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Abstract: In this paper, we implement the Fokas unified transform method to study

initial-boundary value problems of the generalized Sasa-Satsuma equation on the half-line.

Assuming that the solution u(x, t) of the generalized Sasa-Satsuma equation exists, we

will prove that it can be expressed in terms of the unique solution of a 3 × 3 matrix

Riemann-Hilbert problem formulated in the plane of the complex spectral parameter λ.
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Ñ�C��g�ÄgJÑ
Ú�C��{, éÐ/¦)
�È�§�Ð>�¯K. 3L�

� 20 cp, T�{®²^5©Û
�
äk 2 × 2 Ý
 Lax é�­��È�§�Ð>�¯

K[2-5]. Ò����þ��Ñ��{��, Fokas �{�´òÐ>�¯K�)L«¤�A�

Riemann-Hilbert ¯K�). 2012 c, Lenells[6]Ägòd�{í2� 3× 3 Ý
�È�§, ¿�

ïÄ
 Degasperis-Procesi �§3���þ�Ð>�¯K[7]. 3ù��, �5�õ�Æöm©

'5 Riemann-Hilbert ¯K, ¦�Nõ�p�Ý
Ì¯K�'��È�§Ð>�¯K�±ï

Ä, 'X, Novikov �§[8]
!Sasa-Stsuma �§[9]

!ÍÜ NLS �§�[11-12], �ö3ù�¡��


�
ó�[13-16].

¯¤±�, ��5Å½��§

iqt + qxx + 2|q|2q = 0 (1)

´£ã��51n!YÅ!�lfN¥�fDÑ���­��ÈXÚ. 3©z [17] ¥, p�

��5Å½��§, �Ò´ Sasa-Satsuma �§

ut + uxxx + 6|u|2ux + 3u(|u|2)x = 0 (2)

�£ã
�á1óÀ�DÂA5. C5, Geng Ú Wu[18]JÑ
#�2Â Sasa-Satsuma �§

ut + uxxx − 6a|u|2ux − 6bu2ux − 3au(|u|2)x − 3b∗u∗(|u|2)x = 0, (3)

Ù¥ a ∈ R, b ∈ C, � a2 6= |b|2, ¿^ Riemann-Hilbert �{��
Ù N -�f). �©

¥, ·�Äuc<�ó�, $^ Fokas Ú�C��{ïÄ2Â Sasa-Satsuma �§3���

Ω = {(x, t) : 0 < x < ∞, 0 < t < T } þ�Ð>�¯K, ÙÐ�Ú>�^�½Â�

u0(x) = u(x, t = 0); q0(t) = u(x = 0, t); q1(t) = ux(x = 0, t), q2(t) = uxx(x = 0, t). (4)

�©(�Xeµ31 1 !¥, ½Â
 Lax é�üaA�¼ê Φj (j = 1, 2, 3) Ú Hn (n =

1, 2, 3, 4) ^5?1Ì©Û; 31 2 !¥, ·�y²
�§�) u(x, t) �±d 3 × 3 Ý


Riemann-Hilbert ¯K­ï.

1 Ì©Û

�Ä2Â Sasa-Satsuma �§ (3) � 3 × 3 Ý
 Lax é
{

Ψx = UΨ = (iλσ + Q)Ψ,

Ψt = V Ψ = (4iλ3σ + 4λ2Q + 2iλ(Q2 + Qx)σ + QxQ − QQx − Qxx + 2Q3)Ψ.
(5)

Ù¥: Ψ = Ψ(x, t, λ) ´�� 3× 3 Ý
½ö 3× 1 ��þÌ¼ê; λ ∈ C ´���Ìëê; 3× 3

Ý
 σ Ú Q ½ÂXe

σ =







1 0 0

0 1 0

0 0 −1






, Q =







0 0 u

0 0 u∗

au∗ + bu au + b∗u∗ 0






. (6)

¯¢þ, Lax é�§ (5) �±�¤
{

Ψx − iλσ = FΨ,

Ψt − 4iλ3σ = GΨ.
(7)
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Ù¥: F = Q; G = 4λ2Q + 2iλ(Q2 + Qx)σ + QxQ − QQx − Qxx + 2Q3.

