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Abstract

In this study, we consider the exponential utility maximization
problem in the context of a jump-diffusion model. To solve this prob-
lem, we rely on the dynamic programming principle and we derive
from it a quadratic BSDE with jumps. Since this quadratic BSDE?
is driven both by a Wiener process and a Poisson random measure
having a Levy measure with infinite mass, our main work consists in
establishing a new existence result for the specific BSDE introduced.

1 Introduction

In this paper, our motivation is to study the exponential utility maximization
problem with portfolio constraints in the context of a discontinuous filtra-
tion. To handle this optimization problem, which is formulated at any time
under a conditional form, the approach consists in using both the martingale
optimality principle and BSDE techniques: this approach is the same as in
the previous papers [BEC06], [MS05] and [MORO0S8] already dealing with the
same problem. However and contrary to the papers [BEC06] or [MOROS]
already dealing with a discontinuous model, the originality of the present
paper is that we study existence for a specific class of quadratic BSDEs with
jumps without assuming the finiteness of the Levy measure. Relaxing this
last hypothesis, we have to establish a new existence result for the BSDE al-
ready introduced in [MOROS8], which is the main achievement of this paper.
Concerning the financial problem under study, the main objectives are the
characterization of the value process in terms of the solution of an explicit
BSDE as well as the characterization of optimal strategies.

To obtain the main result, that is the existence of solutions of the specific

LA large part of the content of this work is in my PhDthesis defended at the university
of Rennes 1 in October 2007 and supervised by Professor Ying Hu

2The notation of quadratic BSDE refers to the growth with respect of the variable z
of the generator f : (s,z,u) — f(s,z,u).



BSDE introduced by using the dynamic programming principle, we first de-
fine an auxiliary BSDE (more precisely, we introduce a new generator which
is explicitely given in terms of the first one) and we then prove the existence
result for the auxiliary BSDE under an additional constraint on the norm of
the bounded terminal condition. For the general case, i.e. when considering
a BSDE whose terminal condition is an arbitrary bounded random variable,
we provide an explicit construction. In a last step, we first establish a corre-
spondence result between solutions of the auxiliary BSDE and those of the
original one and we then prove existence of a solution of the original BSDE
for any arbitrary random variable. In a last section, we come back and solve
the original financial problem.

The present paper is structured as follows: in Section 2, we describe the
financial model and we give preliminary notations. Then, in Sections 3 and
4, we state and prove the main results for the BSDE introduced in Section 2.
Last section consists in using results of the two previous sections to provide
answers to the original financial problem. Lengthy proofs are relegated to
the appendix.

2 The model and preliminaries

We consider a probability space (2, F, P) equipped with two independent
stochastic processes:

. A standard (one dimensional) brownian motion: W' =(W}).c(0,17-

. A real-valued Poisson point process p defined on [0,7] x R\ {0}. Re-
ferring to chapter 2 in [IW89], we denote by N,(ds,dx) the associated
counting measure, whose compensator is assumed to be of the form

A

N,(ds,dx) = n(dz)ds.

n(dx) (also denoted by n in the sequel) stands for the Levy measure
which is positive and satisfies

n({0}) =0 and /R\{O}(l A |z))*n(dr) < oo.

These two processes W and Np are considered on [0, T, where T stands for
the horizon or maturity time in the financial context and, in all the sequel, T’
is assumed to be fixed and deterministic. We also denote by F the filtration
generated by the two processes W and N, (and completed by A, consisting



in all the P-null sets). Using the same notations as in [IW89], we denote by
N,(ds,dx) (Ny(ds, dz) := Ny(ds, dx)—N,(ds,dx)) the compensated measure,
which is a martingale random measure: in particular, for any predictable

and locally square integrable process K, the stochastic integral K - N, :=

K (z)N,(ds,dz) is a locally square integrable martingale.

We denote by Z - W (resp. U - Np) the stochastic integral of Z w.r.t. W
(resp. the stochastic integral of U w.r.t. Np). Since the filtration F has the
predictable representation property, then, for any local martingale M of F,
there exists two predictable processes Z and U such that

Vi, My=My+ (Z-W),+(U-N,),

(In Section 2.2, we provide a definition of the Hilbert spaces, where these
stochastic integrals are considered). In all the paper, we will make use of the
notation |-|s to refer to the norm in L*(Fr) of any bounded Fr-measurable
random variable.

2.1 Preliminaries about BSDEs

In the sequel, we denote by S>(R) the set of all adapted processes Y with
cadlag paths (cadlag stands for right continuous with left limits) such that

esssup|Y:(w)| < oo,

t,w

and, for any p, p > 0, we denote by SP the set of cadlag processes Y such
that

E <Sup |Yt|p) < 00.
t

We also introduce the set L*(W) consisting of all predictable processes Z

such that .
E (/ \Zs|2ds) < 00.
0

and the set L2(N,) consisting of all P ® B(R \ {0})-measurable processes U

such that
E (/ \Us(x)\Qn(d:U)ds) < .
[0,T)xR\{0}

P stands for the o-field of all predictable sets of [0, 7] x 2 and B(R\ {0}) the
Borel field of R\{0}. The set L°(n), which is also denoted by L°(n, R, R\{0})
in [BECO06], consists of all the functions u mapping R in R\ {0} and it is



equipped with the topology of convergence in measure. Finally, L?(n) stands
T

for the subset of all functions in L°(n) such that: E(/ lu(z)|*n(dz)) < oo

and L>(n) stands for the subset of all functions u in L°(n) which takes
bounded values (almost surely).
A solution of a BSDE with jumps of the form

T T T
Y, :B+/ f(s,Y;_,ZS,Us)ds—/ stws—/ / U, (z)N,(ds, dz), (1)
t t t *

which is characterized by a bounded terminal condition B and a generator
f satisfying

T
/ |f(s,Ys, Zs, Us)|ds < o0, P-aus.,
0
is a triple of processes (Y, Z, U) which is in S™(R) x L2(W) x L?(N,). In this
paper, we study a specific class of BSDE with jumps of the previous form.
Besides and since we do not work on a brownian filtration, the processes Z

and U have to be predictable, for any solution of the BSDE (1) .

2.2 Description of the model

For sake of completeness, we provide the description of the financial context
which is similar as in [MORO0S8]. The financial market consists in one risk-free
asset (assumed to have zero interest rate) and one single risky asset, whose
price process is denoted by S. More precisely, the stock price process is a
one dimensional semimartingale satisfying

dS, = S,_ (bsds + o, dW, + / B(x) N, (ds, d:v)) . (2)
-

All processes b, o0 and 3 are assumed to be bounded and predictable and, in
addition, (3 satisfies: > —1. This last condition implies that the stochastic
exponential (3 - Np) is positive, P-a.s.: hence, the price process S is itself
almost surely positive. The boundedness of 3, ¢ and 8 ensures both existence
and uniqueness results for the SDE (2). Then, provided that: ¢ # 0, we can
define 0 by: 6; = o;'bs (P-a.s. and for all s). The process 6, also called
market price of risk process, is supposed to be bounded and, under this
assumption, the measure P? with density

dP? '
Vi €T(—/O 0sdWs),
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is a risk-neutral measure, which means that, under P?, the price process S is
a local martingale.

