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Summary

Active queue management (AQM) is a leading congestion
control system, which can keep smaller queuing delay, less
packet loss with better network utilization and throughput by
intentionally dropping the packets at the intermediate hubs in
TCP/IP  (transmission control protocol/Internet protocol)
networks. To accelerate the responsiveness of AQM framework,
proportional-integral-differential (PID) controllers are utilized.
In spite of its simplicity, it can effectively take care of a range of
complex problems; however it is a lot complicated to track down
optimal PID parameters with conventional procedures. A few
new strategies have been grown as of late to adjust the PID
controller parameters. Therefore, in this paper, we have
developed a Squirrel search based PID controller to dynamically
find its controller gain parameters for AQM. The controller gain
parameters are decided based on minimizing the integrated-
absolute error (IAE) in order to ensure less packet loss, high link
utilization and a stable queue length in favor of TCP networks.
Keywords:
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1. Introduction

In today’s Internet environment, congestion due to network
traffic brings about extended time delay in information
transmission and often creates the queue length within the buffer
of intermediate router (switch) overflow, and be able to still
prompt network breakdown due to the unpredictable
interference and the rapid growth of enormous number of clients
[1], [2]. To solve this, congestion control mechanisms that
decide a queuing principle for routers (switches) ought to be
projected by showing the order in which the packets are to be
transported and to signify which set of packets ought to be
ignored whenever congestion happens. The congestion control
strategy called active queue management (AQM) has been
proposed to manage this issue. AQM is a proficient way that
identifies inceptive congestion and provides quick notification of
states of data for the present Internet circumstance by dropping
the packets in bottleneck router before its buffer turns out to be
full to keep away from severe congestion of TCP flows. By
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dropping the packets before buffer overflow happens, AQM
tries to keep away from global synchronization and huge
queueing delay [3-5].

Much research has been dedicated to AQM algorithm [6-9].
They can be grouped into rate based, queue based, and joined
rate-queue based according to their congestion recognition
strategies. Random Early Detection (RED) and proportional
integral (PI) are queue-based. Green, BLUE and adaptive virtual
(AVQ) fits in rate-based class. The joined queue-rate-based
category incorporates random exponential (REM) [10], Yellow,
and RaQ. An alternative classification into time and event driven
AQM plans depends on the technique for updating marking
probability. In these algorithms, the most notable event-driven
AQM method is RED algorithm, which has been broadly
utilized in routers [11] [12]. RED attempts to keep away from
the network congestion, and it has a enhanced design to queue
length while the queue buffer isn't full. In this way, probability
of packet dropping increments as the route queue length
increments [13].

However, the parametric values used by these algorithms are
more responsive to the change of network traffic due to
insufficient analysis and design of these algorithms. Although,
PI algorithm [14] has benefit over RED algorithm, due to the
minute queue length oscillation in routers, its proportional and
integral coefficients are static but its dynamic performance is
hard to ensure.

As a strategy to understand a stable congestion control
framework, an AQM dependent on control theory and
proportional-integral-differential (PID) controller has been
proposed. AQM dependent on control theory uses a parameter
called target queue length, which is a value that the framework
endeavors to keep the actual queue length close to. Customarily,
this value has been set to half the buffering limit, consequently
making an empty space in the router’s buffer. However, the
dynamic control of the target queue length successfully uses the
buffering limit of the bottleneck router [15]. Likewise, in spite of
less complication, it can effectively work out a range of complex
problems. Be that as it may, it is hard to track down optimal PID
parameters with conventional methods. A few new strategies
such as Genetic Algorithms and ant colony optimization have
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been grown as of late to adjust the PID controller’s parameters
[16].

1.1. Problem statement and contribution

Proportional integral derivatives (PID) have benefit over PI
algorithm through its dynamic performance. Be that as it may,
the technique used for tuning of coefficients in PID algorithm is
somewhat complicated. By improving the performance of PID
algorithm, congestion in the network can be controlled. Along
these lines, to develop the performance of PID algorithm, the
accompanying contributions are introduced in this paper.

