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Abstract. This paper optimistically and aggressively targeted to control the internet
bottleneck effect with Kudryashov’s extended and exotic form of self-phase modulation
structure by using the modified simple equation method. This approach disappointingly
failed to retrieve the solutions for bright soliton that serves as the information carrier bits.
The model was considered with fractional temporal evolution. The failure of the integration
scheme to retrieve bright soliton solutions teaches a stern lesson in this paper about the

adopted non-robust integration algorithm.

Keywords: solitons, Kudryashov’s method, fractional temporal evolution.

https://doi.org/10.15407/spge028.02.208
PACS 42.65.Jx, 43.10.Pr, 89.20.Hh

Manuscript received 11.12.24; revised version received 06.04.25; accepted for publication
11.06.25; published online 26.06.25.

1. Introduction

The Internet bottleneck effect is a growing problem that
has engulfed the telecommunications industry [1-4]. The
frustrated customers of internet service providers are
expressing their need and demand for a stable internet
traffic flow that is uninterrupted. This is an absolute
necessity in the modern technologically dominated
world. Thus, there are several measures [5-8] that have
been adopted to address this issue. One of the measures
and means that contains the problem is the consideration
of fractional temporal evolution [9-12] as opposed to
linear temporal evolution [13]. This can slow the
evolution of pulses and the Internet traffic can have a
regular speed in the opposite direction. This can create a
traffic flow effect at internet traffic control junction
points, namely in HI, USA.

Several factors dictate the flow of soliton pulses in
an optical fiber. Apart from the temporal evolution of
pulses, one of the essential factors is the self—phase
modulation (SPM) structure [14]. While the most visible
form of SPM is described by the Kerr law, this paper
considers the extended and exotic form of SPM that was
first proposed by Kudryashov less than a decade ago
[15]. The modified simplest equation approach applies
the model and retrieves the soliton solution [1-6]. It will
be observed that the approach fails to recover the bright
soliton solutions that are the essential structure of the
pulses or the information carrier bits. So, in other words,
it will be shown that the integration approach adopted in
the works is an epic failure to successfully recover the
bright soliton solution to the model with this SPM
structure. The details are very clearly presented and the
results are exhibited in the rest of the paper.
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1.1. Governing model

This study investigates the nonlinear Schrodinger
equation with fractional temporal evolution, with
Kudryashov’s extended exotic self-phase modulation
structure [1]:

aK . .
far_-';‘?"_ aqu + (o lgl™ + 5. lgl®™ + 52 lg13™ + 5, 11" ) g +
+ine(lgl™)y + 2. Ugl*™)dg =0, D= g =1,

1)

. 3%

where q(x,t) represents the wave profile and ra
denotes the conformable derivative, with n being the
nonlinearity —parameter. The coefficients p; for
i=0,1,2,34 describe the nonlinearity effects,
contributing to the SPM. Furthermore, the coefficients ps

and pe characterize a generalized non-local formulation
of the refractive index.

Definition 1.1. Let p: (0. ==} — R. The conformable
derivative of order § can be introduced as follows:

I 1=y [
I-S':P:]{I:] = l.:l_t;% MJ 2)

a
forall x = 0 and § = (0,1] [2].

2. Mathematical preliminaries

Here, we start with inserting the following wave
transform into the equation (1):

— i (x.8)
q(x t) U;E’:]F : . (3)

r L

g:.r—v?,t'?{.r,t:] :..-J-—R:;r:+m?,
where p represents the phase center, k stands for the
soliton frequency, and o denotes the wave frequency.
Upon incorporating the transformations from equation
(3) into equation (1), the resulting expression is as
follows:
bU" + 2bpenU™U" + psnU™ U +
psn(n — U0 20K + o)l +

2 2 4
2]'35.71{2'?’1 — 1:] [ren _1Ur‘ — FIU“"'l — ( )
p UAN+L _ g An~+l_ g AN+l —
and the imaginary part
(v + 2bk)U" = 0. ©)

