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m
o
u
s

N
L
S
 
e
q
u
a
t
i
o
n

i
Q
t

 +
 f
(t
)Q
#x

 +
g
(
t
)
|
Q
|
²
Q
+

 v
(
x
,

 t
)Q

 +
 
iy
(t
)Q

 =
 0
,

(1
0)

isw
h
i
c
h
 
h
a
s
 
b
e
e
n
 
d
i
s
c
u
s
s
e
d
 
be
fo

re
.

 
1
8
 
T
h
e
 
c
a
s
e
 
h(
t)
 
≠
0

 
h
a
s
 
b
e
e
n
 
co
ns
id
er
ed
, 
a
n
d

t
h
e
 
m
u
l
t
i
-
s
o
l
i
t
o
n
 
m
a
n
a
g
e
m
e
n
t
 
h
a
s
 
b
e
e
n
 
pr
es
en
te
d  
w
i
t
h

 t
h
e
 
h
e
l
p
 
o
f
 
N
-
f
o
l
d
 
D
T
.
1
5

W
e

 w
o
u
l
d
,
 h
o
w
e
v
e
r
,
 l
ik
e  
t
o
 r
e
m
a
r
k
 o
n

 t
h
e
i
r
 r
es
ul
ts
,  
es
pe
ci
al
ly

 i
n
 t
h
e
 n
o
n
v
a
n
i
s
h
i
n
g

c
a
s
e
 
o
f
 
h(

t)
.  

Fi
rs

t,
 
t
h
e
 
t
e
r
m
 
In
(2
(f

 
+
h
x
)
)

 
i
n
 
t
h
e
 
e
x
p
r
e
s
s
i
o
n
 
o
f
 
0(

x,
 t)
 
c
a
n
n
o
t
 
h
o
l
d

fo
r 
ar

bi
tr

ar
y 
f,

 h
 a
n
d
 
x
.
 
C
o
n
s
e
q
u
e
n
t
l
y
,
 t
he
 
e
x
t
r
a
 
co

nd
it

io
n
 
(I

n)
 
-
2
y
(
t
)
 
=

 
0

n
e
c
e
s
s
a
r
y
 
i
n
 
g
e
n
e
r
a
l
.
 
S
e
c
o
n
d
,
 
le
t  
I
 
b
e
 
t
h
e
 
id

en
ti

ty
 
m
a
t
r
i
x
 
a
n
d
 
S
 
b
e
 
a
 
2
 
x
 
2

m
a
t
r
i
x
 
w
i
t
h
 
p
a
r
a
m
e
t
e
r
s
 
x
 
a
n
d
 
t
.
 I
f 
n
 
sa
ti
sf
ie
s 
c
o
n
d
i
t
i
o
n
 
Eq
. 

(3
),

 t
h
e
n
 
M

 
=

 n
I
 
-

 
S

c
o
u
l
d
 
n
o
t
 
b
e
 
a
 
D
a
r
b
o
u
x
 
m
a
t
r
i
x
 
o
f
 
s
y
s
t
e
m
 
(2
)  
s
i
n
c
e
 
t
h
e
 
t
r
a
c
e
 
o
f
 
t
h
e
 
t
r
a
n
s
f
o
r
m
e
d

m
a
t
r
i
x
 
V
 
=

 M
V
M
-
1
+
M
₁
M
-
1

 
is

 
n
o
t
 
e
q
u
a
l
 
t
o
 
z
e
r
o
 
a
n
y
m
o
r
e
.
 
T
h
i
s
 
f
a
c
t
 
h
a
s
 
b
e
e
n

d
e
m
o
n
s
t
r
a
t
e
d
 b
y
 
m
a
n
y
 
re

se
ar
ch
er
s.
19
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4  
Th
ir
d,

 t
h
e

 c
a
p
t
i
o
n
s
 
o
f
 F
ig

s.
 1
 
a
n
d
 
2
 
i
n

R
e
f
.
 1
5
 s
h
o
w
 t
h
a
t
 t
h
e
y
 
d
e
s
c
r
i
b
e
 s
o
l
i
t
o
n
 s
o
l
u
t
i
o
n
s
 
d
e
t
e
r
m
i
n
e
d
 
b
y

 E
q
s
.
 (
3.

7)
 
a
n
d
 
(3
.8
)

1
7
5
0
2
7
6
-
3
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O
c
t
o
b
e
r
 2
0
,
 
2
0
1
7
1
7
 

1
5
:
3
0

M
P
L
B

S
0
2
1
7
9
8
4
9
1
7
5
0
2
7
6
1

p
a
g
e
 4

X
.
 