In what follows, we introduce the usual notions of trading strategies and
self financing portfolio, assuming that all trading strategies are constrained
to take their values in a closed set denoted by C. In a first step and to
make easier the proofs, this set C is supposed to be compact®. Due to the
presence of constraints in this model with finite horizon T, not any Fr-
measurable random variable B is attainable by using contrained strategies.
In that context, we adress the problem of characterizing dynamically the
value process associated to the exponential utility maximization problem (in
the sequel, we denote by U, the exponential utility function with parameter
«, which is defined on R by: U,(-) = —exp(—a-)).

Definition 1 A predictable R-valued process m is a self-financing trading
strategy, if it takes its values in a constraint set C and if the process X™H*

such that g
- 3
sz ’ ( )

is in the space H* of semimartingales (see chapter 4, [PROO0JJ). Such a
process X™ = X™H% stands for the wealth of an agent having strateqy ™ and
wealth x at time t.

Vselt, T, XDW* ::x+/ i
¢

Now, as soon as the constraint set C is compact, the set consisting of all
constrained strategies satisfies an additional integrability property.

Lemma 1 Under the assumption of compactness of the constraint set C, all
trading strategies 7 := (7g)scpr) as introduced in Definition 1 satisfy

{exp(—aXT), T F-stopping time } is a uniformly integrable family. — (4)

For the proof of this lemma, we refer to [MORO0S]. We make use of the
notation A; for the admissibility set (in the case when ¢ = 0, we simply denote
it by \A.): in this notation, the subscript ¢ indicates that we start the wealth
dynamics at time ¢: more precisely, this set consists in all the strategies
whose restriction to the interval [0, ¢] is equal to zero and which satisfy both
Definition 1 and the condition (4). This last integrability condition is of
great use in Section 4 to justify the expression of the value process (and,

3As in [MOROS], the compactness assumption on the constraint C ensures that the
BMO properties given in (Hz) in Section 3.1 are satisfied: thanks to these properties, we
can prove a comparison result for the BSDE with generator having the generator defined
in (5). In a last section of this aforementionned paper and by means of an approximating
procedure, the existence result is obtained without this restrictive hypothesis.



more particularly, to justify the supermartingale property of some family of
processes as already introduced in [HIMO05] in a Brownian setting). To
conclude this paragraph, we introduce the notion of BMO martingales which
can also be found in [DEL80]: a martingale M is said to be in the class
of BMO martingales if there exists a constant ¢, ¢ > 0, such that, for all
F-stopping time 7,

esssup B ((M)g — (M),) < ¢ and |AM,|? < 2.
Q

(In the continuous case, the BMO property follows from the first condi-
tion, whereas, in the discontinuous setting, we need to ensure the bound-
edness of the jumps of M). The following result, referred as Kazamaki’s
criterion and also stated in [KKAZ79], relates the martingale property of a
stochastic exponential to a BMO property.

Lemma 2 (Kazamaki’s criterion) Let 0 be such that: 0 < § < oo and
M a BMO martingale satisfying: AM; > —1 49, P-a.s. and for all t, then
E(M) is a true martingale.

3 The quadratic BSDE with jumps

3.1 Main assumptions

In all the sequel, we use the explicit form of the generator f

0, s
f(s,z,u) = inf (%|7r08 —(z+ E)|2 + |u— Wﬁs|a) — 0z — | o (5)

wel

where the processes 3, # and o are defined in Section 2.1. This expression of
the generator will be justified in Section 4. We introduce the notation |- |,
as being the convex functional such that

exp(au(x)) — au(x) — 1n

(dx) ?

(0%

Ve (L2 L)), [ul. :/
R\ {0}

_ / 9o (u(x))n(dz),
R\{0}

with the real function g, defined by: g,(y) = W%y*l. In all the paper, B

is a bounded Fr-measurable random variable and we use these two standing
assumptions on the generator f



(Hy).

The first assumption denoted by (H;) consists in specifying both a
lower and an upper bound for f

Vz,u € R x (L2N L) (n)

—0sz — % < f(s,z,u) < $[z]* + |ula, P-as. and for all s.

. The second assumption, referred as (H,), consists in two estimates: the

first one deals with the increments of the generator f w.r.t. z

3C >0, k€ BMO(W), V z, 2/ € R, Yu € L*(n(dz)),

[f(s,2,u) = (s, 2/, u)| < Clks + 2] +|2'])] 2 = 2]

The second estimate deals with the increments w.r.t. u
Vz eR, Yu,u € (L?N L>®)(n(dr)),
Flsoz) = fls.2) < [ uad) o) = (),
R\{0}

with the following expression for ,(u,u’) for all s

Vs(u,u') =

s | L= )+ (1 - )t~ O ) Lo

el

mel

+ inf (/01 G A —7Bs) + (1 = N (u' — Wﬁs)(x)d)\) Lu<uw,

and this last expression holds, for any fixed s,w. Considering now two
arbitrary predictable processes U, U’ taking their values in L? N L>(n)
and if we define the process 7 for all s by

’?s = 73(U57U;)7 (6)

then, ¥ is a predictable process and it is explicitely given in terms of
both the predictable processes U, U and (. For the proof of these
two estimates and the justification of the expression of v, the reader is
referred to [MOROS8]. To conclude this paragraph, we justify the BMO
property of the process given by (6): for this, we use the compactness

7



of C and we assume that both processes U and U’ take their values
L? N L*°(n(dx)) and that: |Us|pee(ny, |UL Loy < K, to argue that

HéK,C’K>O, s.t. —1+5K§75(U5,U;)§6K,

which entails, in particular, that this process is in BMO(NP). We rely
on this BMO property in the proof of the uniqueness result to justify
the use of Girsanov’s theorem.

3.2 Theoretical results

To prove the main existence result, which is the existence of solutions of
BSDEs with generator f given by (5) and terminal condition B (B being an
arbitrary bounded random variable), we need to consider an auxiliary BSDE
with parameters ( f , B): more precisely, we consider the generator f defined
in terms of f as follows

f(S,Z,U) :f(S,Z—%,U)—f(S,—%,O).

In the first step, we motivate the introduction of this auxiliary BSDE by
proving an existence result: to do this, the idea consists in establishing precise
a priori estimates given by (9) to justify, in a second step, a new stability
result, which is similar as in [MORO0S]. This will be done under an explicit
constraint on the terminal condition. In the following theorem, we state the
two main existence results of this paper.

Theorem 1 (i) For any BSDE of the form (1) with generator f and terminal
condition B satisfying

V k>0, E (exp(k|B])) < o0,

there exists at least one solution (Y, Z,U ) such that exp(Y) is in SP, for any
p, p>0, and (Z,U) is in L*(W) x L*(N,).

