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Abstract. We present a reciprocal transformation which links the Geng—Xue equation to
a particular reduction of the first negative flow of the Boussinesq hierarchy. We discuss two
reductions of the reciprocal transformation for the Degasperis—Procesi and Novikov equa-
tions, respectively. With the aid of the Darboux transformation and the reciprocal trans-
formation, we obtain a compact parametric representation for the smooth soliton solutions
such as multi-kink solutions of the Geng—Xue equation.
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1 Introduction
The Degasperis—Procesi (DP) equation
me + 3ugm + umy, = 0, m=1u— Ugy

was derived by applying the method of asymptotic integrability to a many-parameter family of
third order dispersive PDEs [9]. It may be viewed as an approximate model describing shallow
water wave propagation in the small amplitude and long wavelength regime [7, 10, 16, 17]. The
DP equation is a completely integrable equation. It admits a Lax pair, bi-Hamiltonian structure,
and is reciprocally related to a negative flow in the Kaup—Kupershmidt hierarchy [8]. Moreover,
the DP equation has been studied by the inverse scattering method [1, 6], and was shown
to possess various periodic-wave solutions and travelling-wave solutions [19, 37]. Its smooth
multi-soliton solutions were constructed by means of the 7 function approach, Riemann—Hilbert
method, dressing method and Darboux transformation (DT) [1, 5, 24, 30]. In particular, the DP
equation is an equation of Camassa—Holm (CH) type, which has an unusual feature of admitting
non-analytic solutions called peakons [26, 27]. There exists an interesting connection between
the DP peakon lattice and the finite C-Toda lattice [3].

By using the method of perturbative symmetry to classifying integrable equations of gener-
alised CH form, a new equation with cubic nonlinearity

ms + u2mx + 3uu,m = 0, m=1UuU— Ugy

was discovered by Vladimir Novikov [33]. Soon afterwards, Hone and Wang [15] confirmed
its integrability by presenting a Lax representation, infinitely many conserved quantities as
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well as a bi-Hamiltonian structure. They also related this equation to a negative flow of the
Sawada—Kotera hierarchy via a reciprocal transformation. Smooth multi-soliton solutions of
the Novikov equation have been presented via several approaches such as the Hirota bilinear
method, Riemann—Hilbert method and DT [2, 31, 39]. Furthermore, multipeakons of the Novikov
equation may be computed by the inverse spectral method [14]. Dynamical system of the
multipeakons of the Novikov equation is a Hamiltonian system, which is connected to the finite
Toda lattice of BKP type [4, 15].

Subsequently, Geng and Xue [12] proposed a two-component generalization of the Novikov
equation and the DP equation

m¢ + 3ugzvm + uvmg = 0,

ng + 3vzun + uvng, = 0, m=1u— Ugg, n =7 — Vg (1.1)

Indeed, for u =1 and u = v, the Geng—Xue equation (1.1) reduces to the DP equation and the
Novikov equation, respectively. This equation is a completely integrable system with a Lax pair
and bi-Hamiltonian structure [12, 22]. The homogeneous and local properties of the Hamiltonian
functionals were discussed [20]. Also, the Geng—Xue equation is related to a negative flow in
a modified Boussinesq hierarchy by a reciprocal transformation [23] and the behaviour of the
bi-Hamiltonian structures under the transformation was studied [21]. Moreover, the Geng—Xue
equation was shown to admit multi-peakon solutions [28, 29, 35] and its Cauchy problem was
considered [13, 36]. However, to the best of our knowledge, smooth solutions such as multi-
soliton solutions of the Geng—Xue equation have not been constructed.

The purpose of this paper is to propose a method for building soliton solutions of the Geng—
Xue equation. To this end, we find it is convenient to relate the Geng—Xue equation to a par-
ticular reduction of the first negative flow in the Boussinesq hierarchy via a reciprocal transfor-
mation. Different from the works of [21, 23], this reciprocal transformation may be reduced to
that of the DP equation and the Novikov equation. Furthermore, by combining the reciprocal
transformation with DT of the negative flow in the Boussinesq hierarchy, we are able to obtain
a parametric representation for the multi-kink solutions of the Geng—Xue equation.