By tuning the PID algorithm coefficients, the performance of
the PID algorithm for AQM can be enhanced. Thus, Squirrel
Search algorithm (SSA) for optimizing or tuning the coefficients
in PID algorithm.

The proposed algorithm is introduced for optimizing the

coefficients such as proportional coefficient (GP ), integral

coefficient ( G, ) and derivative coefficient ( < ) in PID
algorithm.
This proposed approach is carried out in the platform of NS2.
The performance of proposed approach is assessed in terms
of delivery ratio, delay

2. Literature Review

Maurizio Casoni et al. [17], designed a queue
management algorithm called PINK (Passive INverse
feedbacK) to impose a specific resource allocation
strategy indirectly on characterized sets of client hosts.
PINK put in intelligence at intermediate hubs that
associate client hosts either to external networks or
bottleneck links frequently, permitting these hubs to
adjust the TCP Acknowledgements (ACKs) going
through dynamically. Moreover, to uphold a specific
bandwidth utilization upper bound, the adjustment
comprises in substituting advertised Receive Window
fields (RCV.WNDs) with custom values; also, PINK
requires just the flows RTTs, number of active
connections, and the transmission channel bandwidth to
process fresh RCV.WND values. Further, without the
participation of clients, PINK allows to impose a
centralized bandwidth management, which implies that no
adjustment to end hosts was required.

Yang Liu et al. [18], proposed an Hoo congestion tracking
control issue for nonlinear TCP/AQM network. An
adapted TCP/AQM network model with modelling
uncertainty and external disturbance was first presented
by the inspiration from current network models. And
afterward, a function was characterized interestingly for
the preferred queue length, which knows how to simulate
the progressions in the queue length during a day.
Subsequently, by consolidating Heo theory and integral

backstepping procedure, an AQM system was introduced
to control network congestion.

Sana Sabah Sabry et al. [19], deployed the active queue
management utilizing Grey Wolf Optimizer for tuning the
PID controller gains in an optimal manner so as to ensure
lower packet loss rate, stable queue length and avoid
network congestion. Moreover, the controller was
examined and benchmarked against a traditional PI
controller to show its robustness through MATLAB
simulation experiments.

Sukant Kishoro Bisoy et al. [20] proposed a
proportional-differential-type feedback controller called
Novel-PD as AQM to manage the queue length with little
oscillation. It estimates the present queue length and
modifies the packet drop probability dynamically with the
help of the estimated present queue length and differential
error signals.

To take care of the network congestion problem occurring
at multiple routers, Lujuan Ma et al. [21], proposed a
congestion control algorithm. The model employed
captures the TCP elements and faces the four potential
practices of TCP network whenever congestion happens.
The role of TCP/AQM was to diminish congestion by
effectively eliminating certain packets in the queue.
Considering the packets probability set apart as dropping
like the control input, the congestion problem was
addressed by utilizing the backstepping technique to
maintain the queue length converge to the preferred queue
length. Here, to deal with the AQM issue, the traditional
backstepping based control methodology was reached out
to TCP network with numerous bottleneck routers.
Further, a modified model was presented for TCP/AQM
network with different bottleneck routers, as roused from
the existing network model with single bottleneck router.
And afterward, to manage network congestion dependent
on integral backstepping, an AQM strategy Backstepping
Congestion Control for Multi-router (BCCM) was
proposed.

Kun Wang et al. [22], presented a more accurate and
general network congestion algorithm for TCP/AQM
system. In addition, an adaptive congestion controller was
planned by desirable quality of the Barrier Lyapunov
Function (BLF), backstepping-like and Neural Networks
(NNs) approximation procedures, where the steady and
transient state performances resting on the tracking error
can be pre-assigned and different signals of the closed-
loop system, are additionally confirmed to be uniformly,
semi-globally, and ultimately bounded.