From the above equation, the velocity has the following
form:

v = —2bk. (6)
Setting
U(e) = V(o). @)

Thus, from equations (6) and (7), we obtain
a(l — m)V? + naVv'" + 2e n’alV" Ve
+2egn%alV AVE +en?VVE - ®)
n2(2ak® + WV +oyn®V?
eV + oan?VE + oyn?VE =0,

3. Modified simplest equation approach

In this section, we present several novel conformable
optical soliton solutions for the current model, derived
using the modified simplest equation method. We assume
that the solution to equation (8) can be expressed as the
following series:

V() = Elo a6 () ©)
where ag, ay,..., ay are unknown constants, and M is a
balancing parameter. In equation (8), implementing the

balancing principle between V3V" and V° leads to M = 1.
Here, from the equation (9) the following is obtained:

Vig) = ap +a,G(c), (10)
where (¢ satisfies the following equation:
G(§) =hy +G(5)% (11)

Now, the solutions of equation (8) with parameter |
can be defined as follows [3]:

G,(¢) = _?."—_h,,_,tanh[w-"—_h,_\(g' + D], 12)
G1(g) = —/—hycoth [.*-"—_hn(l;' + 0], (13)
Gs () = /—ho(—tanh[2y/=kq (s + )]
iisech[zx,’—_ho(q-l- D). (14)
Go() = /=ho(—coth[2{=Ry(c + )]
tesch [2\{——-113(!,' +0)). (15)
Go(e)=—Y ;h" (tanh (tanh [";h“’ (c+ 1)] + coth {‘“ ;hf’ (c+ DD,
(16)
with hy < 0.

Substituting equations (10) and (11) into equation
(8) yields a polynomial expressed in terms of powers of
G (). Then we arrange terms with similar powers and set
each corresponding coefficient to zero. This process
generates the following system of algebraic equations:

(G ())": —bk*ntal —n*wal +balhi —
—bnalhf + n’agp; +ntagp; + (17)
+n’aip; +n’agp, + 2n’agalhipg =0,
(Gc))*: — 2bk*ntaya, — 2nlwaya, + 2bnaga by +
+infaiap +4nfaiap, + nfalap +
+én’aga;p, +2n'aga hyps +
+4n’aja; hypg + 4n*agai hipg = 0, (18)
(G (c))*: —bk*n a® —n*wa? + 2balh, +
Intayalp, + 6nlalalp, + 10n%ajalip +
+15n%adalp, + 4nlayal hyps +
+16n’alal hyp, + 2ntadhip, =0, am

(G(5))?: 2bnaya, + n*alp, + 4nayadp, + 10najalp,

+20n%aiadp, + 2ntaia,p; + 2ntalhyp,

+4ntada,p. +20n*a,adh,p. =0, (20)
(G(c)P:bal + bnai + n'alp, + Inlagaip: +

+15ntalalp, + 4nlayalps +

14n’alaip, + Bnlathyp, = 0, (21)
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(G(c))*:n*aSp; + 6n‘ayasip, + 2ntaip; + 16n°ayaip, = 0, (22)

[G[qj]e:n2a§p4 + Em:aipﬁ =0. (23)

The following results are acquired by solving this system:

Result-1:
2b(2 + nlhy —hy  —nfw —4bh,
=, = +2b(2 k=t————,
T i, —dhep) T T bz +TJJ’-'1*‘(PL — 4hyps - b
3nf(+mipl | L s et , . 12867(2 + m)*hip,
_ R +12n%(4 + nlp, ps — 480505 + 2n) hypd + (o — &hop)? 21
P2 126022 +m)? :
B2
SLE:LE&_;-QH pp5+8hn(ﬁﬂ5 4 i{_:;]?i"s ] 2Bt (2+n) hgpg
P2 = ; 6h:ni(2 +n)? . e ané(py—ahgpg)?

