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Abstract 
  
Congestion control methods are continuously linked with the rapid advances in Internet and network technology.  
Congestion generally occurs when the amount of packets arriving at the router buffer cannot be accommodated. This 
paper proposed an Enhanced Adaptive Gentle Random Early Detection (Enhanced AGRED) method based on Adaptive 
Gentle Random Early Detection (AGRED) method in order to detect the congestion in early stage before the router 
buffer overflows by enhancing the parameter setting of Queue Weight (Qw). The Enhanced AGRED is simulated and 
compared with the AGRED and Gentle Random Early Detection (GRED) methods. The simulation results for the 
proposed Enhanced AGRED, GRED and AGRED methods are carried out by varying the variable of packet arrival 
probability to create different congestion/non-congestion scenarios. During the congestion, the simulation results 
reveals that Enhanced AGRED offers marginally better performance results than GRED and AGRED, with regard to 
mean queue length, average queuing delay and packet loss probability due to overflow. Therefore, the results prove 
that Enhanced AGRED is an effective method in controlling congestion router buffers of networks. Whereby, improve 
networks performance. 
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1. Introduction 
 

1 The Internet technologies and the performance of 
computer networks are constantly being questioned 
because of their rapid development. Congestion is one 
of the main  problems that challenge network 
performance (G.Thiruchelvi and J.Raja, 2008, Welzl, 
2005). Congestion occurs when the incoming packets 
to the router buffers can no longer handle the incoming 
packets, as the amount of incoming packets exceeds the 
available network resources (Tanenbaum, 2002). The 
drawbacks of congestions are as follows. Congestion 
plays a major role in worsening network performance 
by increasing the packet dropping probability (Dp) and 
growing the packet loss probability (PL). In addition, 
congestion may lead to an increase in the mean queue 
length (mql) and the mean waiting time (D) of packets, 
which will finally degrade the amount of packets 
passing through the buffer of the routers, namely, the 
throughput (T) (Lin and Morris, 1997). 
 Active queue management methods have been 
proposed to improve the network performance 
(Baklizi et al., 2013, Baklizi et al., 2012, Abdel-jaber et 
al., 2008). Many researchers have been proposed an 
AQM method, such as (Kiruthiga and Raj, 2014, Das et 
                                                           
*Corresponding author: Mahmoud Baklizi 

al., 2013, Singh and Balveer, 2013), which were 
proposed to overcome the limitations of the DT 
method discussed earlier (Bitorika et al., 2004, Salim 
and Ahmed, 2000). Enormous methods for congestion 
control have been built as AQM, such as Random Early 
Detection (RED) (Floyd and Jacobson, 1993), Adaptive 
Random Early Detection (ARED) (Floyd et al., 2001), 
Random Exponential Marking (REM) (Athuraliya et al., 
2001, Lapsley and Low, 1999) , BLUE (Feng et al., 1999, 
Feng et al., 2002), Stochastic Fair BLUE (SFB) (Feng et 
al., 2001), Gentle Random Early Detection (GRED) 
(Floyd, 2000), Dynamic Random Early Drop (DRED) 
(Aweya et al., 2001), Stabilized Random Early Drop  
(SRED) (Ott et al., 1999), Fuzzy BLUE (Yaghmaee and 
AminToosi, 2003), Fuzzy Exponential Marking (FEM) 
(Chrysostomou et al., 2003), Decbit (Ramakrishnan 
and Raj, 1988), Enhanced Random Early 
Detection(ENRED) (Alshimaa et al., 2014), Adaptive 
Neuro Fuzzy Inference System (ANFIS) 
(Kusumawardani, 2013), AGRED (Baklizi et al., 2012), 
and DGRED (Baklizi et al., 2013) . 
 One of the most known AQM method is The 
Random Early Detection (RED), was proposed by Floyd 
and Jacobson in 1993.  
 RED uses aql and two calculated thresholds values, 
namely, minthreshold and maxthresholdas congestion 
indicators (see Figure 1). 