Y
o
n
g
 
e
t 

al.

f
o
r
 
t
h
e
 c
a
s
e
 h(t)

 ≠
0
,
 b
u
t
 t
h
e
 p
a
r
a
m
e
t
e
r
 o
f
 subfigure

 (a)
 
w
a
s
 h(t)

 
=

 0
.
 T
h
i
s
 is self-

contradictory,
 b
e
s
i
d
e
s
 t
h
e
i
r
 
w
r
o
n
g
 analytic

 e
x
p
r
e
s
s
i
o
n
 o
f
 solitons.

I
n
 v
i
e
w
 o
f

 t
h
o
s
e
 facts,

 w
e

 w
o
u
l
d

 like
 t
o
 r
e
c
o
n
s
i
d
e
r
 t
h
e
 integrable

 n
o
n
a
u
t
o
n
o
m
o
u
s

Schrödinger
 e
q
u
a
t
i
o
n
 t
o r

e
v
i
s
e t

h
e
 existing D

T
.

 W
e

 will f
o
c
u
s

 o
n

 t
h
e
 c
a
s
e
 of h(t) ≠

 0
.

I
n

 this
 c
a
s
e
,

 t
h
e

 condition
 (1n),-

 2y(t)
 
=
0
 
m
u
s
t
 b
e
 satisfied,

 w
h
i
c
h

 s
u
g
g
e
s
t
s
 t
h
a
t

g(t)
 
=

 cf(t)e2
 f(t)dt.

 F
o
r
 simplicity,

 w
e
 take

 
t
h
e
 integral

 
c
o
n
s
t
a
n
t
 
c

 =
 2 

a
n
d
 
g
e
t

t
h
e
 
e
q
u
a
t
i
o
n

iqt
 +

 (f(t)
 +h(t)x)(qxa

 +
2
g
²
g
)

+
(
v
;
(
)
x

 +
 v(t)q

 +2h()
 (2=

 +a
[
 

l9Pdr)
 =
0
,

(11)

b
a
s
e
d
 o
n
 t
h
e
 
i
n
v
e
r
s
e
 transformation

 
o
f
 E
q
.
 (4).

 T
h
e
 
L
a
x
 p
a
i
r
 
o
f
 t
h
i
s
 focusing

 inte-

grable
 e
q
u
a
t
i
o
n
 r
e
a
d
s

w
h
e
r
e

√
=
U
 
=

 (
-
i
J
A
+
U
₁
) 

,

] 
=

 V
 
=

 (
V
%
X
² 
+ V

₁
A + V

2
)
¥
,

1
 

0

(12)

V1
 
=

{-2i(f+hx)

0

-2q"(f+hx)

V
2
=
 

4
B

-
B
*
 
-
A

w
i
t
h
A

 a
n
d
 B

 being
 given

 b
y

0

2i(f+hx))

2q(f+
 
hx))

A
 =
(
V
1
x
+

 vo) 
+

 i(f
 +hx)|ql²

 +
i
h

2
L
 

lol da'
B
i
h
q
+
i
(
f

 +
h
x
)
q
#

a
n
d
 t
h
e
 spectral

 p
a
r
a
m
e
t
e
r

 A
 satisfying

入
=
2
h
入
²
−

2
(13)

W
e
 
p
o
i
n
t
 
o
u
t
 
t
h
a
t
 
t
h
e
 
c
a
s
e
 
w
h
e
n
 h
µ
1
,

 f
 
=
 112, v

0 
=
 
V
1
 
=

 0
 
w
a
s
 
first 

c
o
n
-

s
i
d
e
r
e
d
 i
n
 
a
 
m
o
r
e
 general

 f
o
r
m
 
b
y
 C
a
l
o
g
e
r
o
 
a
n
d
 
Degasperis25

 
a
s
 
a
 k
i
n
d
 
o
f
 s
o
l
v
-

able
 
m
o
d
e
l
 b
y
 t
h
e
 spectral

 t
r
a
n
s
f
o
r
m
a
t
i
o
n
.
 
Moreover,

 
L
a
k
s
h
m
a
n
a
n
 a
n
d
 B
u
l
l
o
u
g
h

s
h
o
w
e
d

 t
h
e
 g
a
u
g
e
 e
q
u
i
v
a
l
e
n
c
e
 b
e
t
w
e
e
n
 t
h
i
s
 s
y
s
t
e
m
 a
n
d
 t
h
e
 generalized

 H
e
i
s
e
n
b
e
r
g

f
e
r
r
o
m
a
g
n
e
t
i
c
 spin

 e
q
u
a
t
i
o
n
.

