resources
organization method based on the hierarchical service
network [15]. Li studied on the service efficiency of
modular, and pointed out that the service resource
modularization is conducive to improve service efficiency
[16]. The above researches mainly focused on the service
resources discovery mechanism, the similarity matching,
the combination optimization model and so on, and many
achievements were completed. However, for the number
relationship of service task and service resource, many
literatures were considered as one-to-one match. In the real
application, there are many kinds of service resources,
which finish one service task. Based on the existing
research results, analyzing the classification of service
resources, considering the many-to-one relationship of
service activity and service resource, the characteristics of
reverse supply chain service resources for iron and steel
industry from the view of organizational relationships,
geographic location, temporal relations and service
providers are analyzed, and then a service resource
comprehensive coupling matrix is constructed.

A service resources matching method on the constraints of
minimizing the cost, minimizing the lead-time and
maximizing the module degree is proposed. The non-
dominated sorting genetic algorithm (NSGA-II) is used to
solve the model, and then the parameters sensibility is
analyzed. This research can offer a kind of method and
thought for the study on the reverse supply chain service.

2 Materials and Methods

2.1 The process of service resources modularity

The service resources of iron and steel industry reverse
supply chain includes people, equipment, information,
capital and so on, which is used to realize the function of
service activities in the residues resources recycling
process. The service resources are the material basis of
completing the service activities, and the function of
service activities is realized by the related service resources
which are operated cooperatively in the service system. The
service resources required in the service process is mapped
from the service activities which are included in the service
process. When resolving the service activities into service
resources, the function of the service activities and the
characteristics of service resources are considered
adequately. The iron and steel industry reverse supply chain
service, as a product from the combination of service
supply chain and service oriented manufacturing [1]. The
cloud manufacturing service resources are uncertainty,
coarse-grained, using online and offline binding, diversity,
dynamic and demand-oriented [13]. When the service
resources in the service integration system platform are
organized and managed, the above characters and
classification of the service resources should be fully
considered.

The modularization of reverse supply chain services for
iron and steel industry contains the service activity
modularization and the service resource modularization.
The process of service activities modularization is as
follows: firstly, the personalization process of the reverse
supply chain services is decomposed into some atomic
service activities based on the IDEF0. The atomic service
activities cannot be divided. Then the modularization
criterion of the service activities is established. Finally, the
atomic service activities are clustered into service activity
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module according to the incidence relation.

The process of service resources modularization is as
follows: the service resource is resolved into single service
resources. After classifying the single service resources and
analyzing the coupling relationships between the single
service resources, the single service resources are clustered
into service resource module. In the meantime, the single
service resources offered by different service resource
providers can be matched by multi-objective optimization
with the constraints of the service cost and service time.
The modularization process of reverse supply chain
services for iron and steel industry is as shown in Fig. 1.

2.2 The
resources

coupling relationship of service

The coupling relationship of atomic services includes
organization  coupling, time  sequence  coupling,
geographical coupling and service provider coupling. The
organization coupling is the degree of close connection on
the organization structure. The time coupling means the
time successiveness. The geographical coupling indicates
that whether two single service resources executed in the
adjacent geographical area. The service provider coupling
indicates whether the service resources will be provided by
the same service provider.

Table 1 Quantitative values of coupling relationship

Coupling _—
Relationship value description
No No connection or similarity
0 between the two  service
relevance
resources.
The connection or similarity
Weak . .
1 between the two atomic services
correlated )
is weak.
The connection or similarity
Moderate . .
. 5 between the two atomic services
correlation )
is moderate.
The connection or similarity
Strong . .
. 9 between the two atomic services
correlation .
IS strong.

Assuming @, ®,,w;,®, are the weights of the

organization coupling, time sequence coupling, and service
provider coupling. n is the number of service resources,
Aoi; means the similarity of the service resource i, j on the
organization, Atj means the successiveness of service
resource i, j on time, Alj; the degree of close connection of
service resource i, j on the region, Aej; means the possibility
that the service resource i, j are offered by the same service
provide. The coupling matrix can be constructed, for
example: (Aoj)nxn means organization coupling matrix,
(Atij)nxn is time sequence coupling matrix, (Al;j)nxn means
geographical coupling matrix, (Aej)nxn means service
provider coupling matrix.

The comprehensive coupling matrix C(i,j) can be expressed

C(, J) = o, A0(i, j) + o, At(i, j)

.. .. (1)
+a,Al(i, J) + o, Ac(i, J)

o+o,+o,+o,=1 2

Where, the range of the attribute weight is [0, 1], the
strength and quantitative values of the coupling relationship
are shown in table 1.