b� u(x, t) 3���«� Ω S¿©1w, ¿�� x → ∞ �¯�P~, d

Ψ(x, t, λ) = Φ(x, t, λ)ei(λσx+4λ3σt) (8)

Ú\��#�A�¼ê Φ = Φ(x, t, λ), K�A� Lax é�§ (7) C�
{

Φx − iλ[σ, Φ] = FΦ,

Φt − iλ3[σ, Φ] = GΦ.
(9)

Ïd, �§ (9) �±�¤Xe���©/ª

d(e−(iλσ̂x+4iλ3σ̂t)Φ) = W (x, t, λ), (10)

Ù¥ W (x, t, λ) ½ÂXe

W (x, t, λ) = e−(iλx+2iλ2t)σ̂(Fdx + Gdt)Φ. (11)

ùp� σ̂ ´���^u 3 × 3 Ý
�Ý
�f, �^(J�µσ̂Z = [σ, Z] Ú eσ̂Z = eσZe−σ.

1.1 A�¼ê

d Volterra È©�§½Â (9) � 3 �A�¼ê {Φj(x, t, λ)}3
1 �

Φj(x, t, λ) = I +

∫
γj

e(iλx+2iλ2t)σ̂Wj(x, t, λ), j = 1, 2, 3. (12)

Ù¥: I ´�� 3 × 3 ü Ý
; Wj d�§ (11) ½Â, �´^ Φj �O
@p� Φ; {γj}
3
1 ´ 3

^1w­�, Xã 1 ¤«.

t

(x, t) (x, t)
(x, t)

T

t

T

t

T

O x O x

γ1 γ2

O x

γ3

ã 1 (x, t)-²¡¥�n^­�γ1, γ2, γ3

Fig. 1 The three contours γ1, γ2, γ3 in the (x, t)-domaint

b� [Φj ]k ´ Φj �1 k ��þ, d�§ (12) �� Φj(x, t, λ) �1�!�!n�©O¹k

Xe��ê�






[Φj ]1 : e−2iλ(x−ξ)−8iλ3(t−τ); [Φj ]2 : e−2iλ(x−ξ)−8iλ3(t−τ);

[Φj ]3 : e2iλ(x−ξ)+8iλ3(t−τ), e2iλ(x−ξ)+8iλ3(t−τ).
(13)

Ó�, 3­�þkXe�Ø�ª

γ1 : x − ξ > 0, t − τ 6 0; γ2 : x − ξ > 0, t − τ > 0; γ3 : x − ξ 6 0. (14)

�
�� {Φj(x, t, λ)}3
1 3E λ-²¡þ�k.)Û«�, ·�^ Im(iλ) = 0 Ú Im(iλ3) = 0 r

E λ-²¡y©�o�«�(Xã 2):

D1 =
{

λ ∈ C

∣

∣

∣argλ ∈
(

0,
π

3

)

∪
(2π

3
, π

)}

, D2 =
{

λ ∈ C

∣

∣

∣argλ ∈
(π

3
,
2π

3

)}

,

D3 =
{

λ ∈ C

∣

∣

∣
argλ ∈

(4π

3
,
5π

3

)}

, D4 =
{

λ ∈ C

∣

∣

∣
argλ ∈

(

π,
4π

3

)

∪
(5π

3
, 2π

)}

.
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ØJuyA�¼ê {Φj(x, t, λ)}3
1 �k.)Û«�©O�

Φ1 : λ ∈ (D3, D3, D2), Φ2 : λ ∈ (D4, D4, D1), Φ3 : λ ∈ (C+, C+, C−), (15)

Ù¥ {Dn}
4
1 L«o�m�!pØ���Eλ-²¡S�f8, 
 C+ = D1∪D2 Ú C− = D3∪D4

©O�E λ-²¡�þ!e�²¡, Xã 2 ¤«. ¿�, ù
8Ü {Dn}
4
1 kXe�5�:



























D1 = {λ ∈ C|Re a1 = Re a2 < Re a3, Re b1 = Re b2 < Re b3},

D2 = {λ ∈ C|Re a1 = Re a2 < Re a3, Re b1 = Re b2 > Re b3},

D3 = {λ ∈ C|Re a1 = Re a2 > Re a3, Re b1 = Re b2 < Re b3},

D4 = {λ ∈ C|Re a1 = Re a2 > Re a3, Re b1 = Re b2 > Re b3},

(16)

Ù¥ ak(λ) Ú bk(λ) ©O´ 3 × 3 Ý
 iλσ Ú 4iλ3σ �é����.