Mahmoud Baklizi et al                                 Performance Evaluation of the Proposed Enhanced Adaptive Gentle Random Early Detection Algorithm..  

 

1659| International Journal of Current Engineering and Technology, Vol.6, No.5 (Oct 2016) 

 

 
 

Fig 1 The single router buffer for RED 
 
The congestion is controlled using various scenarios as 
follows: First, when aql is smaller than the 
minthreshold, no packets are dropped as congestion 
does not occur in this case. Second, if the aql is between 
the two thresholds, the arriving packet is dropped with 
calculated probability Dp to alleviate congestion before 
the buffer overflowed. Finally, when the aql is above 
the maxthreshold, all arriving packets are dropped. By 
other means, the dropping probability Dp value is set 
to one (Figure 1).  
 RED is one of the most significant methods as it has 
been successfully adopted by the Internet Engineering 
Task Force (IETF) in RFC 2309 (Braden et al., 1998). 
The advantage of RED is the elimination of the global 
synchronization problems (Fan et al., 2012). However, 
RED’s drawback is that the congestion indicator is 
embodied in computing aql based on the traffic load 
(number of connections), not on the actual status of the 
packet load, which may degrade the network 
performance in many aspects. Such as, delay and 
packet loss. Subsequently, RED cannot stabilize its aql 
value between the minthreshold and maxthreshold 
when the traffic load changes suddenly (i.e., bursty 
traffic) (Feng et al., 2002, Floyd et al., 2001, ABDEL-
JABER et al., 2014). 
 The GRED method was proposed to deal with the 
aforesaid limitations of RED method. Also, GRED 
improves the process of setting maxthreshold and Dmax 
parameters and it is able to stabilize aql at a position 
named Taql. Taql position is half way from the main 
threshold and maxthreshold positions. Which prevents 
the router buffer from building its size and becoming 
larger than maxthreshold position and as a result fewer 
packets are dropped. 
 In this paper, a new method called Enhanced 
AGRED based on AGRED aimed to enhance the 
performance of AGRED with reference to the 
performance measures (mql, D, Pl) especially during 
heavy congestion. The queue weight (Qw) value of the 
Enhanced AGRED method varies from Qw to 2* Qw in 
all the process of computing the average queue length 
in the router buffer. This enables the proposed method 
to provide further enhancements in setting the input 
parameters 
 Gentle Random Early Detection (GRED), an 
adaptive method, was proposed by Floyd to overcome 
the limitations of RED(Floyd, 2000). GRED uses the 
same congestion indicator technique as RED. GRED 
stabilizes the aql at a certain level using three 

thresholds, namely, minthreshold, maxthreshold, and 
doublemaxthreshold.  
 GRED uses a new threshold value called 
doublemaxthreshold and introduces different 
probabilistic dropping rates between these thresholds. 
This makes GRED better than RED in stabilizing aql 
because when aql exceeds maxthreshold a higher 
probability is used to prevent buffer overflow. While 
the stabilization mechanisms of GRED and RED are 
different, calculating Dp in GRED is partially similar to 
the one in RED. Generally, GRED reacts with the 
arriving packets based on one of the following 
scenarios (Figure 2). 
 

 
 

Fig 2 The single router buffer for GRED 

- When aql at the router is below the minthreshold, 
no packets are dropped. 
- When aql is between the minthreshold and 
maxthreshold, the router will drop the arriving packets 
randomly, similar to RED.  
- When aql is between the maxthreshold and the 
doublemaxthreshold, the packets are dropped 
randomly with a higher probability compared to the 
previous case. 
- When aql is equal or greater than the 
doublemaxthreshold, the GRED router drops the 
arriving packets with Dp equal to one (i.e., arriving 
packets are dropped). 

