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CONTROLLABLE SOLITON AND BREATHER INTERACTIONS FOR
FIFTH-ORDER VARIABLE COEFFICIENT NONLINEAR
SCHRODINGER EQUATION IN OPTICAL FIBERS

Z. ABBAS', §

ABSTRACT. In this article, we investigate fifth-order variable coefficient nonlinear Schro-
dinger equation, which govern optical pulse in fiber optics and obtain soliton and breather
solutions by applying Darboux transformation. Soliton and breather are responsible for
data transmission over the long distance without loss of power. In optical fibers, control
soliton and breather interactions have important application in signal processing and
transmission. In solutions, With different values of coefficients of dispersion we obtain
parabolic, cubic and periodical oscillating soliton. By controlling spectral parameter A,
we obtain different types of interactions like head on, overtaking and parallel on soli-
ton. The effects of coefficients of dispersion and spectral parameter A on the pattern of
breather also presented.
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1. INTRODUCTION

In different fields, soliton and breather play significant role specially in molecular biol-
ogy, plasma physics, oceanography and optical fibers [1, 2, 3, 4, 5, 6, 7, 8]. Particularly,
when we discuss their control in different media then their significance become more clear.
As localized wave structures solitons have been largely investigated in several nonlinear
mechanisms like in optics. Optical solitons have fruitful applications in different optical
control and photonic signal processing. Fiber optics is one of the such field where, the
controllable soliton and breather are responsible for transmission of signals to long dis-
tance with out loss of energy. Attenuation, dispersion and other nonlinear effects causes
difficulties during propagation of optical signals. A well balance between dispersion and
nonlinear effects generate soliton in fiber optics [9, 10, 11, 26, 29]. Nonlinear Schrédinger
equation (NLS) is govern the soliton pulse transmission in optical fibers. Different re-
searchers obtained soliton solutions of (NLS) by using different methods like Hirota’s bi
linear method, Darboux transformation (DT), inverse scattering transformation (IST) and
Bécklund transformation (BT) [12, 13, 14, 15, 16, 17, 18, 19, 24, 25, 27, 28]. The pulse
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in fiber optics gets shorter, when the intensity of optical field become stronger. In this
situation we govern the behavior of pulse by using higher-order (NLS). By using (DT), we
will investigate fifth-order variable coefficient (NLS) equation proposed in [20] as

iry + b(t) (ree + 2r|7|?) —ia(t)H[r(z,t)] 4+ c(t)Plr(z,t)] — id(t)Q[r(x,t)] = 0 (1)
where

Hr(z,t)] = ryze + 6|T‘2TCC7
P[T('Tv t)] = Trxzx T+ 8|T‘27':cx -+ 67”|7"‘4 + 4T|’r‘x|2 + 67‘37“* + 27‘27’*

TxT)

Q[r(z,t)] = rewews + 1O]r|2rmx + 10(7’|r|2)$ + 20r* 1y rpr + 30]7‘|4rx.

where r(x,t) represents the amplitude, the subscripts denoted the corresponding deriva-
tives with respect to spatial coordinate x and temporal coordinate ¢t and asterisk * rep-
resent complex conjugate. a(t), b(t), c(t) and d(t) represent third order dispersion, group
velocity dispersion, forth order dispersion and fifth order dispersion coefficients respec-
tively. Also H[r(x,t)], P[r(z,t)] and Q[r(z,t)] represent Hirota’s operator, Lakshmanan
Porsezian Daniel (LPD) operator and quintic operator having orders third, forth and fifth
respectively.

The equation (1) reduced to (NLS) [21], (LPD) [22] and Hirota’s equation [23] by
setting coefficients a = ¢ = d = 0, a = d = 0 and ¢ = d = 0 which are describe in
optical fiber applications, ultrashort optical pulse propagation and correction to cubic
non linearity in water waves respectively. In this paper, we will apply (DT) to fifth order
variable coefficient (NLS) equation to obtain soliton and breather solutions. By controlling
different parameters in solutions, we will investigate the interactions between soliton and
breather. The division of sections in this article is as follows.

In section 2, we will construct N-soliton solution for equation (1) by applying (DT).
With the help of N-soliton solution, we will derive one and two soliton solutions and
their interactions in section 3. In section 4, we will obtain breather solution and give
their characteristics by controlling parameters. In section 5, we will give conclusions and
suggestions that how the controlling parameters in solutions will help to control the optical
pulse in fiber optics for stable propagation.

