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Abstract
A nonlocal coupled Kadomtsev—Petviashivili (ncKP) system with shifted parity (13:) and delayed
time reversal (f"d) symmetries is generated from the local coupled Kadomtsev—Petviashivili
(cKP) system. By introducing new dependent variables which have determined parities under the
action of 13; Tj , the ncKP is transformed to a local system. Through this way, multiple even
number of soliton solutions of the ncKPI system are generated from N-soliton solutions of the
cKP system, which become breathers by choosing appropriate parameters. The standard Lie
symmetry method is also applied on the ncKPII system to get its symmetry reduction solutions.

Keywords: nonlocal coupled Kadomtsev—Petviashivili system, N-soliton solutions, symmetry
reduction solutions

(Some figures may appear in colour only in the online journal)

1. Introduction symmetry analysis [14], deep learning neural network fra-
mework [15] and so on.

In 2013 Ablowitz and Musslimani introduced a new nonlocal In recent years, Lou and Huang proposed the concept of

nonlinear Schrédinger (nNLS) equation [1] the Alice-Bob (AB) system to describe two correlated events

) which can be assumed to be related by an operator f , e.g.
iq,(x, 1) = 4 (v, 1) £ g(x, DGH(=x, Dg(x, 1), (D 4 — B, where f can be taken as shifted parity and delayed
time reversal and so forth [16]. In other words, there exist at
least two spacetime coordinates in one AB system. In this
context, many AB-type nonlocal systems are constructed
including the AB-KdV equation [17], AB-mKdV equation
[18], AB-AKNS system [17], etc. In [19], a consistent cor-
related bang (CCB) method is proposed from which one can
generate nonlocal systems from known local ones [20, 21].
The coupled KP (cKP) system [22-25] takes the form
3

ol = %(VW)X)

with ¢*(—x, £) being complex conjugate of g(—x, ), which is
proved to be integrable under the meaning that it has a Lax
pair and an infinite number of conservation laws. Contrary to
local equations where dependent variables have the same
independent variables, dependent variables of a nonlocal
equation have two or more independent variables which are
usually linked by space and/or time reversion, such as the
variables of (—x, ) and (x, 7) in equation (1). Since the work
of [1], nonlocal versions of many famous nonlinear systems,
such as the Korteweg de-Vries (KdV) and modified KdV
equation, the sine-Gordon equation, the Kadomtsev—Petvia- | 3
shivili (KP) equation, Sasa-Satsuma equation, etc are intro- (v, + Ve — —(uv)x) + o2y, =0, (2b)
duced and studied by applying various methods including 4 2 x

inverse scattering transform [2, 3], Riemann—Hilbert method 1 3 5

[4, 5], the Hirota’s bilinear method [6-9], the Darboux (Wt W 5(“W)x)_ + 0wy, =0, (20)
transformations  [10-12], Wronskian technique [13], !

1
(uz + e + 0%y, =0, (2a)

X

which was first appeared in a paper of Jimbo and Miwa in
* Author to whom any correspondence should be addressed. Hirota bilinear form [26], it has N-soliton solutions expressed
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in terms of Pfaffians [27]. The cKP system (2) can be cate-
gorized as cKPI by taking o> = —1 and cKPII by taking
o=1.Tn [23, 28], a host of solitonic interactions of the cKP
are obtained, among which peculiar spider-web solutions are
obtained and analyzed. In this paper, inspired by the CCB
method, we introduce a nonlocal coupled KP (ncKP) system as
Ay — 2A? = 2AB + 2B - 2GF + G)C,
8 4 8 8
426G~ FOE - 264+ DA, + A,

3 3 3
+—B —-A)B, — —Q@BF+ G)Cy + —(G — F)E,,

S(B — AB. — —(3F + G)Cu+ (G — F)
3 E 4 30)F — (€~ )G + A = 0

16 16 T

3)
Bu— 2B~ SAB, + 247 - 203G, + R)E,
8 4 8 8

F2E - GIC - SCB + Ny + 0B,

3 3 3
+—A - B)Aw — —QBG+ F)E,, + —(F — G)Cyy

8 16 16

3 3 1
——(C+3E)Gy — —(E — O)Fx + =By = 0,

16 16 4 @

Cu = (G~ EDA = 2(B, + 3C)B, — 23+ E)A,

3 3
-ﬁw—o%—?m+m%+ﬁ%

438 - AE.+ Lew =0,
8 4
%)