 25
 Furthermore,

 t
h
e
 i
n
c
l
u
s
i
o
n
s
 of

 time-dependent
 t
e
r
m
s

1
7
5
0
2
7
6
-
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p
a
g
e
 
5

D
a
r
b
o
u
x
 t
r
a
n
s
f
o
r
m
a
t
i
o
n
 
a
n
d

 s
ol

it
on

s 
f
o
r
 a
n

 i
nt

eg
ra

bl
e 
n
o
n
a
u
t
o
n
o
m
o
u
s
 
N
L
S
 e
q
u
a
t
i
o
n

h
a
v
e
 
a
t
t
r
a
c
t
e
d
 
w
i
d
e
s
p
r
e
a
d
 
c
o
n
c
e
r
n
,
 
s
i
n
c
e
 
a
n
 
e
x
t
e
n
s
i
v
e
 
c
l
a
s
s
 
o
f
 
p
a
r
t
i
a
l
 d
if
fe
re
nt
ia
l

e
q
u
a
t
i
o
n
s
 
a
r
i
s
e
s
,
 
t
o
 
d
e
s
c
r
i
b
e
 
t
h
e
 
p
r
o
p
a
g
a
t
i
o
n
 
o
f
 w
a
v
e
s
 
i
n
 
n
o
n
u
n
i
f
o
r
m
 
m
e
d
i
a
 
o
r
 
i
n

m
u
l
t
i
-
d
i
m
e
n
s
i
o
n
a
l

 c
a
s
e
s
.
 
M
a
n
y

 s
ig

ni
fi

ca
nt

 
a
c
h
i
e
v
e
m
e
n
t
s
 
h
a
v
e
 
b
e
e
n
 
m
a
d
e

 a
b
o
u
t
 
t
h
i
s

to
pi
c.
27
-3
5 
A
s

 t
h
e
 z
e
r
o
 c
u
r
v
a
t
u
r
e
 c
o
n
d
i
t
i
o
n
 o
f
 a

 n
on
-i
so
sp
ec
tr
al

 A
K
N
S

 h
ie

ra
rc

hy
, 
o
n
e

c
a
n

 u
su

al
ly

 
s
o
l
v
e
 t
h
e
 
e
q
u
a
t
i
o
n
 
b
y

 t
h
e
 
m
e
t
h
o
d
 
o
f
 
D
a
r
b
o
u
x
 
t
r
a
n
s
f
o
r
m
a
t
i
o
n
 
(D

T)
 
a
n
d

t
h
e
r
e
 h
a
v
e
 
b
e
e
n
 
m
a
n
y

 w
o
r
k
s
 d
e
v
o
t
e
d
 t
o
 
c
o
n
s
t
r
u
c
t
 
D
T
s
 i
n
 a

 u
ni
fi
ed

 
a
p
p
r
o
a
c
h
.

 3
6
-
4
2

H
o
w
e
v
e
r
,
 t
h
e
 D
T

 f
o
r

 t
h
e
 n
on
-i
so
sp
ec
tr
al

 A
K
N
S

 h
i
e
r
a
r
c
h
y
 h
a
s
 
a
n

 e
ss
en
ti
al

 
di
ff
er
en
ce

f
r
o
m
 t
h
e

 s
t
a
n
d
a
r
d

 c
a
s
e
 a
n
d
 t
h
i
s
 e
s
s
e
n
t
i
a
l
 d
i
f
f
e
r
e
n
c
e
 i
s 
o
f
t
e
n

 n
e
g
l
e
c
t
e
d
.
 
C
o
n
s
e
q
u
e
n
t
l
y
,

i
n
 t
h
i
s
 p
a
p
e
r
,

 w
e
 
m
o
d
i
f
y
 t
h
e
 e
xi

st
in

g 
D
T

 f
o
r
 s
u
c
h
 
a
 n
o
n
-
i
s
o
s
p
e
c
t
r
a
l
 
p
r
o
b
l
e
m
.
 T
h
e
n
,

t
h
e
 n
o
n
a
u
t
o
n
o
m
o
u
s
 s
o
l
i
t
o
n
 s
ol

ut
io
ns

 
a
r
e
 o
b
t
a
i
n
e
d
 
v
i
a
 t
h
e
 m
o
d
i
f
i
e
d
 
D
T
,

 a
n
d
 b
a
s
i
c

pr
op

er
ti

es
 o
f

 t
h
e
s
e
 s
o
l
u
t
i
o
n
s
 i
n

 t
h
e

 i
n
h
o
m
o
g
e
n
e
o
u
s
 
m
e
d
i
a
 
a
r
e
 d
is
cu
ss
ed

 g
ra

ph
ic

al
ly

t
o
 
il

lu
st

ra
te

 
t
h
e
 
i
n
f
l
u
e
n
c
e
s
 
o
f
 t
h
e
 v
a
r
i
a
b
l
e
 
co

ef
fi

ci
en

ts
.

