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Abstract This paper is concerned with the reflected forward-backward stochastic differential
equations with continuous monotone coefficients. Using the continuity approach,
we prove that there exists at least one solution for the reflected forward-backward
stochastic differential equations. The distinct character of our result is that the
coefficient of the reflected forward SDEs contains the solution variable of the reflected
BSDEs.
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1. INTRODUCTION

In this paper, we study the existence of solutions for some reflected forward-
backward stochastic differential equations.

In the early 1990s, the theory of backward and forward-backward stochastic dif-
ferential equations (BSDEs and FBSDEs, for short, respectively) emerged as a major
tool in the fields of mathematical finance and stochastic optimizations. In [6], it is
shown that the value processes of the optimal stopping problem can be presented as
solutions of reflected BSDEs. Solutions of classic BSDEs, in finance, can be consid-
ered as the recursive utility of an investor, which means that the decision of investors
will be affected by his wealth.

The study of FBSDEs was started in the early 1990s. Since the discussion by
Antonelli [1, 2] about the existence of local solution for FBSDEs, quite a few authors
have contributed to the solvability of FBSDEs with a finite time horizon. Antonelli
[1, 2] also constructed a counterexample showing that for coupled FBSDEs, large time
duration might lead to non-solvability.

Received: 7 March 2018 ; Accepted: 20 May 2019.
x Corresponding author.

480



CMDE Vol. 8, No. 3, 2020, pp. 480-492 481

Non-linear backward stochastic differential equations were first studied in [12], who
proved the existence and uniqueness of the adapted strong solution, under smooth
square integrability assumptions on the coefficient and the terminal condition, plus
that the coefficient h(t,w,y, z) is (¢, w)-uniformly Lipschitz in (y, z). El Karoui et al.
introduced the notion of reflected BSDE (RBSDE in short) [6], with one continuous
lower barrier. Following this paper, Cvitanic and Karatzas [3], introduced the notion
of reflected BSDE with two continuous barriers. Among the BSDEs, El Karoui et al.
[6] introduced a special class of reflected BSDEs, which is a BSDE with a solution
that is forced to stay above a lower barrier. Later, Michael Kohlmann [8] studied
the relationships between adjoints of stochastic control problems with the derivative
of the value function, and the latter with the value function of a stopping problem.
These results were applied to the pricing of contingent claims.

Lepeltier and San Martin [9] relaxed the condition on the barriers, and then, uti-
lizing a penalization method, proved the existence of a result without any assumption
other than the square integrability one on the coefficients. Later, Lepeltier and Xu
studied the case when the barriers are right continuous and left limit (RCLL in short),
and proved the existence and uniqueness of a strong solution in both the Picard iter-
ation and penalization method. Peng and Xu [13] considered the most general case
when barriers are just L2-processes by using the penalization method and studied a
special penalized BSDE, which is penalized with two barriers at the same time. They
proved that the solutions of these equations converge to the solution of reflected
BSDE. Peng et al. [14] developed a parallel method of reflected BSDEs on option
pricing. This method is based on block allocation.

2. STATEMENT OF THE PROBLEM

Let (2, F, P) be a probability space and (W;)o<;<r be a standard n-dimensional
Brownian motion defined on this space, whose natural filtration is F; = o{W,,0 <
s < t}. We denote by P the o-field of F;-progressively measurable sets on [0, 7] x €.

The aim of this paper is to study the required conditions for the existence of
solutions to the following reflected forward-backward stochastic differential equation
(RFBSDE):

t t
Xi=u —|—/ b(s, Xs,Ys)ds —|—/ o(s, Xe,Ys)dWs + my,
0 T 0 T
Y= g(Xr)+ [ (s, X0 Yo Zods — [ ZaW.+ ke - Ko
t t
T
0
First, we present some notations. Let

(1) 82 be the set of continuous, real-valued and adapted processes {X;}iep,7] such
that:

X3z == E[ sup |X;[*] < +oc.
t€[0,T)
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(2) H? be the set of P-measurable processes {Z;}1c[o, 7] with values in R™ such that:

T
[|1Z]13.2 == E[/ |Zt|2dt}< +00.
0
(3) 82 be the subset of S? of increasing processes.