The paper is arranged as follows. In Section 2, we introduce a reciprocal transformation and
relate the Geng—Xue equation to a particular reduction of the first negative flow of the Boussinesq
hierarchy. The reductions of the reciprocal transformation to the DP equation and the Novikov
equation will also be discussed. In Section 3, with the aid of the reciprocal transformation
and DT, we construct the smooth multisoliton or multi-kink solutions of the Geng—Xue equation.
Interestingly the solutions will be represented in terms of Wronksians, and the simplest nontrivial
cases will be given explicitly.

2 A reciprocal transformation and negative flow

of the Boussinesq hierarchy
In this section, we present a proper reciprocal transformation and establish a link between the
Geng—Xue equation and a special negative flow of the Boussinesq hierarchy. Also, we consider the

possible reductions of the reciprocal transformation and show that the reciprocal transformations
for both the DP equation and Novikov equation are recovered.

2.1 A reciprocal transformation of the Geng—Xue equation

The Geng—Xue equation (1.1) has a Lax representation [12], namely it is the compatibility
condition of

o, =MD, &, =N, (2.1)
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where ® = (1, o, (,03)T and
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Use of the above linear spectral problem (2.1) and a standard algorithm lead to infinitely many
conservation laws for the Geng—Xue equation. One of them is

ht = —(uvh),, h= (mn)%,

which allows us to introduce new independent variables y and 7 via the following reciprocal
transformation

dy = hdz — wvhdt, dr =dt. (2.2)

Setting w = (%)% and eliminating ¢1, @9, we find that the linear system (2.1) may be rewritten
in terms of ¢ = 3 as

[(wh) "2 (h(hipy)y — 9)], — NPh2w 20 =0,
Or — )\_2u(wh)_% [h(hpy)y — @] — uvyhe = 0. (2.3)

To bring (2.3) into a familiar form, we introduce a gauge transformation

p=h"3wie, (2.4)
and have

by +E0y+10 = N0, by — 5[0+ + (E— 0y +0)9] =0, (2.5)
where

p:uh%w_%, q= % (2.6)
and

§:3wyy797w§7@+h32/—4 ¢ 7wyyy+§wy+6wywyyi6w2.

2w 4w?  2h 4h2 "’ Y w w? w3

It is noted that the first equation of (2.5) is the linear spectral problem of the Boussinesq
hierarchy. Now, the compatibility condition of the two equations of (2.5) yields the associated
Geng—Xue equation, which reads

&r = —3py, s1y =0, Nr = —3Pyy — 3(pQ)ya s2 =0, (2.7)

where

$1=Dyy +3pyq +3pg® +Ep+1,  sa=n—& + qu — 3qq, + Eq+ ¢°.

It is mentioned that the Geng—Xue equation under the transformation (2.2) implies the as-
sociated Geng—Xue equation (2.7). As system (2.7) possesses a Lax pair, one may construct
infinitely many conserved quantities for it. Furthermore, it passes the standard Painlevé test of
Weiss, Tabor and Canevale (WTC) [38].
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As mentioned, the spatial part of the spectral problem (2.5) is the one for the Boussinesq
hierarchy. The first equation in this hierarchy is the Boussinesq equation [34, 41]

2
gt - _§$x + 277$7 N = Nz — §(§x$z + €€$>

Thus the associated Geng—Xue equation (2.7) should have connection with a particular flow of
this hierarchy. To see it, let us consider a more general spectral problem

byyy + Edy + 10 = N9,

Or — % [aqﬁw + boy + é(2a§ — 3by — ayy)dﬂ =0.

Its compatibility condition yields

@ - <Z> ’ (2) =~ (Z) =0, (2.8)

where

30 0
hi= <—382 —38) ’
70— O + €02 — €y + 3n0 + 2, 203 + €0 + ¢
27 \3(0° + €0° — 20°¢ — 260¢) + 30m0 + 1y, O* + 6% + 300 +ny)

It is not difficult to check that JoJ 1is the well-known recursion operator of the Boussinesq
hierarchy, and hence the system (2.8) is just the first negative flow in the Boussinesq hierarchy.
Now, setting a = p, b = pq, we have the following relation

<21> _ < 0—q 2p0 + 3py ) (51y)
%2 %82 + (q?! - %§ - q2) p82 + (3py +pQ)8 + 3pyy + 3(pQ)y s9 )"

Thus, the associated Geng—Xue equation (2.7) indeed is a particular reduction of the negative
Boussinesq equation (2.8).