(ii) For any BSDE of the form (1) with generator f and terminal condition
B, such that B is an arbitrary bounded random variable, there exists at least

one solution (Y, Z, U) in 8® x L*(W) x L*(N,).

For later use, we provide here some a priori estimates for solutions of
BSDEs with jumps having a bounded terminal condition (the proof of this
lemma can be found in [MOROS]).

Lemma 3 For any BSDE of the form (1) with a generator g satisfying (H; )
and a bounded terminal condition B, there exists three explicit constants Cf,

8



Cy and Cs given in terms of |Bl, |0|s®) and «, and such that, for any

solution (Y, Z, U ) in S®(R) x L*(W) x L2(N,)) and for any F-stopping time
T, T taking its values in [0,T],

(1) P-a.s. and for all t, t €[0,T], C; <Y; <y,

(i) Eff(/TT |Zs]2ds+/TT /R |Uy(2)|?n(dz)ds) < Cs.

Corollary 1 Under the same assumptions than in Lemma 3 on the param-

eters g and B and for any solution (Y, Z, U) in S™®(R) x L2 (W) x L*(N,)
of the BSDE (1),

e there exists a predictable version U of U such that: U =U (in L*(N,)).
Noting U instead of U, this process satisfies*

o The following equivalence result

1 T
50 >0, —IE/ U (2)[2n(dz)ds gE/ U ]ods
C Jomxr\ (0} 0
< CIE/ |Uy(x)|*n(dx)ds, (7)
[0,T]xR\{0}
holds for a constant C' depending only on a and |Y|ge(w)-

3.3 Proof of the main existence result

First and for sake of clarity, we give an outline of the content of this section.
To prove Theorem 1, we proceed with the following steps
e In a first step, we introduce the auxiliary generator f such that

f(s,z,u):f(s,z—%,u)—f(s,—%,()), (8)

and we then establish an existence result for the BSDEs given by (f, =) by
providing a sufficient condition on the integer N.

4Here and contrary to Corollary 1 in [MOROS], since the Levy measure satisfies:
n(R*) = oo, we cannot deduce that u takes its values in L?(n), using the fact that it
is in L>®(n).



e In a second step and to prove existence for the BSDE given by ( 1, B)
for any bounded Fp-measurable random variable B, we proceed with an i-
terative ® procedure. To this end, we construct a sequence of BSDEs given

v (f7, E) such that, under the assumption that there exists a solution

(YZ Z',U") up to step k, the triple (Y*, Z*, U*) with: Y* = ZYz solves

the BSDE with parameters f Z . Provided this construction can be

iterated up to step N, the process Y defined by: Y = YV solves the BSDE
with parameters (f, B)

e The third step consists in establishing a correspondence result between a
solution of the BSDE given by the parameters ( f, B ) and a solution of the
BSDE with parameters (f, B), with B explicitely given in terms of B.

e Finally, in a last step, we extend the results of Step 2 to the case when
the terminal condition may be unbounded (but admits at least exponential
moments of any order). This is done by using the same methodology as in
[BHO6]: this step allows to prove existence for solutions of the BSDE with
generator f when the terminal condition is arbitrary and bounded.

3.3.1 Step 1: first approximation

Construction and basic properties Since we are dealing with a BSDE
with jumps whose generator has quadratic growth, we rely on the same proce-
dure as in [MOROS]: this consists in constructing an approximating sequence
of generators denoted by (f™). To this end, we introduce the constant M,
the truncation function p,, and the measure n" as follows

(i) M = 2(C} + Cy) (these two constants are given in (i)(a), Lemma 3).

(ii) p, is an arbitrary truncation function at least continuously differentiable
and such that: p,,(2) =0, if |2| > m+ 1 and p,(2) = 1, if |z] < m, and
0<pm(z) <1if0<2<1.

(iii) n™ is the finite measure defined by

n"(dr) = 1,5 1n(dx).
This being set, we define the sequence (f™) by

priscz = int (o= G4 R+ [ glu = miputuloin™(an) )

weC
(AR

20 7

—205 —

5The construction is iterative in the following sense that the generator f*! is defined
in terms of f*.
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and we then introduce (f1'™) by setting

0 0
fl,m(S’ Z>u) - fm(&z - Eau) - f(S, _an)'

Since 0 is in the set C, the infimum in the expression of f™(s, =%, 0) is equal

Yo )

to zero and hence, we obtain: f™(s, _38,0) = f(s, _THS,O) = ‘9&‘2, implying
that
Vm, f""(s,0,0)=0, P-as. and for all s.

We provide below a list of the essential properties satisfied by (™)

1. Due to the truncation procedure, the generator f%™ is lipschitz with
respect to z and wu, i.e. there exists a constant ), depending only on

the bounded parameters 6, (3, and on the constants « and sup ||, such
meC|

that
| f" (s, 2, u) — fl’m(s,zl,ul)] < Cm(]z — z/] + |u — u/|L2(n)).

Hence, for each m and and N being a fixed integer, we get existence

of a solution in 8% x L?(W) x L*(N,) of the BSDE given by (f'™, £):
we denote it by (Y™, Ztm Uytm),

2. The sequence (f 1m) is increasing and converges, P-a.s and for all s, to
f in the following sense

(s, z,u) / f(s, zZ,u), asm goes to 0o.

Using both the Lipschitz property, the monotonicity of (f1™), the property
(Hy) and the comparison result in Theorem 2.5 in [ROY06], (Y"™) is in-
creasing and hence, we can define Y as follows

Y, :=lim / Y™ P-a.s. and for all s.

From the second assertion in Lemma 3, both the two sequences (Z'™) and

(U"™) are bounded respectively in L*(W) and L*(N,): this entails the exis-
tence of weak limits denoted by Z and U.

To conclude this paragraph and for later use, we give a precise estimate
of the norm of Y™ in &
B
[V 00 < %, P-a.s. and for all s. 9)

11



(For sake of completeness, a detailed proof is provided in the first appendix
A1.) This estimate, which is independent of m, is essential in the proof of
the monotone stability result given in the next paragraph: in particular, this
allows to obtain the condition (10) on N and establish the existence result
for the BSDE with parameters (f, By,

The stability result: convergence of the approximating sequence
To justify that (Y, Z,U) solves the BSDE given by (f, L), we prove the
same kind of stability result as in [KOBO0O] for the approximating sequence
of BSDEs given by (f%™, ﬁ) To this end, we justify the three following
convergence results
(i) ZY™ — Z (in L*(W)), as m — oo,
(i) U™ — U, (in L*(N,(dz, ds))), as m — oo,

t

(i) IE(/ Fom (s, Z0m U™ — f(s, Zy, U.)|ds) — 0, as m — oo.

Assertior?s (i) and (ii) correspond to the strong convergence of the sequences
(Z%™) and (UM™) to Z and to U in their respective Hilbert spaces. The proof
being tedious and merely technical, it is relegated to the end in Appendix
A2: we just give here the constraint condition on N: Mpg being an upper
bound of B in L>*(Fr), N should satisfy

Mp 1 1

TB -

v =5 ek
where C' is a constant depending only on « and |B|.