3 3 3
Ext - Z(Ex - Cx)Bx - Z(Cx + 3Ex)Ax - §(3E + C)Bxx

3 3
+5(C = BAx = 2GB + ME + °Ey,

424 - B)Cu + LEn =0,
8 4

(6)
3 3 3
Ert - Z(F,'r - Gx)Ax - Z(F,'r + SGx)Bx - §(3F + G)AXA

F2(G — F)By — 204 + B + 0'F,

+2(B = MG + ~Fo =0,
8 4
(N
3 3 3
Gxt - Z(Gx - Fx)Bx - Z(Gx + 3F;c)Ax - §(3G + F)Bxx

+%F—®%—§G&Hm%+ﬁ%

34— BF. + L6 =0,
8 4
(8)

with

P TAx, y, 1) = A(—x + x0, y, —1 + o),
B TC(x, y, 1) = C(—x + x0, y, —1 + 10),
=BTy F(x,y, 1) = F(=x + x0, y, =t + 10), (9

B
E
G

and probe its exact solutions and symmetry properties.

The paper is organized as follows. In section 2, we
convert the ncKPI (0% = —1) system into a local system by
introducing some new variables with definite parity properties
to replace the variables of the ncKPI system. Then we use
N-soliton solutions of the cKP system to generate an even
number of N-soliton solutions of the ncKPI system. In
section 3, we apply the standard Lie symmetry method on the
ncKPII (0% = 1) system to give its Lie symmetry group and
similarity reduction solutions. The last section is devoted to a
summary.

2. Multiple soliton solutions of the ncKPI system

To convert the ncKPI system into a local system, considering
the relation (9), we take

A=u+u,B=u—u,C=v-+v,

E=v—vi,F=w+w,G=w—w,, (10)
with
Ax A X A
s du = u, s laU] = —Uuy,
X A XA
s Tgv = v, Py Tjvy = —v
X A
K aw =w,
XA
Y Tgwi = —w) (11)

Substituting equation (10) into the ncKP system (3)—(9) we
split it into the following equations

1 3 3
(ur + Zum — EWX — Z(vw)x)x — uyy =0, (12)
1 3
Ve + va — E(MV)X ) — vy =0, (13)
1 3
wr + Zwm — E(MW)X ! — wy, =0, (14)
3 3
=3uy Uty — “Ugclp — UL e — V[ Wy
2 4
_EVW — é\’V 1% — — VW
4 1,xx B xVl,x 4 xx W1
1
7ZWV1,M - vawl,x — Ulyy + Uy xt + —U] xxxx = 0,
(15)
3 3
—Viyy — 3Mxvl,x + 3qu1,x — Evul,xx - Eumvl + Vixt
— UV — TVl
2 2
+lvl,.m)cx = Oa
4
(16)
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3
Wiy — 3uxwix + 3wl — EWMLXX

*zuxxwl + Wixt — TUWlxx — EWxxul

1
+Zw1,m = 0. a7
It can be seen that equations (12)—(14) are just the cKPI
system (2) with o> = —1 while equations (15)—(17) are line-
arized equations of the cKPI system.
The cKP system (2) has the following N-soliton solution
[22]

1
u= _(lnF)xxa V= a(lnF)xxv w = _(lnF)xxv

F= ZCXP(Z ng + Z virv; lJ) (18)
1<i'<j
with « being a nonzero real number, which is an

extension of N-soliton solutions of the KP equation, the

summations should be done for all permutations of

vy =0,1G =1, 2,3,--N), and

ki + 40%r?
4k;

]
_ 3]([%](]2(](,/ — kj)2 — 40’2(](,'/7‘/‘ — kj}”[’)z
3k kP (kv + k> — o> (kyry — kjr)*
with arbitrary constants kj, r;, §o, (j=1, 2, 3, --- ,N).

