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 A B S T R A C T 

To minimize the network congestion problem, a multi-constraint optimization mathematical 
model is established and a hybrid particle swarm algorithm based on the Tabu search 
algorithm is proposed. The algorithm integrates Tabu search into particle swarm algorithm, 
which can prevent the algorithm from falling into the local optimal solution, and gives a better 
initial individual for Tabu search, so it can speed up the algorithm convergence and improve 
the quality of the solution. The simulation was done using Matlab and the results show that 
the optimization algorithm reduces the end-to-end delay and packet loss rate, thereby 
avoiding network congestion and optimizing the utilization of network resources. 
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1. Introduction  

When too many messages exist in the network, it will cause network performance degradation, that is, congestion 
occurs [1]. Congestion mainly occurs when network resources are insufficient to meet the needs of service flows, or 
when the distribution of network service flows is unbalanced, causing an increase in the packet loss rate of the link, 
increase in the delay between nodes, increase network jitter, and reduce network throughput [2], Therefore, the use 
of effective methods to achieve congestion control has become a hot issue in current network research. At present, 
many algorithms have been proposed, such as RED, REM [3], Drop Tail Queue Management, DRED [4], PI controller 
[5], PID controller [6], and so on. But they all have some shortcomings. For example, RED and Drop Tail algorithms 
are greatly affected by subjective factors, have poor stability, and are not robust. They are prone to error data or 
even lost during the control process; PI controller, REM, DRED, and PID, the dynamic performance of these 
algorithms such as the controller is not good, and the queue fluctuates greatly. Because the intelligent bionic 
optimization algorithm has the advantages of good parallelism, good adaptive ability, and strong robustness, it is 
especially suitable for network congestion control [7]. On the other hand, Multi-Protocol Label Switching (MPLS) is a 
transmission protocol for data routing using tags [8], [9]. The explicit routing technology of MPLS allows the source 
to fully control the transmission path of the data in the network, and the label switching path (LSP) meeting certain 
constraints can be pre-established before the packet is transmitted, so it can be integrated. Considering the global 
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service flow requirements, network topology, and link characteristics, establishing an optimized path to achieve the 
purpose of balanced network flow distribution is very conducive to achieving the goal of traffic engineering which is 
considered to be one of the strengths of the MPLS technology, where it is used to optimize the use of network 
resources to avoid congestion [10]. A hybrid SDN approach was presented in [11] for the management of MPLS 
traffic engineering. quality of service capabilities has been applied to MPLS as specified in [12]. Different tools were 
developed in [13] to help operators in increasing the visibility of the MPLS network,  the proposed tools are 
concerned with the observation of capacity and bandwidth usage, to avoid MPLS network congestion. The 
mathematical description of four types of MPLS network traffic engineering problems is given in [14], [15], and it is 
pointed out that these problems are all NP-hard problems, but no specific solving algorithm is given. [16] gives a 
heuristic method for establishing an explicit restricted LSP that conforms to the load balancing principle in the 
MPLS network, [17] proposes an algorithm to monitor delay, jitter, packet loss, and Maximum Transmission Unit 
(MTU) values for the MPLS network. The algorithms in literature [18] require the use of mathematical tools to solve 
mathematical programming problems, which are difficult to integrate with the actual application environment and 
are limited by the support capabilities of mathematical tools. In order to avoid congestion in the MPLS network and 
improve network performance, this paper combines particle swarm algorithm and Tabu search algorithm on the 
basis of existing optimization algorithms and proposes a hybrid particle swarm algorithm. Simulation results show 
that this algorithm can be implemented reliably and effectively. 

1. MPLS routing optimization mathematical model 

In order to be able to analyze various network congestion control strategies and meet the user's network service 
quality requirements, an MPLS explicit routing global optimization mathematical model needs to be established to 
minimizes network congestion. The optimization principle is: ensuring that parameters such as bandwidth and 
delay meet the requirements under the premise of reducing the network resources used as much as possible and 
evenly distribute the network load everywhere. This is an NP-hard problem. The optimal solution cannot be 
obtained, and only the sub-optimal solution can be found. Therefore, the expression of the mathematical model 
constructed in this paper as follow [19]: 
                                                   M = K1 × A (P) + K2 × σ2                                                                                                                            (1)  
In Equation (1), A (p) is called the resource consumption function, which reflects the number of network resources 
occupied by a certain service volume in the selected path p, which can be expressed as: 
                                                  A (P) = h (p) × B × d (p)                                                                                                                             (2) 
In Equation (2), h(p) is the number of hops of the selected path p; B is the requested bandwidth of the traffic, d(p) is 
the delay of path p. Obviously, if the path has fewer h(p) and d(p), it will occupy fewer network resources. 
σ2 is the variance of the link utilization rate on a certain path p, which reflects the degree of balanced load 
distribution on the path, and can be expressed as: 
                                                 σ2 = ∑ ∑ (𝑛