To prove the convergence in L'(ds ® dP) stated in (iii), we apply the
dominated convergence theorem by checking:

(10)

e The convergence of (f"(s, Zb™ UM™)) to f(s, Z,U,), in ds ® dP-
measure,

e The existence of a uniformly integrable control of (f1™ (s, ZLm, UL™))
(independent of m).

The second assertion results easily from the inequality

f7 (s, Zy™ = %, U™

2
<mac{ (Glzm = Lp s win) (-agn -2 - B

« 0%

12



To conclude for this second assertion, we rely on the uniform integrability of
(|1Zz4™ — £]?) and (JU*™|,), which results from their convergence in L'(ds ®
dP) and on the boundedness assumption on 6. To prove the first point, we
state an auxiliary result.

Lemma 4 For all s and for all converging sequences (2™),, and (u™),, re-
spectively in R and L*(n(dz)), such that the sequence (u™) is uniformly
bounded in L>®(n) and satisfies:

3C >0, sup|u”|r2m <C,

we have
(s, 2™ u™) — f(s,z,u), P-a.s. and for all s, as m — oo.

The proof of this lemma results from the convergence of (2™) and (u™) (re-
spectively to z and u) and the simple convergence of (f1™) to f.

Without loss of generahty and using the convergence results given in (i) and
(ii), we can now assume® that both (Z!'™) and (U!}™) converge in ds @ dP-
measure to Z, and U, respectively in R and in L?(n): this entails the con-
vergence in L'(ds @ dP) of (f1™ (s, ZL™ UY™)) to f(s, Zs, Us).

Passing to the limit in the equation satisfied by Y1™

B T
Ytl’m:—+/ fl’m(s,Zi’m,Uj’m)ds—/ ZLmqw, — // U™ (x)Ny(ds, dx)
N, ’ ®\{0}
)

the increasing limit Y satisfies

/f L 00) ds—/t Z.dW, — //R\{O} (ds, dz) (12)

Substracting (11) and (12) and taking successively the supremum over ¢ and
the expectation, we get

E( sup |V, —Y[) =0,
t€[0,T]

and this last convergence result follows from the use of the Doob’s inequalities
for the square integrable martingales (Z%™ — Z)-W and (U —U>™) - N, and
the respective convergence of (Z'™ — Z) in L*(W) and of (U — U“™) in
L*(N,(dz, ds)).

6To ensure the convergence in ds ® dP-measure, we ought to consider subsequences.
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3.3.2 Step 2: the iterative procedure

In this step, we justify the existence result for the BSDE with parameters
(f, B) (B being an arbitrary bounded Fr-measurable random variable).

An iterative construction We provide here the explicit construction of a
sequence of intermediate BSDEs with parameters (f(*), %) such as described
at the beginning of section 3.3.

1 We initialize by setting: f®) := f: the first step provides a solution
for the BSDE with parameters (f(V), £) as soon as: N > N' with N'

satisfying (10). We denote it by (Y, Z1, U").

2 Assuming that the sequence (f*)) is constructed up to step k, k >
1, and that each BSDE given by (f,£) (for an integer N to give

explicitely) admits a solution (Y?, Z*, U?), we define the generator f*+1)
by setting
(k+1) 7 i O ahy  Fre gk Os
f (s,z,u) = f(s, 2+ 25 — —, u+ U;) — f(s, 27 — —,UY),
o o

with: ZF = ZZZ and UF = ZUI

i<k i<k

Provided we justify the existence of a solution (Y, Z, U?) for all i, i < k,
and using the definition of each f®, we obtain

k
i=1
k ~
and hence, the triple (Y*, Z¥ U*) such that: Y* = Z Y, solves the BSDE

i=1
k
: x B : : o :
with parameters f and Z N After N iterations, it gives to a solution of
i=1

the BSDE with parameters (f, B).

New stability result In the following two paragraphs, we explain the
construction of a solution of the BSDE with parameters (£, %): this cor-
responds to the second step of the iteration procedure and in a last paragraph,

14



we briefly explain how and why this can be iterated for any k, k > 2.

To justify the existence of a solution of the BSDE given by (f(?), %), we
proceed analogously as in Section 3.3.1 by providing an explicit constraint on
the integer N (we deal with this technical issue in Appendix A3). Keeping
the same notation for f™, we introduce 7 the sequence (f?™),, as follows

9, 0,
f27m(5, z,u) — fm(s, 2+ Zsl,m — = u+ Usl,m) o fm(s, Zsl,m - = UsLm)-
(0 (6%

Using the same argumentation as in Step 1, we obtain a solution (Y>™, Z2m {J?™m)
of the BSDE given by (f2™, £). f>™ satisfying (H,), both sequences (Z*™)

and (U*™) are uniformly bounded respectively in L?(W) and in L?(N,) and

we denote by Z2 and U? their respective weak limits.

By definition, the generator f>™ satisfies: f2™(s,0,0) = 0, and hence, using

the same procedure as described in Appendix Al, we get that any bounded
solution Y2™ satisfies

B
V2™ |50 < |N}Oo. (13)

Now, to prove the existence of an almost sure limit for (Y?™), we cannot
proceed as in Step 1, since we do not have any monotonicity property for
(Y2™): in fact, the sequence (f*™) is neither increasing nor decreasing:
however, if we consider f2™ defined by: f?>™ = f2™4 f1™ then (Y2™+Y1™)
is increasing and we can define Y? as follows

Y2 =1lim / (Y™ +Y"™), P-a.s and for all s.

Since (Y;'™™) is increasing and converges to Y;, P-a.s. and for all s, (Y2™)
converges to Y2 defined by: Y2 =Y2 -V,

In the following paragraph, we prove a convergence result for the sequence
(Y2m, z2m U2m) and identify its limit (Y2, Z2 U?) as a solution of the

BSDE given by (f®, £).

7 Assuming the procedure can be applied up to step k, then, for any k, k > 2, we define
fFHL™ analogously
k+1,m m 7k,m 95 rrk,m m ~7k,m 95 rrk,m
f i (S,Z7U):=f (sz+(Zs _E)vu"'Us )_f (S7Zs' _E’Us' )»

and since (Z%™) (resp. (U*™)) is uniformly bounded in L?(W) (resp. in L?(N,)), the
generator fF*t1™ satisfies again the same growth condition and control of the increments
as f2m,
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Convergence of the approximating sequence As in Section 3.3.1, we
have to prove the strong convergence of (Z*™) to Z% in L*(W) (respectively

of (U>™) to U? in L*(N,)) and then justify a new stability result for the
solutions of the BSDEs with parameters (f>™, £).