Considering that u , v and w in equation (18) are invariant
under the following transformation

F — Bexp(Kx + Qt + Xo)F,

§ = kix +rjy — 1+ &0 exp(0)

we rewrite
14
.: —_ - E 0 E 9”/,
z’*l i'=j+1
where
X0 Yoj
.= k X — — _|_ Vi -
my= ki = )+ = 5
kt + 4r? ¢
] J 0
- — =) + ny;»
4kj ( 2) 770]

with arbitrary constants y,; and 7y;. So the N-soliton solutions
of the cKPI system can be rewritten as [17]

u= flv = —aw = [anKy
« 14

19)

N
xcosh(%z Vﬂ?j” = (In Fy)xxs
=1 .

where the summation of v being done for all non-dual per-
mutations of vy = 1, —1, (i’ =1, 2, 3,---N) and

= 11 V3R (ki — v + Alkory — kjr)?.
i">j

In order to give P T, invariant part of the N-soliton
solutions in equation (18), additional restrictions should be
given as

N =12n, kyriv = —kit, Bnteit = ity Yoguyiry = Yoir- (20)

It is clear that solutions of wu;, v;, and w; in
equations (15)—(17) are symmetries of the cKP system, which
can be taken as

1, 1. 1, 2.
= (S o2+ i+ 8 Ju (B 45
3 6 2 3
2. 2. 1.. 1.. 2,
+hu + =fu + =fix + —fiy* + <hy + Sh.,
fius 3f1 9f1 9f1y 3f2y 3f3
V*(lforlferlf +f)v
1 31 61)’ 22)’ 3 | Vx
2. 2.
2+ o+ v+ 2
—(lfx+lf 2+1f +f)w
= 31 61)’ 22)’ 3 |Wx
2. 2.
+ gfly +h Wy+lez+§f1W
(21)

where fi, f> and f5 are arbitrary functions of ¢ satisfying

Tilh . 5 = Ufi» =k £}

(22)
It can be verified that equation (21) with equation (22)
satisfies the condition of equation (11). So, N-soliton solu-
tions of the ncKPI system (12)—(14) can be expressed by
equation (10) with equations (19) and (21).

By the condition of equation (20), odd number solitons of
the ncKPI system are prohibited. As for N = 2, 4, the explicit
expressions of Fy in equation (19) are

F, = 3k + 4rf cosh [rl(y — &)]

2
+2005h[k1(x - ﬂ) - ﬂ( ’—0)] 23)
2 A 2

and
Fy = 014,-624,-034,-013,-623,-012,—

[ o1 Yoz
r ——|+r - —
‘(y 2 ) 2(y 2 )]

+014,4024, 634,013, 1023 612+

4 2
k| x - %o _u(t_’_())_rz(y_yﬁ)
2 4k, 2 2

+0614,-024, 4634, 613,023 4612, ¢
@) L - 4’22)(t B f_o)
2 4k, 2

_Vl(y - %) - kz(x -

X cosh

X cosh

X cosh
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+014,-624,-034, 4613, +023 4012, —

X0 (k! — 4’12)( fo) ( yoz)
2 ) 4k, R G

+014,1024,1634,4613, 623, 612,

1 B O
2 2 4k, 2

+014,1024,4634, 613, 1623, 4012,

4 2
il x — X ,M(,,&)Hz(x,@)
2 4k, 2 2

(k- 4r§>(t_ l_o)
4k, 2

+014,1024,-034, 1613, -023, 1612, 1

B B
xcosh[rl(y — %) - rz(y - %)]

+014,-024,+034, 1013 1023, 612, +

4 42
xcosh | k| x — Xof M(r — t—o) — kz(x — ﬂ)
2 4k 2 2

+(k24— 4r§)(l_ t_o) ,
4k, 2

xcosh | k| x —

xcosh | ry

X cosh

(24)

where

6i’j,i = \/3]{1%](}2(]{,’ + kj)2 + 4(k,</rj - kjr,-/)z s
and

ky = —ko, ks = —ki, 14 = 1,
3 =71, Yo4a = Yo2- Yo3 = Yor-

At time t =0, for N =2 case, figures 1(a) and 2(a) give
density plot and three-dimensional plot of A of the ncKP
system expressed by equations (10) with equations (19) and
(21) where the parameters are fixed by

h=5h =x0="1= "0y = "0 =Yo1 =Y =0,

=2 a=2k=-k=1,n=rn=1; (25)

as for N =4 case, figures 1(b) and 2(b) give density plot and
three-dimensional plot of A of the ncKPI system where the
parameters are fixed by

fi:fé :xO:tOZUOJ:y()]:O’ (j: 1925""4)9
=2 a=1,k=—-k=1,

kgz—k4:2,r]:r2:r3:r4:1.

