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                     Abstract 
 How to maintain the smooth operation of the international trade platform when the business is busy is a problem that needs 

to be solved at present. In this regard, after retaining the main functions of Dubbo, the article obtains the DubboFly distrib-

uted service framework through re-layered design and improvement of relevant core technologies. Among them, various 

improvement methods such as RMIx transmission protocol and BDFCM algorithm are involved. And apply DubboFly 

framework to international trade platform. Relevant application eff ects show that, compared with the other six combination 

schemes, the combination scheme including the RMIx transmission protocol 7. Under the single consumer end, the overall 

time consumption fl uctuates slowly, is not easily aff ected by data fi les, and is at a low level. The average time for a 1 M fi le 

is 2.81 ms/KB; for multiple consumers, the average time is 0.26 ms/KB. And the data clustering error value of Scheme ⑦ 

decreases to 0.74 with the increase of the number of neighbors, and the diff erence between the consumption time and the 

maximum value of Scheme ① and Scheme ② is 24.7 and 18.6%. Compared with the other three algorithms, the BDFCM 

algorithm has a higher connection rate and a lower failed request rate when the number of concurrent connections is high. 

When the number of concurrent connections is 4000, the failed request rate is 4%, which is 39% smaller than that of the 

polling algorithm. The creation time and running time of Javasisst are 164 and 205 ms respectively, while the JDK creation 

time is at least 12 ms, which is 209 ms less than CGLib; the running time of Javasisst is 205 ms, which is signifi cantly less 

than the other two dynamic proxy technologies. The DubboFly distributed service framework improves the operation per-

formance of the international trade platform and is conducive to the smooth development of business. 

   Keywords     Fuzzy clustering    ·  Distributed service    ·  Load balancing    ·  International trade  

      Introduction 

 The arrival of the era of big data has changed the business 

model and promoted the rapid development of commercial 

trade (Jamaludin et al.  2021 ; Nobanee  2020 ). In the system 

design of the previous application platform, the solution 

adopted is a centralized solution. This solution has major 

defects in the processing of large data samples. If the main 

node of the cluster is down, the probability of system crash 

is greatly increased. It will be detrimental to the develop-

ment of related business. In order to adapt the enterprise 

application platform to the trend of the big data era, some 

scholars have proposed a distributed system, whose sys-

tem performance has high robustness and reliability. There 

are many types of distributed service frameworks, such as 

Dubbo framework, Dubbox, etc., (Akimoto  2021 ; Dwivedi 

et al.  2020 ). The research and development company of the 

Dubbo framework is Ali Group. The distributed service 

framework is completely open source, its service commu-

nication is effi  cient, and it has shown good performance in 

service governance functions. The management background 

of the framework can carry out personalized management 

and provide high-performance service access for the enter-

prise’s sub-sites, making the framework popular with many 

enterprises. However, after Dubbo stopped upgrading, some 

of its performance and effi  ciency problems have not been 

well resolved. Due to the complexity and low effi  ciency of 

its framework, it is impossible to achieve multi category 

load integration when weighting the system resource load, 
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and the increase of load categories will increase the load 

dimension, which is not conducive to the implementation of 

the project. The Fuzzy C-means clustering algorithm (FCM) 

can show good results in clustering, considering that the 

Bregman divergence is more adaptable than the Euclidean 

distance method. Therefore, in view of the problems existing 

in the international trade platform, the article improves the 

Dubbo framework. In the simplifi ed framework level, the 

C-means clustering algorithm and Bregman divergence are 

used to deal with the load balancing problem at the cluster 

level, and the fi nal distributed service framework is applied 

in the international trade platform, in order to improve the 

operating effi  ciency of the platform. 

   Related works 

 KHADDAJ and Makoond ( 2019 ) applied the new demand-

driven decision-making mechanism to the distributed sys-

tem, and under the premise of taking into account the avail-

able resource capacity, it met user needs and achieved load 

balancing. Olivella-Rosell et al. ( 2020 ) used the alternating 

direction multiplier method to simultaneously update the 

original variables, reducing the computational cost and time; 

and ensuring the stability of the solution under the action of 

the relevant regularization term. The results show that the 

calculation speed of this method is signifi cantly improved 

and fl exible services can be provided. Atrey et al. ( 2019 ) 

proposed an extensible framework that can extend the spec-

tral method to large-scale workloads, and obtain a low-rank 

approximation of the hypergraph matrix through random 

techniques, which ensures the high quality of the solution 

and enables it to perform spectral aggregation faster. kind. 

Relevant results show that this method is eff ective and effi  -

cient. For the redundant distributed system, Peng P et al. 

proposed three corresponding models based on the common 

service time distribution, and determined the correspond-

ing optimal operation mode by weighing the replication and 

coding. The results show that the proposed method is eff ec-

tive (Peng et al.  2021 ). Rampérez et al. ( 2021 ) proposed an 

automatic scaling method for predicted load. This method 

belongs to the automatic scaler and has the characteristics 

of distributed services. At diff erent times, the corresponding 

optimal scaling action is determined, and the response time 

and other related performance indicators can be predicted. 