2
.
 
D
a
r
b
o
u
x
 
T
r
a
n
s
f
o
r
m
a
t
i
o
n

It
 i
s 
k
n
o
w
n
 t
h
a
t
 v
a
r
i
o
u
s
 r
es
ul
ts

 h
a
v
e
 
b
e
e
n
 
pr

es
en

te
d  
o
n

 t
h
e
 
c
o
n
s
t
r
u
c
t
i
o
n
 o
f
 D
T
s

 f
o
r

no
n-
is
os
pe
ct
ra
l 
pr

ob
le

ms
, 
i
n
 
w
h
i
c
h
 
t
h
e
 
s
p
e
c
t
r
a
l
 
p
a
r
a
m
e
t
e
r
 
d
e
p
e
n
d
s
 
o
n
 
t
h
e
 
t
i
m
e
 
o
r

s
p
a
c
e
 
va

ri
ab

le
s.

 1
9
-
2
4
 
He

re
, 
w
e
 
a
p
p
l
y
 
a
 
m
e
t
h
o
d
 
b
y
 
Zh

ou
43

,4
4 
t
o
 
c
o
n
s
t
r
u
c
t
 
a
 
D
T
 
fo

r

t
h
e
 
no

n-
is

os
pe

ct
ra

l  
A
K
N
S
 
p
r
o
b
l
e
m
 
a
s
 
fo
ll
ow
s.

L
e
t
 
q
 
sa
ti
sf
y  
t
h
e
 
ra

pi
dl

y  
va
ni
sh
in
g  
a
s
y
m
p
t
o
t
i
c
 
c
o
n
d
i
t
i
o
n

l
i
m
 
x
k
m

 g
 =

 0

8个日

(1
4)

fo
r 

t 
a
n
d
 
no
nn
eg
at
iv
e 

in
te
ge
r 
k,

 
m
.
 I
f
 
1
=
 
(f

i,
 9
1)

T 
is
 
a
 
c
o
m
p
l
e
x
 v
e
c
t
o
r
-
v
a
l
u
e
d

ei
ge
nf
un
ct
io
n 

of
 
E
q
.
 
(2
) 
co

rr
es

po
nd

in
g 
t
o
 
t
h
e
 
p
a
r
a
m
e
t
e
r
 
1
 
=

 
a1

(t
) 
+i

B1
(t

),
 t
h
e
n

V
2
 
=
 
(
-
9
 
f
i
)
T
 
is

 a
 
v
e
c
t
o
r
-
v
a
l
u
e
d
 
ei
ge
nf
un
ct
io
n 
o
f
 E
q
.
 
(2

) 
co
rr
es
po
nd
in
g 
t
o
 
t
h
e

p
a
r
a
m
e
t
e
r

 X
=

 a
1(

t)
-i

B1
(t

).
 H
e
r
e
,
 t
h
e
 
s
y
m
b
o
l

d
e
n
o
t
e
s

 t
h
e

 c
o
m
p
l
e
x

 c
on

ju
ga

ti
on

.
D
e
f
i
n
e

D
(
A
)

 =
 p
(A

)G
(t

)T
(A

),
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(1
5)

w
h
e
r
e G(

t)
 =

 d
ia
g(
e-
2i
 
o

 hB
id
t 

e2
i S
 

hB
id
t'
)

(1
6)

p(
A)

 =
 
[d
et
(A
I 
—

 H
AH
-1
}]
-1
/2

 =
 [
(A

 —
 A
1
)
(
 
—

 A
)]

-1
/2

(1
7)

T
(
A
)
 =

 A
I
-
S
,
 
S
=

 H
A
H
-
1
,
 
Н

 =
 (
1
,
 

2)
,  

A
 =

 d
ia

g(
A1

,  
A
)
,

(1
8)

I
 
b
e
i
n
g
 t
h
e
 
id
en
ti
ty
 
m
a
t
r
i
x
.
 