For sake of clarity, the proof of the strong convergence of (Z*™) and
(U?™) is relegated to Appendix A3: using this last result and proceeding the

same way as in the second paragraph in Section 3.3.1, we get
E (Sup Yy — ?f|> + 122" = ZO oy + U™ = TP a5, — 0,
t

and we identify the triplet (Y®, Z® U®) as a solution of the BSDE with
parameters (f®), £) N satisfying (30) which is the new constraint® obtained
in Appendix A3.

End of the iteration procedure In Step 1, we have obtained a triple
(Y, Z,U) solving the BSDE with parameters (f, L) under the condition (10)
on N and, in the previous paragraph, a solution (Y2, Z2,U?) of the BSDE
with parameters (f2?, £) under the more restrictive condition (30). Defin-
ing Y2 by: Y2 = Y + Y? (Z2 and U? being defined analogously), then
(Y?2,Z2,U?) solves the BSDE given by (f, 2B (this holds if we choose for
N the minimal integer satisfying (30)). To conclude, we distinguish two cases

1. If we can choose N = 2, then the triple (Y2, Z?,U?) is the desired so-
lution of the BSDE with generator f and terminal condition B.

2. In the second case, we proceed with at least one further iteration of
the procedure described in step 2. For any k, & > 2, we check that, for
fixed k, each generator f*™, whose expression is provided in the foot-
note given in the second paragraph of Step 2, satisfies an assumption
similar to (Hy) and the property: f*™(s,0,0) = 0. Under these two
last assumptions and referring to the proof given in Appendix A1, the
following estimate holds for any k and m

B
yhom) g < Blee
Y5"s N

Therefore, both the construction described in subsection 3.3.2 for the
case k = 2 and the method to establish the stability result (for the

8To obtain this constraint on the integer N, we rely on the fundamental estimate given
by (13).
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detailed proof of the convergence result, we refer to Appendix A3) can
be iterated up to step k, k > 2 and in particular, at each step 7, i > 2,
the condition (30) obtained in the third appendix remains unchanged.
If we denote by N'! the minimal integer satisfying (30) and if we then
define (Y Z.U) by: (Y,Z,U) := (YN, ZN' . UN"), with YN such that:

Z Y@ this provides a solution of the BSDE with parameters

(f,B) and ends the iteration procedure.

3.3.3 Step 3: Conclusion

In the previous steps, we have proved the existence of a solution of the
BSDE (2) with parameters (f, B), where B is an arbitrary bounded and F-
measurable variable. Using this, we prove an existence result for the BSDE
with parameters (f, B), where the terminal condition B can be expressed in
terms of B.

Thanks to the two first steps, we can claim the existence of a triple (Y, Z,U)
such that

T 9 0
V=Bt [ 16 Z- 20 - f5. -2 0)ds

t

—/ ZsdWg — / / »(ds, dx),
t R\{0}

which is well defined for any bounded random variable B. If we define the
processes Y, Z and U as follows

«

/f du—/e—“qu), Zo= 7~ Y amdv, = v,
0 (6%
(1

4)
then, Y solves the following BSDE

Y, =B+ f ZUds—/ Z dW, — // N,(ds, dz),
t R\{0}

with generator equal to f and terminal condition B equal to

_ r 0, T,
B:B—/O f(s,—E,O)ds—/O Osaw,. (15)

«

Due to (15), the terminal condition E is no more in L*°(Fr) and similarly,
considering the first relation in (14), Y is not in S* but it only satisfies that
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exp(Y) is in 8P, for any p, p > 0. To prove this, we use that
exp(al;) = exp(aY)E(— 0 W), (16)

and we then rely on the boundedness of the process # and on Novikov’s
criterion to obtain that £ ( —0- W) admits moments of any order. Since Y
is in 8, we obtain that Y admits exponential moments (the same holds for
the terminal condition B), which achieves the proof of (i) in Theorem 1.
Now, to obtain a solution for BSDE with parameters f and B, B being
an arbitrary bounded random variable, we need to prove a more general
existence result for BSDEs with generator f: this is the aim of the following
section.

4 An existence result under more general con-
dition
In this section, we prove an existence result for solutions of BSDEs with

generator f and terminal condition B, under the restrictive condition that
the terminal condition B has exponential moments of any order: i.e.,

vV k>0, E (exp(k|B])) < oc. (17)

To achieve this aim, we adapt the procedure given in [BHO6] in the discon-
tinuous setting intoduced in the first paragraph in Section 2 and, for sake of
clarity, we split the proof into three main steps.

Before proceeding with the proof, we give here the two properties (H;) and
(H,) satisfied by f. We first check that there exists both a strictly positive

T
constant K and a non negative process a satisfying: / asds < a and such
0

that %
(H) = 02< f(s, 2 u) < au+ Sl + Julk,

which holds true if we take: & = % and K = 2a. Furthermore, the generator

f satisfies a new assumption denoted by (H,) in the sequel and very similar
to (Hs) stated in section 3.1 for the generator f. More precisely, for any 2,
2?2 in R and any (u!, v?) in L?> N L*°(n), we have

(1)

f(SVZlvul) - f~(57227u1) = f(S,Zl - %aul) - f($>Z2 - %7“2)

= N (12 - 22),
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with )" defined as follows
)\3<217 22) — f(s,zl,u)—f(s,ZQ,u)7 lf Zl _ 22 # O’

1,2

As(2',2%) = 0, otherwise.

and satisfying in particular that, as soon as Z! and Z? are in BMO(W),
the BMO property holds also for the process X' (Z', Z?).

f(s,zl,ul) — f(s,zl,u2) = / Ys(ut, u?)(ut — u?)n(dx),

where v has already been introduced in assumption (Hs) in Section 3.1.

Step 1: Comparison result and a priori estimates For later use, we
provide here both a comparison theorem and a priori estimates.

Lemma 5 Considering two bounded terminal conditions &' and €2, if we de-
note by (Y, Z*,U") (resp. (Y2, Z%,U?)) the solution in S x L*(W)x L*(N,)
of the BSDE with parameters (f, €') (resp. (f, €2)), then, as soon as:
&1 < &2, we have: Y} <Y P-a.s. and for all t.

Since the proof is based on the same ingredients as those given in Appendix
A1, we skip the details and we just give the main steps: .
e a standard linearization of the increments of the generator f

fN(87Z517U51) - f~<872527U32)7
obtained by relying on the assumption (H,).
e an appropriate change of measure and a localization procedure to charac-

terize Y — Y2 as a Q- submartingale (for a suitable equivalent measure @)
and equal to the non positive random variable (¢! — £2) at time T

Lemma 6 If we consider a BSDE with generator satisfying (H,) and bounded
terminal condition B, then, for any solution in 8 x L*(W) x L*(N,), we
have

Ja, K>0, Cst —CE(BP’|R)? <Y, < —IE (exp(K(B+ a))|F),
(18)

where the constant K can be taken equal to 2c, the constant C' can be taken

equal to the norm in 8? of the stochastic exponential E(—0-W) ° and the con-

==

9To justify that the stochastic exponential £(—6-W) is in S?, we use Novikov’s criterion.
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T
stant a already introduced in (H,) corresponds to an upper bound of/ Qgds.
0

Since it is very similar as in [MORO0S8|, we only give the main ingredients:
for the upper bound, it relies both on the application of Ito’s formula to
exp(KY') and on standard computations. For the estimate in the left-hand
side in (18), we use that the lower bound of f has linear growth with respect
to its variable z and that f is such that: f(s, 0,0) = 0. Hence, Y is greater
than the solution of the linear BSDE with generator —fz and terminal con-
dition B, which is equal to E¥’ (B|F,), with % = E(—0 - W): the terminal
condition being bounded (and hence square integrable), a lower estimate is
given by the expression in the left-hand side of (18).