(26)

Because F, (or F,) in equations (23) (or (24)) depends
similarly on the coordinates of x, y and ¢, the multiple soliton
interaction behaviors of A depending on other variable pairs
(x, 7) and (y, ©) are similar to those in figures 1 and 2.

When r(j=1, 2, 3, --- ,N) in equation (19) are taken to
be a pure imaginary number, these N-soliton solutions
become breather solutions. To illustrate this point, for
the N =2 case, when we take the parameters as

fi=1F =X0=Yo1 = Yoo = to=1g; = N, =0,
h=2, k= —ky=1,
n=r=+—-1,a=2,

we get breathers at time =0 in figure 3.

27)

It is well known that the KP equation has lump solutions,
we can verify that the cKPI system has the following solution
L
Uu=——v=—aw=—,
« L2
Ly = 32d%*? + 32[d*(dty — xo) — 2dt]x — 32d3y?
+64d3y, + 32d** — 32d3(dty — xo)t
+8d(d*g — 2d*toxo — 4dPy} + dx§ — 3),
L, = [4dx* + 4d[(dty — xo) — 2dt]x + 4d*y?* — 8d%yy,
+4d3? — 4d*(dty — xo)t + d(dty — x0)* + 4d%y,; + 3P,
(28)

with arbitrary constants d, xo, yo, fy, Which leads to lump-type
solutions of the ncKP system by substituting equation (28)
into equations (10) with equation (21). Figure 4 demonstrates
a lump-type solution of the ncKPI system for the variable A,
where the parameters are fixed by

fi=h=fh=x0=y=1t6=0,d=1 (29)

3. Symmetry reduction solutions of the the ncKPII
system

Symmetry analysis plays an important role in solving non-
linear systems [29, 30], in this section we apply the standard
Lie symmetry method on the ncKPII system. To this end, we
first give the Lie point symmetry of this system in the form
0 0 0 0 0
V=X—+Y—+T— +1— + A—
ox  ay o oA 0B
0 0 0 0
+Lh—+Nh—+G—+ A—,
*aoc " o T CoF T 706
where X, Y, T, ', I'», I's, Ay, Ay, As are functions of x, y, ¢, A,
B, C, E, F, G that needs to be determined. In other words, the
ncKPII system is invariant under the following transformation

{x,v,t,A,B,C,E, F, G}
—{x+eX,y+eY,t+eT,A+ cl}, B+ €A,
C+ elh, E+ €Ay,

F+ 6F3, G+ €A3},

(30)

with infinitesimal parameter €. The symmetry of equation (30)
can be written in function form as

os = XA, + YA, + TA, — T}, 3la)
o3 = XB, + YB, + TB, — A, (31b)
oc = XC, + YC, + TC, — I3, Blc)
or = XB, + YB, + TB, — My, G1d)
or = XFE, + YE, + TF, — I, (3le)
o = XG, + YG, + TG, — A, 31

which satisfy the linearized equations of the ncKPII system
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Figure 1. (a) The density plot of the solution A of the ncKPI system at time r = O for N = 2 case with parameters being fixed by equation (25);
(b) the density plot of the solution A of the ncKPI system at time = 0 for N =4 case with parameters being fixed by equation (26).

(b)

Figure 2. (a) The three-dimensional plot of the solution A of the ncKPI system at time ¢t = 0 for N = 2 case with parameters being fixed by
equation (25); (b) the three-dimensional plot of the solution A of the ncKPI system at time ¢ = 0 for N = 4 case with parameters being fixed
by equation (26).