2. LAX PAIR AND N-SOLITON SOLUTION

The Lax pair for the system in equation (1) is given as

_ iy A ¥ (z,t)
U, = LV, L_z(r(m) B )

> A, B
U =MU, M=) XM, M-:< o > (2)
pard J J Bj —Aj
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where

Ag = —%MQ —3c(t)|r|* —ia(t) Y1 — c(t) Yo — id(t) (1}t — 15pTe + Toalh — Toger™)
— Gid(t)(rfr — ror®)|r|?,

Ay = 2a(t)|r? + 6d(t)|r|* — 2ic(t) Y1 + 2d(t) Yo, Ay = 2b(t) + 4e(t)|r|? + 4id(t) Y1,

Az = —da(t) — 8d(t)|r|?, Ay = —8¢(t), As = 16d(t),

1 . «
By = 2a(t)|r|>r + 6d(t)|r|*r + i5Te + 6ic(t)|r|*re + a(t)res + 2d(t)r: 1% + 4d(t)|re|*r

+ 6d(t)(7“z)2r* + 8d(t)7“m\r\2 +ic(t)rgee + d(O)T sz,
By =r+ 4c(t)\r]2r — 2ia(t)ry — 12id(t)\r]2rx + 2¢(t)rpe — 2id(t)rpam,
By = —4a(t)r — 8d(t)|r|*r — 4ic(t)r, — 4d(t)r4s, Bs = —8c(t)r + 8id(t)ry, By = 16d(t)r,

2
Bs =0,T1 =rir —ryr™, To=rir—|ry|” + rer™.

In equation (2), ¥ = (¥q,Ws)? represent the vector function and ¥; and Wy are the
function of z and ¢. The T represent the transpose of the matrix. A denoted the spectral
parameter which is independent of x and t. The compatibility condition L, — My + LM —
ML = 0 give the system in equation (1).

By applying gauge transformation ¥[1] = D[1]¥ the Lax pair in equation (2) transforms
the matrices into ¥[1], = L[1]¥[1] and ¥[1]; = M[1]¥[1] having same form as L and M
except that r, r* are replaced by r[1], r[1]*. The matrix D[1] can be derived as

A 0] [ W [ 0 [wn wi |
b= %]~ —wilHO vl —wil] ®)

where (111, 1/1271)7’ and (1/1’2*71, —wil)T are the solutions of equation (2) with A = A\; and
A= A}. ¥11 and 19 1 are complex functions of = and .
Then the DT for the system in equation (1) can be written as

(AT = A1) YT 192

rit]=riof+ Y1197 1 + Y2195,

(4)

where r[0] represent the seed solution for system in equation (1).

By setting the eigenfunctions (@Z)l’l,d)Q’l)T , (1/)172,1/)272)T, ..... , (d]LN,@ZJQ?N)T for N dis-
tinct solutions of Lax pair in equation (2) with A1, Ag,....Ax are eigenvalues and )‘23
(l=1,2,...N), and wll NS and 1//2 ~ s are functions of z and ¢.

Then the Nth iterated DT for the system in equation (1) can be expressed as

N
_ (A5 = ) Uil — Uhoplp — 1
N = o 2;:1 U1plp — i [ — 1] + o plp — 145 [p — 1]

also
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The Darboux matrix D[p] for Nth iterated DT in equation (5) is

-1

G Y o e [ v e

By using Nth iterated DT, we can obtain soliton and breather solutions for the system in
equation (1).

3. SOLITON SOLUTIONS

In this section, we will obtain soliton solutions for the system in equation (1). By
inserting trivial seed solution r[0] = 0 into the Lax pair in equation (2), we can obtain the
solution for the Lax pair as

¢1 L= ei(2A1+)\1$)’ wl g = e—i(QAl-‘r)\lm) (8)
where
Ay = A7 [ [—2X\1a(t) + Aib(t) — 4ATc(t) + 8ATd(t)] dt
By inserting the values in equation (8) along with trivial seed solution 7[0] = 0 into

equation (4), we obtain one soliton solution as

2(A = A7)
e2i(2A1+X1 ) +e2i(2A’{+X{:p)

Ml = - (9)

We can obtain the intensity of r[1] by rewriting one soliton solution in equation (9) with
A1 = ¢+ id, where a and b are real constants.

|7[1]]? = 4b? sec K2 [2b(x — QoQ1 + 4aQ3)] (10)

Where Qo = 4(a® — b%), Q1 = [[(—12a* + 4b%)d(t) + 4ac(t) + a(t)]dt, Qs = [[(8a® —
24ab?)d(t) — Qoc(t) — 2a a(t) + b(t)]dt From equation (10), we can easily obtain that the
amplitude of soliton is |2b|. From which we can understand that the amplitude of soliton
is only related to the imaginary part of Ay, which is spectral parameter.