The multi-objective optimization model: The multi-
objective optimization model is built based on the
constraints of the service cost, service time and degree of
modularity, and then the NSGA-II is used to optimize the
model.

Model assumptions: (1) All the service resources
correspond to the atomic services activities are demarcated
according to equipment, personnel and site, or classified by
the different value and importance of the service resources.
The different key service resource collections are
corresponding to different service function activities. (2)
For the same service activities, the same service resources
are distinguished form each other by time series. (3) There

are 4 services activities, n key service resources can be
extracted from them, and the key service resources are
grouped together into m service resources module by
clustering. (4) All the service resources belonging to the
same module should be provided by the same service
provider. (5) The service resources corresponding to the
same atomic services activities are successively realized in
serial mode. The time needed to complete the atomic
services activity is equivalent to the total time of key
service resources.

Model construction: The optimization objective of multi-
objective optimization model includes the service
modaularity, service cost, and the service time.

Modularity of service resources: According to the service
module loose coupling [17], a measurement of service
resources module is built. The average polymerization
degree of service resources module is considered as the
modularity, its computation formula is as follows.

f,=0. > )/ (m —n +1)? ©)
i=n, j=n,

The average coupling degree between service resources
modules is calculated as the formula (4):

m,  n-1 N
2 Qh+ 2 )
f2 _ i=n, j=1 j=m,+1 (4)

(m —n, +)(N-m, +n -1

Service resource degree of modularity optimization
function is calculated as follows.
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D
(Z fl_z fz)
Max M = —k=L k=1
D

Constraint conditions: 0<D<N, i, j>0, rj=0. M represents
the modularity of the modular program. D means the
service resource module number after the service resource
of the single particle size clustered. n means the total
number of single granularity service resources in the
service process. ng is the serial number of the first atomic
service of every k module in the sequence of the clustered
atomic services, my is the serial number of the last single
granularity service resources of every k module in the
sequence of the clustered single granularity service
resources. rij is the value of the row i and the column j in
the clustered comprehensive matrix.

(5)

Service cost of service resources: The service resource
cost is composed of the use-cost of all the key service
resources and the operation cost of service resource
module. The use-cost of service resources includes
consumed cost of service resources and the management
cost of all the service resources. The optimization function
of the service resource cost is shown as follows.

MinC, =Zn:Cui+Zm:Coj (6)

i1 =1

Where, C; is the all cost of service resources, Cu; is the cost
that supplier used the service resources, Coj is the operation
cost of j module.

Service time of service resources: Service time is defined
as the whole time that service providers complete the
reverse supply chain service process for the iron and steel
industry. Assuming the services resources finished the
activity parallel, the time of finished the service process is
consisting of the time of realizing all the activities.

Assuming £z, is the service time of the service resource

ir (1 =123,---, /) and 7TotalRt is the total service
time, the expression is as formula (7).

[
TotalRt = )Rt ()

ir=1
Suppose that service activities ¢ are classified V" groups,

and each group of service activities are finished parallel.
Then the service time of the iv (iv=1,2,3,...,u) service

resource in the v group service activity is 7%t , and it is
can be expressed as formula (8).
PRt,, = max(Rt,,) (8)

The total service time is as formula (9).

1-u v
TotalRt = > Rt, + > PRt ©)

ir=1 iv=1
Where O<u<l, 0<v<l, ir=1,2,...,(1-u), iv=1,2,...,v.

Optimization solution: NSGA-II algorithm uses a fast
non-dominated sorting mechanism, the introduction of elite
policy, adopted the degree of congestion and crowding
comparison operator. It is good for solving the multi-
objective optimization and obtaining the Pareto set. The
flow of the optimization solution based on NSGA-II is
shown in Fig.2.

Constructing the service
resources composition coupling
matrix

v
[ Encoding the service resources |
v
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Y
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End
Fig.2 The flow of optimization solution

Chromosome coding: Assuming n service resources can
form a nxm comprehensive coupling matrix. m is the
maximum number of service resources modules. If the
value of a cell in the matrix is 1, indicates that the service
resource is in the corresponding cluster module. On the
contrary, if the service resource is not in the corresponding
cluster module, the value of the cell is 0. And in each
column only one cell is presented as 1 [18].

Population initialization: for a chromosome (nxm matrix),
selecting a cell from the first row to the m row in each
column randomly, the value is presented as 1, and the
remaining cells are 0, then a complete coding chromosome
is obtained. This method can be performed repeatedly to
generate different chromosomes, until get enough
chromosomes.

Selection, crossover and mutation operators: Selection
operator uses tournament selection method. The highest
individual selected from several individuals is inherited to
the next generation population.