Kun Wang et al. [23], considered a performance constraint
control problem for TCP/AQM network with input
saturation and external disturbance. An adaptive fuzzy
controller with agreed constraint was accomplished based
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on backstepping-like plan strategy and fuzzy
approximation method, to guarantee that the transient and
steady state performances of the tracking errors be able to
be fulfilled. Further, the stability analysis demonstrates
that every signals in the closed-loop framework are
uniformly, semi-globally, and ultimately bounded.

3. Squirrel Search PID Algorithm Based
AQM Technique in TCP communication
networks

Active Queue Management (AQM) can keep up elevated
throughput and lesser packet queuing delay in routers is
an active area of study in the previous few years. In
TCP/IP networks, AQM functions as a primary
congestion control plot for improving network utilization
and lessening of packet loss. Here, to guarantee low
packet loss, stable queue length, and high link utilization.
The PID controller is utilized as an active queue manager
for Internet routers. However, the PID controllers show
poor control performances for the integrating and
enormous time delay processes. Therefore, we have
proposed an ideal PID controller based on Squirrel Search
algorithm for choosing the PID controller gain parametric
values. Here, the Structure of Squirrel Search algorithm
based PID controller design is given in below figure 1.

peced A
£ % controller J s

1-71 T

Fig. 1. Structure of Squirrel Search algorithm based PID controller design

I,(x)

In above figure, 9

desired

represents the queue length at time X ;

4 denotes the target queue length; G , G, and Go
represents the controller gain parameters. Here, the controller
gain parametric values are adjusted through the squirrel search
algorithm so as to develop the controlling performance of the
PID controller.

3.1 System Model of PID based TCP networks

To accurately reflect the dynamics of TCP, a window-
based nonlinear fluid-flow dynamic model is considered
for TCP networks, which have the average TCP window size

I I
<A> and average queue length < 9 (both ¢ A and <9 are
represented in packets) through coupled non-linear differential
equations are specified as below:

A=y~ -Agﬂ,q(ﬁ:(;;;y; probix—T(x)
L, prop L, prop (1)
L it 1, (x)> 0
W p
L, prop
I, (x)=
M (x .
max o,—LC+ﬁA(x) if 1,(x)=0
Lc prop
)

D
In the above equations (1) and (2),  P™P represents the
propagation delay (in seconds); M denoting the number of

TCP connections; prob symbolizes the packet dropping
probability (i.e. the parameter used in order to the control the
sending rate by maintaining the bottleneck queue length). Also,

T is the round trip time during transmission, which is illustrated

¢ ©)

Where, L denotes the link capacity (in packets/sec).
Moreover, the effects of propagation delays and packet-
dropping probability in TCP is made clear by modeling the TCP
AQM network, the same way as a time-delayed system having
a saturated input. Here, the saturated input based on packet-
dropping probability having value among 0 and 1 can be
expressed by,

s(x) = prob (x — T(x)) @
To ensure system stability, the PID controller generates

saturated input s(X) as control input based on the output error

signal A(x) as,
A X :I X _I (desired )
00 =1,(x)-1, 5
(desired)
Where, ¢ represents the target queue length

Therefore, a PID controller with its associated input s(x) is
adjusted by the output error signal A(x) is represented as:
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X d
s(X) = G,| A(X) +% ! Ay +Y, &A(x)

©)

Where, G; denotes the proportional gain, Y, and Yo
represents the integral and derivative time constants respectively.
Now, eqn. (6) is rewritten as,

S(X) =G,A(X)+G, JX'A(;/)d;/ +G, iA(x)
0 dx

@)
G
G | - Y_P
Where, I and Gp =GeYp are the integral
gain and the derivative gain.
However, the performance of the PID controller is decided by
the integral absolute error (IAE) measure, which is found by the

optimal representation of the controller gain values like Ge , G,
and Go . Thus, the proposed SS-PID (Squirrel search PID)
controller is designed to find the optimal controller gain

parameters with the objective function ’ O given as,
0= min(IAE) = I|A(7)|d7/
0
()
3.2 Squirrel search algorithm (SSA) for controller gain
optimization