The concept of characteristic line is introduce in order to obtain soliton velocity. From
equation (10), the characteristic line can be written as 2b(z—QoQ1+4aQ3) =constant. We
can get soliton v = 4(3a? — b%)a(t) + 32a(a® — b?)c(t) + 16(—5a* + 10a?b?> — b*)d(t) — 4ab(t)
after differentiating characteristic line with respect to ¢ to the both sides. From which we
govern that soliton velocity is depend upon A\; = a + b and a(t), b(t), c(t) and d(t) which
are spectral parameter and coefficients of dispersion

When pulse propagate in optical fiber, then due to dispersion optical signal spread out
and consequently the amplitude of optical decrease. So by controlling spectral parameter
and coefficients of dispersion, we can maintain the amplitude of the pulse, hence soliton
formed which are responsible for data transmission over long distance with out loss of
intensity.
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Figure: 1 One soliton solution as computed from Eq. (9) with parameters Ay = 1 4 4,
a(t) =b(t) = c(t) = d(t) = 0.01¢
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Figure: 2 One soliton solution as computed from Eq. (9) with parameters A\; = 1 + 4,
a(t) = b(t) = c(t) = d(t) = 0.01¢?
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Figure: 3 One soliton solution as computed from Eq. (9) with parameters Ay = 1 4 4,

a(t) =b(t) = c(t) = d(t) = 0.02sin(t)

In Figure: 1, by choosing parameters as describe in caption the one soliton solution
in equation (9) shows a parabolic soliton. When we change the parameters from a(t) =
b(t) = c(t) = d(t) = 0.01£? to a(t) = b(t) = c(t) = d(t) = 0.02sin(t), we obtain cubic and
periodical oscillating soliton respectively as shown in Figure: 2 and 3.

By repeating above method and inserting 121 and 12 with A = A2 into equation (5)
we obtain two soliton solution as

r2] = — (11)
where

F= E062i(2A1+)\1;v) + EleQi(2A2+)\2x) + E2621(2A§+)\§m) + EgeQi(ZA{Jr)\{m)’
G — E4e2i[2(A1+A;)+(>\1+,\;)m] + E562i[2(A2+A’1‘)+()\2+)\’1‘)m] + E6€2i[2(A1+A§)+(A1+)\§)m]
+ E7e2i[2(A2+A§)+(>\2+)\§)x] + E862i[2(A1+A2)+(/\1+)\2)x} T E9€2i[2(A>;+A;)+(A§+A§)x]

Ao = A3 [ [—2X2a(t) + A2b(t) — 4A3c(t) 4+ 8A3d(t)] dt,

Eo= (A = A3) (A2 = A1) (A2 = A3), Br=—(A] = A3) (A1 = A7) (A — A5),
By = (M —A2) (M — AT) (A2 = AT) s Bz =— (M1 — A2) (M — A3) (A2 — A3)
Ey=Er=M—A)(A2—X3), B5 =Fg=— (M2 —A]) (M1 = A\Y),

Eg = Eg = (M — A1) (AT — A3).

In multimode optical fiber, multiple modes of light propagate. When optical signals propa-
gate in the form of soliton, than during propagation soliton keeps its shape unchanged even
before and after interactions, which is very helpful for huge amount of data transmission
without distortion of signals.
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Figure: 4 Interaction of two soliton solution as computed from Eq. (11) with parameters
M =1+4,Aa=3+1, a(t)=b(t) =c(t) =d(t) =0.01¢

Figure: 5 Interaction of two soliton solution as computed from Eq. (11) with parameters