For simplification, we suppose that n = 1 and only discuss the one-dimensional RF-
BSDE. Also, in this section, we introduce some assumptions on the coefficients of the
RFBSDE (2.1).

Assumption L. b: [0, T]xQxR? - R, 0 : [0, T]xQxR? - R, h: [0, T]xQAxR3 - R
are P-measurable, continuous processes for any choice of the spatial variables and for
each fixed (t,w), b(t,w,.,.), h(t,w,.,.,.), o(t,w,.,.) are continuous functions. More-
over, we assume that for any s € [0,T],w € Q,z,2', 9,9,z € R:

(a) b is increasing in y and h is increasing in z;

(b) there exists a constant M > 0, such that

|b(s, z,y)| < M(1+ |z] + |y]),

b(s, z,y) = b(s, 2",y )| < M(|lz — 2’|+ |y — ¥/']),
o (s, z,y)| < M1+ 2|+ [yl),

o(s,2,9) —o(s, 2,y )| < M|z —2'| + [y — ¢/])
|h(t,z,y,2)| < M(1+ |y| + |2]).

Assumption II. g : R x Q2 — R is a given Fp-measurable continuous bounded in-
creasing function satisfying g(X7) € L?(Fr) and L is a continuous obstacle which is
P-measurable, real valued, satisfying E[sup<,<7(L;)?] < oo and Ly < g(X7) a.s.

Assumption III. If we denote V([0,T],R™) to be the set of all R™-valued func-
tions of bounded variation, then n € Vz([0,T],R"), the set of all {F;}:>¢-adapted
processes n with paths in V' ([0, T], R™).

Note that the coefficients b and ¢ of the RFSDE contain Y, which is the solution
variable of RBSDE. Therefore the reflected FSDE and reflected BSDE in (2.1) are
coupled together. The problem is that in what conditions there is at least one solution
for the reflected FBSDE (2.1).

3. THE BASIC CONCLUSION

To prove the main result, we require the following lemma on the approximation of
continuous functions by Lipschitz condition. This lemma was first used by Lepeltier
and San Martin [10] in the study of the existence of a solution for BSDEs.

Lemma 3.1. Let h : RP — R be a continuous function with linear growth, that is,
there exists a constant M < oo such that Yz € RP, |h(z)] < M(1+ |z|). Then the
sequence of functions

@) = inf {h(y) + nle =y}

(=)l
[EE
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is well defined for n > M and satisfies

(i) linear growth: Yx € RP, |h,(z)] < M(1+ |x|);

(i) monotonicity in n: Yo € RP hy(x) < hpy1(x);

(iii) Lipschitz condition: Vzx,y € RP, |h,(x) — hp(y)| < nlz —y|;
(iv) strong convergence: if x, — x, then hy(z,) — h(zx).

Lemma 3.2. [11] Under the Assumptions (I)-(IIl), the following Reflected FSDE

t t
Xi=zx +/ b(s, X, Ys)ds +/ o(s, Xs,Ys)dWs + 4,
0 0
has a unique strong solution.

Now, we give the main result of this paper.

Theorem 3.3. Under the Assumptions I, Il and III, there exists at least one solution
(XY, Z,K,n) € S>28? @ H?> @ 8%, @ 82 for equation (2.1).

Proof. To create a solution of (2.1), the main idea is the following replication:
t

t
X =x+ b(s, X2, Y )ds + / o(s, X2, Y dW, + npt,
0 0

T T
Y = g(X71) +/ h(s, X271, Y™, ZM)ds — / Zrdw, + K7 — K7,
t t

T
Y > Ly, / (Y — Ly)dK]* = 0. (3.1)
0

We show that the limits of monotonic sequence (X", Y™, Z™) satisfies in equation
(2.1). First, we construct the beginning point. Consider the following standard
RBSDEs:

T T
Y0 = g(Xr) f/ ML+ Y0+ 120))ds 7/ Z0W, + KY — KY,
t t

T
YO L [ (0 LodK? <o, (3.2)
0
and

T T
Uy = g(X1)| +/ M1+ |U] + Val)ds —/ V,dW, + By — By,
t t

T
U, > L, / (U, — Ly)dBy = 0, (3.3)
0

Because both of the generators are Lipschitz continuous, (according to Theorem 5.2
in El Karoui et al. [6]), each equation has a unique strong solution in §? ® H? ®
82 denoted by (Y9, Z° K9) and (U, V, B) respectively. Furthermore, we know that
|Y?| < U;. From the comparison theorem between K° and B (see for example [4]),
we understand that Kto > B; and then Ito’s formula will result that there exists a

constant C; (only depending on M, T, E|g(X1)|?), s.t.
1Y°lls2 + 12° 12 + 11K ||s2, < Cu, (resp. [|U]s2 + |[V]|2 + ||Blls2, < Ch).
c[v]

oa
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Next, we construct X°. Take the following reflected forward equation
t t
X =z +/ b(s, X2, Y )ds +/ o(s, X2, YO)aw, +n?, (3.4)
0 0

where Y0 is the solution of (3.2).
Let {bx(s,z,y)}n>0 be the sequence defined in Lemma (3.1), so we know (from
Lemma(3.2)) that the following RFSDE has a unique solution, i.e.,

t t
X0F = g ¢ / b(s, X0 Y0)ds + / o(s, XOF YO)dW, + 0", (3.5)
0 0

From the comparison theorem (for more information on the comparison theorem see
Ikida and Watanabe [5], Chapter IV) we know that X>F < xPF 1 < g, 0% <

Pt < A, where S € 82 and A € 8% are the unique solutions of the following
RFSDE:

t t
St:x—i—/ M(1+\Ss|+\US|)ds+/ o(s,Ss,Us)dWs + Ay (3.6)
0 0

Thus, there exists two lower semi-continuous processes X° and n° s.t. V¢t < T,

P —a.s. XPF — X0 < Sy, and || XOF — XO||52 — 0,
K ,
et — ) < Ay, and 1™ = n°||s2, — 0.

Using the dominated convergence theorem and Lemma(3.1)-(iv) we get that
T
E[/ |bk(stg7k7Yso) 7b(s,Xg,Y;0)|2d8:|
0

T T

<CE ([ 1X0% - X0+ [ bl X010~ b5, X2V ]
0 0

as k — +oo.

Again, since |o(s, XO* Y0) — o(s, X0, Y?)| < M|X%* — X9, then because of the
Burkholder-Davis-Gundy inequality we have, when k& — oo,
]

< CE / o (s, X2, ¥0) — (s, X0, Y)|2ds — 0.
0

0<t<T

t
B sup | [ (05, X24,Y2) ~ (s, X0, YV,
0
T

Now, by getting a limit in equation (3.5) and using the optional section theorem
we can check that equation (3.4) is established for X° ie. X° is continuous. In
addition, through the dominated convergence theorem and Dini’s theorem, we have
E [supg<i<r |Xt0’k — X?12] = 0, as k — oo.

Then, we construct (X", Y™, Z"). First, we want to construct (X!, Y1, Z1). We
can construct Y1 using X°. In fact, if we denote h'(s,w,y,2) = h(s, X?(w),y, 2), then
we can observe that |h!(s,w,y,2)| < M(1+|y|+|z|). Again, if we define h'(s,w,y, 2)

c[v)
EE
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the approximating sequence in Lemma(3.1), then we have a triple (Y'1k, Z1k K1F)
satisfying the following equation

T T
Y = g(Xr) +/ hi(s,w, YR, Z2R)ds — / ZERaw, + Kp* — K",
t

t

T
V> L, / (V" = Ly)dK; " =0, (3.7)
0

and by using the comparison theorem we deduce
Y <yt <yt <, K > KT > KT > By

Since foT(Y;l’k — L;)dK}"® = 0, thus we see from Ito’s formula that

T
B[l + [ 1zt
‘ T T
= BlgnP 42 [ Vs 2 ds +2 [ Lar]
Lo 1 oo
<Elg(Xr)? +08 [ k(s Y4, 200 Pas + % [ pas
e
. ¢ ¢
+ 2E/ LodKLF
k T 1 T
< Cg(1+IE|g(XT)|2+E/ |Y51’k|2ds)+§IE/ 214 ds
¢ ¢
1

