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Abstract
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1 Introduction

Fractional Brownian motion (fBm) with Hurst pa-
rameter H € (0,1) is a zero mean Gaussian process
BH = {B} t > 0} with the covariance function

E(BIBH) = % (tQH + 52 )t — s|2H> .
For H = %, the process B is a classical Brownian
motion. This process is a self-similar, i.e. B¥ at has
the same law as BZ for any a > 0. In the case H > %,
the process B exhibits long range dependence. These
properties make this process a useful driving noise in
models arising in finance, physics, telecommunication
networks and other fields. However, since B¥ with
H > % is not a semimartingale, we cannot use the
classical theory of stochastic calculus to define the frac-
tional stochastic integral. Essentially, two different
types of integrals with respect to fBm have been de-
fined and developed. The first one is the pathwise Rie-
mann Stieltjes integral which exists if the integrand
has a continuous paths of order a > 1 — H (see Young,
[15]). This integral has the properties of Stratonovich
integral, which leads to difficulties in the applications.
The second one, introduced in [5] is the divergence op-
erator (Skorokhod integral), defined as the adjoint of
the derivative operator in the framework of the Malli-
avin calculus. Since this stochastic integral satisfies the
zero mean property and it can be expressed as the limit
of Riemann sums defined using Wick products, it was
later developed by many authors.

Backward stochastic differential equations (BSDEs
in short) driven by Brownian motion were introduced
by Bismut [2] for the linear case. In 1990, the non-
linear backward stochastic differential equations were
introduced by Pardoux and Peng [12]. Since then,
these pioneer works are extensively used in many fields

like mathematical finance [6], stochastic optimal con-
trol and stochastic games [8]. At the same time, for
better applications, BSDE itself has been developed
into many different branches. For example, Buckdahn
et al.[3, 4] introduced the so-called mean-field BSDEs
(MF-BSDEs), owing to the fact that mathematical
mean-field approaches have important applications in
many domains, such as economics, physics and game
theory.

BSDE driven by fractional Brownian motion were
introduced by Bender [1] for the linear case. The non-
linear BSDEs with respect to fBm were first studied by
Hu [7], Hu and Peng [9], they obtained the existence
and uniqueness of the solution but with some restric-
tive assumption. Then Maticiuc and Nie [11] improved
their result and omitted this assumption. They also
developed a theory of backward stochastic variational
inequalities, i.e. they proved an existence and unique-
ness of the solution of reflected BSDEs driven by fBm.

In this paper we study the nonlinear dynamics sys-
tems governed by the mean field BSDEs driven by fBm
with Hurst parameter H > % First, we establish exis-
tence and uniqueness of solutions of such an equation
under stochastic Lipschitzian condition and establish
a comparison theorem. Also by the method developed
in [10], we prove that kind of equation has a minimal
solution under continuous and stochastic linear growth
conditions.

The organization of our paper is as follows: The ex-
istence and uniqueness result for the solution of frac-
tional mean-field backward SDE under stochastic Lip-
schitz condition and comparison theorem are given in
section 2. Finally, section 3 is devoted to the existence
of minimal solution for fractional mean-field BSDE un-
der continuous and stochastic linear growth.
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2 Fractional Mean-Field Backward SDE

In this section, we recall the existence and unique-
ness result and the comparison theorem for fractional
mean-field BSDEs under stochastic Lipschitz condi-
tions.

2.1 Definitions and Notations

For a fixed real ¢ € [0,7] and suppose that

H = {BH t > 0} is a one-dimensional fBm defined
on (€, F,P) with Hurst parameter 3 < H < 1 and
F =(Ft)g<y<r is the natural filtration generated by

B . Assume that

® 7)o is a given constant.

e b o:[0,T] » R are continuous determinis-
tic functions, o is differentiable and such that
o(t)#£0Vtel0,T],

note that, since
loll} = H2H —1) [y folu—v*""? 0 (u) o (v) dudv,

we have & <||a\|t2) =o(t)6 (t) > 0, where

fo ¢ (t—v)o(v)dv.

Let (2, .7-' P) = (QxQ,F®F,PeP) be the
(non-completed) product of (Q,F,P) with itself.
We denote the filtration of this product space by
F={R=F&F, 0<t<T}.

A random variable ¢ € LY (Q, F,P; R") originally de-
fined on 2 is extended canonically to
Q:g’(w,w)zg(w) (b,w) €Q=0xQ.