O

Step 2: the stability result In this paragraph, we explain the construc-
tion of a sequence of BSDEs and, for this sequence, we prove an extended
stability result. To this end, we make use of a localization procedure which
is analogous as in [BH06].
Our first aim is to obtain uniform a priori estimates, for any sequence of so-
lutions (Y™, Z",U™) of BSDEs with parameters (f, B"), when the sequence
(B™) of terminal conditions is uniformly bounded in §*.

In all the sequel, we make use of the following standing assumption on B

(B > 0)'° and (B satisfies (17)). (19)

We then define (B™) as follows: B" = B A n. Using the results of Section 3,
the BSDE with parameters f and B has a solution (Y", Z", U") such that
Y™ is in 8. Thanks to the priori estimates given by (18) in Lemma 6 and
using that B" satisfies: 0 < B™ < B, we obtain

0 <V} < % InE (exp (K (B +a))| 7).

where the expression of K is explicited in the first step. Due to assump-
tion (17), the random variable in the right-hand side is almost surely finite.

0For the general case, we refer to [BHO6]: setting first: B™P? = BAn — (=B Ap),
we construct a sequence (Y™ P) of solutions of the BSDEs given by ( f,B™ P) such that
it is decreasing w.r.t p. The next step consists in establishing a stability result for this
decreasing sequence, which is skipped here since it is analogous to the proof of Lemma 7

and relies on the same kind of localization procedure and on the lower estimate obtained
in (18).
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The first step of the localization procedure consists in introducing a se-
quence (73 of stopping times as follows

7, = inf{t, %hl]E (exp(K(B +a))|F:) > k} AT.

If we then fix k& and if we denote by Y*™ the process such that: vk =vyn
Y*m solves the BSDE with parameters f* = f1 < and £™* defined by

Bn, lf’i'k :T,

é-n,k —
YT?I:’ ifrm, <T.
_ k Dbeing fixed, we can now state a new stability result!! for the sequence
(Ykn  Zkn k) of solutions of the BSDEs with parameters (f*, £™F).

Lemma 7 Under the two following assumptions on the sequence of BSDEs
with parameters (f*, €F),

o foralln, f = f* with f* satisfying assumption (H,),

o (&™F) is increasing and uniformly bounded in S,

and if, in addition, there exists a sequence (Y*m Zkn k) of solutions for
the BSDEs with parameters (fk, £k ) such that (Y*™) is increasing then,
there exists a triple (Y*, Z* U*) such that

- ([Sup] v — YQ’“I) + 12" = Z¥ ey + 127 = U, — 0, (20)
0,7

and this triple solves the BSDE gien by (f* &%) (with € defined by: €F =
sup £™*).

To justify this stability result for the sequence of BSDEs with parameters
(f*, &%), we proceed analogously as in Appendix A2. We first check all
the required assumptions: by definition, (£™*) is an increasing sequence of
bounded terminal conditions such that: sup [€™*| < k and, for all n, the

generator f equal to f* satisfies the same assumptions than f: hence, we
deduce

e the sequence (Y*") is increasing (this results from the comparison result
which is stated in lemma 5),

HFor a very similar result in the brownian setting, we also refer to Lemma 3 in [BHO6].
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o (V%) is uniformly bounded in S* (i.e., the bounds are independent of n)
with )
0 <sup yhn < k.

n

Hence, we can define the process Y* as follows

Y  =lim 7, Yk".

Using standard computations (these are similar than those in the proof of
Lemma 3), we obtain that the two sequences (Z%") and (U*") are bounded
respectively in L*(W) and in L?(N,) and we denote by Z* and by U* their
respective weak limits.

To prove the strong convergence of both (Z%") and (U*"), we follow the
same procedure as in Appendix A2. This consists in applying It6’s formula
to |[Y®m — Y m|2 and in relying on the following estimate

|Yk,n o Yk,m|8°o S |€n o gm‘oo

To justify this last claim, we proceed as in Appendix Al: using that, for any
k, the generator f* satisfies the same kind of assumption as f, that is (Hj)
and following the same method as described in Appendix Al, we prove that
Ykn — YEm ig a bounded Q-submartingale with terminal condition equal to
" — &M (for a well chosen equivalent measure Q).

As a consequence, to rewrite the proof given in Appendix A2, we only need
to check the sufficient condition

1
IM, sup [€"—E"|s~ <inf

1
— 1 21
S {320 160! (21)

(This condition is obtained for a constant C' depending only on the parame-
ters of the BSDE). Since (£") converges in L*(Fr), it is a Cauchy sequence
and, provided we take M large enough, condition (21) is ensured. Hence,
there exists a triple (Y*, Z¥, U*) such that (20) holds and solving the BSDE

with parameters fk and termlnal condition &* such that: &¥ = sup &™F
n

Step 3: conclusion We first define Y, Z and U as follows
Y, = Y;tkltSTka Zy= Z 1,<x and Uy = U Licrn.
and to ensure the consistency of this definition, we need to check

Y=Y ¥t on|0,7"]. (22)
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For this, we claim that, for each n and each k, the solution (Y™* ZmF Um™k)
of the BSDE with parameters (f*, B") is unique'2. Using then that the gen-
erators f* and f*t! coincide on [0,7%], we necessarily have: Yk = yktin
on [0, 7%] and (22) results from the fact that Y* and Y**! are the increasing
and almost sure limits of (Y™*) and (Y™+1),

Furthermore, since B satisfies the property given by (17), the sequence (7%)
is stationnary (almost surely): this means that, for almost w, there exists
k(w) such that 7%(w) = T and hence: ¢¥«) = B. As a consequence, the
triple (Y, Z,U) solves the BSDE with parameters (f, B).

To conclude, we rely on the result of the Section 3: i.e, the existence of
solutions of the BSDE with parameters f and B, for any random variable B
defined in terms of B as follows

_ r 6 g,
B = B—/ f(s,——s,())ds—/ ~dW,. (23)

0 o 0o «@
(this expression is given in the last step in section 3). In general, when B
is bounded, the random variable B is no more bounded but it only satisfies
(17). To obtain the desired existence result, we fix an arbitrary bounded
random variable B and we define B in terms of B using (23). Such a random
variable B satisfies the property (17) and hence, using the existence result
established in this section, we obtain a solution (Y, Z, U) of the BSDE with

parameters (f, B). Defining then (Y, Z,U) as follows

50 3 4] _
/f ——Odu—/—udWU), Zs=Zs— = and Uy = U,
0 &

this triplet solves the BSDE with parameters (f, B). Since B is a bounded
random variable and since f satisfies (H;), Lemma 3 entails that Y is in S,
which achieves the proof of (ii) in Theorem 1.