M =1+4, A=2+4, a(t) =b(t) =c(t) = d(t) = 0.01¢>
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Figure: 6 Interaction of two soliton solution as computed from Eq. (11) with parameters
M =1+14 A=3+1, a(t)=b(t) =c(t) = d(t) = 0.02sin(t)
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Figure: 7 Interaction of two soliton solution as computed from Eq. (11) with parameters

M =141, Ao =155 +1, a(t) = b(t) = c(t) = d(t) = 0.01¢
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Figure: 8 Interaction of two soliton solution as computed from Eq. (11) with parameters
M =1+4,Aa=3+1, a(t)=b(t) =c(t) =d(t) =0.01¢

Figure: 9 Interaction of two soliton solution as computed from Eq. (11) with parameters
M =1+4,d=1L+4 a(t)=>b(t)=c(t) =d(t) =001t

In Figure: 4, the interaction between two parabolic soliton can easily be seen. By control-
ling parameters a(t) = b(t) = ¢(t) = d(t) = 0.01t which are coefficients of dispersion with
Ao = % + 4, we can see that the soliton shape remain unchanged after interaction except
phase shift, which describe that the interaction is elastic. Similarly in Figure: 5 and 6
the interactions can be seen between two cubic and periodic oscillating soliton, when we
change the coefficients of dispersion from 0.01¢#% to 0.02sin(¢). By controlling different
values of spectral parameter \; = (i = 1,2, 3, ....) we can change the propagation direction
of soliton. In Figure: 7, with a(t) = b(t) = c(t) = d(t) = 0.01¢ and Ay = 155 +1, We can see
that the direction of two parabolic soliton are opposite and head-on interaction. Similarly
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in Figure: 8 and 9, with Ay = % +1¢ and Ag = g + 4 the interactions between two cubic and
periodical oscillating soliton is overtaking and parallel respectively.

4. BREATHER SOLUTION

For obtaining breather solution, we begin with plane wave seed solution

r[0] = ¢t 2A0+3elat g inserting this solution into Lax pair in equation (2) with A = ih,
where h represent real constant, we can obtain solution of Lax pair as

A(h) — < P11 ) (i (crele@ ) (cpel€lacn) efif [b(t)+3c(t)]dt 12)
P12 (coe@HD) _ (¢l E@HCOY i O+3c(0))ds

where

c1 = hg—f’ 02:%, 52\/h2—1,
C(t) = 2 [8h*d(t) + 4ihc(t) + 2h2a(t) + 4h>d(t) + ihb(t) + 2ihc(t) + a(t) + 3d(t)] dt.

By inserting the value of ¢ ; and v 2 from equation (12) along with r[0] = eif [b(t)+3e(t)]dt

into equation (4), we get first order breather solution as
: R

1] = i 20 +3e()ar 2 13

rll] =e 5 (13)

where

R = —h + Xat21(0] 4 26+2(0] _ Ala+(O+ 0]

S = h+ (1 —2h% 4 2h¢) 2H20O) 1 (1 - 2p% — 2pg) 2leH2W] 4 peletc®FQO]
Gi(t) = [ [8h*d(t) — dihic(t) + 2h2a(t) + 4h*d(t) — ihb(t) — 2ihe(t) + a(t) + 3d(t)] dt.

Figure: 10 First-order breather solution as computed from Eq. (13) with parameters
A=0.2, a(t) =b(t) =c(t) =d(t) =t
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Figure: 11 First-order breather solution as computed from Eq. (13) with parameters
A=0.2i, a(t) = b(t) = c(t) = d(t) =2

Figure: 12 First-order breather solution as computed from Eq. (13) with parameters
A =0.24, a(t) = b(t) = c(t) = d(t) = sin(t)

In Figure: 10, we can see that the first order breather has periodic property but not
symmetrical in ¢ direction. With (0 < h < 1) and A = 0.2¢, we can see that parabolic
breather in Figure: 10. By changing coefficients of dispersion from a(t) = b(t) = c(t) =
d(t) = t? to a(t) = b(t) = c(t) = d(t) = sin(t), we can see the cubic and periodical
oscillating breathers respectively. The breathers have one peak and two valleys at each
period. They are localized on parabolic, cubic and periodical oscillating curves and not
located at same propagation variable x. Thus the pattern of breathers can be control
by coefficients of dispersion. We can also be obtain second order breather solution by

using Nth order DT in equation (5) with plane wave seed solution 7[0] = ¢t 2O +3e(0)de
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With different values A = i¢h and coefficients of dispersion, we can find different types of
interactions. We will try to obtain higher order soliton and breathers solutions in our next
publications.