After relevant tests, the application eff ect of this method is 

better. Aiming at the lack of transparency in the stock mar-

ket, Ahmed et al. ( 2021 ) proposed a distributed framework 

on the basis of agents, following a multi-agent software engi-

neering approach. The implementation results show that the 

constructed distributed system is transparent and compliant. 

Yan et al. ( 2022 ) faced with the problem of sub graph search, 

used the distributed architecture G-thinker to achieve sub 

graph search, and improved the load balance in the graph 

through mixed task decomposition strategy. It is verifi ed that 

the proposed method has good application eff ect. Based on 

formal concept analysis, Packiaraj and Kailasam ( 2022 ) 

put forward corresponding distributed architecture, which 

belongs to a mixed partition strategy and can be extended to 

large contexts. It is proved that this method can eff ectively 

reduce memory usage. Chandra and Tiwari ( 2022 ) built a 

Bayesian optimization framework based on neural deifi ca-

tion. Through the distributed architecture, they refl ected 

the calculation effi  ciency of model training. The results 

show that the research method has certain value. Based on 

robust optimization and stochastic programming, Najafi  

et al. ( 2022 ) proposed a hybrid distributed framework for 

interconnected power system parking lot management. The 

results show that the method is eff ective. He et al. ( 2022 ) 

built a multi robot system on the basis of distributed optimi-

zation to grasp and transport rigid objects and avoid dynamic 

obstacles, and proposed a distributed optimal control algo-

rithm. The results show the eff ectiveness of the method. 

 Sahoo ( 2021 ) created a cloud computing model and 

applied it in a software company, and the model could be 

used to perform fault-tolerant detection in the process of 

load balancing. After verifi cation by statistical analysis 

software, the detection eff ect of this model is better. On 

the basis of transmission performance constraints, Le and 

Duong ( 2021 ) used a mesh wireless network load balanc-

ing routing algorithm to obtain appropriate load balancing 

routes to improve transmission performance. Through the 

performance analysis of the algorithm, it is found that it can 

promote the improvement of transmission performance and 

increase the network throughput. Zong et al. ( 2017 ) solved 

the problem of network overload caused by the neglect of 

dynamic characteristics of service requests through the time-

dependent load balancing service degradation framework, 

and predicted the remaining time through the probability 

distribution of the previous request retention time. The rel-

evant results show that the method used in the study has a 

good application eff ect, and the profi t gain obtained is 6.2%. 

Hamad et al. ( 2020 ) conducted related research on dynamic 

Ad Hoc network node movement through FCM algorithm, 

and clustered its network nodes to distinguish nodes in dif-

ferent clusters, so as to conduct simulation evaluation of 

related data sets. Through relevant tests, it is found that the 

clustering eff ect of this method is good, and the maximum 

stability of the cluster center is 98.41%. On the premise 

of trigonometric function approximation, Kesemen et al. 

( 2020 ) used the orientation clustering algorithm to cluster 

orientation and statistical data, and conduct case analysis. 

The results show that this clustering method can better dis-

tinguish data in diff erent directions, and the performance 

of this algorithm is better than the general FCM algorithm. 

Aiming at the problem of hybrid mobile user data classifi ca-

tion, Xu G et al. adopted an improved FCM algorithm on the 
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basis of self-organizing feature maps to dynamically clas-

sify user data. When measuring the correlation distance, the 

JACARD distance method is used to improve the clustering 

eff ect and set the average membership threshold of users. 

The data set verifi cation shows that the algorithm performs 

well in hybrid data classifi cation, and can achieve mobile 

user data set classifi cation (Xu et al.  2019 ). Hu et al. ( 2022 ) 

proposed a hybrid FCM algorithm and established relevant 

eff ectiveness indicators in order to solve the problems such 

as difficult optimization of super parameters in general 

FCM algorithm. The comparison of diff erent data sets and 

diff erent algorithms shows the superiority of this method. 

Pimentel et al. ( 2022 ) proposed two FCM algorithms for 

clustering of overlapping partitions, which are robust and 

set corresponding weights to identify clusters of diff erent 

shapes. Empirical analysis shows that the algorithm is fea-

sible. Chighoub and Saouli ( 2022 ) put forward an improved 

FCM algorithm based on considering the space constraints 

and the best pixel, segmented the relevant images, and made 

a comparative analysis of the algorithms, indicating that the 

improved FCM algorithm has good performance. Refaee and 

Shamsudheen ( 2022 ) collect UAV data through wireless sen-

sor networks, and solve the problem of cluster heads being 

attacked through adaptive FCM algorithm. Empirical analy-

sis shows that this method has achieved good results. On the 

basis of spatial information, adjacent pixels and non local 

information, Song et al. ( 2022 ) proposed an improved FCM 

algorithm to improve the image segmentation eff ect through 

adaptive weighting. The results show that the segmentation 

eff ect of this method is good. 