5 Application to the utility maximization pro-
blem

In this section, we make use of the notations introduced in Section 2 and
using the results of the two previous sections, we provide a characterization
of the value process at time 0

V() = ilelgE(Ua(X% — B)),

12This uniqueness result follows from the comparison result stated in Lemma, 5.
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which is associated to the classical utility maximization problem with bounded
liability B. We now state the main result of this section.

Theorem 2 The expression of the value process at time 0 is given by
V(z) = —exp(—a(z — Yo)), (24)

where Yy represents the initial data of the solution (Y,Z,U) to the BSDE
(2) given by the parameters (f, B) with the generator f defined as follows

6]

, a N
f(s,z,u) —;Ié(f: (§|7r05 —(z+ E)l + |u—7rﬁ8|a> — 0z — o

Moreover, there exists an optimal and admissible strategy 7, such that: 7 €
A. Such a strategy satisfies E(Uo (X7 — B)) = V(x), and it is characterized

by

0s
i (w) € arggrrleiél (%|7ras — (Zs + E>|2 + |Us = ®Bsla), P-a.s. and for all s(25)

Since it relies on the same procedure as in [MORO0S|, we give here a brief
proof with the main arguments.

Proof of theorem 2

We first denote by (Y, Z,U) the solution in 8% x L2(W) x L*(N,,) of the
BSDE given by (f, B) whose existence has been obtained in the previous
sections and, for any admissible 7, we define R™ as follows

Vi, R = —emOXT oYt (26)

In a first step and to obtain the expression (24), we prove the supermartingale
property of R™, which holds for any admissible strategy = (7 € A). Using
standard computations derived from the It0’s formula, R™ has the following

product form )
R = Ry M et

with the process M such that

M, = &(M) =&, ((—a(mf —Z) W) + (eomB=UD 1. Np)),
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and with M™ and A" defined by: M™ = (~a(ro — Z) - W) + (e-emB-0)) _
1) - N,, and by

¢
AT = / o (—Fsbs — f(s,Zs,Us) + %\WSUS — Zs|2 +|Us — 7r353|a> ds.
0

Since M™ is a non negative stochastic exponential, it is a local martin-
gale for any 7, and consequently, there exists a sequence of stopping times
(7") converging to T such that M7 _, is a martingale. By definition of the
generator f, exp(A™) is non decreasing and since R is non positive, R, .
satisfies

VA€ Fs, E(Rj14) <E(R{14), (27)

Using the definition (26) of R™, the uniform integrability of (R™, ), results
both from the uniform integrability of e=*X" (proved in Lemma 1) and the
boundedness of Y. Hence, passing to the limit as n goes to oo in (27), it
implies that, for all A € F, E(RT14) < E(RT1,4), which yields the super-
martingale property of R”.

To complete the proof of this theorem and justify the expression (24) for
V', we first prove the optimality of any strategy 7* satisfying (25). From this
last characterization of 7*, we obtain: A™ = 0 and this entails that R™ such
that: R™ = Rg*M’T*, is a local martingale. By its definition, 7* takes its
value in C and hence, thanks to Lemma 1, 7* is in A, which entails that R™
is a true martingale. From this last martingale property, we get

supE(R]) = E(R}) = Ry = —exp (— a(z — Vo)),

wel

which gives the expression (24) for V.

6 Conclusion

In this paper, we consider the utility maximization problem with an addi-
tional liability and under portfolio constraints. This is done in the context of
a discontinuous filtration and it is based on the same methodology than in
[HIMO5]: this consists in relying both on the dynamic programming principle
and on BSDEs techniques to obtain the expression of the value process in
terms of the solution of a quadratic BSDE with jumps. However, since we re-
lax the finiteness assumption of the Levy measure, this study is an extension

25



of the results already obtained in [MORO0S8]: under this additional restriction,
we establish a new existence result, which is the main achievement of this
paper. Then and as in [MORO0S], this theoretical study allows to charac-
terize explicitely and dynamically the value process associated to the utility
maximization problem and also to prove existence of optimal strategies.
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7 Appendix

7.1 A1l: Proof of the estimates (9) and (13)

Our aim here is to justify that, for any solution of the BSDE with parameters
(fFm, £), we have

V™| g0 < %, P-a.s. and for all s.
N
The cases when k£ = 1 and k = 2 corresponds to the inequalities (9) and (13)
already stated in section 3.3.1 and 3.3.2 and of great use in the proof of the
two stability results in Appendix A2 and A3.

In this paragraph, we only consider the case when k£ = 1 (in fact, the
general case is based on the same procedure, provided we check that for all
k and m, the increments of the generator f*™ satisfy analogous controls as
those which are stated in (H,) in Section 3.1 for f or in Section 4 for f.)

Now and in a first step, we proceed with the proof of the upper bound for
Yb™ and, for this, we make use of a standard linearization procedure which
we are going to describe. Firstly, for any z, 2 in R, u, u in (L2 N LOO) (n),
we check

0

fLm(szau) - fLm(Sazlaul) = fm(5>Z - §7u) - fm(saz/ - 57'“ )7

and therefore, we only need to consider the increments of the function f™
defined by: f™ : (s,z,u) — f™(s, z— % w). Concerning the increments w.r.t.
u, the upper bound given in (Hs) in Section 3.1 holds again (with the same
process ). For the increments w.r.t. z, we rewrite f™ as follows

Prssn) = int (0 mpn() + [ gl mon(an) )
S *

with the function ® which is defined by: ®(z) = ®(z,7) = 4|70 — (2 + &)

and is a continuously differentiable function whose differential has linear

growth w.r.t. z. We also rely on

inf F(m, z,u) — inf F(m, 2 ,u) < sup|F(m, z,u) — F(r, 2 ,u)|,
mel mel rel

and we then use an explicit upper bound for the increments of: z — ®(2)p,,(2)
to obtain

0, 0
|fm(872_gvu)_fm<svz _Evu” < (28)
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| sup ( sup @'(21)p" () + ©(2Y) (pm)/(zA)> |z = 2,

reC \ Ae[0,1]

(with: 2* = A(z — &) + (1 = A)(z' — £)). Using then that (p™)" is equal to
zero except on [m,m + 1] (where it is bounded since continuous) and the

increasing property of ® (on [m,m + 1]), we get
3C>0,VAe[0,1], |B(N)(pm) ()] < CO(m + 1),

Due to the assumptions on the parameters and the compactness of C, the
term in the right-hand side is a bounded process (we denote by C,, an upper
bound). Relying now on the linear growth of &', straightforward computa-
tions leads to

’fm<87z_ %7“) - fm(57z' - %,U)|
!