Th
en
, 
t
h
e
 g
a
u
g
e
 t
r
a
n
s
f
o
r
m
a
t
i
o
n

È
=

 D
(
入
)
亚

p
r
e
s
e
n
t
s
 t
h
e
 
D
T

 
f
o
r
 E
q
.
 
(2
) 
a
n
d

is
 a

 v
e
c
t
o
r
 
ei

ge
nf

un
ct

io
n 
sa

ti
sf

yi
ng

 t
h
e

 e
ig
en
va
lu
e

e
q
u
a
t
i
o
n
s

(1
9)

位
二
广
鱼

重
二
位

1
7
5
0
2
7
6
-
5

(2
0)
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p
a
g
e
g
e

 6

X
.
 Y
o
n
g
 
e
t
 
al.

w
i
t
h

 U
 a
n
d

 V
 h
a
v
e

 t
h
e

 s
a
m
e
 f
o
r
m
s
 
a
s
 t
h
o
s
e

 o
f
 
U
 
a
n
d

 V
,

 e
x
c
e
p
t
 replacing

 glo]
 
w
i
t
h

a
 
n
e
w

 potential
 f
u
n
c
t
i
o
n
 g1]

 i
n
 
U
 a
n
d
 
V
.

A
s

 pointed
 i
n
 R
e
f
s
.
 4
5
 a
n
d
 46,

 t
h
e

 f
a
c
t
o
r
s

 p(A)
 a
n
d
 G(t)

 h
e
r
e
 
a
r
e
 v
e
r
y
 i
m
p
o
r
t
a
n
t
.

F
o
r
 t
h
e
 
s
t
a
n
d
a
r
d
 isospectral

 A
K
N
S

 hierarchy,
 t
h
e
y
 d
e
g
e
n
e
r
a
t
e
 
t
o
 vanish,

 w
h
i
l
e
 f
o
r

e
q
u
a
t
i
o
n
s
 w
i
t
h
 v
a
r
i
a
b
l
e
 spectral

 parameters,
 t
h
e
 s
c
a
l
a
r

 f
a
c
t
o
r
 p(A)

 is
 
i
n
t
r
o
d
u
c
e
d
 t
o

m
a
k
e
 V
e

 sl(2).
 T
h
e

 g
a
u
g
e
 f
a
c
t
o
r
 
G(t)

 
k
e
e
p
s
 t
h
e
 integral

 
c
o
n
s
t
a
n
t
s
 i
n
v
a
r
i
a
n
t
 o
f

 V

a
n
d
 V
.

 M
o
r
e
o
v
e
r
,
 t
h
e
 imaginary

 p
a
r
t
 
o
f
 t
h
e
 s
p
e
c
t
r
a
l
 p
a
r
a
m
e
t
e
r

 s
h
o
u
l
d

 b
e
 n
e
g
a
t
i
v
e

t
o
 k
e
e
p
 
t
h
e
 a
s
y
m
p
t
o
t
i
c
 p
r
o
p
e
r
t
y
 o
f

 t
h
e
 e
l
e
m
e
n
t
a
r
y
 s
o
l
u
t
i
o
n
 o
f

 t
h
e
 L
a
x

 pair.

U
n
d
e
r
 t
h
e
 D
T
,
 it is 

e
a
s
y
 t
o
 find

 
o
u
t
 t
h
a
t

U
 
=

 G
(
U
₁

 +
 i[S, J])G-1.

H
e
n
c
e
,
 
w
e
 o
b
t
a
i
n
 t
h
e

 r
e
p
r
e
s
e
n
t
a
t
i
o
n
 of

 one-fold
 
D
T

g!]
 =
e
-
4
4

 S
 

hBide
 

9101  
-

 2
1
-
)
1
9
1

f
1
²
+
9
1
2

(21)

(22)

Iterating
 t
h
e
 t
r
a
n
s
f
o
r
m
a
t
i
o
n
 
N

 times,
 
N

 b
e
i
n
g
 
a
n
 arbitrary

 positive
 integer,

 
w
e

c
a
n
 h
a
v
e
 t
h
e
 N
t
h
 i
t
e
r
a
t
e
d
 potential

 transformation
N

g[N] =
e
-
4
=
i
 
o

 h
B
s
d
t 

910)-2
m
=
1

f
1
2
+
9
6
/
2

k
1

(23)

w
h
e
r
e
 A
 
=
 ax(t)

 
+

 ißk(t),
 
1
 ≤

 
k
 ≤
 
N
,
 
a
r
e
 different

 
non-isospectral

 
p
a
r
a
m
e
t
e
r
s

w
i
t
h
 
negative

 i
m
a
g
i
n
a
r
y
 p
a
r
t
s
 a
n
d
 
k
 
=

 (fk,
 9
)
T

 is
 
t
h
e
 
v
e
c
t
o
r
 eigenfunction on

 
o
f

E
q
.