Crossover operator uses two-point crossover method. The
two parent chromosomes selected from the current
population, and two integers selected in the column of the

© 2017 NSP
Natural Sciences Publishing Cor.



J. Eco. Heal. Env. 5, No. 1, 1-9 (2017) / http://www.naturalspublishing.com/Journals.asp

Table 2 the atomic service for the recycling of blast furnace slag

serial number Atomic service activities serial number Atomic service activities
1 Blast furnace slag over water service 8 Loading service 2
2 Loading service 1 9 Transportation service 2
3 Slag transportation service 1 10 Unloading Services 2
4 Unloading Services 1 11 Slag - glass processing services
5 Slag filtrate service 12 Slag-cement processing services
6 Slag ingredient service 13 Slag - brick processing services
7 Bulk service
Table 3 the attributive characters of the key service resources of the blast furnace slag recycling
Service Timin
No. Key service resources activity g Place of occurrence Service provider
No. sequence
1 water 1 1 Iron Works Iron Works
2 Loading equipment 1 2 2 Iron Works Iron works or cartage company or
transportation company
3 Loading staff 1 2 2 Iron Works Iron works or cartage company or
transportation company
4 Transportation Equipment 1 3 3 Iron works - slag plant Transportation company
5 Transport personnel 1 3 3 Iron works - slag plant Transportation company
6 Unloading equipment 1 4 4 Slag plant Cartage company
7 Unloading staff 1 4 4 Slag plant Cartage company
8 The filtrate equipment 5 5 Slag plant Slag plant
9 Slag batching equipment 6 6 Slag plant Slag plant
10 Slag detection device 6 6 Slag plant Slag plant
11  Ingredient testing personnel 6 6 Slag plant Slag plant
12 Packing equipment 7 7 Slag plant Slag plant
13 Packing personnel 7 7 Slag plant Slag plant
14 Loading equipment 2 8 8 Slag plant Transportation company
15 Loading staff 2 8 8 Slag plant Transportation company
Slag plant Glass factory
16  Transportation Equipment 2 9 9 Cement plant Brick Transportation company
factory
Slag plant Glass factory
17 Transport personnel 2 9 9 Cement plant Brick Transportation company
factory
Unloading staff and Glass factory Cement
18 Equipment 2 10 10 plant Brick factory cartage company
19  Glass processing equipment 11 11 Glass factory Glass factory
20 Cement_processmg 12 11 Cement plant Cement plant
equipment
21  Brick processing equipment 13 11 Brick factory Brick factory
© 2017 NSP
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Table 4 Comprehensive coupling matrix of the service resources
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
12 12
0 6 6 25 25 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
02 02 02 02 12
6 0 8 5 5 25 25 0 0 0 0 0 0 5 5 5 5 5 0 0 0
02 02 02 02
6 8 0 5 5 25 25 0 0 0 0 0 0 5 5 5 5 0 0 0 0
37 37 02 02 02 02 02 02 1.2
25 5 5 0 8 5 5 5 5 5 5 5 5 05 05 05 05 5 0 0 0
37 37 12 12 12 12 12 12
25 5 5 8 0 5 5 5 5 5 5 5 5 15 05 05 05 0 0 0 0
1.2 37 37 12 12 12 12 12
5 25 25 5 5 0 9 25 5 5 5 5 5 15 15 05 05 O 0 0 0
1.2 37 37 12 12 12 12 12
5 25 25 5 5 9 0 25 5 5 5 5 5 15 15 05 05 0 0 0 0
02 02 47 47
0 0 0 5 5 25 25 0 7 7 7 5 5 15 15 05 05 0 0 0 0
02 02 12 12
0 0 0 5 5 5 5 7 0 9 9 6 6 15 15 05 05 O 0 0 0
02 02 12 12
0 0 0 5 5 5 5 7 9 0 9 6 6 15 15 05 05 0 0 0 0
02 02 12 12
0 0 0 5 5 5 5 7 9 9 0 7 6 15 15 05 05 0 0 0 0
02 02 12 12 47 37 37
0 0 0 5 5 5 5 5 6 6 7 0 9 5 5 05 05 0 0 0 0
02 02 12 12 47 37 37
0 0 0 5 5 5 5 5 6 6 6 9 0 5 5 05 05 0 0 0 0
02 02 37 37
0 5 5 05 05 15 15 15 15 15 15 5 5 0 9 5 5 25 0 0 0
02 02 37 37
0 5 5 05 05 15 15 15 15 15 15 5 5 9 0 5 5 25 0 0 0
02 02
0 5 5 05 05 05 05 05 05 05 05 05 15 5 5 0 9 5 0 0 0
02 02
0 5 5 05 05 05 05 05 05 05 05 05 15 5 5 9 0 5 0 0 0
1.2 1.2
0 5 0 5 0 0 0 0 0 0 0 0 0 25 25 5 5 0 5 5 5
12 12
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 5
1.2 1.2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 0 5
12 12
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 0

parent chromosomes randomly as the intersection. The
column which is located on the intersection of the two
chromosomes will be exchanged, and the remaining
columns are unchanged.

