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Nowadays, there has been significant interest on designing coordinated automation
systems for wide range of industrial applications. Automation brings the dynamic control
in real time communication systems also. For real time communications, recently the
TCP/IP gained the significant attentions in usage of best-effort networks. The focus is on
assured the Quality of Service (QoS) while handling real-time communications through IP
networks. QoS of such communications based various components of networking like the
Active Queue Management (AQM). The AQM methods mainly designed to handle the
network traffic efficiently so that no QoS degradations due to congestion in networks. In
this research described novel AQM depend on Random Early Detection (RED). RED
AQM method mainly designed to solve the network congestion problems in Internet rout-
ers. However RED does not support the automation according to traffic dynamics in net-
work which may degrade the performance. This paper proposed automation-based RED
using the Dynamic Genetic Algorithm (DGA) called DGARED to handle the congestion
in TCP/IP networks. The DGARED based on dynamic tuning parameters of optimization
technique GA which adjust the weight parameter dynamically enhance overall queue scale
sensitivity at routers in order to update actual queue size dynamically in RED. Using the
dynamic GA, we provided the technique to find the effective values for weight parameter,
maximum threshold, and minimum threshold. The simulation results of DGARED are
evaluated with existing RED and GARED algorithms in terms of throughput by consider-
ing the different network conditions. The results show that DGARED overcomes the prob-
lems of both methods.

Keywords: automation, dynamic tuning, genetic algorithm, active queue management, queue
size, RED, throughput

1. INTRODUCTION

The fundamental territory of TCP application has been the wired network wherein the
primary driver of parcel misfortune is client traffic customarily. In such networks, the blun-
ders as a result of the transmission media are truly immaterial. Inevitably, such issues with
wired communications further tended to through the optimized TCP conduct. Essentially,
TCP is the association arranged and dependable start to finish data transmission protocol
at the vehicle layer [1]. TCP is the piece of protocols layered progressive system that solely
bolsters utilizations of multi-network. The primary point of standard TCP protocol is to
control the parcel misfortune and give the dependable data transmission administrations
by means of bundle retransmissions. In the present correspondence worldview, TCP is
generally utilized. TCP gives correspondence administrations at a middle of the road level
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between the application layer and the web protocol. Then again, on the off chance that the
transmission medium is the remote, at that point such traditional TCP/IP protocol is waste-
ful, as the radio-incited bundle mistakes surpass clog as the prevailing wellspring of parcel
misfortune [2].

The problems become challenging to control the congestion at internet routers by
considering the real time communication applications. To address the congestion control
in internet routers, the Active Queue Management (AQM) presented. The usefulness of
AQM is to identify and deal with the clog to keep away from queue floods. There are
commonly two different ways to deal with clog, for example, signal blockage to traffic
sources expressly by setting Explicit Congestion Notification bits, or sign clog to traffic
sources verifiably by dropping parcels [3]. AQM has three principle components: (1) bloc-
kage pointer; (2) control capacity; and (3) input system. The clog pointer identifies when
the blockage happens or close to happen though control work chooses what must be done
when the blockages has been shown, where the input instrument is the sign that will be
sent to tell the sources about the clogs states so as decrease the sources sending rates [4].
Random Early Detection algorithm (RED) which is one of the most notable active queue
management algorithms was proposed in (Floyd and Jacobson, 1993) in which an adapta-
tion of REAL test system based on Columbia’s Nest reenactment bundle with bunches of
alterations was utilized to assess the proposed algorithm [5].

This research has been to describe issues of existing AQM schemes researcher imple-
mented to enhance performance regards RED algorithm. The essential objective of this
research is to achieve the automations in AQM regards real time applications using the
dynamic optimization technique. The Dynamic parameter tuning based Genetic Algorithm
introduced to enhance performance of RED algorithm called DGARED under this research.
DGA proposed to optimize the values of weight parameter, minimum threshold, and max-
imum threshold values dynamically in RED routers to handle the congestions automati-
cally. The proposed DGARED may drop the packets only during the congestion in network
which helps to improve the QoS performance. In Section 2, the brief review of different
AQM schemes proposed during last two decades. In Section 3, the proposed DGARED
methodology and existing RED designs described. In Section 4, simulation results and
discussions are introduced. In Section 5, conclusion and future work described.