Squirrel search algorithm is developed from the strategy of
foraging behavior followed by squirrels. The food search
process isn't simpler even during warm climate (autumn), since
the squirrels have to investigate various areas of forest and just
glide from one tree to the next for looking through food
resources. Anyway they get food from the plentifully available
acorns. The squirrels consume acorns directly and begin looking
for the optimal food source (hickory nuts) intended for to be
stored for winter season. This procedure of squirrels will assist
them with satisfying their energy necessity during exceptionally
harsh weather and accordingly the probability of survival is
expanded. As the winter seasons brings about loss of leaf cover,
the danger of predation is high. In this manner, the squirrels are
less active (goes to hibernate mode) and decrease their foraging
trips during such situations. During the ending of winter season,
they are back to ordinary and become active in order to search
food for their survival. The above process is repeated all through
their lifecycle and this cyclic process prompts the establishment
of SSA.

In the numerical model of SSA, a portion of the assumptions
are made as of}

Total count of squirrels is M and everyone is thought to be
on one tree.

Food search of each squirrel is individual and applies dynamic
foraging behaviour for choosing the ideal food source

Three sorts of trees like normal tree, oak tree with acorn nuts
food source and hickory tree with hickory nuts food source are
only available in forest.

Within search space, one hickory tree and three oak trees are
available.

For instance, if the number of squirrels be, (say, M =50),
their food resources are gotten from 3 acorn nut trees and 1
hickory nut tree, while the remaining 46 trees have no food
source. From the entire population of squirrels, around 92% of
them are on normal trees. Fittest squirrels discover optimal food
sources and increase their survival rate. The algorithm is applied
in our proposed PID controller algorithm to find the fittest
solution (i.e. control parameters) based on the foraging behavior
of squirrels. Steps involved in the proposed SS-PID algorithm is
given beneath,

3.2.1 Random initialization

During initialization, M humber of flying squirrels Sin
different locations is randomly initialized as,

(S, S, e e S,
S,i Sss e o Sy,
S, = . . : : :
'Soi Sma o e Spn o

S
In above equation, each value ~ ¥ represents the location of
th th
I squirrel in K™ dimension. The Flowchart of proposed
Squirrel search based PID controller is given in the following

figure 2.
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‘ Set Population size, I, parameter values ‘

!

‘ Iteration count, i =1 ‘

¥

‘ Generate random Initial Population (G, G; and G, ) ‘

le
v

‘ Iteration count, i =7 +1 ‘

!

‘ Evaluate Ohjective function ‘

|

Sort fying squirrels

¥

‘ Dustribute squirrels on Mormal, Hickory, Acom trees

| l }

Update using Update using Update using
e (14) e (15) eqn. (16)

L Find zeasonal constraints, f ande, J

Update using
eqn. (213

Store best food source (optimal controller gain parameters) ‘

Fig. 2. Flowchart of Squirrel search based PID controller

Also, the random location of squirrels is allocated based on
uniform distribution function applied within the minimum

h h
S nin and maximum Sma" range of " squirrel in k'
dimension is given as,
S| = Smin +V(0’1)X(Smax _Smin) (10)
Where, v (O A ) is the uniformly distributed arbitrary number

within range [0’1].

Moreover In the above equation (9), each row of the initial
solution illustrates the controller gain parameters vector
generated as,

S:[GP GI GD] an

Also, each controller gain parameter having set of bits are
represented as,

S= 81,1981,2""81,)( Sl,x+1581,x+2>"‘sl,y Sl,y+1=81,y+2=-~81,

z

a=Gp 2,=G 3,=Gp

(12)
3.2.2 Fitness evaluation

During this stage, the fitness of each and every solution is
evaluated. The fitness calculation is given as,

F(s,,.s S

1,591,257 5917

F([Sl,lssus”' ’Sl,z])

_F ([51,1751,2 LR 9Sl,z ])_

(13)
In the above equation, the fitness of every solution is
calculated with the help of eqn (8). By this way, the optimal

controller gain parametric values like, G , G, and Go are
found.