5. CONCLUSION

We have investigated fifth-order variable coefficient nonlinear Schrodinger equation,
which describe the pulse propagation in fiber optics. By applying Darboux transforma-
tion, the soliton and breather solutions have been obtained. In nonlinear theory, optical
soliton and breather have significant role and an attractive research area. Optical solitons
have potential applications in various nonlinear media. Soliton biased transmission are
frequently affected by various in-homogeneous effects (attenuation, dispersion) and nonlin-
ear effects (self phase modulation, cross phase modulation, stimulated Raman scattering).
These effects cause broadening of soliton, soliton shape and soliton control. In order to
minimize the effects with the help of controlling parameters is great importance for trans-
mission of soliton pulse in optical fiber links. The effects of coefficients of dispersion and
spectral parameters A on the soliton and breather solutions have been demonstrated. In
Figure: 1, 2 and 3, we have plotted one soliton solution from equation (9). By controlling
coefficients of dispersion, we have obtained parabolic, cubic and periodical oscillating soli-
tons. We have plotted two soliton solution from equation (11) and by controlling spectral
parameter A values, the interactions between solitons have described, which are head on,
overtaking and parallel as shown in Figure: 4-9. From equation (13), we have plotted first
order breather solution and the effects of coeflicients of dispersion have been described in
Figure: 10, 11 and 12.

So, by controlling parameters in solutions, we can change the shape, phase, amplitude,
interactions and direction of solitons, which is very helpful to control pulse transmission
in fiber optics. For long and stable propagation of optical signal in the form of solitons
can be achieved by controlling parameters.

REFERENCES

[1] Mamyshev, P. V., Chernikov, S. V., Dianov, E. M., (1991), Generation of fundamental soliton trains
for high-bit-rate optical fiber communication lines, IEEE Journal of Quantum Electronics, 27(10),
2347-2355.

[2] Tajima, K., (1987), Compensation of soliton broadening in nonlinear optical fibers with loss, Optics
letters, 12(1), 54-56.

[3] Sprenger, P., Hoefer, M. A., El, G. A., (2018), Hydrodynamic optical soliton tunneling, Physical Review
E, 97(3), 032218.

[4] Caspi, S., Ben-Jacob, E., (2000), Conformation changes and folding of proteins mediated by Davydov’s
soliton, Physics Letters A, 272(1-2), 124-129.

[5] Sadegh Amiri, I., Afroozeh, A., (2015), Mathematics of soliton transmission in optical fiber, in Ring
resonator systems to perform optical communication enhancement using soliton, Springer, Singapore,
9-35.

[6] Uthayakumar, A., Han, Y. G., Lee, S. B, (2006), Soliton solutions of coupled inhomogeneous nonlinear
Schrodinger equation in plasma, Chaos, Solitons and Fractals, 29(4), 916-919.

[7] Kodama, Y., Nozaki, K., (1987), Soliton interaction in optical fibers, Optics Letters, 12(12), 1038-1040.

[8] Wazwaz, A. M., Kaur, L., (2019), Optical solitons for nonlinear Schrodinger (NLS) equation in normal
dispersive regimes, Optik, 184, 428-435.

[9] Agrawal, G. P., (2000), Nonlinear fiber optics In Nonlinear Science at the Dawn of the 21st Century,
Springer, Berlin, Heidelberg, 195-211.

[10] Singh, S., Singh, N., (2007), Nonlinear effects in optical fibers: origin, management and applications,
progress in Electromagnetics Research, 73, 249-275.



7Z. ABBAS: CONTROLLABLE SOLITON AND BREATHER INTERACTIONS FOR FIFTH-ORDER ... 31

[11] Wright, L. G., Christodoulides, D. N., Wise, F. W., (2015), Controllable spatiotemporal nonlinear
effects in multimode fibers, Nature photonics, 9(5), 306-310.

[12] Zhang, H. Q., Li, J., Xu, T., Zhang, Y. X., Hu, W., Tian, B., (2007), Optical soliton solutions for two
coupled nonlinear Schrodinger systems via Darboux transformation, Physica Scripta, 76(5), 452.