For every 6 € ! ( F,P), the variable 6 (-,w) : Q —
R belongs to L' (2 ( , F ) P (dw) — a. s We denote its

expectation by E' (0 (-,w)) = fQ P (dw) .
Notice that
E’ (0) = (9 ('aw)) € ]Ll (Qva]P)) )
and
= [ 0dP = [, B (6 ()P (dw) = E (E/ (9)).

Let n; be a solution of the following SDE with respect
to fractional Brownian motion

{ dn: =b(t)dt+ o (t)dBE,
o = Zo-

(1)

Let f : Qx[0,T] x R®%— R be measurable functions.
Now we consider the following mean field backward
SDE with respect to fBm:
d}/t - 7E/ (f(ta Uiz 1/"«7 Zt? Yrtv Zi)) dt + thBtH7
Yr=¢
Before giving the definition of solutions of BSDE (2),
we introduce for a fixed § > 0 the following sets:

e L2 (6, Fr,R) is the space of R-valued and Fr-
measurable random variables such that

E (eM(T) |£|2) < 0.

(2)

. C;O% ([0,T] x R) is the space of all C12-functions

over [0,T] x R, which together with their deriva-
tives are of polynomial growth.

«Vory = {Y=v(m; vecy(0.TxR)},
%is bounded, t € [0,7].

. f)[g ’;] and f/[IO{ 7] denote the completion of Vjg 1
under the following norm, respectively:

1
2

T
0

2

T
<E/ t2H—166A(t)|Zt|2dt> ,
0

where § > 0 is a constant. It is easy to see that

yH,a
VH 1 C Vg CL2(0,T,R).

a A
Y1, =

>

1211,

Definition. A solution of equation (2) is a pair of pro-

~1, -
cesses (Y, Z) which belongs to the space V[%:T] X V[I(i 7]
and satisfies (2).

The setting of our problem is to find a pair of pro-
cesses (Y.,Z.) € V[f)’;] X ]~}[€IT] satisfying the BSDE
(2). In the following, we will prove the existence and
uniqueness of Eq. (2).

2.2 Fractional Mean-Field BSDE with Stochastic
Lipschitz Coefficients.

Assume the coefficient f: Q x [0,7] x R® — R
and the terminal value &: 2 — R satisfy the following
assumptions, for § > 0:

We say that the coefficient f satisfies assumptions
(H1) if the following holds:

(H1.1) There exist two non-negative processes
{a (t)}ogth and {8 (t)}ogth such that:

1. For any 0 < ¢ < T, a(t) and B (t) are Fy-
measurable.

2 Forall0<t<TweR, (y,7) €R2 (7,
(2,%) € R? and (2
‘fthy,zy,) fltw,z, 9,45, %)
{Sa()(ly y|+)y yD+b’()(|z—z’|+ F—2

j)er,

2/> € R?, we have

(H1.2) Forall 0 <t < T, a%(t) =
and A (t) = [5 a? (s)ds < cc.
(H1.3) The integrability condition holds:

]E/T |f(twm0000)|dt e
0

@ (1)
(H1.4) ¢ €12 (5, Fr,R).

To solve equation (2), we investigate first the case,
where the generator does not depend on the unknown
processes Y and Z. Namely, we consider the stochastic
equation

Yi=¢+

a(t)+ 8% (t) >0,

T T
/ E' (f(s,ns))ds—/ ZdBI, 0<t<T, (3)

t t
where f(t,w,n;) € L2 (8, F;, R) satisfies the following
integrability condition:

(H1.3)/ E (J"OT eSA) |f(2§”(’t")‘)‘2dt) < 00
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Proposition. For any § > 0, there exists a unique

~ 1 -
solution (Y, Z) € V[%:;] X V[()F{T] to equation (3). More-
over, there exists a positive constant Cs s depending
on d and M such that for any 0 <t < T,

T
EelA®) \Yt|2 + ]E/ e¥45) g2 (s) |Ys\2
t

T
+E/ A 2H=1 1 712 ds
t

S C&,Mo (fat7T) ) (4)

where . )
0(6,4,T) =E (54D [¢? + 2 [T A0 LGl gs)

Proof. Note that by [9], the stochastic equation (3)
admits a unique solution
~ %’a ~H
Y, Z) € V' x Vo
1la
3
(0,77

Itd’s formula applied to equation (3) yields for
0<t<Tandd >0,

It remains to show that Y € V

T
eéA(t) |Yt|2 + (5/ a2 (S) e5A(S) |}/S|2 ds
t
T
A e 4 2/ YIYE (f(s,1m.)) ds
t
T T
—2/ Ay, 7. dBE —2/ CADRY, 7 ds.
t t

Taking expectation, we get

T
E <e§A(t> [Yi|® + 5/ a? (s) e24) |y, |? ds)
t

T
E <66A(T) |f‘2 + 2/ eéA(S)Yef(Svns)d5>
t

T
—9E </ eM(S>D§*YSZSds> )
t

Then using the inequality 2ab < a%e + %, we have

()

2 |f(s,ms)]?