Unfortunately, GRED has some limitations. First, GRED 
deals with several threshold values and must set its 
parameters to specific values to obtain satisfactory 
performance (i.e., parameterization). Second, when the 
aql is less than the minthreshold and heavy congestion 
occurs, the aql will take time to adjust, during which 
the router buffer will likely overflow. Thus, no packets 
are dropped despite the overflowing GRED of router 
buffer(Aweya et al., 2001, Floyd et al., 2001, Floyd, 
2000). 
 Adaptive Gentle Random Early Detection (GRED), 
an adaptive method, was proposed by Floyd to 
overcome the limitations of GRED (Baklizi, 2012). 
AGRED uses the same congestion indicator technique 
as GRED.  The way of calculating the Dint in AGRED 
method according to the following Equation 
 

             
        

 
 

                  

            
                              (1) 

 
In AGRED method, when the average queue length is 
between maxthreshold and double max threshold 
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positions, the Dint value increases from Dmax value to 
0.5 as long as the aql increases from max threshold to 
double max threshold position. This further improves 
the parameter settings of max threshold and Dmax than 
those of GRED method. 
 AGRED reacts with the arriving packets based on 
one of the following scenarios (Figure 3). 

 

Fig 3 The single router buffer for AGRED 

-When aql at the router is below the minthreshold, no 
packets are dropped. 
- When aql is between the minthreshold and 
maxthreshold, the router will drop the arriving packets 
randomly, similar to RED.  
- When aql is between the maxthreshold and the 
doublemaxthreshold, the packets are dropped 
randomly with a higher probability compared to the 
previous case. 
-When aql is equal or greater than the 
doublemaxthreshold, the GRED router drops the 
arriving packets with Dp equal to one (i.e., arriving 
packets are dropped). 

Unfortunately, AGRED has some limitations. First, 
AGRED deals with several threshold values and must 
set its parameters to specific values to obtain 
satisfactory performance (i.e., parameterization). 
Second, when the aql is less than the minthreshold and 
heavy congestion occurs, the aql will take time to 
adjust, during which the router buffer will likely 
overflow. Thus, no packets are dropped despite the 
overflowing GRED of router buffer (Aweya et al., 2001, 
Floyd et al., 2001, Floyd, 2000). 

2. The proposed Enhanced AGRED  
 
The proposed Enhanced AGRED is an extension of 
AGRED. Enhanced AGRED employs a dynamic value of 
Qw to control the congestion in the router buffer at the 
early stage before it overflows. The aim of the 
Enhanced AGRED algorithm is to increase the router 
buffer response to the dropping. 
   
Another aim for the proposed Enhanced AGRED is 
providing better performance results than other AQM 
algorithms such as GRED and AGRED. These better 
performance results are represented by the results of 
mean queue length, average queueing delay and packet 
loss probability when heavy congestion has occurred. 

 
The congestion measure of the Enhanced AGRED is aql 
and its parameters are similar to those of AGRED and 
GRED see table 1. 
 

Table 1 Adscription of parameter used 
 

Definitions Description 
current time The current time. 

idle time 
The beginning waiting time at the 

Router buffer. 

N 
The number of packets transmitted 
to the router buffer through an idle 

Interval time. 

C 

A counter that represents the number 
of packets arrived at the router buffer 

and have not dropped since the last 
Packet was dropped. 

Dp The packet dropping probability. 

Dinit 
The initial packet dropping 

probability. 
q_ 

instantaneous The instantaneous queue length. 
Qw The queue weight. 

Dmax The maximum value of Dinit. 
q(time) The linear function for the time. 

Taql target level for the aql 
doublemaxthres

hold is set to 2 x maxthreshold 
 

Alg 1 Proposed Technique 
 
1. Begin  
2.   SET C = -1, aql = 0.0 // Initialization stage 

3. FOR every arriving packet at a GRED router buffer, 

do //2nd Stage 

4. Calculate the aql for the arriving packet at the 

router buffer. 