𝑛=1
𝑛
𝑚=1  Em,n - E )2 ρm,n                                                                                                                (3)   

In Equation (3), Em,n is the link utilization rate from node m to node n; E is the mean value of Em,n; if the link from 
m→n belongs to the selected path, then ρm,n is 1, otherwise, ρm,n is 0.  
k1 and k2 are two positive real numbers. If the value is appropriate, the two parts of the objective function M can be 
basically equal. 
The particle swarm algorithm (PS) has strong global search ability, but it has poor mountain climbing ability and is 
prone to prematureness. Tabu search (TS) has strong mountain climbing ability, but it requires experience to select 
initial parameters, and its robustness is poor. In order to make up for the shortcomings of these two algorithms and 
improve the optimization efficiency, this paper incorporates the idea of TS into PS and proposes a hybrid particle 
swarm algorithm. 

 

2. Implementation of hybrid particle swarm algorithm  

The particle swarm algorithm was first proposed by Dr. Kennedy and Dr. Eberhart in the United States in 1995 [19]. 
The algorithm regards all individuals in a population as an object and performs global optimization search through, 
initialization, fitness function determination, speed and location updating, and termination condition. This algorithm 
is simple, easy to implement, robust, and is widely used in various fields.  
The flow chart of the particle swarm algorithm is shown in Fig. 1, and the programming flowchart for the hybrid 
particle swarm algorithm is shown in Fig. 2. 
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Figure 1 - particle swarm algorithm flowchart 

 

Figure 2 - flow chart for hybrid particle swarm algorithm 

3.1. Initial population 

The initialization of position and speed was generated randomly as a 50 x1 data matrix from 0 to 1. The position 
constraint here can also be understood as the position limit, and the speed limit is to ensure that the particle step 
length does not exceed the limit. Generally, the speed limit is set to [-1, 1]. 
 

3.2. Fitness Function 

The fitness function can reflect the pros and cons of different individuals in the same group and is the basis for 
selection operations, usually in the form of the maximum value. Since Equation (1) of the optimization mathematical 
model is a minimum problem, this paper uses the method of reciprocal of it to obtain the fitness function, as follow: 
 

                                              Fitness = 
1

𝑀
=  

1

𝐾1×𝐴(𝑃)+𝐾2 × 𝜎2
                                                                                                                                 (4) 

 

3.3. Speed and location update 
Speed and position update is the core of particle swarm algorithm, its principle expression, and update method as 
follow: 
 

                                            Vnt = W. Vnt + L1 . R1 . (Pnt – Xnt) + L2 . r2 . (Pgd – Xnt)                                                                                    (5) 

                                            Xnt = Xnt + Vnt                                                                                                                                                       (6) 
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Where: n represents the particle number; t represents the time, which is reflected in the number of iterations; w is 
the inertial weight, which is generally set at about 0.4; L1 and L2 are learning factors, generally 2; Pnt represents the 
most experienced particle n best position; Pgd represents the optimal position of the global particle; r1, r2 are random 
values between 0 and 1. 
Each search needs to compare the current fitness and optimal solution with the historical record value. If it exceeds 
the historical optimal value, update the historical optimal position and optimal solution of the individual and the 
population. 
 

3.4. Termination condition 
Two terminating conditions may be selected; the first is the maximum algebraic; the second is the adjacent 
deviation between generations within a specified range. In this paper; the maximum algebraic termination condition 
were used.     

3.5. Tabu Search 
After speed and position updating and termination condition operations, the particle swarm optimization algorithm 
produces a better initial individual for the Tabu search.  
Tabu search starts from an initial feasible solution, tests a series of specific search directions (movements), and 
selects the move that increases the value of the specific objective function. In order to avoid falling into the local 
optimal solution, Tabu search records the search process information that has been experienced to guide the next 
search direction. 
 