Sort, declare and random select process

Once after finding the fitness values of every solution (i.e.
squirrel’s location), the values are sorted in ascending order. It is
considered that the fittest position (i.e. minimal IAE) is
recognized as to be on hickory nut tree. Also, the subsequent
three best solutions are assumed to be on acorn nuts trees and the
squirrels tries to go in the direction of the hickory nut tree. Left
over squirrels is assumed to be on normal trees. Once the
declaration step is done, a random selection process is done to
choose some squirrels to travel towards the hickory nut tree.
However, all the squirrels are affected by predators and thus the
algorithm is modeled based on the predator presence probability

( pprob )

Generate new locations
Once the assumptions about the flying squirrels is made at the
declaration stage, the dynamic foraging behaviour based on the

predator presence probability ( Porob ) is mathematically
formulated as follows,
i
Norm 1: Flying squirrels on acorn nut trees ( ~A) tends to
move towards hickory nut tree.

Si+l :{SIA + gdist chonstx(s:-i _SIA) ; r1 2 pprob

A .
Rand ,othermnse(14)

i

Norm 2: Flying squirrels resting on normal trees (~ N ) be

likely to move towards acorn nut trees.
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Si+1 — Sll\l +gdistxgconstx(sliﬁx_s:\l) 5 I’-2 2 pprob
N Rand ;otherwise
15)

i
Norm 3: Flying squirrels on top of normal trees ( Su ) trying
to move towards hickory nut trees.

S’i\‘ﬂ :{Sll\l +gdist chonstx(sli-i _SII\I) 5 r3 2 pprob

Rand ;otherwise
(16)
In the above equations (14), (15) and (16), Yais represents

the random gliding distance; (g const — 1'9) denotes the
gliding constant that helps controlling between exploration and

exploitation phases of squirrels; Vand 1 +1 defines the current
i i i

and next iteration; A, ~Hand ~N represents the position of the

flying squirrel that arrived acorn nut tree, hickory nut tree and

nr

. r
normal trees respectively. Also, 2 and 3 are random

numbers within range [0, 1].
3.2.3 Aerodynamics of gliding

Gliding mechanism is illustrated by the resultant force

produced by the lift ( E ) and drag (d ) force of the flying
squirrels. Thus, the lift-to-drag ratio (also termed as, glide ratio)
of the flying squirrel gliding at steady speed descending at
horizontal angle is defined as,

E 1

d=tanl//

(17)
In above equation, 4 represents the glide angle, and can be
given as,

= arctan (E]
E (18)

Here, the lower value of v helps in increasing the glide path
length of the squirrels. Moreover, the lift force generated from
the downward deflection of air flowing through the wings is
given as,

T
ﬁCOEf (1 9)
Further, the frictional drag is given as,
1
2¢d coefT ’ L (20)

_ -3
Where, ¢= (1.204kgm™) represents the density of air;
T =525MS""  denotes the speed; L =154cm’

d
specifies the surface area of the body; and

represents the lift coefficient and drag coefficients respectively.

coef coef

3.2.4 Seasonal monitoring condition

As the seasonal change plays an important role in the foraging
activity of flying squirrels, it is necessary to add a seasonal
monitoring condition to make the algorithm more realistic. To
mathematically represent the seasonal monitoring condition,
few steps are followed as,

()
evaluate seasonal constant () by,

Jz()

=123

= , Where

represents iteration count
Find minimum seasonal constant using,

~10e”
0 2.5 A
(365)'“““* , Where inax represents maximum
iteration
// Analyze seasonal monitoring condition
i
clei<c,)
Perform random relocation
i
Else (C5 > CO)

Flying squirrels itself explores for optimal food source

3.2.5 Random relocation during winter season

Based on the seasonal monitoring condition, the active
squirrels that are able to explore their optimal food source are
found. Moreover, the squirrels which are still survived but
cannot explore are also found and made to explore their optimal
food source from the random relocation strategy. Here, the
random relocation is based on the levy flight distribution method,
that can be formulated as,

Sy =S + Ievy(m)x (Smax - Smin) (21)