 To sum up, in the research of distributed systems, distrib-

uted systems are reliable and eff ective, with a wide range of 

applications, but rarely involve international trade related 

fi elds. Load balancing is a common problem in the network, 

and there are many researches. In view of the good cluster-

ing eff ect of FCM algorithm, this paper applies FCM algo-

rithm to the research of distributed service architecture from 

the perspective of international trade platform. 

     Distributed service framework 
of international trade platform based 
on fuzzy clustering algorithm 

   Cluster layer design based on fuzzy clustering 
algorithm 

 The continuous development of international trade has 

increased a large amount of transaction volume, and the 

previous enterprise software platform has been unable to 

meet the transaction needs, and the business peak is stuck, 

no response, etc., which hinder the normal development of 

transactions. In this regard, the article is based on the Dubbo 

framework, proposes the DubboFly distributed service 

framework. The framework can solve the high concurrency 

problem faced by the platform, and shows good performance 

in service invocation governance, design time cost and user 

experience. Compared with other service architectures, it has 

higher transmission effi  ciency and lower development time 

cost investment. The framework has six layers and retains 

the main functions of the Dubbo framework. The structure 

diagram of the DubboFly framework is shown in Fig.  1 .         

 In the cluster layer of the DubboFly framework, Router is 

a service route. On the basis of confi gured routing rules, it 

selects Invoker to get a subset. After route fi ltering, it selects 

a provider from the service list and calls it. High concur-

rent access may occur during the call. This problem can be 

solved through LoadBalance technology. In order to achieve 

load balancing, the article introduces Bregman divergence 

based on the FCM algorithm to form a Bregman Divergence 

Load Balancing Algorithm Based on Fuzzy C- means, 

BDFCM), using the improved FCM objective function to 

perform clustering division of related system resources, so 

that nodes can be eff ectively allocated in the case of high 

concurrency. In the modeling of the BDFCM algorithm, 

conditional assumptions are made fi rst. The meanings of 

the notations are shown in Table  1 . Assume that the load of 

the cluster server nodes is respectively   l1, l2 ⋯ ln     , which   l     

represents the total load of   n     a server node, and is the num-

ber of server nodes. Each node contains   d     system resources 

of one dimension, such as network, Hard disk, etc.,   li     the 

  Fig. 1       Structure diagram  
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mathematical expression that can be obtained from this is 

shown in formula ( 1 ).

        

 In formula ( 1 ), it   li     represents the   i     total load of the   n     th 

server node, the total load of each server node 

  L =
[
li, l2 ⋯ , ln

]T
     ,   L ∈ Rn∗d     , which   R     means the set of real 

numbers, which   Rn∗d     represents the input space. Assuming 

that the division is carried out according to the load weight, 

it can be seen that the optimal division is   
{
𝜋j

}k

j=1
     ,   𝜋     repre-

sents clustering, the fi rst   j     is   𝜋     ,   𝜋j     the number   𝜋j     of server 

nodes is   
{
𝜋j

}
j
     , and   𝜋     the number is   k     . Assuming that   i     the 

center of the fi rst is   vi     ,   𝜋     the   vi     expression is shown in for-

mula ( 2 ).

       

 (1)li =
[
li1, li2 ⋯ , lin

]T

 (2)vi =
[
vi1, vi2 ⋯ , vid

]

 In formula ( 2 ),   v     represents the cluster center,   d     represents 

the number of   vi     . On the basis of formula ( 2 ), multiple cluster 

centers are formed into a set   V =
[
w1, w2 ⋯wd

]T
     ,   V ∈ Rk∗d     , 

  Rk∗d     represents the cluster center set space,   k     represents the 

number of   v     . Assume a set of   W =
[
w1, w2 ⋯ , wd

]T
     feature 

weights   w     ,   W ∈ Rd     ,   Rd     represents the feature weighted value 

set space. Assuming that the dimension of the   k ∗ n     dimen-

sion matrix   U     is the membership degree matrix   l     of the vec-

tor pair   v     , the expression of the correlation set is obtained as 

shown in formula ( 3 ).

       

 In formula ( 3 ), it   R+     means the set of positive real num-

bers,   u     which means the matrix element, the   j     row and col-

umn, and all elements   i       u     of   uji     the   d     dimension column 

vector are 1, and its expression is   1d = 1     ,   w ∈ Δd     ,   Δd     .   Δk∗n     

means set. Then the objective function design is carried out. 

When improving the FCM objective function, in the pro-

cess of distance measurement, the Bregman divergence is 

used to measure the distance between samples instead of 

the Euclidean distance. The former method is more adapt-

able (Nomirovskii et al.  2019 ; Altuntac  2020 ). Among them, 

in the defi nition of Bregman divergence, the assumed   Rd     

strictly convex function is   𝜙     and is diff erentiable, and the 

formula for calculating the relevant sample spacing is shown 

in formula ( 4 ).