D2

D1

D3

D4

D3

D1

O

ã 2 E λ-²¡¥�8Ü {Dj}
4

1

Fig. 2 The sets {Dn}
4

1, which decompose the complex λ-plane

¢Sþ, éu x = 0, Φ1(0, t, λ) k���k.)Û«� (D1 ∪ D3, D1 ∪ D3, D2 ∪ D4),

Φ2(0, t, λ) k���k.)Û«� (D2 ∪ D4, D2 ∪ D4, D1 ∪ D3).

é?� n = 1, 2, 3, 4, de¡�È©�§½Â�§ (9) ���) Hn(x, t, λ):

(Hn(x, t, λ))ij = δij +

∫
γn

ij

(e(iλx+4iλ3t)σ̂Wn(ξ, τ, λ))ij , i, j = 1, 2, 3, (17)

Ù ¥ Wn(x, t, λ) d ª (11) � ½, � ´ ^ Hn(x, t, λ) � O @ p � Φ(x, t, λ), ­ � γn
ij(n =

1, 2, 3, 4; i, j = 1, 2, 3) �½ÂXe

γn
ij =











γ1, XJ Re ai(λ) < Re aj(λ) � Re bi(λ) > Re bj(λ),

γ2, XJ Re ai(λ) < Re aj(λ) � Re bi(λ) < Re bj(λ), λ ∈ Dn,

γ3, XJ Re ai(λ) > Re aj(λ).

(18)

Uì γn �½Â, k



































γ1 =





γ3 γ3 γ2

γ3 γ3 γ2

γ3 γ3 γ3



 , γ2 =





γ3 γ3 γ1

γ3 γ3 γ1

γ3 γ3 γ3



 ,

γ3 =





γ3 γ3 γ3

γ3 γ3 γ3

γ1 γ1 γ3



 , γ4 =





γ3 γ3 γ3

γ3 γ3 γ3

γ2 γ2 γ3



 .

(19)

e¡�·K�y
þã½Â� Hn äk�±L«��� Rimann-Hilbert ¯K�5�.

···KKK 1.1 éuz�� n = 1, 2, 3, 4, λ ∈ Dn Ú (x, t) ∈ Ω, �§ (17) ½Â�¼ê

{Hn(x, t, λ)}4
1 k¿Â. éu?��½�: (x, t), Hn ���� λ ∈ Dn Ø��
ÛÉ�lÑ:



1 4 Ï ÂÂ�, �: 2Â Sasa-Satsuma �§3���þ�Ð>�¯K 37

8 {λj}(3ù
8Üþ Fredholm 1�ª�u 0) 	�¼ê´k.)Û�. Ó�, Hn(x, t, λ) �

±k.ëY� Dn, ¿�÷v

Hn(x, t, λ) = I + O
( 1

λ

)

, λ ∈ Dn, λ → ∞, n = 1, 2, 3, 4. (20)

yyy ²²² �'�k.)Û5�3©z [6] �N¹ B ¥®�Ñ. òe¡�Ðmª

H = H0 +
H(1)

λ
+

H(2)

λ2
+ · · · , λ → ∞,

�\� Lax é�§ (9) ¥¿'� λ ��Óg���Ò�±��ª (20).

1.2 �ÝA�¼ê

·��I�©ÛÝ
�¼ê {Φj(x, t, λ)}3
1 {fª�k.)Û5�. £��� 3 × 3 Ý


Z �{fªÝ
 ZA ½Â�

ZA =







m11(Z) −m12(Z) m13(Z)

−m21(Z) m22(Z) −m23(Z)

m31(Z) −m32(Z) m33(Z)






,

Ù¥ mij(Z) L« 3 × 3 Ý
 Z � (i, j) ���{fª. d�§ (9) ��ÝA�¼ê µA(x, t, λ)

÷v
{

ΦA
x + iλ[σ, ΦA] = −FTΦA,

ΦA
t + 4iλ3[σ, ΦA] = −GTΦA,

(21)

Ù¥ T L«=�. u´, A�¼ê Φj (j = 1, 2, 3) ´XeÈ©�§�)