Where, levy (y) represents the levy distribution as:

levy(y)= 0.01><M
|
‘ (22)

In the above levy distribution representation, the parameter

= u u
x =15 is a constant and P and 9 denotes the random
numbers distributed normally within [0,1]. Also, o is found as,
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il
X
F(l + )X sin(”;(2 )
-1

5 =
x
r(lw) w el
2 ,where:
F(Y): (y—l)! 23)
3.2.6 Stopping criterion

Stopping criterion is made when the optimal solution is found
or the maximum number of iterations is attained. At the end of
SSA, the optimal controller gain parameters are found, which are
then applied to the PID controller so as to advance the controlling
efficiency of the PID controllers.

Algorithm 1: Steps in proposed Squirrel Search algorithm
based PID controller design

1. Predefine the search range for the values of controller

gain parameters (G P, G, and Go ) of the controller
Design an objective function using Eq. (8).

w0

Set the population size ¢ M > and make ‘M * random
initial solutions as like eq. (9).

Now find the fitness function for each solution

Sort every solution based on fitness

Store best solution (i.e. controller gain parametric values)
Construct new set of solutions based on predator

N ok

presence probability ( Porob )

8. Evaluate seasonal monitoring condition
1

9. If (CS =Cy , Perform random relocation using eq. (21)

10. Again find fitness function for the newer solutions

11. Compare with previous best solution

12. Replace and store if current solution is better than the
previous solution

13. Repeat

14. Iftermination criteria is met

15. Get final best controller gain parameters and apply in SS-
PID controller

16. End

4. Results and Discussion

The results talked about in this section were acquired from the
proposed SS-PID controller design for TCP/AQM implemented
in a PC with the accompanying details: CPU Intel® Pentium 1.9
GHz, 64-bit operating system, Microsoft® Windows 10, 4 GB
of RAM, and NS-2 (Network Simulator-2) platform.

For TCP/AQM network, we have considered 100
homogeneous TCP connections being contributed by one
bottleneck link having capacity of 10 Mbps, ie.

L. =1250(packets/second)
D, =0.08

prop and the target queue  size,

15" =150 packets

with propagation delay of

. Moreover, the population size of

SS algorithm is set as, M =50

The performance of the proposed SS-PID controller is
demonstrated through a progression of numerical simulations
carried by out using NS-2 with the dumbbell network topology
is shown in Figure 3.

51 R1

o touer LD
outer outer

N
@ )
Fig. 3. Simulation topology

4.1. Performance analysis

The performance of the proposed Squirrel Search based PID
(SS-PID) controller model is evaluated in terms of delay (ms),
Delivery Ratio, Link utilization (%) and Packet Loss (%). Here,
the delay (ms) and Delivery Ratio are analyzed by varying Time
(ms). Also, the Packet Loss (%), and Link utilization (%) metrics
are analyzed by varying Round Trip propagation delay (ms) the
Number of TCP Connections. Besides all the performance
measures calculated for the proposed SS-PID controller is
compared with that of the conventional PID and PI controllers.

4.1.1 Analysis made in terms of delay (ms)

In this section, the delay occurred during packet transmission
is analyzed when time progresses. Table 1 depicts the delay
occurred with respect to time for the proposed and the existing
controller models. Moreover, the graphical representation of the
comparison made is given in figure 4. From table 1, it is clear
that the delay caused by the proposed SS-PID is very less when
compared to the existing algorithms like PID and PI controllers.
Also, the delay is increased when the time progresses but
however lower than the existing algorithms.

Table 1: Time (ms) Vs Delay (ms) for proposed and existing
algorithms
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Time SS-PID PID PI
(ms)
20 2 5 6
40 6 8 9
60 10 11 14
80 13 14 19
100 17 17 24
30
£ 20
> =4—SS-PID
< 10 .
8 ’ =-PID
0 — — PI
20 40 60 80 100
Time (ms)

Fig. 4. Graphical representation of Time (ms) Vs Delay (ms)
4.1.2 Analysis made in terms of Delivery Ratio

Here, the performance of proposed SS-PID controller is

investigated in terms of Delivery Ratio with respect to Time (ms).