       

 Formula ( 4 ),   𝜙     the gradient   ∇𝜙(y)     in the direction is   y     , 

  x     represents the direction,   ⟨x − y,∇𝜙(y)⟩     and   ∇𝜙(y)     is   x − y     

the inner product of the sum. Assuming that   𝜋j     the cluster 

center is   vi     , the mathematical expression of the   w     distortion 

degree   Ω     is shown in formula ( 5 ).

       

 For   
{
𝜋j
}k

j=1
     , its overall performance   C =

∑k
j=1

∑
li∈𝜋j

Dw

(
li, v

j

)
     . 

Then, the penalty restriction part of the objective function 

is designed. When clustering, the dimensions are diff erent, 

and the corresponding ones are   w     diff erent. In order to make 

  w     obey the preset value and avoid diff erent values of diff er-

ent dimensions   w     ,   w     preference set   P     is added, and the sen-

sitivity of this parameter is 0.752. Assuming that in the sam-

ple data,, and   wa     , are the fi rst   wb     and second   b     dimension 

features,   𝛿     respectively,   a     belonging to the set of real num-

bers, the   w     preference triple is   (a, b, 𝛿)     ,   wa − wb ≥ 𝛿     , and all 

 (3)

⎧⎪⎨⎪⎩
Δd =

{
w ∈ Rd

+

|||wT1d = 1

}
Δk∗n =

{
u ∈ Rk∗n

+

||||∑k

j=1
uij = 1,∀i ∈ [1, n]

}

 (4)d𝜙(x,y) = 𝜙(x) − 𝜙(y) − ⟨x − y,∇𝜙(y)⟩

 (5)Ω =
∑

li∈𝜋j

u2

ji

∑d

k=1
wkd𝜙

(
lik, vjk

)

  Table 1       Notations  

  Notation    Meaning  

   n     Server node  

   l     Total load  

   l   i       i  total load of the  n  th server node  

   R     Set of real numbers  

   R   n*d      Input space  

   π     Clustering  

   v     Cluster center  

   v   i      Center of the fi rst  

   d     Number of  v i   

   R   k*d      Cluster center set space  

   k     Number of v  

   R   d      Feature weighted value set space  

   U     Membership degree matrix  l  of the vector pair 

 v   
   R  +     Set of positive real numbers  

   u     Matrix element  

   j     Row and column  

   x     Direction  

   x–y     Inner product of the sum  

   π   j      Cluster center is  v   i    
   a     Set of real numbers  

    𝓁2        Entropy term to minimize  

   H(w)     Entropy value  

    𝜆1        Corresponding  w  preference parameter  

    𝜆2        Entropy parameter respectively  

    𝛽        Lagrange multipliers  

   K     Semi-positive defi nite matrix  



115Proceedings of the Indian National Science Academy (2023) 89:111–123 

1 3

sample data have a total   s     of, and   (a, b, 𝛿)     the mathematical 

expression of the set formed is shown in formula ( 6 ).  P    

       

 In formula ( 6 ),   P     the sub-item is   p     , and   p     the penalty 

restriction item is   max
((

wa − wb

)
, 0
)
     , for   s     each   (a, b, 𝛿)     , 

set the corresponding auxiliary variable, the number of 

auxiliary variables is   s     , and combine them into a vector 

  𝜉     ,   𝜉 =
[
𝜉p

]
, 𝜉 ∈ Rs     , then the formed penalty restriction 

item is   min
∑

p∈P 𝜉p     . In the design of the balanced part of 

the weighted value of the objective function, a negative 

entropy value   −H(w)     is introduced to prevent the over fi t-

ting phenomenon caused by the function restriction part, 

and improve the performance of the function. The sensitiv-

ity of   −H(w)     is 0.813. In order to use   𝓁2     the entropy term 

to minimize it, the mathematical expression of the entropy 

value is obtained as follows: Eq. ( 7 ) is shown.

       

 In formula ( 7 ), it   H(w)     represents the entropy value. After 

the design of the function distance measurement part, the pen-

alty control part, and the weighted value equalization part, the 

improved objective function formula is shown in formula ( 8 ).

       

 In formula ( 8 ),   𝜆1     ,   𝜆2     represent the corresponding   w     prefer-

ence parameter and entropy parameter respectively. By adjust-

ing   𝜆1     and   𝜆2     , the corresponding clustering performance is 

optimized. The sensitivities of   𝜆1     and   𝜆2     are 0.790 and 0.834 

respectively.   
{

vj

}k

j=1
     When solving the three sets of unknown 

variables with   
{
𝜋j

}k

j=1
     ,   w     , and, the two sets of variables are 

fi xed, and then by   uji     Zangwill theory optimizes the remaining 

variables. First, by   
{

vj

}k

j=1
     optimization of   

{
𝜋j

}k

j=1
     ,   uji     and   w     , 

Eq. ( 8 ) can be transformed into Eq. ( 9 ).

