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 The life development and increase the number of internet users imposed an 

increase in data circulating on the internet network and then make  

the network more congestion. As a result of all this, some problems arose such 

as time delay in packets delivery, loss of packets, and exceed the buffer 

capacity for the middle routers. To overcome those problems, transmission 

control protocol and active queue management (TCP/AQM) have been used. 

AQM is the main approach used to control congestion and overcome those 

problems to improve network performance. This work proposes to use 

the proportional-integral (PI) controller with a genetic algorithm (GA) as an 

active queue manager for routers of the Internet. The simulation results show 

a good performance for managing the congestion with using proportional-

integral genetic algorithm (GA-PI) controller better than the PI controller. 
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1. INTRODUCTION 

The safe and fast data transmission in communication systems without problems such as lengthy 

tardinesses in packets conveyance, loss of packets, increase the number of Internet users, and data congestion 

during the transmission process [1-5]. All these problems made researchers use modern methods and 

techniques to control and reduce these problems. The transmission control protocol (TCP) [6-9] is the first and 

major protocol of the Internet protocols group. It emerged in the premier network application in which it 

supplemented the internet protocol (IP), to become TCP/IP [10-12]. TCP equips authoritative, ordered, and 

check of error delivery of a flux of bytes between applications running on hosts communicating via an IP 

network. TCP is the more important protocol used to to internet traffic management; the TCP transmitters 

minify their rate of transmitting if there is a packet wastage detection [13-15]. The active queue management 

(AQM) [16-20] is an efficient technique to reveals introductory congestion and gives an early warning about 

the current internet network status by marking incoming packets before fulling the router queues, such 

technique is performed in the router to eschew crowding by creating packets projecting feedbacks through 

which crowding is notified to the source to take necessary action. The main objectives of using AQM are to 

marking the rate of inbound the traffic of a network, administer the queue length and with a low packet loss 

rate through the network resources [21-23]. 

Many of the techniques have been proposed in previous years illustrate a work of AQM [24-26],  

the oldest one is random early detection (RED) [27] which has been used to reducing the congestion during 

dropping the random packets. It turns out that the algorithm of RED is unsettled and sensitive to the effected 

factors of the network [28]. The RED algorithm depends on the fluid-based model to detect the congestion 

early time such as nonlinear fluid-flow model, to design a controller efficient, stabilized, and robust, the TCP 

and RED techniques requires to comprehend the system’s dynamics [29-30]. 
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Proportional-integral (PI) is one a control strategy uses to process plant system by using special 

techniques with a base-line like Ziegler-Nichols method for the tuning of the controllers. To create a system 

with good performance, the Ziegler-Nichols method is used to determine the controller parameters such as 

the proportional gain and integral gain constants [31-34]. The genetic algorithm (GA) is deemed as one of 

the useful controller techniques utilizing the basics of naturalist genetic systems to search for a universal 

solution of an improvement problem. The requisite idea from GA is to preserve a population of conceivable 

solution that develops and evolves with time through rivalry process and controlled variance. The GA has 

performed well in various fields such as modelling, power goodness evaluation, resource allocation and, 

adaptive tabling system, etc [35-37].  

In [38] the researchers used the particle swarm optimization (PSO) as an optimization unit  

with proportional-integral-differential (PID) controller, in a large-delay network environment to improve 

TCP/AQM performance. In another work [39], the researchers are designed a robust controller (fractional PID) 

to control the congestion of TCP/AQM networks in a time-varying parameter, the proposed design has given 

good management to congestion of networks such as a stable queue length and less packet drop probability. 

SK Bisoy and PK Pattnaik in [40] proposed a new AQM by a novel-PD-type feedback controller to regulate 

the queue length with tiny oscillation. In [41] the authors proposed FPI controller with GA as tuning of those 

controller parameters to manage the congestion of TCP networks.   

In this work, we proposed to use a PI controller as AQM of TCP network with GA to get an optimal 

PI controller gain to reduce the packet loss and queue length to achieve better performance for AQM scheme 

in TCP networks. The rest of this paper is organized as follows. Section 2 exhibit the system description that 

presents two subsections one of them is TCP/AQM networks and other is the GA and PI controller. Section 3 

presents the simulation results. The conclusions were introduced in section 4. The last section is section 5 

include the references. 

 

 

2. SYSTEM DESCRIPTION 

This section contains the system parts and how each part work such as TCP network, PI controller 

and GA as an optimization tool. 

 

2.1. TCP/AQM network 

Many pieces of research illustrated the concept of TCP networks, a detailed of our work model was 

presented in this section depend on [42], the TCP network is based on a nonlinear fluid-flow dynamic model. 