ΦA
j (x, t, λ) = I −

∫
γj

e−(iλ(x−ξ)−4iλ3(t−τ))σ̂(FTdξ + GTdτ), j = 1, 2, 3. (22)

,�����ÝA�¼êXe�k.)Û5�

ΦA
1 : λ ∈ (D2, D2, D3), ΦA

2 : λ ∈ (D1, D1, D4), ΦA
3 : λ ∈ (C−, C−, C+). (23)

¢Sþ, éu x = 0, ΦA
1 (0, t, λ) k���k.)Û«� (D2∪D4, D2∪D4, D1∪D3), ΦA

2 (0, t, λ)

k���k.)Û«� (D1 ∪ D3, D1 ∪ D3, D2 ∪ D4).

1.3 a�Ý
�O�

#�Ì¼ê Sn(λ) (n = 1, 2, 3, 4) ½Â�

Sn(λ) = Hn(0, 0, λ), λ ∈ Dn, n = 1, 2, 3, 4. (24)

b� M(x, t, λ) L«E λ-²¡�©¬)ÛëY¼ê, =� λ ∈ Dn �, H(x, t, λ) = Hn(x, t, λ).

u´ H(x, t, λ) ÷vXe�a�^�

Hn(x, t, λ) = Hm(x, t, λ)Jm,n(x, t, λ), λ ∈ D̄n ∪ D̄m, n, m = 1, 2, 3, 4, n 6= m, (25)

Ù¥ Jm,n(x, t, λ) �a�Ý
, ÷vXe'X

Jm,n(x, t, λ) = e(iλx+4iλ3t)σ̂(S−1
m (λ)Sn(λ)). (26)
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d	, d {Φj}
3
1 ½Â 3 × 3 Ý
�¼ê s(λ) Ú S(λ) Xe







Φ3(x, t, λ) = Φ2(x, t, λ)e(iλx+4iλ3t)σ̂s(λ),

Φ1(x, t, λ) = Φ2(x, t, λ)e(iλx+4iλ3t)σ̂S(λ).
(27)

du Φ2(0, 0, λ) = I, ©OO��§ (27) 3 (x, t) = (0, 0) Ú (x, t) = (0, T ) ��, ·�k

s(λ) = Φ3(0, 0, λ), S(λ) = Φ1(0, 0, λ) = e−2iλ2T σ̂Φ−1
2 (0, T, λ). (28)

Uìª (12) ¥ Φj �½Â, �§ (28) ¿�X

s(λ) = I −

∫
∞

0

e−iλξσ̂(FΦ3)(ξ, 0, λ)dξ,

S(λ) = I −

∫T

0

e−4iλ3τσ̂(GΦ1)(0, τ, λ)dτ =
[

I +

∫T

0

e−4iλ3τσ̂(GΦ2)(0, τ, λ)dτ
]

−1

,

Ù¥ {Φj(0, t, λ)}2
1 Ú Φ3(x, t, λ)(0 < x < ∞, 0 < t < T ) ÷v Volterra È©�§:

Φ1(0, t, λ) = I −

∫T

t

e4iλ3(t−τ)σ̂(GΦ1)(0, τ, λ)dτ, λ ∈ (D1 ∪ D3, D1 ∪ D3, D2 ∪ D4),

Φ2(0, t, λ) = I +

∫T

0

e4iλ3(t−τ)σ̂(GΦ2)(0, τ, λ)dτ, λ ∈ (D2 ∪ D4, D2 ∪ D4, D1 ∪ D3),

Φ3(x, 0, λ) = I −

∫
∞

x

eiλ(x−ξ)σ̂(FΦ3)(ξ, 0, λ)dξ, λ ∈ (C+, C+, C−).

d {Φj}
3
1 Ú {ΦA

j }
3
1 �5��� {s(λ), S(λ)} Ú {sA(λ), SA(λ)} kXe�k.)Û5�:







s(λ) : λ ∈ (C+, C+, C−), S(λ) : λ ∈ (D1 ∪ D3, D1 ∪ D3, D2 ∪ D4),

sA(λ) : λ ∈ (C−, C−, C+), SA(λ) : λ ∈ (D2 ∪ D4, D2 ∪ D4, D1 ∪ D3).
(29)