       

 In formula ( 9 ), the serial number   c     represented   𝜋     , through 

formula ( 9 ), makes all clusters can be divided into one cluster, 

and this cluster can be   Dw

(
li, vj

)
     minimized. From   

{
𝜋j

}k

j=1
     and 

  w     , optimize   
{

vj

}k

j=1
     ,   uji     , according to formula ( 8 ) and formula 

 (6)P = {(a, b, 𝛿)}s
i=1

 (7)H(w) = 1 − wTw

 (8)

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

min
{w,𝜉},

{
𝜋j
}k

j=1
,
{

vj
}k

j=1

k∑
j=1

∑
li∈𝜋j

u2

ji

d∑
k=1

wkd𝜙
(
lik , vjk

)
+ 𝜆1

∑
p∈P

𝜉p + 𝜆2wT w,

a.b. u ∈ Δk∗n, w ∈ Δd ,

wa − wb ≥ 𝛿 − 𝜉p, p = (a, b, 𝛿) ∈ P,

𝜉p ≥ 0, p ∈ P,

 (9)𝜋j =
{

l ∈
{

li
}n

i=1

|||Dw

(
li, vj

)
≤ Dw

(
li, vc

)
, 1 ≤ c ≤ k

}

( 9 ), optimize   vj     ,   uji     , the relevant calculation formula can be 

obtained as shown in formula ( 10 ).

       

 In formula ( 10 ),   𝜏     the serial number represented repre-

sents the   r     dimension   v     serial number. By   
{

vj

}k

j=1
     optimiza-

tion of   w     ,   
{
𝜋j

}k

j=1
     and   uji     , Eq. ( 8 ) can be transformed into 

Eq. ( 11 ).

       

 In formula ( 11 ), it   m     represents the serial number of 

auxiliary variable,   Id ∈ Rd∗d     ,   Id     represents the unit matrix, 

  f = 𝜆1

/(
2𝜆2

)
      b =

[
b1, b2 ⋯ bd

]T
∈ Rd      , and the mathematical 

expression of the th   r     term   br     is shown in formula ( 12 ).

       

 Assuming that the matrices   A =
[
aij

]
, A ∈ Rs∗d     , then,   ai = j

      aij = 1     ,   bi = j     then,   aij = −1     , and in addition,   aij = 0     , accord-

ing   pi =
(
ai, bi, 𝛿i

)
     to Eq. ( 12 ) can be transformed into solv-

ing the dual problem, and the relevant expression is shown 

in Eq. ( 13 ).

       

 In formula ( 13 ),   𝛼     ,   𝛽     represent Lagrange multipliers, and 

  K     the mathematical expression is shown in formula ( 14 ).

       

 In formula ( 14 ), it   K     represents the semi-positive defi nite 

matrix, and through some commercial software processing 

  K     ,   𝛼     the initial value of, can be obtained, and   w     the available 

  𝛽     mathematical expression is shown in (15).

       

 After the objective function is designed, the implementa-

tion process of the BDFCM algorithm is shown in Fig.  1 . 

 (10)

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

vj =
∑
li∈𝜋j

u2

ji
li

/∑
li∈𝜋j

u2

ji

uji = 1

/⎛⎜⎜⎜⎜⎝
k∑

𝜏=1

d∑
r=1

wrd𝜙

(
lir, vjr

)
d∑

r=1

wrd𝜙

(
lir, v𝜏r

)
⎞⎟⎟⎟⎟⎠

 (11)min
w∈Rd ,𝜉∈Rm

wTuTuIdb + 𝜉T f + wTw∕2

 (12)br =
(
1
/(

2𝜆1

)) k∑
j=1

∑
li∈𝜋j

d𝜙

(
lir, vjr

)

 (13)

min
𝛼∈Rs ,𝛽∈Rd

1

2

(
𝛼T , 𝛽T)( AAT AT

AT K

)(
𝛼

𝛽

)
−
(

bT𝛽 −
1

d
1T

d

)(
AT , 1d

)( 𝛼

𝛽

)
− 𝛼T𝛿

 (14)K = Id − (1∕d)1d1T
d

 (15)w = AT𝛼 + K𝛽 − KuTuIdb + (1∕d)1d
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 In the algorithm fl ow, fi rst set parameters such as   𝜆1     ,   𝜆2     , 

and then initialize   
{

vj

}k

j=1
     ,   w     ,   k     . Collect relevant data, obtain 

the utilization rate of multi-dimensional system resources, 

and then form a load data set   
{

li
}n

i=1
     . According to the   

{
li
}n

i=1
     

sum   w     , solve the   L     sum standard deviation, and set the 

threshold. When the standard deviation is greater than the 

threshold, follow-up operations are performed, otherwise, 

the operation ends. Iteratively calculate the optimized for-

mula, calculate formula ( 9 ), get   
{
𝜋j

}k

j=1
     ; calculate formula 

( 10 ), get   
{

vj

}k

j=1
     ,   uji     ; calculate formula ( 15 ), get the server 

node load of diff erent dimensions   w     ; repeat calculation for-

mula ( 9 ), formula ( 10 ), Eq. ( 15 ), after the objective function 

converges, the operation ends, and the clustering division is 

obtained (See Fig.  2 )         

    International trade platform based on DubboFly 
framework 

 In the network communication layer of the DubboFly frame-

work, based on the Remote Method Invocation (RMI) pro-

tocol, the RMIx transmission protocol is proposed as the 

general protocol of the framework. It has the function of 

object verifi cation and can eff ectively handle parallel com-

puting. The program termination condition that occurs when 

the invalidation method is called. This function is realized by 

an additional checker interface, which can judge the validity 

of local or remote objects, and rebuild the object when it 

fails to prevent exceptions caused by the failed object. The 

system architecture is shown in Fig.  3 .         