The model is expressed with two non-linear differential (1) and (2), they show the work dynamic of TCP 

precisely with the rate of TCP window size and the rate of queue length. 
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Where 𝑤 is the rate of TCP window size (measured in packets); 𝑅 is the transmission of full-trip time 

(measured in seconds) and equal to 
𝑞

𝐶
+ 𝑇𝑝; q is the rate of queue length (measured in packets); 𝐶 is  

the capacity of the link (measured in packets/seconds); 𝑁 is the No, TCP links (load factor); 𝑇𝑝 is  

the promulgation delay (measured in seconds): 𝑝 is the packet sign probability, all these factors are assumed 

to be non-negative and it is the control input to reduce the transmitting rate and preserve the bottleneck queue 

extension. In (1), the two terms 1/𝑅 (additive increase) and 𝑤/2 (multiplicative decrease) in the congestion 

control algorithm are used to evaluate the rate of window size during the TCP flow, while (2) is the dynamics 

of the queue length accumulative as the rate of transmission overrides the capacity of the link. 

The value of packet sign probability is between the lower boundary 0 and upper boundary 1,  

the nonlinear time-delayed scheme and a saturated input are derived from (1) as in (3): 
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The saturated input is expressed by the nonlinearity equation as in (4): 

𝑠𝑎𝑡 (𝑝(𝑡 − 𝑅(𝑡))) = {

1,                      𝑝(𝑡 − 𝑅(𝑡)) ≥ 1

 𝑝(𝑡 − 𝑅(𝑡)),     0 ≤ 𝑝(𝑡 − 𝑅(𝑡)) < 1

0,                     𝑝(𝑡 − 𝑅(𝑡)) < 0

 (4) 

 

2.2. The GA and PI controller (PIC) 

To fulfil the desired queue length and supply solid performance with delay effects and a saturated 

input, this work proposed to use a GA with PIC. A PIC generates the term u(t) as a control input in (3) to 

warranty the stabilization of the system in (3). Moreover, the output error signal is expressed as 𝑒(𝑡) = 𝑞(𝑡) −
𝑞𝑤e(t)=q(t) - qw, where 𝑞𝑤 appears as a wished queue length. A PIC with an input 𝑒(𝑡) and an output 

𝑝(𝑡 − 𝑅(𝑡)) is defined as in (5): 
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where: is the integrated time constant and 𝐾𝑝 : is proportional gain. In (5) can be expressed as: 

  

𝑝(𝑡 − 𝑅(𝑡)) = 𝐾𝑃𝑒(𝑡) + 𝐾𝐼 ∫ 𝑒(𝜏)𝑑𝜏
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where 𝐾𝐼  represent the integral gain and equal to 𝐾𝐼 =
𝐾𝑃

𝑇
 

To know the measurement of the closed-loop control system and its performance, an integral and 

absolute value of error (𝑒𝑖𝑎) is utilized as a thematic function as in (6).  

 

𝑒𝑖𝑎 = ∫ |𝑒(𝜏)|𝑑𝜏
∞

0
 (7) 

 

As a certain fact, the function 𝑒𝑖𝑎 will rely on the controller gains 𝐾𝑃 and 𝐾𝐼 . A better PIC design 

requires a smaller value of 𝑒𝑖𝑎. In a practical field, the design of the PIC is a process that encourages researchers 

to research and it relies on their experiments. The input output transfer function of the PIC is given by (8). 

 

122.8𝑠3+3299𝑠2+2455𝑠+3.252𝑒04

𝑠4+1.136𝑠3+20.14𝑠2+11.26𝑠+99.8
   (8) 

 

Various techniques used to optimize the performance of PIC such as fuzzy logic, particle swarm 

optimizer, grey wolf optimizer and genetic algorithm (GA). The GA will be exploited to obtain an optimal gain 

of PIC. GA is a synthetic optimization technique developed in the field of normal evolution executing an 

exploration of the search field. It is considered as an effective scheme for exploring or finding the global or 

near-global solution for complex improvement issues. In our work, the proposed GA search method used to 

find the optimal solutions for the PIC gains (𝐾𝑃 and 𝐾𝐼) for the AQM to backing the TCP such that the amount 

of 𝑒𝑖𝑎 in (7) is less. Figure 1 offers the schematic shape for tuning of PIC parameters using GA. 

 

 

 
 

Figure 1. The schematic shape of PIC tuning using GA 
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In a practical field, there is an important requirement, that the controller unit must be work as fast as 

possible, this can be achieved when the GA design with a small size of the incipient population. The incipient 

population is determined by encoding the PI factors, 𝐾𝑃 and 𝐾𝐼  through a binary concatenation define as 

a chromosome. The length of a concatenation relies on the desired accuracy which is about 4 mattresses.  