3.6. Tabu List 
The Tabu list records and selects the optimization process that has been performed, which can prevent the Tabu 
search from falling into the local optimum. The dynamic setting method is adopted here, that is, each time the loop 
ends, the “move” in the opposite direction that enters the Tabu list first is replaced with the current “move” in the 
opposite direction, and the Tabu length of the “move” is defined, finally the other opposite directions are “move”. 
The Tabu length is reduced by 1. 
 

3.7. Amnesty Criterion 
In order not to miss the "movement" that produces the optimal solution as much as possible, Tabu search also 
adopts the "amnesty criterion" strategy and keeps the record of the best individual to replace the worst individual in 
the next generation. 
 

3.8. Termination Conditions 
There are two loops in the hybrid optimization algorithm: inner loop and outer loop. The termination condition of 
the inner loop is the maximum allowable number of iterations of the Tabu search; while there are two termination 
conditions of the outer loop: the maximum allowable number of iterations of the particle swarm algorithm and the 
optimization criterion, where the optimization criterion is the optimal individual fitness value before and after the 
Tabu search, whether the change is not greater than a given constant. 
 

4. Simulation research 
4.1 Network parameters setting 
In order to verify the effectiveness of the hybrid particle swarm algorithm, the MPLS network shown in Fig. 3 is 
simulated. 

 

 

Figure 3 - MPLS network 

Each link in the network sets as [bandwidth delay] = [1Mb 10ms]. Assuming that there are two identical traffic 
generators T0 and T1 on source nodes 1 and 2, and 500 Byte data packets are generated every 5 ms and flow to 
destination node 3. The T0 packet starts sending at 0.5s and stops at 4.5s; the T1 packet starts sending at 1.0s and 
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stops at 4.0s. Since the requested bandwidth of node 1 and node 2 is 0.8Mb, while the bandwidth of the link between 
nodes (2-3) is only 1Mb, when two sets of the business flow through the link (2-3) together, there will be 
competition for network resources causing network congestion. The hybrid particle swarm algorithm proposed in 
this paper was used to optimize the bandwidth and delay parameters of the link (2-3). 
 

4.2 Result analysis 
4.2.1 Comparison of network performance 
Fig. 4 and Fig. 5 show the end-to-end delay time of T0 and T1 packets before and after optimization. It can be seen 
from the simulation results that the use of a hybrid particle swarm algorithm to optimize the network parameters 
reduces the end-to-end delay time of the packet and avoids network congestion. 

 

Figure 4 - end-to-end delay of T0 packets 

 
Where T0_delay1 represents end-to-end delay time before optimization and T0_delay2 represents end-to-end delay 
time after optimization. 

 

Figure 5 - end-to-end delay of T1 packets 
 

Where T1_delay1 represents end-to-end delay time before optimization and T1_delay2 represents end-to-end delay 
time after optimization. 

 
4.2.2 Average optimization results  
In order to verify the optimization performance of the hybrid particle swarm algorithm in this paper, the particle 
swarm algorithm is used to optimize the same network, and the convergence characteristics of the two algorithms 
are compared. The results are shown in Fig. 6. It can be seen from Figure 5 that the hybrid particle swarm algorithm 
generated the optimal objective function value around the 70th generation, while the particle swarm algorithm did 
not generate the optimal objective function value until the 80th generation; moreover, the objective function value 



 Samar Taha Yousif.,                                                                                                                 JQCM - Vol.13(1) 2021 , pp  Comp.  109–115               114

 

optimized by the hybrid particle swarm algorithm was less than the objective function value after particle swarm 
optimization. This shows that the hybrid particle swarm algorithm has a faster convergence rate and good global 
optimization performance. 

 

 

Figure 6 - Comparison of average convergence properties 
 

5. Conclusions 
This paper proposes a hybrid particle swarm algorithm to solve the congestion problem of the mpls network 
where a mathematical model is established to determine the optimization objective function on the basis of 
meeting performance indicators such as delay and packet loss rate. this algorithm combines the 
characteristics of particle swarm and tabu search to provide a better initial individual for the tabu search, 
reduces the number of calls, and speeds up the convergence of the algorithm. the simulation results reflect 
that a hybrid particle swarm algorithm can reduce the utilization of network resources and balance the 
distributed load while reducing the packet loss rate and reducing the end -to-end delay time to avoid network 
congestion and provide an effective way for further implementation of congestion control.  
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