By substituting the functions G; (¢} for j = 1.....5 into equation (10) and using equations (3), (6), and (7), we can find
the solutions to equation (1). This involves inserting Result-1 into g;(x.t), where j = 1,....3, to obtain the following
soliton solutions:

1 —
o P mf—mrta— 3
- (—zmz+@hﬁ 2b(2 4 n) hytanh[,/— u+ﬂmn-( SR, ) 5
gilxt) = — e von ) 5
! n?(py — 4hops) — Jnt(p, — 4h,ps)?
which is a dark soliton.
1 .
7 (tFa x/-nfw- )
- ( —2b(2+ n)hy _ 2bhy(2 + n)coth[ =T, (L+gﬂ])” (e, ) o
qalx = Vbn ,
*(py — 4hops) Jnt(py — 4hyps)?
and this is a singular soliton.
1 —_—
n r-'s":‘,lx..' nlw—abhy
7 t}=( +Zb{2 +n)hg (i sech[2,/=hy (I + ¢)] + tanh[2,/=h, {I+g}])) ( o — +a}IJ @
Jn*(p, — 4hyps)®
which is a complexiton solution.
2b(2 + Whg (csch[2/=h, (1 + )] — coth[2=hg (1 + Po mjontu-sbhy, |
) =(ﬂu - (2 + ndhg(eser[2/—hy (I + ©)] — coth[2,/— R, ( E'}]:') ( B ) 28
Jné(p, — 4hgps)?

which is a singular—singular straddled soliton.

2b(2 + n)h, (cuth X ]+tanh X D ;[f'?&?.xw"m+ﬂ\'|

I - )
X, iy + =
> 0) ¢ Jnt(p — 4hyps)?

- hh. - . .
INBT7 . MW —40R0 s 5 dark-singular straddled soliton.
ng

where

¢=x -
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Result-2:

) - I - -
_ J2ag(b(2+n) — 2ZnZayps) - [2a, (bpy + n2awps) — b(2 +n)w _ —nla,p,
+n,/p, T b((2+n) —2nfaps) T 2b(2+n) —4nfagps’

\
_ . 3b(54 2n)n,
9py + 16asp, + b(2 +n) — 2nfayps

a,

_ APy (—b(2+n) + 2nla,ps)

g =

& Inip, : ba,
_10b(2+n)aip, +n*(3p, — 20a3p,)ps (30)
Pa = —3b(2 +n)ay +6naip; '

By substituting the functions &; (¢} for j = 1.....5 into equation (10) and using equations (3), (6), and (7), we can find
the solutions to equation (1). This involves inserting Result-2 into g;(x.t}, where j = 6.....10, to obtain the following
soliton solutions:

gg(x.t) =

i

I7ﬂ:a:p (5(2 +n) — 2nlayp.) ! nlayn \ "
snTanpy e —anTdap oy ; - . —
a\ll 26(2 + n) — 4nayp: tanh lz&(z +n) —4naype U+ ilmﬂi :3Euj-ﬂf?;jﬂ‘wﬂ"sf':—ﬂ"-i+ﬂ3w_1,+ﬂ |
4 blp(2+nl-Inayps) |
ap + — e " '

ﬂ*.'-'lpl

(31

2btd [ p2+mw+ 20, (bpy +niups)

where ¢ = x + e Biblzrn—Zniaops) . This represents a dark soliton solution.
o DL La Ll — LTl oHgs
qr(x.t) =
1
||2ﬂ:ﬂ§?i’1':5':2 +n) — 2nlayp;) coth || nlagp (40 i ; )
J 2h(2 + 1) — 4nlayps _\125{2 + ) — dnZagpg ] [[ m£+ ::cuii:fnﬁr!:ml;)"—i:li:+r!3:..-r+ﬂ |
+ 5 '?_x blp(z+nl-In?agpc) ]
a, — g
" nm
(32)
- n f th (zaglbpy+nupc)-blz+nle .'II
vy Ll.mﬁ'i blblzem—infagpg) o F |
ge(r.t) = | ap + —==(i sech[2h, (I + O] + tanh[2h, T+ O | &+ * : !, (33)
L2l
nZaip, (Bl2+n)-In?agpc) 12 . . . . .
where ¥, = — (AR TR TR PR and hy = | T of Equation (32) is a singular soliton, while

mimy s zhlzeml-anlagps 4/ 2b (2+n)-dnlagp;

Equation (33) represents a complexiton solution.