Mutation operator is improved on the basic mutation
method [19]. Two columns are selecting from a selected
parent chromosome matrix randomly as a mutation point; at
the mutation points, the value of row presented as “1” are
changed into “0” respectively; selecting a row randomly
from the remaining rows in the parent matrix, and the
values in this row are changed into “1”. This will ensure
that the sub-chromosomal produced by the parent mutation
is not the same with the parent chromosome. The process of
the improved mutation is shown as Fig.3.

Determine the max module number: There are three
typical methods to determine the max module number: (1)
the max module number is the geometric average of sample
size [20]. (2) The max module number is between 1 and the
geometric average of the sample size [21]. (3) The max
module number is between the geometric average and

arithmetic average of the sample size [22]. In this paper, the
range of the max module number D is determined by the

third method, that is \/n < D gg, n is the number of

service resources.

Modularity transformation: In the three targets of the
multi-objective optimization, the modularity function
should to be maximized, and the service cost and lead time
should be minimized. In order to unify the form, the
modularity function is needed to convert into minimizing
function with the formula (10).

M'=M_,—M (10)
Where, M’ is the transformed modularity, M is the original
modularity, Mmax is the estimated value of the max module
number.
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Fig.3 the process of the improved mutation
3 Results and Discussion

3.1 Case illustrating

Table 5 Information of the service resources offered by the
service resources supplier

. Service . Servic

No  Service resources A Use  operatin

module activities cost g cost

No.. time

1 {1} 1 0 2 05
2 {2,3} 2 180 1 05
3 {45} 3 120 20 1
4 {67} 4 6 1 05
5  {8910,11,12,13} 56,7 500 50 5
6 {14,15} 8 50 10 1
7 {16,17} 9 150 20 2
8 {18} 10 60 10 05
9 {19} 11 400 50 10
10 {20} 12 500 30 12
1 {21} 13 450 40 11
12 {123} 1,2 28 2 0.6
13 {1,2345} 1,23 150 201 15
14 {1,2,3,45,6,7} 1,234 165 26 2.6
15 {6,7,8,9,10,11,12,13} 4,5,6,7 516 50.1 5.1
16 §§'9'1°'11'12'13’14’1 5,6,7,8 540 60 55

{6,7,8,9,10,11,12,13,1
17 4, 45,6,7,8 550 60 55

15}
18 {14,15,16,17} 8,9 190 25 2.8
19  {14,15,16,17,18} 89,10 280 55 2.8
20 {18,19} 10,11 450 55 10.1
21 {18,20} 10,12 550 35 12.1
22 {18,21} 10,13 500 45 11.1
23 {18,19,20,21} L P\ 15

150

24 {19,20,21} 11,12,13 0 100 12

There are 100,000 tons of blast furnace slag in an iron mill.
It should be processed in a metallurgical slag business, and
then transferred to the downstream firms such as cement
plant, glassworks, and brick factories and so on. The atomic
service extracted from the standard reprocessing of blast
furnace slag process are shown in Table 2. The key service
resources and theirs characteristics are shown in Table 3.

According to the Table 1 and Table 2, the coupling matrix
can be constructed. Set the parameters: @, =0.25

,i=1,2,3,4. According to the formula (1) and (2), the
Cij(nxn) can be shown in Table 4.

The related information of services resource module
provided by service resources providers can be shown in
Table 5. The number of service resource module is the
service resource number in Table 2, the using cost is the
cost of the unit of service resource, and service time is the
time of the service activity.

3.2 Computational results

The simulation of modular and matching of service
resources is achieved by using Matlab 2012b, NSGA-II
algorithm parameter values are: population number of
individuals p,=100, iterations G=500 , crossover
probability p.=0.95, mutation probability pm=0.1 the
number of resources to be clustering services n=21 the
maximum number of modules clustering M=10.The above
parameters are used in the program. The Pareto solution set
of NSGA-II is shown in Figure 4.