Similarly, the comparison is made for proposed and existing
algorithms and given in table 2. Moreover, the Graphical
representation of the compared values is given in figure 5. From
the below table, it is noted that, the delivery ratio is improved for
the proposed SS-PID controller than the conventional
algorithms. The maximum delivery ratio is obtained at
time=20ms, while it is less for the existing algorithms. The
delivery ratio is decreased when time increases. However, the
delivery ratio is better than the existing algorithms, showing
better data transmission rates by the proposed SS-PID controller
design.

Table 2: Time (ms) Vs Delivery Ratio for proposed and
existing algorithms

Time SS-PID PID PI

(ms)
20 0.98 0.84 0.76
40 0.892361427 0.813673 0.697417
60 0.804281526 0.766997 0.649702
80 0.759346424 0.699434 0.603553
100 0.682954667 0.672706 0.53736

2
=}
E 1 fo— =4—SS-PID
? 0 T T T T 1 == PID
£ 20 40 60 80 100
5 PI

Time (ms)

Fig. 5. Graphical representation of Time (ms) Vs Delivery Ratio

4.1.3. Analysis made in terms of Packet Loss (%) for varying
Number of TCP Connections and Round Trip
propagation delay (ms)

Here, the Packet Loss measure is first analyzed by modifying
the quantity of TCP Connections and the values obtained are
given in table 3. Moreover, the attained values are plotted in
figure 6. Here, the total number of TCP connections are varied
as, 50, 100, 150, 200 and 250 respectively. From table 3, it is
shown that the packet loss faced by the proposed SS-PID is
lower than the conventional methods. Also, the packet loss
values are increased when the number of TCP connections is
raised; but not higher than the existing methods.

Table 3: Number of TCP Connections Vs Packet Loss (%) for

roposed and existing algorithms

Number of TCP SS-PID PID PI
Connections
50 0.5 15 2
100 0.7628 2.3290 338
34255 06612 3951
150 1.1565 3.4668 445
10035 04857 1034
200 1.3615 42345 5.76
14352 58979 5755
250 2.6214 47538 6.47
06441 42241 5948
8
6 - -
é 4 - —4—SS-PID
E 2 1 == PID
g 0 T T T T 1 PI
R 50 100 150 200 250
Number of TCP Connections

Fig. 6. Graphical representation of Number of TCP Connections Vs Packet
Loss (%)

Afterwards, the Packet Loss is analyzed with respect to
varying Round Trip propagation delay (ms). Here, the Packet
Loss computed for the Round Trip propagation delay varied
from 20, 40, 60, 80 and 100 is provided in table 4. Below table
4 clearly depicts that the packet loss is diminished when
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considering the Round Trip propagation delay also. Moreover,
the minimal packet loss obtained for the proposed SS-PID
shows its better performance efficiency than the conventional
controller algorithms. Further, the graphical representation is
also made in figure 7.

Table 4: Round Trip propagation delay (ms) Vs Packet Loss
(%) for proposed and existing algorithms

Round Trip SS- PID PI
propagation delay (ms) | PID
20 2 2.5 29
40 1.6739 2.1251 2.19
00698 1301 648
60 1.2207 1.7448 1.88
41456 61887 1977
80 0.8596 1.1120 1.36
46735 96727 7379
100 0.1477 0.3827 1.02
82436 79234 529
_ 4
X
% ¢—SS-PID
% =i—PID
& PI
20 40 60 80 100
Round Trip propagation delay (ms)

Fig. 7. Graphical representation of Round Trip propagation delay (ms) Vs
Packet Loss (%)

4.1.4 Analysis made in terms of Link utilization (%) for
varying
Number of TCP Connections and Round Trip
propagation delay (ms)

The performance metrics like, Link utilization is analyzed
with varying Round Trip propagation delay (ms) and Number
of TCP Connections in this section. The obtained values Link
utilization (%) for varying Number of TCP Connections are
tabulated in table 5 and graphically plotted in figure 8.