  Fig. 2       Algorithm fl ow (Hu 

 2022 )  
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  Fig. 3       System architecture  
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 In Fig.  3 , the architecture includes seven interactive steps, 

such as starting the Registry service on the server side; bind-

ing the Local Object to the Registry. Then on the basis of 

Avro, design the Avrox serialization model of the network 

communication layer, and realize fast serialization by add-

ing pattern factors, data, and data structures. Avro defi nes 

simple types and complex types to support a variety of data 

structures, such as Simple types such as null, boolean, etc. 

Combined with the technologies involved in the article and 

the Dubbo framework, seven technical combination schemes 

are given for the use of the network communication layer. 

The relevant combination schemes are shown in Fig.  4 .         

 Test the seven schemes in Fig.  4  and select the best com-

bination scheme. The service quality of the service layer of 

the DubboFly framework is guaranteed through research on 

the management layer, which involves the service detection 

mechanism and governance strategy, which can assist the 

service registry and keep the service effi  cient and reliable. 

The service detection mechanism includes timing session 

status detection mechanism and service health degree detec-

tion mechanism. The former can detect the service status in 

real time, isolate the faulty node, and the updated faulty node 

cannot receive the service request; the latter can realize the 

reasonable distribution of requests to the server. There are 

two kinds of governance strategies. The former proposes a 

concurrent fl ow control strategy based on the pipeline mech-

anism, which can reduce the processing pressure caused by 

a large number of service requests; the latter is a service 

invocation link tracking system strategy, which can quickly 

delimit service failures. When the service layer is con-

structed, Service Oriented Architecture (SOA) is adopted. 

The registration center of this model plays a core role, pro-

viding a variety of operations for service providers, service 

callers, and data collection centers. In the realization of 

management background functions Provides low-level sup-

port. Through the Javassist dynamic proxy technology, the 

proxy layer is designed to realize transparent calling; in the 

interface layer design, since the article adopts the framework 

to support seamless integration with the Spring framework, 

adding the conf attribute to the service tag enables service 

publishing, Confi gure unifi ed management. 

 The designed DubboFly framework is applied to the 

international trade platform, and the previous platform is 

improved, which is divided into planning layer, execution 

layer and control layer. In the executive layer, there are six 

modules including basic information, warehouse manage-

ment, exhibition management, freight management, strategy 

analysis and system management. The freight management 

module is split through the DubboFly framework, and the 

related schematic diagram is shown in Fig.  5 .         

 In Fig.  5 , after splitting, the obtained sub-module service 

interface is registered to the distributed coordination center, 

and the cloud server (Elastic Compute Service, ECS) cluster 

will be deployed to the corresponding service. When a client 

requests a service, the master server coordination center sub-

scribes to the requested service, and implements the service 

under the action of the ECS cluster through load balancing 

and routing policies. 

  Fig. 4       Seven combination 

schemes  
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     Analysis of application eff ect 
of international trade platform design based 
on fuzzy clustering algorithm 

 Before the performance test of the distributed service 

framework, it is necessary to build the software envi-

ronment foundation, that is, download the 64-bit eclipse 

software, conduct experiments on the WEB application 

server, and compile and package the framework project 

in the window of the Windows operating system. The 

background management system is developed using the 

AdminLTE framework. The development system includes 

three functional sections: information browsing, data ser-

vice and governance, and systematic management, which 

respectively realize the functions of information retrieval, 

data statistics, management, operation and maintenance. 

The machine used for testing is a personal computer. After 

setting the service consumer, the number of concurrent 

thread requests and continuous calls are sent. The time 

limit is set to 25,000 ms to avoid excessive loss and runa-

way of the central processor. Table   2  shows the corre-

sponding confi guration settings and parameter environ-

ment design.  

 In order to test the performance of the distributed struc-

ture, by selecting the conventional data communication 

branch projects to combine the schemes, such as Avrox 

including simple types and complex types and other data 

structures, the RMIx transmission protocol of the algorithm 

proposed by the research is processed, get 7 schemes under 

Dubbo, Hessian2, RMI and RMIx protocols, Netty, Mina 

transmission framework and diff erent serialization methods. 

The protocol carried by the scheme 7 is the RMIx protocol. 