5. Examine the queue status at the router buffer 

(e.g. empty or not 

6.               IF, the queue at the router buffer = = 

empty, do 

7. Compute n, where n = q(current _ time - idle _ time) 

8.                      Set aql = aqlx (1 –qw*2) n 

9. ELSE 

10.                    Set aql = aqlx (1 –qw*2) + qw*2x 

q_instantaneous 

11.              End IF 

12.       END FOR 

13.      Check the congestion status at the router buffer 

//3rd stage 

14. IF, aql<min_threshold, do 

15. SETD  = 0 .0; // No packets have dropped 
16.            SET C = — 1; 
17.       ELSE IF min threshold <aql&&aql<max 
threshold, do 

18. SETC = C +1;  

19.              Calculate 
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20.              Calculate    
     

             
 

21.             Drop arriving packet probabilistically in 

terms of its  value; 

22.             SETC = 0 ; 

23.       ELSE IF max threshold ≤ aql&&aql< double max 

threshold, do 

24.             SET C = C +1;  

25.              SET  
           

          

                     

             

 

26.              SET    
     

             
 

27.             Drop arriving packet probabilistically in 
terms of its (  )value; 
28.                 SETC = 0 ; 

29.       ELSE IF aql≥ double max threshold, do 

30.             Drop every arriving packet with  = 1; 

31.             SETC = 0 ;  
32.       END IF 
33.       IF GRED router buffer becomes empty, do// 4th 
stage 
34.             SETidle time = current time ; 
35.       END IF 
36. END 
 
The Enhanced AGRED decides whether to drop every 
arriving packet as in the AGRED method figure 3. 
 The main difference between AGRED and the 
Enhanced AGRED is in calculating the aql value. the 
Enhanced AGRED computes the aql according to the 
following equations: 
 
              –                                                     (2) 

aql = aqlx (1 –qw*2) + qw*2x q_instantaneous                       (3) 

 
in AGRED method the value of qw is set to 0.002, which 
represents the queue weight similar to GRED method. 
This is because if qw, the queue weight, cannot be too 
high because the average queue size can grow quickly. 
While, if qw is too low, then the average queue size will 
respond too slowly. Thus, the value of 0.002 was 
chosen and also was validated in AGRED method 
(Madipelli et al., 2009). Unfortunately,  the qw fixed 
value not appropriate in the case, that the AGRED 
method contains three threshold and two decision 
dropping scenario, in AGRED and GRED method, when 
the heavy congestion occur the router buffer built its 
size quickly and  the GRED and AGRED decide to drop 
the packets later when the aql reach to the 
doublemaxthreshold. So the buffer becomes full and 
every packet will be drop. On the other hand, according 
to the above two equations, the value of qw not like 
GRED and AGRED fixed to the specific value equal 
0.002. the equation number one used when the router 
buffer is empty and there is no dropping in this case. 
But, in equation two the value of qw plays a main role 
to quick response the aql to grow quickly to reach the 
maxthreshold and doublemaxthreshold to make 

dropping. On the other hand, the value of queue length 
is fix not equal the value of aql. In this scenario the 
Enhanced AGRED method keep the buffer small as 
soon as possible to prevent the router buffer overflow 
quickly.  

 
3. Simulation information of GRED, AGRED and 
Enhanced AGRED 
 
The queuing discipline, in all the simulations, is First 
Come First Serve (FCFS). The number of node is one, as 
the AQM words on the level of a single router. The 
bandwidth is represented as the probabilities of packet 
arrival and departures at the node utilized. The packets 
are sent to the router buffer and depart from the router 
buffer individually, i.e. packet by packet. The process 
that models the arriving packets is a Bernoulli, an {0, 
1}, n= 0,1,2,3, …., where an denotes the number of 
packet arrivals to the buffer in slot n (Boucherie and 
Dijk, 2011, Neely et al., 2008). Bernoulli process is 
suitable when the buffer has a fixed length slot (Perros 
and Elsayed, 1994). Figure 4 illustrates the packet 
arrival and departure in the router buffer. The 
proposed methods have been simulated based on a 
discrete-time approach. In addition, the packets depart 
from the router buffer with geometrically distributed 
service times (Fiems et al., 2004). The simulation 
architecture is illustrated in Figure 4  
 

 
 

Fig.4 The packet arrival and departure in the 
simulation 

 

After the simulation architecture is built, GRED, AGRED 
and Enhanced AGRED methods are implemented to 
obtain the results.   
 