0 2 2
< — —
2st(3a775) = 2@ (S) |Y;| + 5 a2 (S)

It is known (see for example Hu and Peng, [9], Maticiuc
and Nie, [11]) that D]'Y; = (6 (t) /o (t)) Z;.

Moreover by Remark 6 in Maticiuc and Nie [11], there
exists M > 0 such that for all ¢t € [0,T],

HLM <6 (t) [o (t) < Mt2H-L

5. [T ,
Ee®A® |y, |* + §E/ a? (s) 24 |V, ds
t

2 T
+ME/ A 2H=1 7 12 s
t

< 0(8T). (6)

Choosing 6, M > 2, we deduce from (6),
T
Ee?A®) |Yt\2+E/ a? (s) ) Y| ds
t

T
—HE/ A 21 712 ds
t
< C«S,Me (gata T) :

This implies in particular that (Y, Z) € f}[%’;] X f/[’g 7]
and (4) follows.

Theorem. Assume that assumptions (H1) hold.
Then, for 0 sufficiently large, the fractional MF-BSDE

(2) has a unique solution (Y, Z) € ]}[%:;] X fi[ﬁT].

Proof. Existence part: We consider the sequence

(Y",Z"),>, defined by

A = B (e, YL 20,V 20)) dt - 20 B!

Yitt=¢ 0<t<T.

(7)

Since for a fixed n € N, the coefficient f of the frac-
tional MF-BSDE (3.7) does not depend on the solu-
tion (Y"*!, Z"*1) it follows from the previous propo-
sition that the sequence (Y, Z"), -, is well defined in
~ 1 ~
Vi * Vo

Our strategy consists of proving that (Y, Z"), - is
a Cauchy sequence. To this, let n > 1 and define for a
process m € {Y, Z}, Ax" ! = 77+l — 7" and
Afn+1 (s» 775) = Elf(sv UED st+1’ Z;H_l? }}:—&-17 Zg+1)
*E/f(& Ns: Yy 2, Y;n’ Z?)
It is readily seen that the pair (Y;"',Z}*!)
solves the following fractional MF-BSDE:

t€[0,T]

T T
AY = / Af”(s,ns)ds—/ AZ"BE 0<t<T.
t t
(8)

It6’s formula, applied to e®A®) ‘AY[’H 2, yields for

0<t<Tands >0,

T
Ee&A(t) |AYtn+1|2 + (5]E/ a? (s) eéA(s) |AYS"+1’2 ds
¢
T
+2E / SACDRAY A ZM s
t
T
= QE/ SAOAYTEA S (5, 10)ds.
¢

It is known (see for example Hu and Peng, [9], Maticiuc
and Nie, [11]) that DAY = (6 (t) Jo (t)) AZP L.
Moreover by Remark 6 in Maticiuc and Nie [11], there
exists M > 0 such that for all ¢ € [0,7T7],
2H=VM < 6 (t) Jo (t) < Mt?H-L,
T
EeSA® |AYt"+1|2 + 6]E/ a® (s) >4 |AYS"+1 ’2 ds
t
+3E/T SPH1846) | A ZD 2 g )
M/, s

T
= QE/ SAEIAY AL (5, m4)ds.
t
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By assumption (H1.1) (2), we deduce that

T
2]E/ SAEIAYITIAL (5,m4)ds
t

IN

T
oF / PO | AV A (5,15 ds,
t

IN

T
oF / 4 () AV | | AV ds
t

T
+2]E/ 4 a (s) [AYI T E (JAYS ) ds (10)

t

T
IR / 4B (5) | AV |AZP ds
t

T
LR / OB (5) | AV E (JAZY]) ds.
t

Therefore by choosing § > 1, using Holder’s inequality
and Jensen’s inequality we get

T
Ee’4® ‘AY?H’Q + 5IE/ a> (s) A |AYS"+1|2 ds

t

T
+%E/ 1A | A7z 2 ds
t

IA

T 1
4IE/ a’ (s) {(eM(S)E ’AYS’HI‘Q) :
t
(JA(S) nn2) 2
x ("G (|AY")) ) }ds
T 1
+4JE/ (62 (s) e““)EyAYS”“f) :
t
1
x (eM(S)]E(|AZ§|)2) 2 ds.