 (2)
 corresponding

 
t
o
 t
h
e
 p
a
r
a
m
e
t
e
r

 A
 
a
n
d
 g

 
=

 q(-1]
 
f
o
r
 e
a
c
h
 1
 ≤

 k
 ≤

 N
.

 T
h
i
s

f
o
r
m
u
l
a
 w
i
l
l
 b
e
 u
s
e
d
 t
o
 
c
o
n
s
t
r
u
c
t
 multi-soliton

 s
o
l
u
t
i
o
n
s
 i
n
 t
h
e
 following

 s
e
c
t
i
o
n
.

3. 
N
o
n
a
u
t
o
n
o
m
o
u
s
 S
o
l
i
t
o
n
s

I
t
 

is 
n
o
w
 generally

 accepted
 t
h
a
t
 solitary

 
w
a
v
e
s
 
i
n
 
n
o
n
a
u
t
o
n
o
m
o
u
s
 
n
o
n
l
i
n
e
a
r ar
 a
n
d

dispersive
 s
y
s
t
e
m
s
 c
a
n

 p
r
o
p
a
g
a
t
e
 i
n
 t
h
e
 f
o
r
m
 o
f

 so-called
 
n
o
n
a
u
t
o
n
o
m
o
u
s
 s
o
l
i
t
o
n
s
o
r

s
o
l
i
t
o
n
l
i
k
e
 similaritons.

 
N
o
n
a
u
t
o
n
o
m
o
u
s
 s
o
l
i
t
o
n
s
 i
n
t
e
r
a
c
t
 elastically

a
n
d
 generally

m
o
v
e

 w
i
t
h

 varying
 amplitudes

 
a
n
d
 speeds.47-59

 I
n
 this

 s
e
c
t
i
o
n
,
 
w
e
 t
a
k
e

k
e
 g
0
0

 t
o

c
o
n
s
t
r
u
c
t
 
s
o
l
i
t
o
n
 s
o
l
u
t
i
o
n
s
 i
n
 explicit

 
f
o
r
m
s
.

T
o
 o
b
t
a
i
n
 t
h
e
 o
n
e
-
s
o
l
i
t
o
n
 s
o
l
u
t
i
o
n
 
f
o
r
 
E
q
.
 (1),

 
w
e
 t
a
k
e
 
t
h
e
 spectral

 
p
aрa
r
a
m
e
t
e
r

λ
₁
 
=
 
α
ι
 
+
 iβ1, w

h
i
c
h
 satisfies

U
1

a
1
t
 =

 2h(a}
 
-

 B})-
 

Brt
 =

 A
h
a
 gi

(24)

a
n
d
 o
b
t
a
i
n

 t
h
e
 f
o
l
l
o
w
i
n
g
 eigenfunctions

 b
y
 directly

 solving
 t
h
e
 c
o
r
r
e
s
psp
o
n
d
i
n
g
 L
a
x

p
a
i
r

f
i
=
e
P
1
,
 

91=e²P1
(25)

w
i
t
h

.e
d)
-!
xf
2)

 /
+z
x=
v
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s
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S

 e
q
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n

A
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p
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g

 t
h
e
 D
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,

 w
e

 c
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 t
h
e
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ol
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wi

ng
 o
n
e
-
s
o
l
i
t
o
n
 s
o
l
u
t
i
o
n
 f
or

 E
q
.
 (
1)
:

91
1]

 =
 2
B1

 s
e
c
h

 (2
01

)e
-2

(6
1+

2 S
h
B
i
d
t
'
)

(2
6)

w
i
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h

01
 =
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4/

 f
az

Br
at

.

51
 =

 α
2
x
+ +
 /

 [2
hg 
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2
5
(
0
号
一
時
)
一
社dt.

I
t
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e
v
i
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e
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t
 
t
h
a
t
 
t
h
e
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m
p
l
i
t
u
d
e
 
o
f
 t
h
e
 
b
r
i
g
h
t
 
s
o
l
i
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o
n
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s
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d
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c
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s
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h
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e
.
 