Table 5: Number of TCP Connections Vs Link utilization (%)
for proposed and existing algorithms

150 0.855417137 0.882704 0.906561
200 0.857190622 0.884212 0.910916
250 0.860221607 0.888595 0.915445
095
X
S 09 Akt
2 e i e R
E 0.85 -—0—"& PID
g 0.8 T T T T 1 PI
'é 50 100 150 200 250
-~ Number of TCP Connections

Fig. 8. Graphical representation of Number of TCP Connections Vs Link
utilization (%)

Moreover, the values gotten for Link utilization measure
when varying the Round Trip propagation delay (ms) values are
given in table 6. Also, the graph is plotted for the gotten values
in figure 9.

The values provided in both table 5 and 6 (i.e. on varying
Number of TCP Connections as well as Round Trip propagation
delay) illustrates that the link utilization is less for the proposed
SS-PID when compared to the existing methods. But, the link
utilization is more when number of TCP connections are
increased and lowered when the Round Trip propagation delay
is increased.

Table 6: Round Trip propagation delay (ms) Vs Link
utilization (%) for proposed and existing algorithms

Round Trip SS-PID PID PI
propagation delay (ms)

20 0.82 091 0.98

40 0.8077 0.90 091
93156 2248 3212

60 0.7163 0.80 0.90
80421 3211 7875

80 0.6458 0.74 0.84
35142 1106 6361

100 0.6307 0.64 0.78
84212 7036 9753

Number
of TCP SS-PID PID PI
Connections

50 0.85 0.87 0.9

100 0.851443137 0.874862 0.903987

1.5

A, . e
;v% - =4—SS-PID

=i=PID
PI

o W

Link utilization
(%)
=

20 40 60 80 100
Round Trip propagation delay (ms)

Fig. 9. Graphical representation of Round Trip propagation delay (ms) Vs
Link utilization (%)
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4.1.5 Analysis made in terms of Queue length (packet)
for varying Time (ms)

In this section, the queue length values attained with respect
to time is analyzed. The values gotten are provided in table 7,
where the analysis is made on varying time metric from 0 to 9
ms. Moreover the graph is provided to show the accurate
variations of the queue length values of the proposed SS-PID
against the existing methods. Also, it is noted that the Queue

length are lesser than the values gotten for conventional methods.

Though, the values shows slight deviation with the target queue
values, while the conventional methods results in higher
deviation with the target queue length values in figure 10.

Table 7: Time (ms) Vs Queue length (packet) for proposed
and existing algorithms

Time (ms) | SS-PID PID PI
0 276964 | 276964 | 276964
1 131464 | 203219 | 24712
2 239934 | 339746 | 37573
3 240337 | 35704 329291
4 253358 | 406432 | 425426
5 403486 | 459856 | 4681.66
6 348053 | 466455 | 443934
7 298726 | 440054 | 5037.71
8 376424 | 459265 | 4672.63
9 346836 | 437891 4811.86
g 6000

22 4000 -

SE —4—SS-PID
@ 2 2000

S g ~#@-PID
=~ 0 4

S PI

0123456789
Time (ms)

Fig. 10. Graphical representation of Time (ms) Vs Queue length (packet)

5. Conclusion

In this paper, we have introduced a Squirrel search based PID
controller to dynamically find the controller gain parameters of
PID controller based AQM in TCP networks. Here, the
controller gain parameters are found by minimizing the
integrated-absolute error (IAE) measure so that, the proposed
controller design can guarantee less packet loss, stable queue
length, and efficient link utilization for TCP networks. In order
to show the efficiency of proposed SS-PID controller, we have

analyzed using various performance metrics like delay, delivery
ratio and queue length with respect to time; and then the packet
loss and Link utilization by varying Number of TCP
Connections and Round Trip propagation delay (ms) values. All
the obtained values show better results of proposed SS-PID
when compared to conventional PI and PID controllers. This
defines the efficiency of proposed SS-PID controller design
successfully.
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