[13] Zhang, H. Q., Hu, R., Zhang, M. Y., (2017), Darboux transformation and dark soliton solution for
the defocusing Sasa—Satsuma equation, Applied Mathematics Letters, 69, 101-105.

[14] Qi, F. H., Tian, B., Lii, X., Guo, R., Xue, Y. S., (2012), Darboux transformation and soliton solutions
for the coupled cubic-quintic nonlinear Schrédinger equations in nonlinear optics, Communications in
Nonlinear Science and Numerical Simulation, 17(6), 2372-2381.

[15] Le, S. T., Prilepsky, J. E., Turitsyn, S. K., (2014), Nonlinear inverse synthesis for high spectral
efficiency transmission in optical fibers, Optics express, 22(22), 26720-26741.

[16] Ohkuma, K., Ichikawa, Y. H., Abe, Y., (1987), Soliton propagation along optical fibers, Optics letters,
12(7), 516-518.

[17] Wu, J., Geng, X., (2017), Inverse scattering transform and soliton classification of the coupled modified
Korteweg-de Vries equation, Communications in Nonlinear Science and Numerical Simulation, 53, 83-
93.

[18] Yang, J. Y., Ma, W. X., Qin, Z., (2018), Abundant mixed lump-soliton solutions to the BKP equation,
Analysis and mathematical physics, 8(2).

[19] Liu, H., Xin, X., Wang, Z., Liu, X., (2017), Backlund transformation classification, integrability and
exact solutions to the generalized Burgers’'-KdV equation, Communications in Nonlinear Science and
Numerical Simulation, 44, 11-18.

[20] Wang, P., (2014), Conservation laws and solitons for a generalized inhomogeneous fifth-order nonlinear
Schrédinger equation from the inhomogeneous Heisenberg ferromagnetic spin system, The European
Physical Journal D, 68(7), 1-8.

[21] Kibler, B., Fatome, J., Finot, C., Millot, G., Dias, F., Genty, G., Dudley, J. M., (2010), The Peregrine
soliton in nonlinear fibre optics, Nature Physics, 6(10), 790-795.

[22] Yang, B., Zhang, W. G., Zhang, H. Q., Pei, S. B., (2013), Generalized Darboux transformation and
rogue wave solutions for the higher-order dispersive nonlinear Schrédinger equation, Physica Scripta,
88(6), 065004.

[23] Hirota, R., (1973), Exact envelope-soliton solutions of a nonlinear wave equation, Journal of Mathe-
matical Physics, 14(7), 805-809.

[24] Abbas, Z., Mushahid, N., (2021), Soliton solutions of coupled complex modified Korteweg-de Vries
system through Binary Darboux transformation, Punjab University Journal of Mathematics, 53(10),
711-728.

[25] Abbas, Z., (2022), Coupled Gerdjikov-Ivanov System and its Exact Solutions through Darboux Trans-
formation, Punjab University Journal of Mathematics, 54(3).

[26] Mukam, S. P. T., Souleymanou, A., Kuetche, V. K., Bouetou, T. B., (2018), Rogue wave dynamics in
barotropic relaxing media, Pramana, 91(4), 1-4.

[27] Mukam, S. P. T., Souleymanou, A., Kuetche, V. K., Bouetou, T. B., (2018), Generalized Darboux
transformation and parameter-dependent rogue wave solutions to a nonlinear Schrédinger system, Non-
linear Dynamics, 93(2), 373-383.

[28] Mukam, S. P., Abbagari, S., Houwe, A., Kuetche, V. K., Inc, M., Doka, S. Y., Akinlar, M. A., (2021),
Generalized Darboux transformation and higher-order rogue wave solutions to the Manakov system,
International Journal of Modern Physics B, 35(25), 2150260.

[29] Abbagari, S., Mukam, S. P., Houwe, A., Kuetche, V. K., Inc, M., Doka, S. Y., Bouetou, T. B., (2020),
Controllable rational solutions in nonlinear optics fibers, The European Physical Journal Plus, 135(8),
1-12.

Zaheer Abbas received his M.sc (Physics) degree from Bahauddin Zakariya Uni-
versity Multan, Pakistan in 2016. Then he went to Lahore and received his M.Phil
(Physics) degree from The University of Lahore in 2019. His research interests include
Soliton theory, Darboux transformation, Inverse scattering transformation, Optical
soliton and Breather control in fiber optics and Integrable systems.