T
h
e
 v
o
 t
e
r
m
 
i
n
 t
h
e
 e
x
t
e
r
n
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l
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te
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ia
l  
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o
n
t
r
i
b
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s
 
o
n
l
y
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o
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h
e
 
fr
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ue
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y  
sh
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h
e
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n
e
-
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n
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d
 
it
 
c
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n
 
b
e
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d
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y
 
a
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m
e
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p
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n
t
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h
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e
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n
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h
e
 
w
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e
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c
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.
 
T
h
e
 
l
i
n
e
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r
 
e
x
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l
 
po
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ia
l  
v
i
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m
 
c
o
n
t
r
i
b
u
t
e
s
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o
 b
o
t
h
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h
e
 f
r
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y

sh
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t  
a
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d
 
t
h
e
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l  
po

si
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on
 
o
f

 t
h
e
 
on

e-
so

li
to

n.
 
T
h
e
s
e
 
t
w
o
 
t
e
r
m
s
 
d
o
 
n
o
t
 
in

fl
ue

nc
e

t
h
e
 i
nt
eg
ra
bi
li
ty
 
o
f

 t
h
e
 s
y
s
t
e
m
.

A
 
so

li
to

n  
c
a
n
 b
e
 w
e
l
l
 
de
fi
ne
d  
b
y
 i
ts

 a
mp

li
tu

de
,  
f
r
e
q
u
e
n
c
y
,
 p
h
a
s
e
 
a
n
d
 t
i
m
e
 p
o
-

si
ti

on
.  

So
,  

i
t
 
is
 
po

ss
ib

le
 
t
o
 
c
o
n
t
r
o
l
 
so
li
to
n  
d
y
n
a
m
i
c
s
 
b
y
 
de
fi
ni
ng

 
t
h
e
 
p
a
r
a
m
e
t
e
r

fu
nc
ti
on
s.

 T
h
i
s
 
is
 
t
h
e
 
m
e
a
n
i
n
g
 o
f
 s
o
l
i
t
o
n
 m
a
n
a
g
e
m
e
n
t
.
 
W
e
 c
a
n
 
d
e
t
e
r
m
i
n
e
 t
h
a
t
 
t
h
e

w
i
d
t
h
 
o
f

 t
h
e
 
o
b
t
a
i
n
e
d
 
n
o
n
a
u
t
o
n
o
m
o
u
s
 
s
o
l
i
t
o
n
 
is

1

W(
t)
~2
81

t
h
e
 
e
v
o
l
u
t
i
o
n
 
o
f
 i
ts
 
p
e
a
k

 i
s

1g
!1

]a
x 
=

 4
B

a
n
d
 
t
h
e

 
t
r
a
j
e
c
t
o
r
y
 
o
f
 
it
s 
w
a
v
e
 
c
e
n
t
e
r
 
is

4
f

 f
a
B
z
d
t

Ic
(t
) =
-

(2
7)

(2
8)

(2
9)

B
a
s
e
d
 o
n

 t
h
e
s
e
 e
xp

re
ss

io
ns

, 
s
o
l
i
t
o
n
 m
a
n
a
g
e
m
e
n
t
 c
a
n
 b
e

 r
ea

li
ze

d.
 T
o
 
d
e
m
o
n
s
t
r
a
t
e

th
is

, 
w
e
 
t
a
k
e
 t
h
e
 
fo

ll
ow

in
g  
id

ea
. 
R
e
w
r
i
t
e
 E
q
.
 
(2
4)

 
a
s

h
 

Bi
t

=
-
2
0
 
+

 
B
u
第
一
盎
)
。

4
α
β
ι

B
1
 

(3
0)

o
t
h
e
r
 
t
h
a
n
 
so
lv
in
g 

it
 f
or

 
0
1
 
a
n
d
 
81
. 
T
h
i
s
 
i
d
e
a

 c
a
n

 h
el

p 
u
s
 
v
i
s
u
a
l
i
z
e
 
v
a
r
i
o
u
s
 
d
y
n
a
m
i
c
s

o
f

 t
h
e
 
on

e-
so

li
to

n 
m
u
c
h
 
m
o
r
e
 
ea
si
ly
. 
Mo

re
ov

er
, 

i
n
 
o
r
d
e
r
 
t
o
 
a
v
o
i
d
 
t
h
e
 
si
ng
ul
ar
it
y 
o
f

0
1
,

 B
1
 
a
n
d
 
k
e
e
p
 
t
h
e
 
n
e
g
a
t
i
v
e
 
p
r
o
p
e
r
t
y
 
o
f
 
B1
, 
w
e
 
a
s
s
u
m
e

α
1
 
=

 1
+n
(t
)2
, 

B
1
=
-
1
-

 m
(t

)2
,

(3
1)

w
h
e
r
e
 
m(
t)
,  
n(
t)
 
a
r
e
 
ar
bi
tr
ar
y  

r
e
a
l
 
fu
nc
ti
on
s.
 