Lead time

4000 -
Cost i Modularity

Fig.4 The Pareto set of NSGA-II

The three-dimensional coordinates are respectively
corresponded to the three-optimization objectives:
modularity, the cost of supply chain and lead-time, and
each pointing the figure corresponds to non-dominated
solutions. In optimization results, the modularity degree of
is 0.5418, lead-time is 24.9, the value of the cost is 2682,
and the value of chromosome encoding is shown in Table
6.

As can be seen in the Table 6, six service modules are
generated, that is Mi={1,2,3}, M>={6,7},
M;={18,19,20,21}, M.={4,5}, Ms={8,9,10,11,12,13},
Me={14,15,16,17}. The element of the other four lines is O,
indicating that the module is empty. These service resource
modules are respectively described as follows: service
resource module 1 comprises water, loading equipment
land loading personnel 1; service resource module 2
comprises

© 2017 NSP
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Table 6: the dyeing coding of the clustering optimization results
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 00 0O0O0OOOGOTOOTO O O O O O O O O 0O 0 O
2 00 00O0O0O0OO0OO0OTO0O O O O O O0O O 0 0 0 0 O
3 00 00O0OO0OOO0OOTO O O O O O0O O 0 0 0 0 O
4 1 1 1 000O0O0OO0OTO0O O O O O O0O O O O 0 0 O
5 00 00 01 100 0 O O O O O O O O 0O 0 O
6 00 00O OOOO0OOTOO O O O O O O 0 1 1 1 1
7 00 0O0O0O0OO0OOOOT O O O O O O O O O 0 0 O
8 00 01 1 000O0 O0O O O O O O O O O O O O
9 00 0O0OO0OOTZ111 1 1 1 1 0 0 0 0 0 0 0 O
0 0 0 00 00O OO0 0 O 0O 0 1 1 1 1 0 0 0 0
transport equipment land transport personnel 1; service 3 is the smallest; the lead time of the solution 2 are smaller

resource module 3 includes unloading equipment land
unloading personnel 1; service resource module 4
comprises filtrate equipment, slag batching equipment,
ingredients testing personnel, packing equipment and
packing personnel; service resource module 5 comprises
loading equipment 2, loading personnel 2, transport
equipment 2 and transport personnel 2; service resources
module 6 comprises the unloading personnel and
equipment, glass processing equipment, cement processing
equipment and Kkiln processing equipment; and the
remaining four service resource module contain no service
resource.

3.3 Algorithm analysis

Iterations which can the impact the results of the NSGA-II
are the main considerations in parametric analysis.
Parameter settings of NSGA-II algorithm in programming
are: population size is 100, the largest hereditary algebra is
500, crossover probability is 0.95, mutation probability is
0.1, and the maximum number of modules is set to 10. The
number of iterations is set as 5.50 and 500, respectively, the
solution sets of NSGA-I1 are shown in Table 7.

Table 7 Pareto set while the iteration number is 5, 50, and
500

Objective function

N The modular solution of service

o. Modula- oo Lead e
rity time
{1,3,18}{2,8. 9, 101{4}{5H7,
1 36813 2711 41  15}{12,13}{14,16,19}
{20,213}{6}
{6,71{15,21}{4,5}{8,9,10,11}
2 06621 3487 31  {12,3}{12,13,14}{16,17}{18,1
920,21}
{4,53{1,2,3}{14,15,16,17}{18,1
3 05413 2682 249  9,20,21}6, 7}{8,9,10,11,

12,13}
When the iteration is set as 5 or 50, the dissatisfied service
resource modular and matching solutions are presented.
When the iteration is 500, many satisfactory service
resource modular matching solutions are presented, as
shown in Table 8.

According to Table 9, the three solutions of the modular
program, cost and lead time optimization have different
performance. The cost of the solution 1 are smaller than the
solution 2 and the solution 3, but the modularity of scheme

than the other two solutions, but the module degree and the
cost are larger than the other two solutions; the modularity
of scheme 3 is larger than the other two solutions, but the
lead-time is the biggest. In practical engineering, the design
personnel can select the appropriate service resource
matching solution according to the customer's actual
service needs and preferences, such as the lead-time.

Table 8 the different Pareto sets while the iteration number
is 500

Objective function The modular solution of service

No.  Modul- Lead
- Cost X resources
arity time
2627 {1,2,3,4,5}{6,73{16,17,18}{8,9,10,1
1 0.2134 1 22 1,12,13,14, 15}
' {19,20,21}
{14,15,16,17,18}{8,9,10,11}
2 0.2698 2672 219 {12,13}{4,5}{6, 7}
{19,20,21}{1,2,3}
{1,2,3}{6,7}{18,19,20,21}
3 0.5413 2682 249 {4,5}{8,9,10,11, 12,13}

{14,15,16,17}
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