1
Denote z (s) = (e‘SA(S)E|AYS"+1’2>2, Then from
(3.10)

1
2

2(1)? < 4/tTa2(s)x(s) (B (AYy )" ds

SIS

+4 /tT B(s)x(s) (eM(S)E (\AZ;’\)2> ds.

Using Lemma 20 in Maticiuc and Nie [11] above in-
equality, it follows that

z(t) < 4/Ta2(s) (e‘sA(S)E(|AYS”|)2)%ds

Nl

+4 /tT B (s) (e5A(3)]E (\AZQ\)2) ds.

Therefore for t € [ty, T

2

z(t)? < 32 </Ta2(s) (eM(S)E(AYQ")Q)éds)

+32 (/T B(s) (e5A<S>E (|AZ§|)2) ds>2 .

N

Now we compute

T
/ z (s)*ds
ty
2

32(T — ty,) (/: a® (s) (65A(S>IE(|AY5”|)2)% ds)(lz)

+32(T — t) (/:ﬁ (s) (eaA(s)E (|Azg|)2> 3 ds>2 ,
. T

IN

For the term I in (11)

(/tT o® (s) (A OE (AY)?) : ds)

T T
< / a? (s)ds - / a? () O (AY))? ds,(13)
th th

2

and
T 1 2
([ s (e rqaz?)* as)
tk
T N 2
_ B(s) — 5A(s) nn2\ 2
_ (tk Vel F(AOR(aZ)?) " ds )
T a2 (S) T 2H—1 _G8A(s) n\2
< /t sQH—ldS./t s e E(|AZY])" ds.  (14)
k k

Combining (12) and (13), it follows that

/th (s)*ds

T
a? (s) AR (|AY))? ds

IN
=

(15)

T
?H-10A() g (|AZ;‘|)2 ds,

ty

where F' = 32 (T — ty) ftf a?(s)ds <

and G = 32 (T — t3,) tf Sa;q(i)l ds < co. And similarly

T
< F/ a? (s) AR (JAY))? ds

ty

(16)

T
+é/ s ABE (|AZY])? ds,

tr

2—2H 2—2H
7228 42

where F' = 32( Y]
é _ 39 (T272H—ti72H)

2—2H
Now from (9) and (10)

) tza2 (s)ds < oo and

T a®(s)
t ar-rds < 0.
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E€5A(t) ’A}/tn—i-l |2

T (52 -~ 2) $2H-1_9
+E/t 52T a” (s)

«eSA®) |Ast+1|2 ds

2 T
+ME </ g2H—10A(s) |AZ§+1|2 ds)
t

T
< 25E/ e0A(s)
t

(17)

X <a2 (s) |AY|? ds + s2H 1 |Azg|2) ds.

Choosing § > 0 such that (§ — 2 — s5%—) > 1 for any
t < s < T and using the inequality (14), and note that
M > 2, we have

T
E/ 54 <a2 (s) |AYS"+I|2 + 21 |AZ:+1|2) ds

tk

T
< (SMF]E/ a® (s) " E (JAY))? ds

tr
T
+0 (MG + 2)1E/ $PHLP AR (|AZE))? ds.

ty

Now choosing 6 > 0 and taking k large enough such
that SMF < 1 and 6 (MG +2) < 1, we deduce

T
IE/ e4) g2 (s) ‘AY;,"HF ds

ty

T
S — n 2
—|—E/ eOA(s) g2H 1}AZS+1| ds

t

IN

T
%]E / 1) a2 (s)E (JAY))? ds

tr

1 T
+§IE/ A 2HIRE (JAZT))? ds.

173

As a consequence, we deduce that (Y",Z") ., is a
~1q ~ -

Cauchy sequence in V'py X V[Ig - Then there ex-
~ 1 ~

ists a pair (Y,Z) € V[%’;] X VﬁT] being a limit of

(Y, Z"),5,, Le.

T
E/ a? (5) 24 |y — v, 2 ds
0

T
+IE/ s A |z — 7, ds
0
— 0, as n — oo.

It remains to show that the pair (Y, Z) satisfies equa-
tion (2) on the interval [0, T]. We have for any
te [tk, T],

T
thn—&-l _5_/ f(svns’yrsnvzsna}}snvz/g)ds
t

n—oo

T
— }/t_g_/ f(577787}/saZ871’/S7Z,8)d87
t

in L2 (Q,]:, P) And Zzl]_[t,T] — Zt]-[t,T] in
L2(Q,F,H). Arguing as in the proof of Theo-
rem 23 in Maticiuc and Nie [11] we show that (Y, Z)

satisfies (2) on [tg,T]. The next step is to solve the
equation on [tx_1,t;]. With the same arguments,
repeating the above technique we obtain a uniqueness
of the solution of MF-BSDE with respect to fBm on
the whole interval [0,7].