2. THEORETICAL RSSI MODEL

In real time communications, the route through resource to destination has been cal-
culated through various techniques of routers. The congestion control is mainly achieved
by controlling the data packets under such routers. Congestion takes place under router at
the time of total bandwidth regards arriving packets; end regards a certain output link, goes
beyond links bandwidth. Several attempts made to handle the congestion situations in net-
work and prevent the data loss since from 3-4 decades. The AQM schemes gained more
researchers attentions for congestion control like RED. The RED scheme Assist manage
overall size of quiz & hence it was helpful for traffic of delay sensitive real-time. This kind
of traffic of real time generally not utilized TCP under transport layer. Despite evident has
been observed, also RED describing weakness like lower throughput, sharing of dominated
bandwidth, description of latency variable & network stability deterioration. There are
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many techniques described to enhance RED performances recently under [6].

In [7], dynamic model of TCP conducts along with a straight input model of TCP/
RED proposed to examine and structure a component for RED boundary tuning in light of
changing network conditions like traffic load, interface limit and full circle time. Further
epic self-tuning RED algorithm acquainted in [8] all together with upgrade the exhibition
of existing RED. Creators got the fitting pmax is progressively as per history data of both
pmax and the normal queue size in a timeframe. Also, w is appropriately picked by a direct
strength state of the normal queue length. The Weighted Random Early Detection (WT
RED) proposed in [9] for the clog taking care of in TCP networks. WTRED gives a mov-
able weight boundary to build the affectability of the normal queue size in RED entryways
to the adjustments in the genuine queue size. In [10], creator previously examined the im-
pacts of the weighted moving normal on parcel hanging tight time decrease for an AQM
system, at that point proposed method for registering the normal queue length dependent
on a distinction condition (a recursive condition). Contingent upon a specific optimality
rule, legitimate boundaries of the changed weighted moving normal capacity can be picked.
Another epic AQM procedure called Random Early Dynamic Detection (REDD) ac-
quainted in [11] with address a few issues related with RED technique especially RED’s
dependence on the info boundaries. In [12], creator proposed stable tuning way for RED
boundaries which can keep the balance point fixed confronted with busty traffic. The ob-
jective queue size was set alongside the deliberate harmony point progressively, and the
alteration strategy for RED boundaries performed by tuning the slant of the parcel dropping
likelihood. In [13], author attempted various methods to search wq values using genetic
algorithms which performed by adapting the values wq dynamically according to the char-
acter of traffic. In [14], another recent RED based AQM proposed in which author com-
bined the RED with threshold value (Maxt,, Min,). Their main was aim for detecting
incipient congestion properly & for manage congestion notification to for finishing hosts
under to improve the performance of throughput and packet delivery ratio. In [15], authors
presented the effects of the constant RED parameters over the queuing network perfor-
mance. They presented the mechanism and its evaluation for the parameters modifications
for enhancing RED performance.

3. METHODOLOGY

In this section, we present the design of proposed DGARED algorithm for the AQM.
Before presenting the methodology of proposed DGARED, first we discussed existing
RED along with its limitations.

3.1 RED Methodology

Active Queue Management (AQM) is a way to deal with go before clog. RED is a
particular AQM usage. It keeps up an Exponentially Weighted Moving Average (EWMA)
and two predefined edges; the greatest edge (max) and least edge (minw). RED screens
the normal queue size as opposed to observing the genuine queue size. The RED entryway
ascertains the normal queue size, utilizing a low-pass channel with an exponential weigh-
ted moving normal. The normal queue size is contrasted with two edges, a base limit ming,
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and a most extreme edge max. At the point when the normal queue size is not exactly the
base limit, no parcels are stamped. At the point when the normal queue size is more prom-
inent than the greatest edge, each showing up parcel is checked. Whenever checked parcels
are in truth dropped, or if all source hubs are helpful, this guarantees the normal queue size
doesn’t essentially surpass the most extreme limit. At the point when the normal queue
size is between the base and the greatest limit, each showing up bundle is set apart with
likelihood pa, where pa is an element of the normal queue size avg. Each time that a parcel
is denoted, the likelihood that a bundle is set apart from a specific association is generally
corresponding to that a lot of the transfer speeds at the passage. The algorithm of RED
fundamentally planned in two key advances, for example,