+ ZE [ sup (L)) + BE [(Kz" - K ")),

6 t<s<T

the last inequality has obtained by taking o = 3%\/[7 and Cy is a constant depending
only on M and T.
However, because

T T
KE* = KM= g~ [ his v 2 as s [ zivam,
t t
then
T
E[(K7" - Ki™)?) < Cs[1+ Eg(Xr)* + E(Y;"")* + ]E/ (Y52 4+ 12" ) ds).
t
Selecting 3 suitably, we can obtain from Gronwall’s inequality that

2 <.

T
ElY 1?2 < C, E/ |Zbk2ds < C, BIK}"
0

Because the sequence {Yl’k}k>1 is increasing, we can mark the limit by Y!. In
addition, by using Ito’s formula and Burkholder-Davis-Gundy inequality, we get thet
E{supg<,<r |Y;"F[2} < C. Hence, Fatou’s lemma indicates that E{supy<, <y |Y}?} <
C and from the dominated convergence theorem we see that o

T
]E/ Y — V2t 5 0. (3.8)
0

(Elim)
EE
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Using Ito’s formula to |V, — ¥;***|2 and taking expectation, we have
T
E|Yy” — Yo +E / |27 = 2" Pt
0
T
= 2E/0 (Y;Lj - Y;:Lk)[hjl‘ (t7w7 YtLJ’ Ztld) - hllf(t’ W, Y;tl’k7 Ztl’k)]dt

T T
+2B [ YK 28 [ - v ar
0 0

!

< 2E (Y;fl’j - Yth)[h; (t7w> YtLj’ ZtLj) - hllc(t’ W, Y;Lk) Ztl’k)]dt

T
+ 2E

S—

T
(V1 — i + 28 [ (- Lodit
0
T . 1/2
< Q(IE/ Y, — Ytl’k|2dt)
0
T1 1,5 1,5 1 Lk k2, 2
. (E/ WL (t,w, Y7, Z29) = hb(t,w, Y8, 250 dt)
0
T . 1/2
< C(E/ v, — YJ”“Ith) :
0
Therefore {Z; ,k}k21 is a Cauchy sequence in H? and we know that
T
E/ (V7 =Y R 42— Z2F12)dt — 0, as j k — oo,
0

and we can conclude from Ito’s formula that
T
R R MR AR
t T
- / (V29— YR [B (5,00, Y19, Z09) — Bl (s, w0, Y, 200 ds
t
T
2 [ (0 - VIR - i)
2 [ b - - Ziaw,
t

Just as we have already demonstrated, Vj > k, ftT(Ysl’j — YR (K —dKF) <0,
then

. T . . .
|thl’j - Yytl’k|2 < 2/ (YSLJ - Ysl’k)[h;(sawv szl"]v Z:}’j) - hllc(sawv Yst, Z;’k)]ds
t

T
e / (V19— YR (Z19 — 20y aw,.
t

==
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Thus, we conclude that

. T , 1/2
B sup ¥ - YR <2(E [ - v par)
0<t<T 0

[N

T
(B Mo Y29, 209) < B0, Y 214 o)
0

)

T
w28 (s | [ (29 <y 21 - ZERaw,

T . 1/2
< C(E / v, — Yf”“l%it)
0

A T 1
+2CE| sup [V — Y,;l’k|(/ 70— ZbRRds )|
0<t<T 0

T o1 Lk .\ /2 1 1, 1Lk 2
<C(E [ M -yt par) B sup (¥ - Y
0 2 o<i<T

T
+ C’IE/ |Z19 — Zbk 2 ds.
0
Then,

E( sup |V," =Y E12) 50, BE( sup |[KM — KMF?) =0, as jk — 0o, (3.9)
0<t<T 0<t<T

Therefore, there exists a progressively measurable process K' such that
E( sup |K}7 — K}?) =0, as j — .
<t<T
Therefore, the process {K}, 0 <t < T} is increasing and continuous with K} = 0.
Then again, we have deduced that K;’k — K in the sense that E[supy<;<r |Ktl’k —