Uniqueness part: Let (Y_I,Z,l) and (Y_Q,Z?) two
solutions of fractional MF-BSDEs (2), then by Itd’s

formula applied to e34(*) }Ytl — Yf|2 it follows that,
vVt € [0,T],

T
EeSA® ‘Y,;l B Yff + 5E/ a? (s) P4 ‘Y; B Ys2|2 ds
t
T
— QE/ eéA(s) (Ysl _ YSQ)
t
X (f(87nS7Ysl7 Zsl7)}517Z,51) - f(5777$7Ys27 2371}52723)) dS

T

—2E (/ A (v - v2) (21 - Z2) ds) ,
t

then, we can write

]EeéA(t) |Ytl . Yt2|2

T
2 [ (11 ) e
t S

20 — 2 T
+ (f;M E(/ e&A(s)S2H71|Z;_Zsz|2dS)
t
0,

<

which can be chosen §, M such that § —4 — s%‘;f‘_dl >0
forany t < s < 7T and 2(?—]\7[2 > 0. Thus, we deduce that

]EeéA(t) |Y;l _ Yt2
T
+E/ A (a2 (s) |Ysl - Yff + 7M1 |ZS1 - Zf’Q) ds
t

< 0.

| 2

This implies V;! = Y2 and Z! = Z2. The result
follows. O

2.3 Comparison Theorem

In this subsection we study a comparison theorem
for the fractional MF-BSDEs of the following form:

_dY;Z = E/ (fi(tuntv §/tiv Z;7 }}tia Z/;)) dt — ZtldBtH
Yi=¢, 0<t<T.
(18)
where for any i € {1,2}, fi: Q x [0,T] x R> — R.
We assume in addition that

¢l <

f1(37n7yazag7z,>§f2(37777y,2,y,72,),
V(s, n, s 2, 4, £) €[0,T] x R,

(H1.5)

We have the following theorem:

Theorem. Suppose that (fl,fl) and (52,f2) satisfy
(HI.I)—(H1.5).
If (Yj,Z;), i =1, 2 are solutions to Fq. (18), then
we have
vt € (0,77,

Yyl <y? P — a.s.
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Proof Let us define AYt
AY, =Y2 =Y}, AZ =

}/;2,_ Y;fl’ AZ = Zz£2 - Ztla
— 2, AE=€ — ¢ and

Af (t,nt, AY;, AZ;, AY;, AZt)

- ElfQ (tvntaYt27Zt27}’/t23Z,t2)
_E/fl(ta 77thtla Ztl’Y;lv szl)

It follows that (AY;, AZ;),c (o 7 satisfies the fractional
MF-BSDE for any 0 <t < T

AY;

T
A§+/ Af (s,ns,Ayg,AZs,AY’s,AZ’s) ds
t
T
- / AZ,dBH.
t

Applying It6’s formula to e - 2, we obtain

T

Ee?A®) |AYt_’2 + (5E/ a? (s) 24 ‘AYS_‘Z ds

2 [T t 2
+ME/ I{AYS<0}65A(S)32H*1|AZS| ds
t
T
- K (e5A<T>A§—) _9R / Liay.<ope® @AY x

t

Af (s,ns, AY,, AZ,, AY,, AZS) ds

Since o o
E'f2 (Lo, Y2, 22, Y2, 2) 2 B fH (o, Y2, 28,2, 22)
and A¢ = ¢! — €2 >0, we have
2 r 2
EelA®) |AY, "+ 5E/ a? (s5) 4 |AY, | ds
¢

) T
7[[4:/ 1{AYS<O}66A(S)82H_1 |AZS|2dS
t

IN

T
QE/ Liay,<ope” DAY
t
X(E ! (5,0, V2 22,V2,22)
—E S (5,00, Y 25,V 20)ds.
From (H1.1), (H1.2) and Young’s inequality, we have

AYTE (1 (5,002, 22,Y2,22)

_fl(sanSaY91aZ917Y917Z,;))
aM 2H -
< 2<4+ T 1) s)|ay; |+ 2 \AZ|
Finally, it follows that
]E( AW |AY P+ [T (54— 2L) a2 (s) A |AY