(1) Calculate packet drop probability: That kind of technique is basis on managing con-
gestion before it was happened.
(2) Calculate average queue length: It was calculated through:

avg = (1 — Wg).avg + Wqq. @

Where, the W, represents the weight parameter in range (0, 1) and q represents the current
queue size. Formula regards packet dropped probability regards RED has been computed
as:

0, avg <min,,

2

P, =11 avg < max,, )
avg—ming,
maxy, —ming,

*max,  min, <avg <max,

Where max, — largest packet drop probability, avg represents size of average queue, ming
represents minimum threshold value, max represents maximum threshold value, Formula
2 describing packet drop probability which was on value of average queue length. Fig. 1
describes drop function of RED.

Probability (Pa)

avgg £ min.; —no dropped packets
I avg, = max.;—dropped all packets

Prasd - ———-- 7—-' ming, = avgg = max, — packets are dropped

» with probability Py
ming,  maxg avgg

Fig. 1. Limitation of RED drop function.

The final packet marking probability p. enhances normally calculation improves since
last marked packet computed as:
P
P. = 1—cou?1t* Py ° (3)
Where, p, represents immediately marking probability, pa represents the accumulate drop

probability, and count represents number of arrived packets since the last dropped one.
RED execution is delicate to the quantity of contending streams. It is exceptionally
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delicate to its boundary settings. In RED, at any rate 4 boundaries, to be specific, a base
limit, greatest edge, most extreme parcel dropping likelihood (max,), and weighted queue
(Wq), must be appropriately set. Execution of RED is delicate to the bundle size. The esti-
mations of the base and most extreme edges are allocated relying upon the attractive gen-
uine normal of the queue size. The base limit speaks to the greatest normal queue size that
is permitted in the queue. Thus, higher greatest edges will build delays. Then again, a lower
most extreme edge will diminish throughput. Likewise, higher least limits increment
throughput and connection usage. Thus, dynamic tuning of these values according to com-
munication requirements will helps to improve the RED performance. To address such
challenges, we proposed the DGARED scheme in this paper.

3.2 DGARED

To overcome the problems of RED and its recent variants studied in literature we
proposed the novel approach of searching the efficient values for the Wy, max:, and ming,
using the dynamic genetic algorithm in order to select these values as per the current needs.
There are two major parts in this system that is built:

(1) Genetic algorithm to get the weight value of EWMA (W), maxs, and ming,, and avg.

(2) The queue management mechanism using RED. The random early detection mecha-
nism gets input values from the average queue size, moment queue size, and EWMA
estimator weight (W).

We designed novel technique to obtain the queue size estimator (EWMA) weight
value. The value will be continuously evaluated up to 20 iterations to get the most mini-
mum MSE value. The Wy value generated from the initial generation process will be the
input for the algorithm regards computing queue average size as per Eqg. (1). In the system
used, the parameters of the momentary queue size, average queue size and the average of
averages queue in calculating the next queue average are obtained from the previous event.
The maxw, and ming, parameters are dynamically adjusting by calculating the average of
average queue size (avvg) by dividing the summation of the average queue size (avg) by
the number of attempts. Then the average percentage (persAve) of the increase in the av-
erage queue size is calculated by the difference between the initial average queue size and
the averages of average queue size divided by avvg and multiply by 100. This average
percentage is used to adjust the maxx and ming, by adding it to maxq and decreasing it
from the ming, as follows:

awg = S - (4)

The equation above is used to obtain the averages of average queue size avvg based
on the summation of new average queue size avg and divide into 5.

persAve = 244 410, ()

The increase of avg can be calculated from the different of initial avg and the average
of avg. Then increase the maxy and decrease miny, depend of the average percentage (per-
sAve) of the increase in the average queue size:
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maXu = MaXw + persAve, (6)

Ming = Ming, — persAve. @)

Fig. 2 shows the architecture of DGARED method. The DGAED designed based on
above dynamic parameters computations with DGA. It developed to find a solution in a
domain of solutions that are random and have not been formulated empirically. Based on
previous research there are several assumptions about getting weight values, max, Ming,
and Wy, but all are still based on trial and error. Therefore, we proposed solution of auto-
mation system in which those values are generated based on the best individuals produced
by genetic algorithms. The process generating those values is described above and using
those values dynamically using the GA shown in Fig. 2. As shown in the figure, the pro-
posed DGA based RED approach works in five steps of GA such as initialization, fitness
function, selection, crossover, and mutation.