K}’ = 0,as k — oco. Let Ktl’o = Ky, 0 <t < T, and the associated Radon measure
on [0, 7] noted by u°. Next, define K* by

0, t <0,
KM ={ KM o<e<T,
Ky* t>T,

and . (resp. p') the density function of KU (resp. K') such that
pi([0,7)) = Kz¥, (resp. p'(0,T]) = K7).

For almost all w, we have
Kr' = Kp & i (0,7]) — p([0.7)).

From the assumption of K1* we realize that ) is bounded and supy, pi([0,T]) <
pP([0,T]). Then there exists a subsequence, still denoted by {u} }, such that uj, — p
in the weak sense, i.e.,

Vh € Cy(R), py(h) — p'(h).

(Elim)
EE
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Suppose that 7 € Cy(R) and h =Y;! — L; on [0, T}, then

T 1 Lk _ |1 1 7 1\ _ T 1 1
| o = zart* = [ R~ [ oo = [ 00 - zoart.

Eventually,
T

o< [ (- Lyik!
0

T T T
- / (¥ — Loyd(K} — KM + / (¥} — VR )dEM + / (V1E — LydKM*
0 0 0

T T
- / (Vi — Lod(K} - KM + / (¥} — V)R,

Because \fOT(Y;l —Y'MYAKHR) < sup, [VE - Y| Kzlp’k — 0, so the right hand side
of the above inequality vanishes, i.e.

T
/ (Y} — Ly)dK} = 0.
0
Thus we see that the following equation holds for the triple {(V}}, Z}, K}), 0 <t < T}:
T T
v = g(Xr) +/ hl(s,w,Y), Z} )ds — / ZYdWs + K} — K/,
t t
T
Y > Ly, / (Y} — Ly)dK} = 0. (3.10)
0
Next, similar to the way that we use on X, we can form X' based on Y'!. In addition,
since b and o are monotonic on y and Y° < Y, we conclude from the comparison on
SDEs that X9 < X1,

Now, we can obtain the existence of a sequence (X™, Y™, Z™ K™ n™) which is a
solution of (3.1) and P-a.s. for any t < T,

XP < XPH <8, Y <Y <UL, KPP > KPP > By, o <ppt < A,

Note that in the above iterations, we set h"(s,w,y,2) = h(s, X Y(w),y, 2).

Now, we study the convergence of (X™, Y™ Z™ K" n™). Clearly, there exist two
lower semi-continuous processes (X)i<r, (Yi)i<r and two continuous increasing pro-
cesses (Ki)i<r, (Mt)i<T such that

X, = lim X", V; = lim Y", K; = lim K, n, = lim n;.
n—00 n—00 n—00 n—00

Thus, we can easily get that
Xy =z+ /t b(s, Xs,Ys)ds + /t o(s, X5, Ys)dWs + 1. (3.11)

We use the following for(r)nula to complete tl:e proof

Ve =g+ [z vz [ zaw, s ag -k

t t
Y > Ly, /T(Yt” — Ly)dK{' =0. (3.12)
0

[c[v]
EE
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Again, we apply the Ito formula and conclude the following (for n > m):
T T
=y [z - zpPs =2 [0 - Yl X0 LY 2)
t t
- h(sa X:ﬁbila Y;m7 Z;n)]ds
T
v2 [ o - ymaier - K
o
2oy -z, (13)
t
where

T
/ (Y7 YM)A(KT — K™
t

T T
/ (Y2~ Y)AE" + / (Y~ YM)AK™
t t
T

IN

S

T
(Y7 — L)AK" + / (Y™ — L)dK™
t t
0,

S0,

T
BOG - Y + E [ |z - 27 s
0

IN

T
2IE‘/ (st _Ysm)[h(&Xg_lvysnng) _h(st;n_l’Ysmvzgn)}ds
0

2

IN

¢ [k / v vI)2ds|
0

B [ o, X372 200 — hGo, X0, Y2, 2]