The desired bits series is calculated by (9): 

 

2𝑛−1 < (𝑈𝑏 − 𝐿𝑏) × 10
4 ≤ 2𝑛 − 1 (9) 

 

where 𝑛 is the number of bits, 𝑈𝑏  and 𝐿𝑏 are the upper bounds and lower bounds of PI factors respectively. 

Each chromosome is subject to converting process to evaluate it, each chromosome is converted from 

binary strings to real values (PI factors values) and substitute into a 𝑒𝑖𝑎. The converting process of each 

chromosome is done by (10): 

 

𝐶𝑣 = 𝐿𝑏 + 𝐷𝑒𝑐(𝑠𝑢𝑏𝑠𝑒𝑟𝑖𝑒𝑠) ×
(𝑈𝑏−𝐿𝑏)

2𝑛−1
  (10) 

 

where 𝐶𝑣 is the real numbers of PI factors, 𝐷𝑒𝑐(𝑠𝑢𝑏𝑠𝑒𝑟𝑖𝑒𝑠) represents the decimal values of bit series that 

calculate in (9). 

Whole fitness values and their congruous chromosome are going through three processes (selection, 

crossover and mutation). In the selection process, the higher the value of fitness, the greater the opportunity of 

choosing a member of the population. The crossover process comes after the selection process by choosing 

a single-point crossover. The two mating chromosomes are randomly chosen one cut-point and interchange 

the right part of the two parents to create progeny. The third operation is a mutation, the mutation prohibits 

the algorithm from falling in a local minimum and preserving variety in the population. ordinarily, a minimal 

mutation rate must be selected because the maximal mutation rate may cause the searching process will be 

random process. 

After finishing the three processes, the next generation starting by converting (decode) the binary 

concatenations in every chromosome in the population into real values. A new group of PI factors is sent to 

the PIC system to calculate the new value of fitness. This procedure will pass through the three processes 

sequentially, this repeated to reach a better value of fitness and this achieved at the close of generations. 

Figure 2 shows the flowchart of a GA [43]. 

 

 

 
 

Figure 2. The flowchart of a GA 
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3. SIMULATION RESULTS 

In this section, we explain the effectiveness of the assumed GA-PIC for TCP network by compared 

and evaluated it with the PIC technique to managing the congestion to improve the efficiency of TCP/AQM 

system. A simulation program (MATLAB) was used to determine the competence of the supposed controller 

and inspect its susceptibility to averting network crowding. Now suppose we are work in a network consist of 

a single bottleneck (15 Mb/s in 25 msec) connects two routers connected to a group of homogenous TCP 

transmitters and receivers. According to Eqs. 1 and 2, we suppose the factors of the network as follow:  

the full-trip time =0.25 sec, the capacity of the link =15 Mb/sec, load factor =60, promulgation delay=0.2 sec, 

the desired queue size =300 packets and maximum queue length in the router of sending=700 packets. 

Figure 3 exhibit the behavior of the system without a controller on the AQM. It is noted that the queue 

is very crowded and cannot follow the requested queue length. Figure 4 shows the Simulink model for 

TCP/AQM with PIC, Figure 5 presents a comparison between the performance of TCP/AQM network with 

PIC and with GA-PI, the network with GA-PI appeared good results than the network with PIC only such as lower 

rise time, overshoot and settling time as in Table 1. 

 

 

 
 

Figure 3. The response of the system without a controller 

 

 

 
 

Figure 4. The Simulink model for TCP/AQM with PIC 

 

 

Table 1. The results for the comparison between AQM schemes 
Settling Time(sec) Over Shoot (%) Rise Time(sec) AQM scheme 

0.0322 3.49 0.0032 GA_PI Controller 
0.0727 8.24 0.0079 PI Controller 

 

 

Figure 6 shows the convergence of fitness values vs. iterations (generations), the values of the best 

fitness and mean fitness is 6.82421𝑒−5 , 7.2117𝑒−5 respectively. Figure 7 shows the parameters of GA-PIC 

that use to optimizing the performance TCP/AQM network, the best performance is achieved in iteration 

number 51with the controller gains 𝐾𝑃=10.987 and 𝐾𝐼=6.145, the thematic function (objective function) 

𝑒𝑖𝑎=1.171𝑒−4. 
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Figure 5. System response with PIC 

and GA-PI controller 

 

Figure 6. The convergence of 

fitness values vs. Iterations 

 

 

 
 

Figure 7. The parameters of GA-PIC 
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4. CONCLUSOIN 

 In this paper, GA-PI controller as AQM scheme for TCP network was proposed to avert network 

congestion. The proposed algorithm achieved good results comparing with PIC such as faster rise time and 

settling time also a lower percentage of overshoot. The simulation results manifested that the proposed 

algorithm to manage the congestion is superior to the traditional AQM scheme that depends on PIC. 
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