3 3 3 3
Z(O'E,x — oc)Ar — Z(UE,X + 30c,x) By Z(Uc,x — Opx) By — Z(O'C,x + 30g)Ax
3 3 3 3
__(3UB,x + UA,x)Cx + _(JA,x - UB,X)EX __(3UA,x + JB,x)Ex + _(UB,x - UA,x) Cx
4 4 4 4
3 3 3 3
_§(3UC + op)Aun + g(UE — 0c) By _§(3UE + 0c)Bx + g(UC — 0E)Ax
3 3 3 3
—§(3CTA + 0p) Gy + g(UB — o4 Ex —§(3CTB + oa) Ex + g(UA — 08) Cux
+la — E(3C + E)o, +l<f — i(3E + O)o
4 C,xxxx ) A, xx 4 E,xxxx ) 'B,xx
3 3 3 3
+§(E - C)UB,xx + ocxt — §(3A + B)UC,xx +§(C - E)UA,xx + OExt — g(SB + A)JE,xx
3 3
+0c,yy + g(B — A)og =0, (32a) +0g,y + g(A — B)oc.. =0, (32b)
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3 3
_(3UF,X + UG,X)AX + _(UF,X - UG,X)BX
4 4
3
+Z(O—B,x + 30A,x)Fx
3 3
_Z(UB,x - UA,X)GX + §(3UF + OG)Axx
3 3 3
+§(UF - UG)Bxx + §(3O—A + UB)FXX + g(JA - UB)GM
fla + 3(3F + G)op e + E(F — G)o
4 F xxxx 8 A, xx 3 B, xx

3 3
—OF xt + §(3A + B)UF,xx — OF,yy + g(A - B)UG,xx - 07
(32¢)

3 3
_(SUG,X + UF,x)Bx + _(UG,x - UF,X)AX
4 4
3
+Z(UA,X + 30'B,x) GX
3 3
_Z(UA,X - UB,x)Fx + §(3UG + UF)Bxx
3 3
+§(O'G — UF)Axx + g(SO’B + O’A)Gxx
3 1
+—=(08 — 0A) Fix — —0G xoux
8( B — Oa) 776

3 3
+§(3G + F)opx + §(G — F)oaxx

3 3
—0Gx T §(3B + A)UG,x_x — OG,yy T+ g(B - A)UF,Xx =0,
(32d)

3
OAxt — Z(UB,X + 30A,x)Ax
—1—2(0 — 0ax)B
4 B,x A,x)Dx
3 3
_§(3UF,X + UG,X)CX + g(UG,x - UF,X)EX
3 3 3
__(UE,X + 3O—C,x)Ev + _(UE,X - UC,X)GX - _(3UA
8 8 8
3 3
+0p)An + g(UB — oa)Buw — E(S‘UF + 06) Cx
+i(0 — op)E, — i(ar + 3o0¢)F,
16 G F)Lxx 16 E C)Lxx
—i(a — 0p)G, +la — i(3A—|—B)<7 + o,
16 C E) Yxx 4 A, xxxx ) A, xx A,yy
—l—E(B — A)og — i(31‘7 + G)o
3 B,xx 16 C,xx
-l-i(G — F)o
16 E xx

3 3
*E(E + 3C)op e — E(C — E)og . =0,
(32e¢)

3 3
OB xt — Z(UA,X + 3JB,X)BX + Z(UA,X - UB,X)AX
3 3
7§(30—G,x + UF,x)Ex + g(UF,x - UG,X)Cx
3 3 3
__(UC,X + 3UE,X)GX + _(UC,x - GE,X)FX - _(303
8 8 8
3 3
+04) By + g(UA — 0g)Axx — E(:SUG + 0F) Ex
—|—i(a — 06)Cix — i(cT + 30p) G,
16 r G) LCxx 16 C E) Yxx

3 1 3
*_(O—E - UC)FXX + ZUB,W - §(3B + A)UB,xx + UB,yy

16
+§(A — B)og o — i(3G + F)og
8 ’ 16 ’
+ 2 (F — Goe
16 ’

3 3
——(C + 3E w— —(E — C)opn =0,
16( )ag, 16( ) OF,

(321)
and also the nonlocal condition
ox = op(—x + x0, ¥, =1 + 1o),
oc = og(—x + x0, y, =t + 1),
oF = og(—x + xp, y, —t + tp). (32g)