Packet Arrival
¥

Initial Evaluation
population fitness function
A

Best Individual Calculate average
wq.maxth and minth queue length
N N coon | | | CalcutsteMazin,

_se chow Minth, Wq

Awg < Minth Minth = Avg < Maacth

Awg = Maxth
i Calculate packet
'

low probability high probability

enquene packet drop pacet

Fig. 2. Proposed DGARED algorithm.

Table 1. Initial population.
Initial Population
Number of individuals 5
Number of Chromosome 13

e Initial Population: Table 1 shows the initialization parameters used in DGARED al-
gorithm.
The estimator weight domain is in the range 0.0020 to 0.5000, meaning that it requires
the accuracy of 4 digits behind the comma. Accuracy of 4 digits behind the comma can
be achieved with real numbers 1000 to be represented in binary numbers. While the
results range in [0, 1], only 1000 is needed. This range can be achieved with binary
numbers 2° <1000 < 2%° or 512 < 1000 < 1024. Based on the domain of results to be
achieved, 10 gene bits are needed to form a chromosome.

e Fitness Function: The existing GA algorithm modified to get the dynamic fitness func-
tion values. The output generated by the fitness function is maxx, ming, and Wy value
which produces a minimum MSE. This value will be input for the selection process ba-
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sed on the roulette wheel.

Selection (Roulette Wheel): After obtaining a minimum MSE value, a minimal selec-
tion process will be carried out. Selection in this process is done by generating random
numbers in the range 0 to 100, and then the value will be compared with the proportion
of each MSE value to the total MSE value of all individuals who have been sorted first.
Individual gets a proportion value from the sum of the previous individual fitness
SCores.

Crossover: Individuals who have undergone a selection process to get the best parent
then enter the process of crossing. In this system, a probability of 60% is used because
it’s the best value of crossover chosen as in Table 2, meaning that if the random num-
bers generated are more than the probability of crossing then it does not occur, whereas
if it is below the value of 60%, a crossing process occurs. The resulting child chromo-
some will be a new individual to undergo the mutation process.

Table 2. Effect of the Wy, Maxw and Minw rates of GA algorithm based on the crossover.

Parameters Crossover Ratio %
20 40 60 70 90
Weighted Queue (Wq) 0.034 0.029 0.017 0.036 0.024
Maximum threshold (Maxin) 7531 7534 7568 7529 7565
Minimum threshold (Mint) 2469 2465 2432 2470 2434

Mutation: The process of mutation itself is very simple in representing binary numbers
by changing the number 0 to 1 and vice versa. This change process occurs in individual
with a randomly assigned chromosome. Individuals who have passed the mutation pro-
cess even though they have not mutated will become new populations that will experi-
ence repetitions of the chromosome evolution process as much as the generations de-
fined at the beginning. Based on several changes in the number of chromosomes on
which the mutation will take place, we obtained the best mutation in 30% as in the table

Table 3. Effect of the Wy, Maxw and Minw rates of GA algorithm based on the mutation.

Parameters Mutation Rate %
10 30 50 70
Weighted Queue (wg) 0.299458 0.299336 0.299254 0.299092
Maximum threshold (Maxin) 7529 7529 7531 7531
Minimum threshold (Minth) 2470 2470 2469 2469

4. STUDY RESULTS AND DISCUSSION

The verification of the proposed DGARED algorithm is evaluated using the NS2 tool

by measuring the key QoS parameter called throughput under different circumstances. The
performance of DGARED is compared with existing RED and GA based RED called
GARED to claim the efficiency of DGARED. The performance metrics are measured as:

o Average Throughput: This metrics calculates the total number of packets delivered per

second i.e., total number of messages which are delivered per second. The average
throughput in Mbps is:
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(k) ®

Where R is complete received packets at all destination nodes, T2 is simulation stop time
and T? simulation start time.