)
+-L E(ft 1iay, <0y’ 2271 AZ)? ds) <0

Therefore, choosing § > 0 and M > 0, such that
(5 4 — ﬁ) > 0, we derive that AY,” =0 P —a.s.
for all ¢ € [0, T], which implies that AY; = Y2—Y,! >0
P —a.s. for all ¢t € [0,T]. O

3 Fractional MF-BSDE with Continuous
and Stochastic Linear Growth Coeffi-
cients.

The objective of this section is to prove an exis-
tence theorem for MF-BSDEs (2) with Hurst param-
eter H > % when the coefficient f is continuous with
stochastic linear growth. More precisely, the coefficient
f:Qx[0,7] x R* - R is measurable and the termi-
nal value £ : Q — R is Fp—measurable satisfying the

following assumptions for § > 0.
(A1) The following hold:

i) For fixed w and ¢, f(t,w,x,,-,-) is continuous.
ii) For all (t,w,x,y,2,9) € [0,T] x Q x R*
lf(tw,z,y,2,9)] < @)+ () (2| + [yl + [9)+0 () (12]) -

where ¢, 7 and 6 are three nonnegative processes
such that for a.e. t € [0,T], ¢ (t), r(t) and 0 (¢)
JFi—measurable.

iii) For all (t,w,z,9,2,9) € [0,7] x Q x RY
ft,w,x,y, z,9) is F;—measurable.

(A2) For any ¢ € [0,T],
a® (t) r(t) + 62 (t) > 0, and

t
/ a? (s)ds < oo.
0
(A3) One has

T t)‘Q
EeSAT) 2+]E/ AW (\80(
€ | )

A(t)

+a®(t) Wt|2> dt < oo.

To reach our objective, we first give the following use-
ful approximation lemma, which generalizes the corre-
sponding result of Lepeltier and San Martin [10].

Lemma. Let f:Q x[0,7] x R* = R be a measurable
function such that:

For a.s. every (t,w) €
a continuous.

For every (t,w,x,y,2,7) €
|f (t7 w, :L'7 y7 Z? y)|
@ () +r(t) (o] + [yl + [g]) + 0 () [2].

where ¢, r and 6 are three nonnegative processes
such that for a.e. t € [0,T], ¢ (t), r(t) and 0 (¢)
Fi—measurable.

Then exists the sequence of fonction f,

fn (t7w7m) y7 Z7 y’)
(f (tw,2,5,27)

[OaT] X Qa f(t7wax7yazvy) is
[0,T] x Q x R*

<

inf
(92,9 ,2 )eQ

) wn (r (&) (Jy =3+ g - 7]) +0 012 - 21)),

are well defined for n > 1 and satisfy the following
conditions
(i) For all n > 1, (t,w,x,y,2,9) € [0,T] x Q x R,
|fn (t7w7m7y’ Z7y)|
< o)+ () (2l + lyl + 19) + 0 (1) |21
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(”) For any (t’w7x,yv Z?Z])v fn (tawvmvya Zvy,) is non-
decreasing in n.

(iii) For all (t,w,z,y,2,9) € [0,T] x Q x R, if
(t,w, T, Yn, 2n, Un) — (t,w, 2,9y, 2,9), then

fn (t7w7xaynazn7yn) — f (tvw7$>y727y,) .

(iv) For any n > 1, (t,w) € [0,T
(t,w,2,y,2,9) €[0,T] x 2 x R* and

(t,w,x,g},é,ﬂ’) € [0,7] x  x R*, we have

] x Q, for all

fﬂ (tawaxay7zag) _fn (t7w7xvga27g )’

< n(rw(w-al+|p-7])+om-2).

3.1 Existence Result

Now, by the approximation method of the function
f (previous lemma) and the comparison theorem, we
establish the following existence theorem.

Theorem. Assume (A1)-(A3). Then, for§ suffi-
ciently large, the MF-BSDE (2) has a minimal solution

<Y Z) € V[g’T] x Vo 1
Proof. We only prove that fractional MF-BSDE (2)
has a minimal solution. Since (A1) holds, it follows
from previous lemma that there exists a sequence of
stochastic Lipschitz-continuous functions f,, associated
with f, which is non-decreasing in n.