The performance test results under diff erent communication 

combination schemes are counted, and the results are shown 

in Fig.  6  and Fig.  7 . The abscissas in Fig.  6  and Fig.  7  are 

the test data, which are a single POJO object containing data 

Client 1

Client 2

Client 3

Client 4

Workflow 
component

Template 
engine

Task 
scheduling

Distributed 
coordination

ECS 
cluster 1

ECS 
cluster 2

ECS 
cluster 3

Contract management

Export declaration service

Entrusted 
management service

Contract management 
module

Export shipment 
reporting module

Delegation 
management module

Dubbofly 
distributed 

service 
middleware

ECS primary 
server

  Fig. 5       Related schematic diagram  

  Table 2       Confi guration settings 

and parameter environment 

design  

  Service consumer and provider confi guration conditions  

  /    Service consumer end    Service provider  

  Maximum concurrent thread requests 50    50    /  

  Maximum number of consecutive calls per thread 10    10    /  

  Maximum number of connections: 100    /    100  

  Maximum connection parallel executions    /    20  

  Server node confi guration  

  Confi guration name    Edition  

  Processor    Intel Quad Core Xeon E5 2.33 GHz  

  Memory    IBM 46C749 DDR3 16 GB  

  Hard disk    ST2000NM001 500 GB  

  Operating system    CentOS Linux 7.3  

  network bandwidth    500Mbps  
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types, a collection of 100 single POJO objects, and a string 

fi le with a size and content of 1K, 100 K, and 1 M, respec-

tively. The selection of data content is both the richness of 

data content is guaranteed, and the impact of data size on 

test performance is considered. The communication schemes 

under diff erent communication modes can better verify the 

applicability of the design platform.                 

 Figure  6  shows the test results under a single consumer 

end. The above test results are all based on the average time 

taken after ten experiments. The single consumer end does 

not include the time when the connection is established for 

the fi rst time. It can be seen from the results that Scheme 1 

is the least time-consuming in the case of a small amount 

of data such as a single POJO object and 1 K strings, but 

its overall consumption time is more easily aff ected by data 

fi les and fl uctuates greatly; Scheme 2–6 the time-consuming 

changes in small data volumes are not very diff erent, and 

fl uctuate basically under 6 ms. Under the time changes of 

1 M fi les, the time consumption of scheme 2 is greater than 

that of scheme 1. The overall time consumption fl uctuation 

of the scheme 7 based on the RMIx protocol included in the 

research and design platform is relatively stable, and all are 

lower than 10 ms/KB, especially for 1 M fi les, the average 

time consumption is 2.81 ms/KB. Then, the data statistics of 

the test results under the multi-consumer end are performed, 

and the results are shown in Fig.  7 . 

 Figure  7  shows the time consumption statistics when mul-

tiple consumer terminals are turned on. The results show 

that the time consumption of scheme 1 varies greatly under 

diff erent data transmission conditions, and its fl uctuation 

is more obvious. It is between 1 K and 1 M. The average 

time consumption in the case of multiple consumers is 

1.89 ms/KB; the performance test results of scheme 4 under 

scheme 2–6 are better, but still slightly inferior to scheme 7, 

scheme  7 is time-consuming when transmitting large 

amounts of data. It is almost always the least, and its time 

increases more slowly than other solutions, with an average 

time of 0.26 ms/KB. At the same time, the data clustering 

analysis and time consumption results of the above schemes 
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are compared, and the data are collated and analyzed. The 

results are shown in Fig.  8 .         

 It can be seen from Fig.  8  that the data error results and 

consumption time of diff erent communication schemes are 

diff erent. The specifi c performance is that the error values of 

Scheme ① and Scheme ② decrease by 11.2 and 32.4% with 

the deepening of clustering analysis, and their initial values 

are large. At the same time, the error value curve of schemes 

④–⑥ fl uctuates greatly, although slightly better than schemes 

①–②, the error value is more than 0.9 when the number of 

neighbors is 5. The error value of scheme ⑦ decreases from 

0.84 to 0.74 with the increase of the number of neighbors, 

and tends to be stable in the later period of operation. The 

consumption time of the seven communication schemes in 

Fig.  8 b increases with the increase of the data size to vary-

ing degrees. The diff erence between the consumption time 

of schemes ①–⑥ is 30, 28, 51, 24, 32 and 25 s, respectively, 

with a large amount of time consumption. The overall data 

consumption time of Scheme ⑦ shows a relatively stable 

trend with the increase of data size, with the minimum and 

maximum values of 5 and 35 s respectively, and the dif-

ference range between Scheme ⑦ and the maximum values 

of Scheme ① and Scheme ② is 24.7 and 18.6%. To sum 

up, the overall performance of communication scheme ⑦ 

is excellent. 

 The design of the distributed service framework and the 

construction of the management background can eff ectively 

realize the inspection and analysis of the network commu-

nication and its agent level. In order to further verify the 

proposed BDFCM algorithm, the research fi rst tests the ser-

vice framework by designing the corresponding software 

environment foundation, and analyzes the load clustering 

eff ect with other algorithms. The results are shown in Fig.  9 .         