4.1 Effect of Packet Size

(1) Throughput

Observations are carried out using a change scenario Pareto-distributed average value
of packet size and assuming the average value of service time is fixed. Each scenario is
simulated 5 times and then the results are averaged. The observations are demonstrated in
Table 4.

Table 4. Throughput performance of varying packet size.

Packet Size (Bytes) RED GARED DGARED
1000 1231.79 1148.27 1317.51
2000 1201.43 1037.3 1431.84
2500 1138.44 977.08 1424.23
5000 1117.9 768.828 1407.3
7500 1047.27 666.216 1374.2
10000 887.912 749.534 1295.29
15000 957.787 941.362 1286.4
20000 937.838 957.26 1314.38

From the observation Table 4 above it can be seen that the throughput value generated
from the management of the DGARED queue has a greater value for all the average packet
length as compared to RED and GARED methods. The throughput value generated using
DGARED reaches a maximum of 1431.84 MBps at an average length of a 20 KB package.
Whereas a GARED and RED reaches a maximum of 1148.27 MBps and 1231.79MBps at
an average length of a 1 KB package respectively. In general, the resulting throughput
increases stably and does not fluctuate. The trend of changing throughput compared to time
can be seen in Fig. 3.

1600

AT, . — —+— DaGRED
1100 GaRED
600 ‘ ‘ ‘ ‘ ‘ RED
0 5000 10000 15000 20000 25000
Fig. 3. Evaluations of throughput performance with varying packet size.
(2) Jditter

As observed in Table 5 and Fig. 4, it can be seen the use of the DGARED queue ma-
nagement reaching the minimum value if the packet size is determined by 2000 Bytes as
compared to the RED and GARED methods.
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At the packet size of 2 KB, the resulting jitter reaches 5.06 MBps which is two times
lower than RED and GARED methods.

Table 5. Jitter performance of varying packet size.

Packet size RED GaRED DGaRED
1000 11.01 12.81 7.6
2000 11.19 17.93 5.06
2500 13.29 20.98 5.32
5000 14.59 32.83 5.91
7500 19.05 42.26 7.16
10000 28.88 34.13 9.59
15000 24.24 21.01 10.35
20000 23.6 20.16 9.5
60
—— DaGRED
. 40
9 GaRED
=20
- L S ———o— * — RED
0 - ; ; ; ; ‘
0 5000 10000 15000 20000 25000
Fig. 4. Evaluations of Jitter performance with varying packet size.
(3) Delay

After the jitter investigations, next we investigated the effect of packet size over the
delay of each investigated technique. The observations were made using a scenario of
changes in the packet size to see the effect on delay generated by the DGARED queue
management compared to the RED and GARED as in Table 6.

Table 6. Delay performance of varying packet size.

Packet size RED GaRED DGaRED
1000 154.311 152.175 187.132
2000 155.046 151.883 190.112
2500 154.772 151.714 186.912
5000 155.585 150.339 184.678
7500 155.744 148.49 179.378
10000 155.067 148.199 168.336
15000 153.366 149.399 177.867
20000 152.453 149.457 180.694

Based on observations it was found that for all test points, the delay generated using
DGARED queue management generally has a greater value than the RED and GARED.
The lowest delay occurs when the packet size is 2000, while the highest value is produced
when the packet size value is 10000. Whereas the GARED recorded the lowest value when
the packet size is 10000 which is better than RED and DGARED. Fig. 5 shows the trends
of delay with changing packet size.
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Fig. 5. Evaluations of delay performance with varying packet size.

4.2 Effect of Average Inter-arrival Time

(1) Throughput

After the packet size investigations, next we investigated the effect of average chang-
ing inter-arrival time over the throughput of each investigated technique. The observations
were made using a scenario of changes in the value of the average inter-arrival time to see
the effect on throughput generated by the DGARED queue management compared to the
RED and GARED. By assuming the average length of a 10 KB package. The results of
observations can be seen as follows in Table 7.