Since

g) =) +r

is stochastic Lipschitz, the existence and uniqueness
result in the previous sectlon implies that there exists

v[g 7 <XV

(@) (| + |yl + 19]) + 6 (2) ||

a unique solution (U,V) € 7 for fractional

MF-BSDEs with data(&, g).
Now, for any n > 1, let a,, and A, be two random
processes with positive values defined by

aZ(t) = nr(t)+n%0*(t) >0, and
t
/ a2 (s)ds < oc.
0

Then, in view of (A1) — (42), a, (t) and A, (t) are
Fi—measurable, for a.e. ¢t € [0,T] such that for any
n>1,0<a<a,and A< A, <n?A. Thus, it is clair

A () =

~1 4 ~1 q
to deduce that for any n > 1, V[f):TT C V[%:T]. Moreover,
from (A3), (&, frn) satisfies the following conditions for
any n > 1:

]E(eéAn(T)|§|2> < ]E(énA |§|)
< 00,

and

A (D) |fut,w,,0,0,0)[”

a2 (1) dt

|

6n2A(t) o ()]
a? (1)

dt < oo

Therefore, we get again from the previous section
that for every n > 1 there exists a unique solution

(Y",Zm) e Vg’;y x Vi for fractional MF-BSDE with
data:
—dY = B (fulton, Y7, 20,Y7)) dt = ZpdBY,
YR =¢€0<t<T.
(19)
Consequently, for any n > 1, (Y™, Z") € V[ ) % f/[gT].

On the other hand, since for fixed (¢,w,z,y, 2z, ¥) and
alln > 1,

fn (t7W:$79727y)

3.0

S fn+1 (t7w7$»y727?))
< e @ +r @) (=) +lyl+ [9) + 0 (1) |,
it follows from the comparison theorem that for every
n>1,

Y" <Y < U, dP @ dt — a.s. (20)
The idea of the proof is to establish that the limit of
the sequence (Y™, Z™) is a solution of the fractional
MF-BSDE (2). To this end, we will sketch the proof
in four steps.
Step 1: A priori estimates. There exists a constant
C > 0 independent of n such that

T
B0 P4 [ 00 () ds
t

T
—HE/ eéA(S)52H71|Z;’|2ds
t
< C, (21)

where C' is a positive constant which may be different
from line to line.
Indeed, for any § > 0, Itd’s formula applied to
ePA® |y * provides
66A(t) |)/tn|2

T
(1) ‘§|2+2/ A yn
t
B (fulsm, Y2, 22,70 ds

T T
-2 / Ay zrgBH — 9 / A DHY ™ 70 s
t t

T
—(5/ A6 [y 2|2 ds.
t
Taking expectation, we get

T
Ee®A®) |y * + §IE/ a? (s) 4 |y 2 ds
t
T
+2E / SASDRY ™ 77
t

T
— Ee&A(T) |§|2 +2E/ eéA(s)YSn
t

(fn(s N, Y2, 27 Y")) ds.

It is known (see example Hu and Peng, [9], Maticiuc
and Nie, [11]) that D}*Y* = (6 (¢) /o (t)) Z. More-
over by Remark 6 in Maticiuc and Nie [11], there ex-
ists M > 0 such that for all ¢t € [0,T], t*¥-1/M <
6 (t) Jo(t) < Mt2H-1,
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Then, we have
T
Ee*4®) v ? + 0E / a? (s) e |y ds
t
2 T
—E/ g2H—10A(s) \Zg|2ds
t

T
< E65A(T) ‘f|2+2]E/ 5A(S)Y'sn

t

(fn(s N, Y2, Z7 Y”)) ds, (22)

assumption (A2) and property (iv) from previous
lemma together with Young’s inequality imply,

QYSME/ (fn(sa ns, Y 27, st))

M 2
< (54 ) I
2H-1 2
+S |Zn|2 + |§02(8)| )
M a? (s)

Therefore, for sufﬁciently large § > 0, choosing 0 such
that ((5 5— —m= 1) > 1, we obtain for M > 1

T
E a2()5A

) |yr? ds
T
+E / SZH 1 (SA( )|Zn| ds

(54 2 (5) |) ds)

< cx (ew o+ [ ool
a? (s

Finally, we get
Ee(SA(t) |Y;/n|2
T
—HE/ a’ (s) e940) |YS”|2 ds
0
T
+IE/ g2H—10A(s) |Z;1|2 ds
0

< CE (e‘”‘”) |€|2+/

< ©oQ.

eSA(s) \‘P (s)

|
a*(s)

2
ds)

Step 2: Convergence result. From (20) and (21), there
exists a process Y™ such that Y* 7 Y; a.s. for all

€ [0,T]. Therefore, it follows from Fatou’s lemma
together with the dominated convergence theorem that

EfT SA( g)|Y| ds < C, and
SA 2 (23)
limy o fy a® (5) 40 [Y2 — Vi[*ds = 0.