-

2

As {X"}, {Y"} are bounded by the processes S and U respectively, and ||U]|s2 +
[|S]|s2 < C4, then ]EfOT(h(s, X Yw),y,2)—h(s, X" 1(w),y, 2))?ds is bounded, too.
Thus

1
2

T T
IE/ Z1 — Z2ds < Cy [E/ vr - Y;”)2ds} —0,
0 0

i.e. the sequence {Z"} is Cauchy with Z; = lim, o, Z;'. We can demonstrate the
following using (3.13) and Burkholder-Davis-Gundy inequality

E( sup V" —Y"*) = 0.
0<t<T

Now, using (3.12) we have

E( sup |K}"— K{"*) =0
0<t<T

T T
| o —roary — [ vi- Loak, (3.14)
0 0
therefore

T
/ (Y, — L))dK, = 0.
0
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Thus, we derive that (X,Y, Z, K,n) is a solution of (2.1). This result will finish the
proof. |

4. EXAMPLES

In this section, some examples are provided to show the effectiveness of the pro-
posed Theorem (3.3).

Example 4.1. As mentioned previously, REFBSDFEs have applications in financial
marketing. Now consider the following example, which is called optimal stopping
problem (American option). In an American call option, the wealth process Y; holds
in the following RBSDE,

t t
Xt:Xo—F/ ,quds—F/ o X dW,, 0<t<1,
0 0

T T
Y, = (Xy — K)" — / [rYs + (u—7r)Zs]ds — / o ZydWy,
¢ t

andY; > (X; — K)*, 0 <t <inf{t,Y; — (X — K)"}. Here o is the volatility rate, r
is uniformly bounded and K is a constant.

The RBSDE apply to American put option in the following case:
Yr=¢= (K- Xr)".

For option pricing with differential interest rates, (u — r) is related to Yy and Z; in
this Equation.

We assume that X = {X;,0 <t < T} is the risk asset and r is constant. Under
some assumptions, the equation is given through a reflected BSDE, together with the
forward equation of X. According to the Theorem (3.3), this equation has a solution,
i.e. Yy, which is the option value. |

Example 4.2. Consider the following reflected forward-backward stochastic differen-
tial equation:

_ X(+Xx?) 14+X32 14272
dX = (2+X2)3 dt + 25 X2 1+Y2+exp(—§ff)dW(t) + eXp(t)7

dY = —g(t, X,Y)dt — f(t,X,Y)Zdt + ZdW (t) +,

2
X(0) = z, Y(T) = exp(— 22
2 z2 z2 22 2 22 22
where g(t, z,u) = %Hexp(*tﬁ_ﬁ) [4(25_%;5)3)+<§I$2) (17t2+—1)ft+—1} and f(t,z,u) =
= 1+u2+exp(ff‘fr—i)

CEEE 7302 As one can easily see, all of the requirements in the As-

sumptions I-III are satisfied. Thus, according to Theorem (3.3), this RFBSDE has a
c[v)
EE
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solution. | |

Remark 4.3. As we stated in the assumptions, h has sub-linear growth independent
of x. If we assume that

h(t,z,y,2)] < M(1+ |2 + [y[ + |2]), Vs € [0,T], 2,9,z €R
then b must have a sub-linear growth independent of y, i.e.
lb(s, 2, y)| < M(1+ |z]).

Remark 4.4. Stochastic integrals in applications are often taken in the sense of
Stratanovich calculus. This calculus is designed in such a way that its basic rules,
such as the chain rule and integration by parts are the same as in the standard calculus
(e.g. Rogers and Williams [15]) and integrals in the Stratonovich definition are easier
to manipulate. In general, the Ito integral is the usual choice in applied mathematics
while the Stratonovich integral is frequently used in physics.