Table 7. Throughput performance of varying average inter-arrival time.
Average inter-arrival time (ms) RED GARED DGARED
0.05 752.549 459.632 1102.06
0.10 697.77 386.086 874.564
0.15 735.114 529.035 947.71
0.20 706.224 594.531 1479.62
0.25 927.328 773.936 1438.36
0.30 995.128 747.355 1383.27
0.35 1012.25 842.542 1318.59
0.40 1087.92 963.602 1472.61
0.45 1149.76 1056.04 1571.74
0.50 1229.3 1128.99 1560.67
2000
1500 —~— " =—
1000 fAv,Lf —g—l—"  —+—DGaRED
GaRED
500 = RED
0 T T T T T 1
0 2 4 6 8 10 12

Fig. 6. Evaluations of throughput performance with average inter-arrival time.

Based on observations it was found that for all test points, the throughput generated
using DGARED queue management generally has a greater value than the RED and
GARED. The lowest throughput occurs when the Average Inter-arrival Time is 0.10 ms,
while the highest value is produced when the average arrival time value is 0.45 ms Fig. 4
shows the trends of throughput with changing average inter-arrival time. Based on the re-
sults of observations in Table 3 and Fig. 4 above, the throughput generated by the DGA-
RED queue management has a greater value than the RED and GARED for the average
value between the arrival times between 0.2-0.3 ms.



AQM USING DGA IN REAL-TIME APPLICATION 1323

(2) Jditter

As observed in Table 8 and Fig. 7, it can be seen that the use of the DGARED queue
management reaching the maximum value if the average changing inter-arrival time 0.40
ms as compared to the RED and GARED methods. At the average changing inter-arrival
time 0.40 ms, the resulting jitter reaches 7.8 which is better than RED and GARED meth-
ods.

Table 8. Jitter performance of varying average inter-arrival time.

Arrival time RED GaRED DGaRED
0.05 37.97 75.1 17.25
0.10 47.38 94.21 35.64
0.15 48.01 80.25 30.89
0.20 52.79 88.06 21.62
0.25 50.54 63.94 14.65
0.30 76.07 70.23 20.85
0.35 86.65 85.37 14.42
0.40 98.12 97.67 7.8
0.45 95.2 85.05 47.46
0.50 111.64 76.36 44.41
150
100 - —4— DGaRED
50 e — GaRED
/w RED
0 ‘ ‘ ‘ ! ‘ ‘
0 2 4 6 8 10 12

Fig. 7. Evaluations of Jitter performance with average inter-arrival time.

(3) Delay

As observed in Table 9 and Fig. 8, the GARED queue management reaching has the
minimum value if the average changing inter-arrival time 0.50 ms as compared to the RED
and DGARED methods. At the average changing inter-arrival time 0.50 ms, the resulting
delay reaches 132.733. At the same time the DGARED method reaches 232.524, and the
RED method reaches 151.02.

Table 9. Delay performance of varying average inter-arrival time.

Arrival time RED GaRED DGaRED
0.05 168.16 14351 174.639
0.10 178.617 139.691 181.127
0.15 184.608 143.29 187.736
0.20 195.626 143.921 215.646
0.25 180.971 146.101 195.624
0.30 170.904 144.872 205.131
0.35 169.336 146.948 213.114
0.40 160.218 146.435 224.018
0.45 160.845 139.849 223.45
0.50 151.02 132.733 232.524
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Fig. 8. Evaluations of delay performance with average inter-arrival time.

5. CONCLUSIONS

In this paper we proposed the novel AQM method for coordinated automation sys-
tems and their industrial applications related the network communications. We exploited
the genetic algorithm to design the adaptive AQM in this paper which is based on the
searching the key parameters values dynamically in order to adjust the queue size as per
the actual requirements. The proposed DGARED method dynamically selects the values
of weigh parameter, maximum threshold, minimum threshold and average parameters to
suppress the limitations of previous RED versions and RED method. The simulation re-
sults claim the significant improvement over the RED and GARED techniques by consid-
ering the different network conditions. For future work, we suggest to investigate the other
key performance metrics such as jitter, delay, packet delivery ratio etc.
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