¿�

Hn(x, t, λ) = Φ2(x, t, λ)e(iλx+4iλ3t)σ̂Sn(λ), λ ∈ Dn. (30)

···KKK 1.2
[6,13-16] d�§ (30) ½Â� Sn(λ) �±^ s(λ) Ú S(λ) ���L«Xe:

S1(λ) =







s11 s12 0

s21 s22 0

s31 s32
1

m33(s)






, S2(λ) =









s11 s12
S13

(STsA)33

s21 s22
S23

(STsA)33

s31 s32
S33

(STsA)33









,

S3(λ) =







S
(3)
11 S

(3)
12 s13

S
(3)
21 S

(3)
22 s23

S
(3)
31 S

(3)
32 s33






, S4(λ) =







m22(s)
s33

m21(s)
s33

s13

m12(s)
s33

m11(s)
s33

s23

0 0 s33






.

(31)

Ù¥

S
(3)
11 =

m22(s)m33(S) − m32(s)m23(S)

(sTSA)33
, S

(3)
12 =

m21(s)m33(S) − m31(s)m23(S)

(sTSA)33
,

S
(3)
21 =

m12(s)m33(S) − m32(s)m13(S)

(sTSA)33
, S

(3)
22 =

m11(s)m33(S) − m31(s)m13(S)

(sTSA)33
,

S
(3)
31 =

m12(s)m23(S) − m22(s)m13(S)

(sTSA)33
, S

(3)
32 =

m11(s)m23(S) − m21(s)m13(S)

(sTSA)33
.
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ùp (STsA)33 Ú (sTSA)33 ©O�

(STsA)33 = S13m13(s) − S23m23(s) + S33m33(s),

(sTSA)33 = s13m13(S) − s23m23(S) + s33m33(S).

1.4 3ê^�

du Φ2(x, t, λ) ´�X¼ê, d�§ (30) � H(x, t, λ) =3 Sn(λ) �)ÛÉ�/�kÛ

É. l°(L�ª (31) ��, H(x, t, λ) �UÑy�ÛÉ�¹Xe.

bbb��� 1.3 b�

• m33(s)(λ) 3 D1 Sk n0 > 0 ��U�ü":, P� {λj}
n0

1 ;

• (STsA)33(λ) 3 D2 Sk n1 − n0 > 0 ��U�ü":, P� {λj}
n1

n0+1;

• (sTSA)33(λ) 3 D3 Sk n2 − n1 > 0 ��U�ü":, P� {λj}
n2

n1+1;

• s33(λ) 3 D4 Sk N − n2 > 0 ��U�ü":, P� {λj}
N
n2+1.

�þ¡�":pØ�Ó, Ó�b� m33(s)(λ), (STsA)33(λ), (sTSA)33(λ), s33(λ) 3 Dn (n =

1, 2, 3, 4) �>.þvk":. 3ù
":�3ê^�de�·K�Ñ.

···KKK 1.4 b� {Hn(x, t, λ)}4
1 ´dª (17) ½Â�A�¼ê, �ÛÉ8 {λj}

N
1 Xþ¡�

b�¤ã, u´, kXe�3ê'X¤á:

Resλ=λj
[H1]3 =

s12(λj)[H(λj)]1 − s11(λj)[H(λj)]2
˙m33(s)(λj)m23(s)(λj)

eθ31(λj), 1 6 j 6 n0, λj ∈ D1. (32)































Resλ=λj
[H2]3 =

s32(λj)S13(λj) − s32(λj)S33(λj)
˙(STsA)33(λj)m23(s)(λj)

eθ31(λj)[H(λj)]1

+
s11(λj)S32(λj) − s31(λj)S13(λj)

˙(STsA)33(λj)m23(s)(λj)
eθ31(λj)[H(λj)]2,

n0 + 1 6 j 6 n1, λj ∈ D2.

(33)











Resλ=λj
[H3]1 =

m12(s)(λj)m33(S)(λj) − m32(s)(λj)m13(S)(λj)
˙(sTSA)33(λj)s23(λj)

eθ13(λj)[H(λj)]3,

n1 + 1 6 j 6 n2, λj ∈ D3.

(34)











Resλ=λj
[H3]2 =

m21(s)(λj)m33(S)(λj) − m31(s)(λj)m23(S)(λj)
˙(sTSA)33(λj)s13(λj)

eθ13(λj)[H(λj)]3,

n1 + 1 6 j 6 n2, λj ∈ D3.