— l.[llmﬂ_l_ 1:cuii:li'.11+r!3mu;f'—i:'::+ﬂf'mx+ﬂ |

32 B-= blbl2+nl-aniaypg) |
Go (1) = | ap £ (csch [2hy (1 + )] — coth[2h, U+ D | & b ; e
npy

&

and is a singular—singular straddled soliton.

.'f £+ |2aglbpy+nlwpl-bl2+nlw ..'II
X1 hy hy ll.mﬁ—1L biblz+n)-2nayps) I”I.I
guplxnt)=| oy + ,—_(mth [—{{ + g‘]] +tanh [—{{ + g‘]D g " i
/2 2 2 (35)
My 2Py

This solution represents a dark—singular straddled soliton.
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Result-3:

_4/=55(1 +n) + 22nayp;

oy = -
1./n?(5p, + 4ayp,)
. ||—5£:(1 +mlw — 4ba2 (Sp, + 4a,ps) + 22n*wagps

=y b(5b(1 +n) — 22n%ayp:)
_ 2a,(5p; + 4a;p: J(B(2 + 1) — 2n?app;)
PL= —5b(1+n) + 22nfa,p; :
_ 3601 +npy — 6n®(p; + 3apps Jpe
Pa =00, (m5b( + ) + 22nfayp,)
_ ntad(5p, + 4agps)
Ty g 22nlayp:’

—b(1 + n)ps +2n%(p; + 3app s
Ps = '

dnlay(5p + 4ayp, )

(36)
By substituting the functions &;(¢) for j =1.....5 into
equation (10) and using equations (3), (6), and (7), we
can find the solutions to equation (1). This involves
inserting Result-3 into q;(x.t), where j =10,....13, to
obtain the following soliton solutions:

|=

| n?aZ(5p; + dagps)

agt - =
o XEJ Sh(1+n) — 22n2agps
g1 (x,1) = | 2 ) X
n?a;(5p; + 4a
tanh| |- o P2 TP (14¢)
\ 5b(1 +n) — 22n%agps
. T A
1 ¢f |—sb(1+n)w—4ballEp +4 +22nwi
z(m%i :' ‘;-\5;112?322:3::2:5} . Emﬂp)
e . N 5,
(37)
where
:E:lr'?\;—5-E:':1+i-1f':._-—=1.i:lnﬁ':5a3+4r:up3f'+::ﬂ:mnup5
=X - — =
¢ gy b(sb{1+n)-22niayp:]
[—Bbl1+n)+2InZaspg . .
and y; = = === This solution represents

Jn2(5po+4agps)
a dark soliton.

EI

| n?al(5p, + 4ayp,)
ag T ¥3 |

=X TSh{ £ - 22nfagps
gy, (x. £) = | — ¥
'J‘I‘C!.E,':Ep: + dayps)

coth | |- - 0+
S T ) —22nagp, T
.'f tf | |-sbli+nlw—4ballsp,+4aops)+22niwanp e .'II
ll\mﬁ'i\ bisbl1+nl-22nlagps] I+'5_II
g 3
(38)

which is a singular soliton.

1
qua(x t) = (@ £ x2hy( sechl2h, (0 + )] + tanh [20, (1 + Q1))"

Iy

[ tF | |-sh(t+ndw-4bal(spa+4agpz)+Iniwapps J
le_+. i o3 s

[ | bisb{1+n)-22nlayps) |

e " s

(39)

|I niai{5py+4apps)

where by = | —— 2
< 4 sblr+m)-zInmiagpg

. This is a complexiton
solution.