By substituting equations (31) into equation (32) and
eliminating A,,, By, Cxi, Exis Fxs Gy by the ncKPII system, we
obtain a system of the functions X, Y, T, I'{, T'5, '3, Ay, Ay, As.
By vanishing all independent partial derivatives of variables A,
B, C, E, F, G we obtain a system of over determined linear
equations, which can be solved by software like maple. After
considering the nonlocal relation of equation (32g), we have

1. 1. 1.
X=—fix - gfl)’z - Efzy + 5,

3
2.,
1... 2. 2. 1. 2.
Ezgﬁyz - §f1A - Eﬁx‘FgJEY— §f3
1.. 2. 2.
A1:§f1y2 - Ele - gflx
1. 2,
+_ - ]3>
3ﬁy 3£

I = —%Cfi —eE—eC, A= —%flE + e1C + e(E,
2.
F3:—§1F+ e1G + eF,

A3:7§fiG7€167€1F,

where fi, f5, f3 are arbitrary functions of ¢ satisfying the
condition of (22). So the explicit expressions of equation (31)
are
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-10

(a)

variable A. The parameters are fixed by equation (27).
1. 1. 2 1.
oa = A + §f1x - gf1y - Efz)’ + /5 JAc

2. 1.. 2.
T (gfly +fz)Ay ~ L+ 2fa

2. 1. 2,
+ —hx — =hy + —f, 33
o~ Fhy A (33a)
1, 1, , 1,
og = fiB: + gflx_gfly —Efz)’ + /5 |Bx
2, 1o 2,
(v v ), - i+ ip
2. 1. 2.
+ —hx — =hHY + =k, 33b
o~ Fhy A (33b)
1. 1. 2 1.
oc=hC+ | Dhx — —hy — Ay + A |G
3 6 2
2, 2 .
+ (Efly +f2)Cy + ECfl + ei(C + E), (33¢)
1. 1. 2 1.
0 = hE A (Zhx = /" = Shy + 15 B
2, 2 .
—el(C+ E), (33d)
1. 1. 2 1.
o = hE + | shx — —hy" — Shy + 4 |E
3 6 2
2, 2 .
1. 1. 5 1.
o6 =[G+ | $hx — —hy" — Zhy + /)G
3 6 2
2, 2 ..
+ ei(F + G). (331)
Group invariant solutions of the ncKPII system can be obtained
by solving equation (33) wunder the condition

opa=0p=0c=0p=0p=0c=0, which is equivalent to
solving the characteristic equation

(b)

Figure 3. Breather solutions of the ncKPI system at time # = 0 for: (a) the density plots of the variable A; (b) the three-dimensional plots of the

dx _ ﬂ
Sx =y —shy+f A
_ dA
- 1 2 - 2 1 2 -
Shy? = ShA = Shx + 5hy = 3h
_ dB
- 1o 2 - 2 1% 2 -
Shy* = ShB — Shx + shy — 3h
_ dc
—2Ch — el — eiC
B dE
~2{E+ eiC + elE
_ dF
—?lF + e1G + e F
dG

= . (34)
~2,G - eiG — erF

After solving equation (34) we get symmetry reduction solu-
tions of the ncKPII system
(my + m)niy
. 4
3m3?
2
+ 2 + 6]”’1'3

.4
9m33

 (my A+ )i
i3 3
n [_4(7?11 + 777)’7'11
Onizs

A=

5(my + n)*riz? nig? nin

— + mi3 A,
27m3 3

_|_

(35)

6nist 3t

(my + n)niy
4
3niz3

I my + 25] ..

e
9m33

_ (m 4 )it
iz 3
" [_4(”11 + 777)"41
QM3§

B =

5(my + n)*niz? iy 2
27niz 5 %

6nis
nis

+ ni3 3By, (36)

.1
3m33
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(a)

(b)

Figure 4. Plots of lump solution of A of the ncKPI system at time ¢ = 0, while the parameters being fixed by equation (29): (a) density plot;

(b) three-dimensional plot.