3. Performance evaluation results 
 
The performance of the proposed Enhanced AGRED 
method is measured empirically, and compared with 
GRED and AGRED, which were discussed in related 
work. Ten different runs are carried through; each run 
is based on different seed as input to the random 
number generator. Thus, each run has different input 
numbers. Doing so, eliminates the possible bias in the 
output results and produces confidence intervals for 
the performance measures.  
 The performances of all the compared methods are 
calculated after the system reaches a steady state 
(Thiruchelvi and Raja, 2008). Thereby, the results have 
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been collected as the seed slot arrives to 1100000.For 
the parameter settings, GRED, AGRED, and Enhanced 
AGRED are initiated using identical parameters. To 
create congestion and non-congestion scenarios at the 
buffer, the probability of packet arrival was set to 
several values. The buffer size room of 20 packets was 
used to detect congestion at small buffer sizes. The 
total time slot utilized was 2000000. This value allows 
for incorporating an accurate performance measure 
and sufficient warm-up period. The warm-up period is 
terminated when the system reaches a steady state. 
The minthreshold, maxthreshold, and Dmax, values are 
set to 3, 9, and 0.1, respectively, as recommended in 
RED(Floyd and Jacobson, 1993). Finally, the 
doublemaxthreshold value is set to 18 as recommended 
in GRED (Floyd, 2000). Table 2 lists all the utilized 
parameters. 
 The simulation results are measured using several 
performance metrics, these are: mql, T, D, PL, and Dp. 

 
Table 2 Parameter settings for GRED, AGRED, and 

Enhanced AGRED methods 
 

Parameter 
GRED, AGRED, and 
Enhanced AGRED 

Probability of packet arrival 0.18-0.93 
Probability of packet 

departure 
0.5 

Router buffer capacity 20 

Qw 0.002 

Dmax 0.1 

Number of slots 2000000 

Minthreshold 3 

Maxthreshold 9 

Doublemaxthreshold 18 

 
3.1 Mean Queue Length (Mql) 
 
The output performance of GRED, AGRED, and 
Enhanced AGRED are measured with several packet 
arrival probabilities. Figure 5 illustrates the mql-based 
performance of the compared methods and the 
proposed Enhanced AGRED method versus the 
probability of packet arrival.  
 

 
 

Fig.5 Mql-based performance vs. probability of packet 
arrival 

The mql is important metric in the router buffer. Low 

mql prevents the router buffer queue from building up 

its size and avoids congestion as possible. As illustrated 

in Figure 5, mql for all the compared methods and the 

proposed Enhanced AGRED method is identical up to a 

certain probability value (e.g., 0.33). In such a low 

probability value, there is a light congestion state, as 

the probability of packet arrival is lower than that of 

packet departure (a <B), this means each packet 

arrives will be departed. For a higher probability 

values, at which congestion is more likely to exist at the 

router buffers, the mql of all the compared methods 

and the proposed Enhanced AGRED method increases. 

However, the proposed Enhanced AGRED performs 

better than the compared methods in terms of mql at 

such high probability values. Generally, this advantage 

of the proposed Enhanced AGRED is due to the fact that 

Enhanced AGRED overflow at times less than those of 

other method, which keeps the mean queue length low 

to serve more packets in the router buffer, and not 

build it size quickly. 