 Figure  9  is the division according to the load intensity 

of the server nodes, and the clusters 1–3 respectively rep-

resent the light to heavy load. The results in Fig.  9 a show 

that the network bandwidth and memory usage in cluster 

2 are basically higher than those in cluster 1 as the num-

ber of nodes increases, while the processor usage of nodes 

with light and moderate loads is not much diff erent. The 

above analysis shows that the degree of clustering is rela-

tively light and the distribution of general nodes is slightly 

unbalanced, and node migration is not well implemented to 

ensure load balance. The BDFCM algorithm proposed in the 

  Fig. 8       Data clustering analysis 
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research shows better performance results in load balancing. 

In Fig.  9 b, the nodes with stronger load are transferred to the 

nodes with weaker and general load, and the overall load 

balance is achieved. Then, the data collection and analysis 

of the connection rate and the number of failed requests of 

the BDFCM algorithm under the measured data are carried 

out to better explore its performance eff ect. The results are 

shown in Fig.  10 .         

 Figure  10  shows the statistical results of connection 

rates and failed requests for the four algorithms under the 

number of concurrent connections. It can be seen from 

Fig.  10 a that before the number of connections was 2500, 

the connection rates of the four algorithms had little dif-

ference and showed an upward trend. When the number of 

connections was 3500, the BDFCM algorithm proposed in 

the study reached the maximum value of 160 min. With 

the increase of the number of connections, when the num-

ber of concurrent connections exceeded 4000, the overall 

decline trend of the BDFCM algorithm was signifi cantly 

higher than that of the other three algorithms. The results 

in Fig.  10 b show that with the increase of the number of 

concurrency, the four algorithms have diff erent degrees 

of failure and loss, which is diff erent from the loss of 0 

before the number of concurrency is 2000. The specifi c 

performance is that the ratio of failed requests accounts for 

from high to low, they are the polling algorithm, the least 

concurrent algorithm and the random algorithm. When the 

number of concurrency is 4000, the failed request rates 

of these three algorithms are 43, 30 and 8% respectively, 

which are higher than 4% of the BDFCM algorithm. In 

the late stage of the increase in the number of concur-

rency, the increase trend of the least concurrent algorithm 

is signifi cantly higher than that of the other three algo-

rithms, while the failed request rate shown by the BDFCM 

algorithm is basically lower than 20%. The above results 

show that the BDFCM algorithm is very stable, consider-

ing a variety of processors, memory conditions, network 

bandwidth and other conditions, so the performance is 
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  Fig. 9       Load clustering division result diagram  
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obviously better. In the performance test of dynamic proxy 

technology, the Javasisst dynamic proxy technology used 

in this article has better performance than JDK and Code 

Generation Library (CGLib). The time is at least 12 ms, 

which is 209 ms less than CGLib; the running time of 

Javasisst is 205 ms, which is signifi cantly less than the 

other two dynamic proxy technologies. On the whole, 

Javasisst has the best overall performance. After testing 

the response time, throughput and other performance indi-

cators of the built international trade platform, it is found 

that its performance is good, with high response rate and 

low response time. 

    Conclusion 

 In order to solve the problems of current international trade 

platform business peak freeze, no response, etc., based on 

the Dubbo framework, thew article proposes the Dubbo-

Fly distributed service framework. Through the design of 

its network communication layer, management layer, clus-

ter layer and other six structures, the invalid objects are 

eff ectively tested, the Avrox serialization model is used for 

fast serialization, the BDFCM algorithm is used for clus-

ter layer load balancing, and the Javassist dynamic proxy 

is used. The Javassist dynamic proxy technology is used to 

reduce the creation and operation time consumption, and 

the DubboFly framework is applied to the improvement of 

the international trade platform. The results show that the 

test results of diff erent schemes under the single consumer 

end are diff erent. The overall consumption time of scheme 1 

is more easily aff ected by data fi les and fl uctuates greatly; 

while scheme 7 that includes the RMIx protocol shows the 

overall time consumption fl uctuates relatively smoothly. The 

time consumption is low, especially under the 1 M size fi le, 

the average time consumption is 2.81 ms/KB. Under mul-

tiple consumers, scheme 7 is almost always the least time-

consuming when transmitting large amounts of data, and 

its time-consuming increase is slower than other schemes, 

with an average time-consuming of 0.26 ms/KB. Compared 

with the general algorithm, the performance of the BDFCM 

algorithm is better, and the nodes with higher load degree 

are transferred to the nodes with weaker load degree and 

ordinary ones, and the load balance is realized on the whole. 

Among the failed request rates of diff erent algorithms, the 

failed request rate of the BDFCM algorithm is 4% when 

the number of concurrency is 4000. There are few service 

detection and governance methods used in this article, and 

methods such as priority scheduling and service degradation 

can be tried to solve the possible performance problems of 

the DubboFly framework. 
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