2.2 Reductions of the reciprocal transformation

Recall that the Geng—Xue equation may be reduced to the DP equation and the Novikov equa-
tion by setting v = 1 and w = v respectively. So it is interesting to consider the reciprocal
transformation (2.2) under these reductions.

Case 1: u = 1. In this case, the reciprocal transformation (2.2) becomes

dy = hdzx — vh dt, dr = dt,

where h = n3. A direct calculation shows that the associated equation (2.7) and the spectral
problem (2.5) reduce to

& = —6hhy, 2hyyy + h&y + 28Ry, = 0,

and

_ 1

22 [h2¢yy - hhy% + (hZ - hhyy - 1)¢]7

b + 80y + 566 = N6, or

respectively. These are just the associated DP equation and its spectral problem [8, 24].
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Case 2: u = v. Now, the reciprocal transformation (2.2) turns into
dy = hdz — u?hdt, dr = dt,

where h = m3. In this case, the spectral problem (2.5) becomes

¢yyy + £¢y + £y¢ = )‘2¢a ¢T = %(Qbyy + 5@5)’ (2'9)
where
_ hyy h12/ 1 _ ok
S Ton T R P

Meanwhile, (2.7) yields

& = —3py, (Pyy + 1)y = 0. (2.10)

Setting ¢ = v, from (2.9) we have

1
Yyyy + Ey = )\2'¢a Yy = F(pwyy — pyty + Dyy¥ + p€y). (2'11>

It is easy to see that by integrating the second equation of (2.10) and substituting it into (2.11),
we reach the results appeared in [15, 39].

3 Multisoliton solutions of the Geng—Xue equation

In the previous section, we have related the Geng—Xue equation (1.1) to the associated equa-
tion (2.7), which was shown to be a reduction of the first negative flow in the Boussinesq
hierarchy. In what follows, we will take a similar approach as done for the CH, modified CH
and DP equations [24, 25, 40] and explain that this connection, together with the DT for the
associated Geng—Xue equation, allows us to propose an algorithm to build multisoliton solutions
of the Geng—Xue equation.

As a first step, we have the following

Proposition 3.1. The spectral problem (2.5) is covariant with respect to the following N-DT

¢[N] _ W(flvaVa[/-v];/'vaaQs)’

g[N] =&+ 3(ln WN)yya

n[N] = n + (Ng + g[(ln Wa)y)? + 3(n W)y — 3FN> ,
Yy

Wn
pIN]=p— (InWy)y-,
N = 2 (pg + Np, — (W), (In W )yr + (22 (3.1)

q - p[N] pq py 2 N y n N yT WN T ) .
where fi,..., fn are solutions of the spectral problem (2.5) at A = A1,..., AN, respectively.
W' denotes the Wronskian,

fioe fl(N—l)
WN:W(f17f277fN): :‘f77f(N_1)}:‘N_1‘7

oo f](VN*U
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and
0, N =1,
FN: W(flyuf2y)7 N:27
IN-3,N-1,N|, N=>3.

Here and in the sequel all determinant notations are adopted according to [11].

Proof. For the Lax operator L = (95’ +£0y + n, it is well known that the operator of the 1-DT

is given by T} = 0, — J;}—f’ (see [18, 32]). It is straightforward to check that the transformed
variables solve

(B[1])yyy + N (S[1])y + n[]B[1] = A2¢[1],
p[1]

(¢[1])r = S (([W)yy + al1](8[1])y + (€[] = (al1])y + q[1]?) 8[1]) =0,
namely the proposition is valid for N = 1 case. For the general case, we may assume that the
operator of the N-DT takes the form T = 35 + alaéV*l + -4 ay, where coefficients aq,...,an
are functions of fi,..., fy and their derivatives with respect to y. Hence, for this iterated DT,
we have

LT=TL,  L=0383+¢[N)3y,+n[N]. (3.2)

Plugging the expressions of T, L into the first equation of (3.2) and considering the coefficients
of OVt and 9V, we obtain

E[N] = € — 3auy, N[N] =n+ N& + 3ai1a1y — 3a1yy — 3azy. (3.3)

The coefficients of the operator T' may be determined from the conditions T'f; =0, 1 <¢ < N.
In other words, we have

aNfi+aN—1fi(1)+"'+a1fi(N_1) :_fi(N)7 i=1,...,N. (34)