C = —nis3[(ems — DG + Ell, (37)
E = niy3(eyms G + E), (38)
F = nis 3(eymsGy + F), (39)
G = —nis3[(eyms — )Gy + R, (40)

where Ay, By, Cy, Ey, F1, G, are invariant functions of two new
invariant variables

2

m
é': 'lly_’_m?)%x_

y
2niy 6(niz)3

1
—ma = —m + miz 3. 41)

In equation (41), my, m,, ms are arbitrary functions of r which
related to fi, f>, f5 by

1 m 2 ni
h=—h=—5h=—"7+ "1 (42)
ni3 miz3 2miz3 2nisz3
and satisfy
Ty {my, my, m3} = {my, —my, —ms}. (43)

By substituting equations (35)—(40) into the ncKPII system, we
get corresponding symmetry reduction equations

—18A7; — 12A1¢By ¢ + 6B} — 6(G1c + 2F )G ¢
+12G1’§E1,§ + 16A1,7m — 6(B; + 3A1)A1,§§
+6(B1 — A)Bige — 3(G1 + 2F) G e + 6E1,Gy

—6F1’§§C1 + 3QQE| — C])Gl,gg + 4A1,§5§5 =0, 44)
—18B7; — 1241 ¢B1¢ + 6A7; — 6(G1e — 2F 1 ¢0)C ¢
—12G1,§E1,§ + 16Bl,n17 — 6(B) — AI)A1,§§
—6(3B; + ABi ¢ — 3(G1 — 2F) G ¢ — 6E1 4Gy
+6F G — 3Q2E + G)Grg + 4B geee = 0,
(45)

[6Q2eyms — 1)G ¢ + 12E; ¢]A1¢ + [6(2mze; — 3)C ¢
+12E, ¢ B¢ — 8Ccey
+3Q2Gems + 2E — 3G)ALg + 3QGems — G
+2E) By g — 8(mze; — 1) Gy
+3(2Bimze; + 2Aimze; — By — 3A) G e — 8E1,y,
+6(B; + ADE; ¢ — 2(mze; — 1) G geee
—2E) g = 0,

(46)

[6Q2eyms + )G ¢ + 12E ¢] A ¢
+[6(2m3e1 - 1)C1!§ + 12E1,§]B175 - 8C1,§el
+3QRGeym; + 2E1 — QA1 ¢ + 3Q2Ceims
+G + 2E) By ¢ — 8mze Gy
+3(2Bymze; + 2Amze; + By — A])C]y& — 8El,rm

+6(B; + A])El’& — 2m3€1C1,§§§§ — 2E1,5§5§ =0, @7

6[2Fc + 2mser + 1)GrelAre
+6[2F ¢ + 2mze; — )Gy ¢l B¢ — 8Gycey
+3Q2Geims + Gy + 2F)A; ¢
+3Q2G e1ms — Gy + 2F)By e — 8F.,
+6(B1 + A1) F1ec — 8G1ymzen
+3QAimze; + 2Bimze; + Ay — B) Gy g

—2G ) gggeerms — 2F geee = 0, (48)

6[2F1 ¢ + 2mzer — 1)G1¢]Are + 6[2F ¢
+@2mze; — 3)G1¢]Bi ¢ — 8Gy e
+3(2G161m3 - G] + 2F1)A17§§
+3(2G eyms — 3Gy + 2F) B ¢c — 8Fi
+6(By + A Fi e — 8(mzer — )G,y
+3(2A11’)13€1 + 2B1Wl3€1 — A1 — 3Bl)G1,5§

—2(61m3 - I)Gl,&fg - 2FL§E§E = 0, (49)

along with
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A(—=¢& ) = Bi(& ), G(=¢,

n = G n), El(=& n) = G n) — Ei&, ),
(=& n) = Gi(&n) — Fi&, ),

Gi(&, ) = Gi(=¢&, ).

4. Summary

In summary, a nonlocal coupled KP system is introduced and
studied by converting it into a localized system. Via this
method, new solutions of the ncKP system are generated from
known ones of the cKP system. An even number of singular
soliton solutions are obtained in a general form, among which
N =2 and N =4 soliton solutions are plotted and analyzed.
By fixing appropriate parameters, soliton solutions of the
ncKPI system become breathers and we also attained lump-
type solutions. The standard Lie symmetry method is carried
on the ncKPII system to obtain symmetry reduction solutions.
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