(35)

Resλ=λj
[H4]1 =

m12(s)(λj)
˙s33(λj)s23(λj)

eθ13(λj)[H(λj)]3, n2 + 1 6 j 6 N, λj ∈ D4. (36)

Resλ=λj
[H4]2 =

m12(s)(λj)
˙s33(λj)s13(λj)

eθ13(λj)[H(λj)]3, n2 + 1 6 j 6 N, λj ∈ D4. (37)
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Ù¥: ḟ = df
dλ

; θij L«�

θij(x, t, λ) = (ai − aj)x − (bi − bj)t, i, j = 1, 2, 3. (38)

y ² ùp·��y²ª (32), 
ª (33)—(37) �±aqy². dª (30) �

H1(x, t, λ) = Φ2(x, t, λ)e(iλx+4iλ3t)σ̂S1(λ), λ ∈ D1. (39)

2(Üª (31) ¥�Ñ� S1(λ), ·���ª (39) � 3 �©O�

[H1]1 = [Φ2]1s11 + [Φ2]2s21e
θ21 + [Φ2]3s31e

θ31 , (40)

[H1]2 = [Φ2]1s12e
θ12 + [Φ2]2s22 + [Φ2]3s32e

θ32 , (41)

[H1]3 = [Φ2]3
1

m33(s)
. (42)

lª (40) Úª (41) ¥)Ñ [Φ2]1 Ú [Φ2]3, ¿��\ª (42) ��

[H1]3 =
s12

m33(s)m23(s)
[H1]1e

θ31 −
s11

m33(s)m23(s)
[H1]2e

θ31 −
1

m23(s)
[Φ2]2e

θ23 . (43)

3 λj ?�3ê, Ò�� λj ∈ D1 �3ê'Xª (32).

1.5 �Û'X

d�§ (27) ½Â�Ì¼ê S(λ) Ú s(λ) *d�m¿Ø´�pÕá�, 
´÷v��­�

�'X. ¯¢þ, dª (27) �

Φ3(x, t, λ) = Φ1(x, t, λ)e(iλx+4iλ3t)σ̂S−1(λ)s(λ), λ ∈ (C+, C+, C−). (44)

Ï� Φ1(0, t, λ) = I, 3 (x, t) = (0, T ) ?O�þª, ��Xe��Û'X

S−1(λ)s(λ) = e−4iλ3T σ̂c(T, λ), λ ∈ (C+, C+, C−), (45)

Ù¥ c(T, λ) = Φ3(0, T, λ) = I −
∫

∞

0
eiλξσ̂(FΦ3)(0, T, λ)dξ.

2 Riemann-Hilbert¯K

3þ!¥½Â�©¡ëY¼ê H(x, t, λ) ÷v��� u(x, t) �Ð>�êâk'� 3 × 3

Ý
 Riemann-Hilbert ¯K. ÏL)ù� 3 × 3 Ý
 Riemann-Hilbert ¯K, éu¤k� (x, t)

�±­ï�§ (3) �). Ïd, ·�kXe�(J.

½½½nnn 2.1 b� u(x, t) ´�§ (3) 3���«� Ω = {(x, t) : 0 < x < ∞, 0 < t < T }

� x → ∞ �äk¿©1wÚ¯�P~�), K u(x, t) �±dÐ©êâ u0(x)!>.êâ

{q0(t), q1(t), q2(t)} ­ï. |^Ð©êâÚ>.êâXª (27) ½ÂÌ¼ê s(λ) Ú S(λ), ?


½Âa�Ý
 Jm,n(x, t, λ), b�¼ê m33(s)(λ), (ST sA)33(λ), (sT SA)33(λ) Ú s33(λ) ��U

":� {λj}
N
1 , Xb� 1.3 ¤ã. K�§ (3) �) u(x, t) �

u(x, t) = 2i lim
λ→∞

[λH(x, t, λ)]13, (46)
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Ù¥ H(x, t, λ) ÷vXe� 3 × 3 Ý
 Riemann-Hilbert ¯K:

• H(x, t, λ) ´E λ-²¡þ�©¡)Û¼ê, Ùa�u)3 D̄n ∪ D̄m (n, m = 1, 2, 3, 4)(X

ã 2).