Using Cramer’s rule, we obtain from the system (3.4) that

IN —2,N| IN=3,N - 1,N|

ay = p—— 3 p———
\N—u \N—u

Substituting them into (3.3), we have

EN]=€+3(InWy)yy,  n[N]=n+ (Né + ;[(ln W )yl? +3(In Wiv)yy — ?;iw :

In addition, the iterated formulae for p, ¢ may be acquired by substituting {[N], 5[N] into the
associated Geng—Xue equation (2.7). This completes the proof. |

Next, let us start with the trivial solution uv = wug, v = vy of the Geng—Xue equation, where
ug, vg are positive constants. Then the corresponding seed solution in the above DT reads
€= k2 p=~FK,n=¢q =0, where k = (uovo)%. To calculate the solutions f; of the
system (2.5) at A\;, j =1,..., N, it is convenient to assume «;, 3;, —a; — 3; being three distinct
roots of the cubic equation w? — k2w = )\?. Now, without loss of generality, from (2.5) we have

fi=e% +6;e%, 1<j <N, (3.5)
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where

2 k2
¥ = ajy + —7 + ¢y, oj = Bjy+ T+ cj.
Y Bj

Herein cyj, co4, 0; are arbitrary constants. To build real solutions of the Geng-Xue equation,
let us assume o — 3; = p; > 0 and rewrite (3.5) as

2

Vito; ] vy 1 3]{32 j
fi=e"m (M 4 8507%), 9j=<Pjy+pgpng+CU_C2f)'
j

It is noted that 1, e¥/¥ and e~¥/¥ constitute a fundamental set of solutions of the first equation
of (2.5) at A = 0 with the seed £ = —k2, p = k%, n = ¢ = 0. With the help of the f;’s given
by (3.5), it follows immediately from Proposition 3.1 that for the N-th iterated spectral problem

(@[N])yyy + E[N](®[N])y + n[N]®[N] =0
at A = 0 we may calculate its solutions, and in particular we have

SIN] = 110! [N] + 12¢*[N] + v3¢°[N],
pIN] = ki — (InWy))

g[N] = p[lN] ((%) — (InWy),(In WN)W) , (3.6)

where v;, 1 = 1,2, 3, are arbitrary constants and

YT

_ W(fl?"'?fN7e%y)

oy = P D ey fwnet),
W(fi,..., fx,e"¥Y
g = W oo ) 5.7

Direct calculations show that the asymptotic behaviours of the wave functions ¢'[N], ¢[N],
#3[N] are given by

N N 1
) (_1)N;l_‘!aia Yy — +00, N ein (]C ai) y Y — +00,
¢ [N] ~ N @ [N} ~ ) N 1
(_1)N211617 Yy — —00, ekyi];[l (k - ﬁl) y Y — —09,
N
e_%y H (_kj Olz) , Y — +OO,
(A P

Next, we work out the coordinate transformation between the independent variables x, t
and y, 7. To this end, we consider the spectral problem in (2.1) at A = 0 which yields
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for ¢ = 3. As e” and e™® form a fundamental set of solutions of (3.9), in view of the gauge
transformation (2.4), they may be represented as

& = (B)"" (@8[] + x? (V] + ca’ [V,

e = (9)" (0161 V] + dag?N] + s [,

where the coefficients ¢, di, k = 1,2, 3, are independent of y. Taking account of the asymptotic
behaviours (3.8), we find

e’ = ¢ (%) 2 ¢2[N], e " =ds (7:)1/2 ¢3[N]7

which further imply

e ()

where ¢ = ¢(7). Differentiating above equation with respect to 7 and using the reciprocal
transformation (2.2), we have

2
T, = Cr —i—% <ln z%xDT = uw,

then by taking the limit y — oo, we find ¢, = ugug = k3, which leads to ¢ = k37 + d with d as
an integration constant. Thus we obtain

2
x:k%+;m(zﬁa)+d (3.10)

For temporal variables, from (2.2) we have
t=r. (3.11)

Finally, we need to work out the transformation formulae for the field variables u, v, which
can be done by means of (2.6) and the reciprocal transformation (2.2). In particular, we may

deduce w from ¢[N] = . It is interesting to observe that for p[N] and ¢[N], we have
B\ 2
p[N]:W(glavgN)W(fiﬁvf]/\/) <W> ) (312)
N
q[N] = —(1n (glag27 )gN) , (313)
W y

where g; = )\i_Q (fiyy - k:*2fi), i > 1. The proof of (3.12) and (3.13) is presented in the appendix.
Summarizing above discussions, we have

Proposition 3.2. The Geng—Xue equation admits the parametric representation of the multi-
kink solutions

u= kAW (..., f! ( Ty >, v="7
(fl fN) WNW(gthv"'agN) U

where x, t are defined by (3.10) and (3.11), £ is an integration constant, and ¢*[N], ¢>[N] are
given by (3.7), respectively.