Next, for all n > 1, by Itd’s formula applied to

A(t) ’}/tn-l‘l _ }/tn|2’ we get

A1) |Ytn+1 . Y'tn|2

T
— 2/ 65A(S) (}/'sn+1 _ }/sn)
t
X (E/fn—i-l (57 Ns, }/;1-‘1—17 Z;H_la },/'sn+1)

_Elfn (37 Ns, szn7 Z;L7 }'/Sn) )dS
T

_2/ e&A(s) (Y;n—‘rl _ )/Sn) (Z;’L+l _ Z;L) dBf
t
T

_2/ €6A(s)fDZ-L (Y'Sn+1 o Y'Sn) (Z;L+l _ Z;z) ds
tT ;

_6/ eéA(s) ‘YZH_l _ st’ ds.
t

Letting ¢ = 0, it follows from the uniform linear growth
condition on the sequence f,, (property (i) in previous
lemma), Cauchy-Schawrtz inequality and assumption
(A2) that

E |Y0n+1 _ Yon|2

T
+5E/ §A(s
0

2 T
+M]E/ A 2H- | Zn4l 712 g
0

C]E/T 5A(s)(|902(‘(s)|)2
0 a? (s

n 2 n|2 2
+a? (s) ([Y2 P 4 (VP o+ o)

+(|zf 41207 st

T 3
% (]E/ €6A(S) |Y*sn+1 o st|2 d8> )
0

Therefore, from (20) and assumption (A43), we provide
the existence of a constant C' > 0 independent of n
such that

’Yn+1 st‘? ds

IN

(24)

T
S — n n2
IE/O edA(s) 2H 1|ZSJF1—Z$| ds

T
< C~1 (E/ 6(514(8) ‘Y’S’VH—I _ st’2 dS)
0

Consequently, it follows from (23) that (Z"),

a Cauchy sequence in f/[]g )"

1
2

>1 is
Then there exists an

Fi—jointly measurable process Z € f}[IO{ 7] such that

T
lim IEI/ A 2H=1 1 70 _ 7 1 ds = 0.
0

n—oo

Step 3: (Y, Z) verifies MF-BSDE driven by fBm (2).
~ 1 a ~
Since (Y™, Z") — (Y, Z) in Vg7 X V{1, along a sub-

sequence which we still denote (Y™, Z"), we get

(Y™, Z") = (Y, Z) dt®dP a.e.,
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and there exists x € f/[lg 7] such that for all n > 1,

|Z"| < x dt ® dP a.e. Therefore, by the previous lem-
mma, we have

fﬂ (tﬂlt»Y}naZ?,ﬁ”)
- f(tﬂ?t,Yt,Zt,Yt) dt @ dP a.e.,

Moreover, from condition (i¢) in the previous lemma
and (20), we have

In (t»nhytnvztnvytn)
< X(t) < oo dt®dP ae.,

where

2 = @+ (v + 7

+0 (1) x| -

Then it follows from the dominated convergence theo-
rem that

+ |Ut|)

T
B [ (s vz ) ds
i

T
— ]E/ f (s,ns,Ys, ZS,YS> ds.
n—oo t
Finally, passing to the limit on both sides of fractional
MF-BSDE (19), we get that (Y, Z) is a solution of MF-
BSDE (2).
Step 4: Minimal solution. Let ()7, Z) € 1}[%:;] X f/[lgﬂ
be any solution of fractional MF-BSDE (2) and let us
consider for any n > 1 the fractional MF-BSDE (19)
with its unique solution (Y, Z™), which converges to
(Y,Z). Since f, < f for all n > 1, we get by virtue
of the comparison theorem that Y™ < Y for all n > 1.
Therefore, Y < Y.

That proves that (Y, Z) is the minimal solution for
fractional MF-BSDE (2). O

4 Conclusion

In the first part of this work, we have studied mean
field backward stochastic differential equations driven
by fBm with Hurst parameter H > % under stochastic
Lipschitz condition. In the second part of the paper we
establish the existence of minimal solution to the mean
field backward stochastic differential equations driven
by fBm with Hurst parameter H > % under continuous
and stochastic linear growth condition. Motivated by
the works of [3, 4, 9, 10, 14, 13], we have proved an
existence result to this kind of equations, in which the
coefficient f is assumed to be continuous and stochas-
tic linear growth condition, more precisely, we have
treated the stochastic Lipschitz case. So our method
in continuous and stochastic linear growth condition
case is similar techniques developed in [10] with some
suitable changes due to the difference between the pro-
cesses and the spaces. We note that pretty much of the
technical difficulties coming from the fractional brown-
ien motion, since B¥ with H > % is not a semimartin-
gale, we cannot use the classical theory of stochastic
calculus.
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