• 3­� D̄n ∪ D̄m(n, m = 1, 2, 3, 4) þ, H(x, t, λ) kXe�a�'X

Hn(x, t, λ) = Hm (x, t, λ)Jm,n(x, t, λ), λ ∈ D̄n ∪ D̄m, n 6= m. (47)

• H(x, t, λ) = I + O( 1
λ
), λ → ∞.

• H(x, t, λ) ÷v·K 1.4 �3ê'X.

K H(x, t, λ) �3¿���.

y ² ùp�I�y²ª (46). Tª�±dA�¼ê�� λ ìC5���, 
T½n

�Ù¦Ü©�±^aq©z [9] ��{y².

[ë � © z]

[ 1 ] FOKAS A S. A unified transform method for solving linear and certain nonlinear PDEs [J]. Proc R Soc Lond

A, 1997, 453: 1411-1443.

[ 2 ] FOKAS A S. Integrable nonlinear evolution equations on the half-line [J]. Commun Math Phys, 2002, 230: 1-39.

[ 3 ] FOKAS A S, ITS A R, SUNG L Y. The nonlinear Schrödinger equation on the half-line [J]. Nonlinearity, 2005,

18: 1771-1822.

[ 4 ] XIA B Q, FOKAS A S. Initial-boundary value problems associated with the Ablowitz-Ladik system [J]. Physica

D, 2018, 364: 27-61.

[ 5 ] ZHANG N, XIA T C, HU B B. A Riemann-Hilbert approach to the complex Sharma-Tasso-Olver equation on

the half line [J]. Commun Theor Phys, 2017, 68(2): 580-594.

[ 6 ] LENELLS J. Initial-boundary value problems for integrable evolution equations with 3 × 3 Lax pairs [J]. Phys

D, 2012, 241: 857-875.

[ 7 ] LENELLS J. The Degasperis-Procesi equation on the half-line [J]. Nonlinear Anal, 2013, 76: 122-139.

[ 8 ] DE MONVEL B A, SHEPELSKY D, ZIELINSKI L. A Riemann-Hilbert approach for the Novikov equation [J].

SIGMA, 2016, 12: 095.

[ 9 ] XU J, FAN E G. The unified method for the Sasa-Satsuma equation on the half-line [J]. Proc R Soc A Math

Phys Eng Sci, 2013, 469: 1-25.

[10] GENG X G, LIU H, ZHU J Y. Initial-boundary value problems for the coupled nonlinear Schrödinger equation

on the half-line [J]. Stud Appl Math, 2015, 135: 310-346.

[11] TIAN S F. Initial-boundary value problems for the general coupled nonlinear Schrödinger equation on the interval

via the Fokas method [J]. J Differ Equations, 2017, 262: 506-558.

[12] YAN Z Y. An initial-boundary value problem for the integrable spin-1 Gross-Pitaevskii equations with a 4 × 4

Lax pair on the half-line [J]. CHAOS, 2017, 27: 053117.

[13] HU B B, XIA T C, ZHANG N, et al. Initial-boundary value problems for the coupled higher-order nonlinear

Schrödinger equations on the half-line [J]. Int J Nonlin Sci Num, 2018, 19(1): 83-92.

[14] HU B B, XIA T C, MA W X. Riemann-Hilbert approach for an initial-boundary value problem of the two-

component modified Korteweg-de Vries equation on the half-line [J]. Appl Math Comput, 2018, 332: 148-159.

[15] HU B B, XIA T C. A Fokas approach to the coupled modified nonlinear Schrödinger equation on the half-line

[J]. Math Method Appl Sci, 2018, 41(13): 5112-5123.

[16] HU B B, XIA T C, MA W X. Riemann-Hilbert approach for an initial-boundary value problem of an integrable

coherently coupled nonlinear Schrödinger system on the half-line [J]. E Asian J Appld Math, 2018, 8(3): 531-548.

[17] SASA N, SATSUMA J. New-type of solutions for a higher-order nonlinear evolution equation [J]. J Phys Soc

Japan, 1991, 60: 409-417.

[18] GENG X G, WU J P. Riemann-Hilbert approach and N-soliton solutions for a generalized Sasa-Satsuma equation

[J]. Wave Motion, 2016, 60: 62-72.

(I??6: � [)