1
gua(x.8) = (ay + yahy(esch[2h, (0 + ¢)] — coth[2h, (0 + ¢)1))"

i

[ g |-sB( Jw—4baz(sp. T+ 22ndw - \

_lwr_+ | 59.1+n.1|_ .4_ﬂ!:u.5?.|‘+4ﬂ5?.|3.+..ﬂ W cup,_“_ﬂ |
- plsp(1+n)-22nTagps) |

- N

(40)
and it is a singular—singular straddled soliton.

1
2o = (% i;r:s;-: (cath [%{{ + g]] + tanh [%{{ +d]))n

i - — — W
| r3+ |—sbl1+mlw—sbag(s5p+4appz)+22nwaps |

w1 | — = x+p |
l 8= b{sbl1+nl-22nagpc) ﬂ_,l

Xe " N

(41)
which is a singular-dark straddled soliton.

4. Conclusions

The current paper studied the governing nonlinear
Schrodinger equation with fractional temporal evolution
and linear chromatic dispersion with Kudryashov’s
extended-exotic form of SPM. The integration algorithm
adopted in the work is the simplest equation approach
and this turned out to be an epic failure to retrieve bright
optical soliton solutions to the model. Instead, other
forms of soliton solutions, straddled solitons and
complexiton solutions are revealed. As the title of the
work indicates, the internet bottleneck effect is not
controlled. Therefore, the stern message is that the
integration algorithm, namely the simplest equation
approach, is not robust to retrieve the most important
form of soliton solutions, namely the bright solitons.

While the results of the paper are discouraging the
message is that additional integration approaches would
be later identified to successfully recover the much-
demanding bright soliton solutions to this governing
model. The recovered results from those additional
integration algorithms will be made available across the
board. Once these recovered results are available and
aligned with the pre-existing ones, they will be
disseminated.
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Ilonos1aHHsA BY3bKHX Miclb B Mepe:xi IHTepHeT 32 10m0OMOro po3mmpeHoi Ta ek30Tu4Hoi ¢popmu Kynpsimosa
cTpyKTYpH a30B0i camomoay asiuii 3 Ipo00BOI0 YACOBOIO €BOJIIOLII0

M.A.S. Murad, A.H. Arnous, Y. Yildirim & A. Biswas

Anotanis. L{g cTaTTd ONTHMICTHYHO Ta arpecWBHO CIIPSMOBAaHA HAa KOHTPOIJb €(EeKTy BY3BKOTO MICISl B Mepexi
[HTepHET 3a JOMOMOTOIO PO3IMIMPEHOI Ta ek30TW4YHOI (Gopmu Kyapsimosa cTpykTypu (a3oBoi caMOMOIYIAIii 3
BHKOPHUCTAaHHAM MO (]PIKOBAaHOTO METOAY MPOCTOrO piBHAHHA. Lle# miaxim, Ha kaib, HE 1aB MOXIIMBICTH OTPHMATH
PO3’sI3KHU IS BUNIAJKY SICKpPaBHUX COJIITOHIB, SIKI CIIy»aTh OiTaMu npu nepezaadi inpopmaii. Jlana mozgens nependauae
JIpoOOBY YacoBy e€BOJIIOLI0. HecmpoMOXKHICTh cXeMH iHTerpamii OTpUMAaTd pO3°SI3KH JJIS BHITAJKY SICKPaBUX
COJITOHIB /Ia€ B 1[Il CTATTi CYBOPUH YPOK 11100 IPUHHATOTO HEHAIHHOTO aJrOPUTMY IHTErparii.

Kuarouosi ciioBa: conironn, meroa Kynpsimoa, 1po0oBa 4acoBa €BOJIOIIIS.
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