T
h
e
n
,
 
t
h
e
 
m
a
n
a
g
e
m
e
n
t
 
o
f
 t
h
e
 
o
n
e
-

s
o
l
i
t
o
n

 c
a
n

 b
e
 
e
a
s
i
l
y
 c
o
m
p
l
e
t
e
d
 
b
y
 
ch
oo
si
ng

 
t
h
e

 f
u
n
c
t
i
o
n
s
 
m(
t)
,  n

(t
)  
a
n
d

 f
(t
).

 
M
a
n
y

di
ff
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en
t  

so
li

to
n  
s
h
a
p
e
s
 c
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n
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e
 
a
c
h
i
e
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d
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g
h
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.
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b
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p
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l
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p
l
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c
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 p
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h
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Fig.  
1.  

(Color
 
online)  

Parabolic
 
t
y
p
e
 one-soliton  

v
i
a  

solution  (26)  
w
h
e
n
 m(t)

 
=
 

n(t)  
=

f(t) 
=

 t
. (a) I

n
t
e
n
s
i
t
y |q|2 

a
n
d
 (b) 

c
o
n
t
o
u
r plot 

o
f F

i
g
. 

1(a).

a

32
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Fig.
 2
.
 
(Color

 online)
 P
a
r
a
b
o
l
i
c
 t
y
p
e
 one-soliton

 w
i
t
h

 oscillation
 
v
i
a

 s
o
l
u
t
i
o
n
 (26)

 w
h
e
n
 m(t)

 
=

n(t)
 
=

 -sin(2t),
 f(t)

 =
t
.
 (a)

 Intensity
 q|2

 a
n
d
 (b)

 
c
o
n
t
o
u
r
 p
l
o
t
 o
f
 Fig.

 2(a).

a
s
 m(t)

 
=

 sin(et),
 w
h
i
l
e
 m(t)

 
=

 e
t

 m
e
a
n
s
 
t
h
a
t
 
t
h
e
 a
m
p
l
i
t
u
d
e
 o
f
 t
h
e
 c
o
r
r
e
s
p
o
n
d
-

i
n
g
 n
o
n
a
u
t
o
n
o
m
o
u
s

 soliton
 increases

 (or
 decreases)

 exponentially.
 F
u
r
t
h
e
r
m
o
r
e
,
 the
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 d
e
s
c
r
i
b
e
d
 b
y
 01 

=
 0

 exhibits
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i
c
h
 diversity.
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o

 illustrate,
 t
h
e
 p
r
o
p
a
g
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n
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d
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o
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t
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o
n
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o
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 F
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h
e
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n
h
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o
g
e
n
e
o
u
s
 
p
a
r
a
m
e
t
e
r
s
 c
o
u
l
d
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e

 designed
 
a
s

m(t)
 
=
å
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 n(t)

 
=
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 f(t)
 
=
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W
e

 c
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e
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h
e
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a
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h
e
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n
c
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p
e
 
on

e-
so

li
to

n  
v
i
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r
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t
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a
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c
o
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t
o
u
r
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l
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lo
ci
ty
. 
H
o
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h
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p
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c
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r
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p
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c
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p
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e
n
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h
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t
r
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g
o
n
o
m
e
t
r
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u
n
c
t
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n
s
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h
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w
n
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.
 
Li
ke
wi
se
,  

if
 
t
h
e
 
v
a
r
i
-

a
b
l
e

 c
oe
ff
ic
ie
nt
s  
a
r
e
 
t
a
k
e
n
 
a
s
 
o
t
h
e
r
 
fo
rm
s,

 
t
h
e
 
co
rr
es
po
nd
in
g  
e
v
o
l
u
t
i
o
n
s
 
wi

ll
 
p
r
e
s
e
n
t

di
ff
er
en
t  

c
h
a
r
a
c
t
e
r
s
.
 
Th

er
ef

or
e,
 
th
is
 p
ro
vi
de
s  
a
n
 a
pp
ro
pr
ia
te

 w
a
y

 t
o
 
i
m
p
r
o
v
e
 t
h
e

o
p
t
i
c
a
l
 
s
o
l
i
t
o
n
 t
r
a
n
s
m
i
s
s
i
o
n

 q
ua
li
ty
.
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