Nl
8
N
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It may be checked that for the solution presented above both potentials v and v have different
asymptotic behaviors as y — oo and y — —oo. This is a indication that the solution is of kink-

type.
In the rest part of this section, we consider the simplest cases and present two examples.

Example 3.3 (1-kink solution). For N = 1, let us take
fi=e" 10, g1 = A (figy — K0 N),

where §; may be chosen as +1. Direct computations show that the DT (3.1) yields
1 h ) 1 ( f 1 ) 1y
2 J1y 3 J1ly
1 = —_ — y7 1 —— 7
o= (52 &) :

plil =12 - 12 f1> ) = -1 <f)

Then, application of Proposition 3.2 allows us to have the following solution of the Geng—Xue
equation

1
—y+ KT + ln k= —h fiy — &1 , t=r,
k; fly kfl

f1<h )5 By (fiy - o)
= k2L (k= , = . 3.14
h 291% ’ (fiy = 2/1) (fry + 5 1)u (3:14)

Here and in the sequel, all k;, i € Z, are assumed to be arbitrary constants. We take ay, 81, A?
as real constants so that we have the real-valued solutions. Furthermore, assuming that d; = 1,
0 < kp1 < 1, our solutions will be non singular. Under these assumptions and substituting the
expressions of fi, g1 into the solution (3.14), we obtain a parameter representation of 1-kink
solution of the Geng—Xue equation

(2 - 7“1) cosh 01 — pq sinh 6

x=ks+ —|—k37'+1ln
3 ky ( —|—7"1)cosh91—|—plslnh01

B k4(p1 sinh @ + 71 cosh 07)
~ /rZcosh(20,) — piry sinh(260,) + p? + 12
k37, [3k2p1r1 sinh 87 — (kzp% + 2) cosh 91]
ks(k?p} —1) /7% cosh(20;) — pyry sinh(26;) + p? + r%’

— — 2 .
where k3 = In (—k) and 01 = %(ply + p?j]fiQT + 910), r=a+ 0 = :l:,/ﬁ — %pf with 61g
any constant.

We now consider the first a few conserved quantities for the 1-kink solution. The Geng—Xue
equation is known to possess infinitely many conserved quantities [12, 20, 22, 23], and among

them the first three are

[oe) [oe) oo
I :/ hdx, Iy :/ undz, I3 :/ uzndz.
—o0 —0o0 —00

Since 1-kink solution of the Geng—Xue equation is not explicit and written in parametric form,
we consider I; under (2.2), namely,

I :/ 1dy, I :/ — dy, I3 :/ uyn dy.
—00 -0 h -0

v =
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3020 10 0 -10 220 30 -9 30020 10 0 -10 -20 30 _ap

X x

Figure 1. One-kink for u at k3 = 619 = 0, Figure 2. One-antikink for v at k3 = 619 = 0,
plzl’k1:%7i€4:177"1:\/5_ p1:17k1:%7i€4:177‘1:\/5

Thus, for the 1-kink solution we have

12:/oopdy:k2/00 [1—(?{) ] dy:kQIl—kQ/oo (%) dy
—0 —o00 y —00 y

2 K o _ K
=k Il—P(al—Bl) =~ (mod I).
1 1
For I3, using definition of p together with
+1 flyy_%fly_flyy+%fly _ )\%flgl
2\ fiy—1h fiy+th k(f2, — =17

1
l‘y:%

we arrive at

g1

*u ~ K =F(R), [A Jiy | @ 91
be [ gy [ [l S ]
’ /—oo up Y —c0 Ly fly 2f1 2xy 2g1 Y

