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1. Introduction

The dynamics of the propagation of soliton molecules through a variety of waveguides, such as optical couplers, fibers, PCF and
metamaterials, form the backbone of telecommunication industry. These soliton molecules have been studied with a variety of
models that stem from the fundamental equation in electromagnetics, namely the Maxwell's equations. The most visible model is the
well known nonlinear Schrodinger's equation (NLSE). There are several other models that are studied in this context. These emerge
from the fundamental NLSE and are typically referred to as derivative NLSE (DNLSE). Three forms of DNLSE are known as of today.
This paper will address one such DNLSE that is the third form of DNLSE or DNLSE-III, alternatively known as the Gerdjikov-Ivanov
(GI) equation. There has been extensive research conducted in this equation for the past couple of decades [1-20]. Three integration
schemes will be applied to study GI equation from the integration perspective. These algorithms will reveal soliton solutions which is
an important commodity for soliton industry. After a quick introduction to the model, the integration schemes will be implemented
and the extracted soliton solutions will be presented and classified.

1.1. Governing model

The dimensionless form of GI equation that is studied in this paper takes the form [1]:
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iq, + aq,, + blgl*q +icg’qf =0 @

where, in (1), q(x, t) represents complex-valued wave function with x and t being independent spatial and temporal variables
respectively. The first term is linear temporal evolution, while a is the coefficient of the group velocity dispersion (GVD) and b gives
quintic nonlinearity effect. The coefficient of ¢ is a form of nonlinear dispersion. The parameters a, b and c are all real-valued
constants.

1.2. Traveling waves

Traveling waves are waves of permanent form. Here, in (1), the traveling wave hypothesis is:
qx, t) = ePCDu () 2)

where £ = x — yt and the phase portion is 6(x, t) = — kx + wt + @(&) and u(¢) is the amplitude component of the wave. Here, v is its
speed, k is the soliton frequency and w is its wave number. Next, we have defining the following derivatives:

q, = e°[-yu' +i(w — 7 ¢)ul

g, = e’ — i(k — ¢)u]

G = €9 [u" — i(ku' — ugp” — u'g) — i(k — ¢’ — (k — ¢"*)ul ®3)
Eq. (1) can be decomposed into real and imaginary parts and that yields a pair of relations. The real part equation is

au’ — (w — y¢' + ak? — 2ake' + ap'Hu + cad(k — @) + bu’ =0 “4)
and the imaginary part is

aug” — [2ak — 2a¢’ — c’lu’' =0 5)
To solve the above equations, we choose the ansatz:

¢ =qu+b (6)

where a; and b, denote the constant and nonlinear chirp parameters, respectively. Substitute (6) in (5) to give

(4a;a + c)u? + (2ab; — 2ak —y) =0 (V2]
Then
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On substituting (9) in Eq. (4), one recovers

2 4 4aky — 4 2
w4 P aky awu_iu3+b((3c +16ab))u5:0

4q2 2a? (16a?) (10)

assume

o = 72+4§4k+4aw m=—T = b(@cz(lzialzgab)) 0
Then Eq. (10) reduces to:

u + mu + mud + nu’ =0 (12)
Now, set

V=u? (13)
and then Eq. (12) transform to

2VV = V' + 4m V2 + 4m V3 + 4ns VA = 0 a4

This Eq. (14) will be analyzed in details in the next section using three different integration scehemes.
2. Application to GI equation

In this section Eq. (14) will be studied using csch method, extended tanh-coth method and the modified simple equation method
(MSEM). These are detailed in the subsequent sub-sections.
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