3.2 Average Queuing Delay (D) 
 
The average queuing delay (D), as mentioned before, is 
defined as the average waiting time for packets at the 
router buffer queue before departure. Figure 6 
illustrates the delays of the compared methods and the 
proposed Enhanced AGRED method. 
 

 
 

Fig.6 D-based performance vs. probability of packet 
arrival 

 
Once again, the proposed DGRED performs better in 

terms of the average queuing delay. This is because; 

packets depart, in Enhanced AGRED, at times less than 

those for other methods. In addition, mql metric effects 

D and plays a main role in computing D. As mentioned 

before D= (mql /T). Thus, when mql is low, D is also 

low (Woodward, 1993). 
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3.3 Throughput (T) 

Figure 7 illustrates the throughput-based performance 
under different packet arrival probabilities. The 
throughput of the proposed Enhanced AGRED method 
and the compared methods give similar T results, 
whether the probability of packet arrival is set to a 
value lower or higher than the probability of packet 
departure value. Figure 7 indicates that a packet arrival 
probability lower than the packet departure 
probability results in increasing T for the compared 
methods and the proposed Enhanced AGRED method, 
as long as the packet arrival probability increases up to 
a certain value (e.g.: 0.5). Then, all compared methods 
and the proposed Enhanced AGRED method, stabilize T 
when the packet arrival probability go above 0.5.  At 
this value, the congestion happened in the router 
buffer. See Equation 5.1 (Woodward, 1993). 
 
      [ ]                                (4) 
 
where P[0], represents the probability of the packet in 
the router buffer. 

Subsequently, when the congestion occurs, the router 
buffer will have no more space for any new arrival 
packet. In this case, the probability of the packet arrival 
in the router buffer is zero. Thereby, based on equation 
7, T will be equal to 0.5 for all compared methods and 
the proposed Enhanced AGRED method. 

 
 

Fig.7 T-based performance vs. probability of packet 
arrival 

 
3.4 Packet Loss and Dp. 
 
The goal of the packet loss and Dp metric-based 
comparison is to show the quantity of packets 
dropping at the router buffer in all the compared 
methods and the proposed Enhanced AGRED method. 
The performances of GRED, AGRED, and Enhanced 
AGRED methods in terms of PL and DP are illustrated 
in Figures 8 and 9, respectively. 
 In Figure 8, the proposed Enhanced AGRED method 
produces the best and least PL, when the probability of 
packet arrival is greater than the probability of packet 

departure (existence of congestion). This is because the 
router buffer in the Enhanced AGRED method 
overflows at time less than those in the GRED, and 
AGRED.This is because the proposed Enhanced AGRED 
prevents the router buffer from building its size and 
overflow early. When the packet arrival probability is 
less than the packet departure probability, all the 
compared methods provide similar PL results under 
either a light congestion or no congestion situation 
 

 
 

Fig.8 PL-based performance vs. probability of packet 
arrival 

 
Similarly, in Figure 9, the Enhanced AGRED method 
evidently drops more packets at the router buffer than 
the GRED, and AGRED methods when the probability of 
packet arrival is higher than the probability of packet 
departure. Similarly, the reason for this result is 
because the router buffer in the Enhanced AGRED 
method overflows at an earlier time compared with 
those in GRED and AGRED. 

 
 

Fig.9 Dp-based performance vs. probability of packet 
arrival 

 
Conclusion and future work 

 
A suitable parameter tuning for Adaptive Gentle 
Random Early Detection (AGRED) was implemented in 
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this paper. The analysis of the previous utilization of 
the parameter setting in AGRED shows that the 
inaccurate carrying of parameters' values from similar 
and earlier work does not give the best results. 
Subsequently, this approach, AGRED, required careful 
setting. In this paper, this setting has been 
accomplished and the results shows clear 
enhancement over the results. In the future work, we 
plan to investigate the utilization of different 
thresholding mechanisms besides considering tuning 
the parameters over and over to suits any modification 
on this method. 
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