I flyy_(f%y_k%flz)y qy = oo<fly> qy =
—/oo 2y 7 [fly 277, — =] T N UR ), T TR

Example 3.4 (2-kink solution). For N = 2, we may take

: , 1 _ ,
fi:eﬁz—’_&iegla gz:ﬁ(fzyy_k in)7 Z:1727
where 61, d2 are allowed to be +1. From (3.6), it follows that

o W(flaf%e%y) o W(flaf%e_%y)

2 3101 _
o= W(fi, f2) o2 W(fi,f2)
12— 1 (W(hy foy) 1 (Wy(f1, fo) 2
Pl =K =Wy, fo)lyr, 2= p[2] ( W(fi, fo) 2 (W(f17f2) ) )T‘

Notice that gy = fi, fir = k2g;, i = 1,2. Then, after some direct calculations, we find

¢*[2] _ o2 Gy o Wg1,92)W (f1y, fay) B nW(f1,f2)
»2] yG2’ P2l =k W2(f1,f2§ S all= (1 )y7

W (g1, 92)
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1.5
1.6+
1.4

1.2

y 10
0.5
0.6

0.4 > .af:-’)-'N

Figure 3. Two-kink for u. Figure 4. Two-kink for v.

where
1 1
G1 :W(fly_kfhny_ka) ; G2 = Gilp——k-

Following Proposition 3.2 and after tedious calculations, we may get a parameter representation
of exact solution

f— — 71 —_— e
T k5+ky+k7+2nG2, t=r,

= W(fiy, foy) K < 1 1 )
= gy J2y) -7 __w — 1, foy— 92 ) -
RN cven R enen Ny = 291 Joy = 1292

Hereafter, to obtain real solution without singularity, let us assume that oy, 5;, )\12 are real and
01 = do = 1. Then we may establish the parameter representation of the 2-kink solution of the
Geng—Xue equation. A profile of 2-kink solution is plotted in Figures 3 and 4 for the parameters

m=2p=35 =+ =vVT,ra=ay+foa=—\/15 ks =010 =020 =0,k =2, k¢ = 1.

A Proof of (3.12) and (3.13)

For N = 1,2, the validity of (3.12), (3.13) has been shown in Examples 3.3 and 3.4. In general
case, we first introduce the following two matrices M, M and N-dimensional column vectors g,
f,a, b, das

;o g fo fNY
M = : : 3 M = : : : )
f]lv o f](VN72) f]/V o fJ(vN73) f](VNfl)
g fl fl(N_2) fl(N_l) fl(N)
(g7f7a7 bvd) =
ov fyv 82 D

Now we assume N > 3 and note fj, = ngj, then we deduce

Ig,M,b|>
)

p[N] = k* — k2 < .
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o, Zkinkforu 2'ki"r,15f°”’
i 0[]
|l . 14 |
|1 1.2 Jll
; || — o | I ==
] —-E;gg e |l ] _233
[ l 1 0.6 ; |
\Jl bl i i
o J \S_UJ\_J \_/\LIML fi L

-150 -10n -50 a0
*

Figure 5. Two-kink solution for v at 7 = —200,

—100, 0, 100, 200.

2

o0 150 -150  -100 -50 ] 50 ino 150
4

—100, 0, 100, 200.

= —(lg, M,b|Wyy, — |g, M,d|Wy)

:Wij%]

(IM,g,bl[M, f,d| — |M,f,b|]|M,g,d|)

k2
= W|M7gaf||M7bvd|
N

k’2

Wig, ...

79N)W(f{7"‘7f]/\7)7

where the Pliicker identity

|M, g, f||M,b,d| — |M,g,b||M,f,d +|M,g,d||M,f,b| =0

is used.

Next we consider (3.13). Indeed, we have

0N = o ((F /W) = (W), (I W), )

1 (WNy(p[N] — k?) N Fn:WN — FNWNT>

~ p[N] Wn W3

_ Wy i FneWn — FNWhr — KWWy,
WN k2WN

_ Wy N |M,g,d||M,a,f|+ |M,g,a||M,f,d|
WN WN
Wy, |M,a,d||M,g,f

- WN * WN

_ Wny  Wylg1,---,9n)

T Wa W(g1,...,9n)’

where Wy = W(gi,...,gn)W(f],..., fi) and an identity similar to (A.1) is used again.

Figure 6. Two-kink solution for v at 7 = —200,

(A1)
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