Suppose that X (¢) satisfies the following SDE in the Stratanovich sense

AX (1) = p(X (£))dt + o (X (£)OW (1),
with o(z) twice continuously differentiable. Then X (t) satisfies the Ito SDE

1
dX(t) = (u(X(t)) + 5a’(X(t))a(X(t)))dt o (X () dW(1).
Thus the infinitesimal drift coefficient in Ito diffusion is p(x) + 20’(z)o(z) and the
diffusion coefficient is the same o(z) (see [7] for details).

5. CONCLUSION

In this paper, we used Ito’s formula to prove the main theorem. But according to
the above statements, if we add the twice continuously differentiability condition of
o to the assumptions, a proof using Stratanovich calculus could be also provided.
Also, the proof is true if the Brownian motion W (t) is replaced with any Ito process.

FUTURE WORKS

Due to the randomness of Brownian motion, the existence of a unique solution
for stochastic differential equations is not discussed. In these types of equations,
the existence of a unique weak solution or a unique strong solution is studied. Fu-
ture research can be dedicated to reviewing the conditions and requirements under
which the existence of a unique strong solution to the equation (2.1) can be ensured.
Also, the application of RFBSDEs in other disciplines such as physics and financial
mathematics could be studied in the future researches.
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EE



492

(1]
2]
(3]
(4]
(5]
(6]
(7]
(8]
(9]
(10]
(11]
(12]
(13]

(14]

(15]

==

7Z. POURSEPAHI SAMIAN AND M. R. YAGHOUTI

REFERENCES

F. Antonelli, Backward-forward stochastic differential equation, Ann. Appl. Probab., 3 (1993),
T77-793.

F.Antonelli and S.Hamadeéne, Existence of the Solutions of Backward-Forward SDE’s with Con-
tinuous Monotone Coefficients, Statistics and Probability Letters, 76 (2006), 1559-1569.

J. Cvitanic and I. Karatzas, Backward stochastic differential equations with reflection and
Dynkin games, Annals of Probability, 24(4) (1996), 2024-2056.

S. Hamadene, J.P. Lepeltier, and A. Matoussi, Double barrier reflected BSDEs with continuous
coefficient, Pitman Research Notes Math. Series, 364 (1997), 115-128.

N. Ikeda and S. Watanabe, Stochastic Differential Equations and Diffusion Processes, Second
edition. North-Holland, 1989.

N. El Karoui, K. Kapoudjian, E. Pardoux, S. Peng, and M.C. Quenez, Reflected solutions of
backward SDE’s and related obstacle problems for PDE’s, The Annals of Probability, 25 (1997a),
702-737.

F. Klebaner, Introduction to Stochastic Calculus with Applications, Imperial College Press, 2005.
M. Kohlmann, Reflected forward backward stochastic differential equations and contingent
claims, Chen, Shuping, et al., Control of distributed parameter and stochastic systems, Kluwer
Academic Publishers, 1999.

J.P. Lepeltier and J. San Martin, Backward SDE’s with two barriers and continuous coefficient.
An ezistence result, J. Appl. Probab, 41 (2004), 162-175.

J.P. Lepeltier and J. San Martin, Backward stochastic differential equations with continuous
coefficients, Statistics and Probability Letters, 84 (1997), 425-430.

J. Ma and J. Yong, Forward-backward stochastic differential equations and their applications,
Lecture Notes in Mathematics, 1702, Springer-Verlag, Berlin, 1999.

E. Pardoux and S. Peng, Adapted solution of a backward stochastic differential equation, Systems
and Control Letters, 14 (1) (1990), 55-61.

S. Peng and M. Xu, Smallest g-Supermartingales and related Reflected BSDFEs, Annales of
LH.P., 41 (2005), 605-630.

Ying Peng, Bin Gong, Hui Liu, and Yanxin Zhang, Parallel Computing for Option Pricing
Based on the Backward Stochastic Differential Equation, High Performance Computing and
Applications (Lecture Notes in Computer Science), Berlin: Springer, 5938 (2010), 325-30.
L.C.G. Rogers and D. Williams, Diffusions, Markov Processes, and Martingales, 2. Ito Calculus.
Wiley, 1990.



	1. Introduction
	2. Statement of the problem
	3. The basic conclusion
	4. Examples
	5. Conclusion
	Future works
	References