< | Gt sup @ ()" | |z -],
A€[0,1]

< C’(Fom+ || + |z'|) |z — 2|,

with ™ in BMO(WW) and depending only on the parameters «, 6 and on m.
Defining \™ the same way as in Section 3.1 as follows

m / L f’”(s,z—g,u)—fm(s,z/—%,u) . )
ANz,2) = — yifz—2 #0,
A"(z,2") = 0, otherwise,

the process \™(Z, Z') is in BMO(W) as soon as both the two processes Z
and Z' have this property. Now and for sake of clarity, we denote by M
instead of Zb™ . W + U™ . Np the martingale part of Y1, Relying on the
relation: f1™(s,0,0) = 0, we apply the Itd formula to Y™ between ¢ and 7
(T being an arbitrary stopping time such that: t <7 < T)

}/tl,m . Y;_l’m —
/ (fom(s, Zom Ur™) = f4™(s,0,0))ds — (ME™ — M,;™)

t

T 93 m m 98 m m
= [ (s zm = 2y — s, =2 0)ds = (M2 - )

and we then use the following upper bound

05 05
J(s, 2" = = U™ = [ (s, ——,0) < Z;" A (2, 0)+/ U™ (@)75(U™ (@), 0)n(dz)
a o R\{0)
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O — g (A(ZE™,0) - W 4~ - N,)
dp ER - D/
Girsanov’s theorem yields that WA"™ := W — (A™ . W, W) and N7 (ds,dx) =

N,(ds, dx) —/ Ys(UL™(z), 0)n(dz)ds are local martingale under Q™ and
R\{0}

Defining the measure Q™ by setting: 92

Yb™ is the sum of a local martingale and an increasing process. Using a
standard localization procedure, there exists a sequence (7) converging to
T, as n goes to oo and such that

Y < Egn (Yol |F)

and inequality (9) follows from the application of the bounded convergence

theorem to (Egm (ﬁn,mu-}))n and the almost sure convergence of Yynm to

B resulting from the fact that (77),, becomes stationnary, P-a.s.

N

To obtain the lower bound, i.e. ytm > —%, we apply the same proce-
dure to Y™ = —Y1™: in this case, this consists in linearizing the increments
of

_fLm(S’ Z;’m7 UsLm) = _fLm(Sv Zsl7m> UsLm) - (_fLm(SvO’ 0))

Hence, provided we replace \™(Z1™ 0) by AX™(0, Z%™) and v(U"™,0) by
v(0,UY™), we obtain the same controls as in (Hs) and rewritting identically
the previous proof, it entails: —Y}}™ < %, P-a.s. and for all s, which
achieves the proof of (9).

O

7.2 A2: Omitted proof of the first stability result

We prove here the strong convergence of (Z™) and (U"™) skipped in Section
3.3.1 and which is the essential ingredient in the proof of the stability result
in lemma 4. In all that proof, C stands for an arbitrary constant which
may vary from line to line and depends only on the parameters | B|,, and
a. The proof of this result relies on the same methods and computations as
in [KOBO0] but, contrary to the aforementionned paper, we work here in a
discontinuous setting, which brings additionnal difficulties.

(Y1) being increasing, then, for any pair m, p, such that p < m, Y5(m») .=
ym— Y1 is non negative and bounded by |22 | < 2 (this results from
Appendix Al). Using assertion (i)(b) in Lemma 3, we deduce

M
US| Loy < 4TB’ P-a.s. and for all s.
and applying then Ito’s formula to the process [Y1("P)|2 it yields

30



1,(m, 1,(m,
E <|Y0 ( p)|2> _F <|YT( p)|2> _

T
+E (/ QY L) (fLm(s, Zhm yLm) — fLe(s, Z17, Ui’p>>d8>

0

T T
_E ( / Z" <mﬁp>|2ds) _E ( / / |U81’(m’p)(x)|2n(dx)ds) .
0 0 R*

We then need to give an upper bound to the following difference

Fmr = fl’m<swz;’m7Usl’m) - fl’p(& Z;’ansl’p)
- fm(87 Zslym - %7 UsLm) - fp(87 Z;,p - %87 Ust)‘

Since both f™ and f? satisfy (H'), we have
0, 0,
(s, Zbm = 2 ubmy < Sy zbm - B2 gt
« 2 Q

and we rely on the classical inequality: ab < (a® + b?), to obtain

0 - «
S lfl,p < Cs le_ 2
Oé’ S ) —_ 4‘ |

3C e LY(ds ® dP), —fP(s, Z}P —
with : ¢ = L Then, we use the convexity of z — |z|? and | - |, to write,
on the one hand,

§lzim = L S(5(320 + 32— Z) + 3(Z, - %)

«

?)

a 1,(m, ~ ~ s
< Ba(zptmP g zhe — 702 4| Z, — ]2,

and similarly

0,
Tz - =P <
(07

and, on the other hand

(|le Zs|2+|25_%|2>,

l\DIQ

1,(m,p) 1p_ 77 7
Ubmo = |($g 4 B 4 )

)

< |U51’(m’p)|3a + |Usl7p - Us|3cx + |Us|3aa

1,(m, 7 7
< C(|Us ( p)fiz(n) +|USP — US’%Q(n) + ‘US‘%Q(n))'
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To get the first inequality, we use: |u[zo = 3|3uls, and to obtain the constant
C' appearing in the second inequality, we rely on the relation (7) obtained
in section 3.2. Taking into account all these majorations and putting in the
left-hand side all terms containing either Z5(™P) or U™ P)  we rewrite I1td’s

formula given by (*) as follows

T
BV, ") + B[ (1= 42 m0) 200 s
0

ds

n)

T
+E / (1 =20y tm0) U Ltmr )3,
0

T
A jd i 05
< E (/ 2y LR G 4ay81,(m,p)(|ZSLp —ZJ*+ |2, — —|2)ds)
0 a

T
+ E <A 20}/817(7”71’)(‘[]5171’ — US|%2(n) + ‘Us’%Q(n))d5> .

To justify the passage to the limit in each terms of the right-hand side, as
m goes to +00, p being fixed, we apply Lebesgue’s theorem and, for this, we
argue

1

o YD) _, (}75 - YSLP), P-a.s. and for all s, as m goes to +oo (p fixed),

e the processes | Z'?
dP).

UM ()R anys [Z =212 and |U ()], are in L' (ds@

Focusing our attention on the passage to the limit inf, as m goes to co (p
being always fixed), we use the a priori estimate

M
Vm>p, 0< Ysl’(m’p) < QWB, P-a.s. and for all s,
and we provide sufficient conditions so that the following terms

(1 — day,""P),
and
(1 — 20y, )y,
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are (almost surely) strictly positive. This holds as soon as

M 1
(1— 1604WB) > 5 and (1-8C—7) >

which provides a constraint condition on N denoted by (10): under this

condition, the two last terms in the left-hand side of It6’s formula are positive
and we obtain

T
i E [ (1 4a"0) 2100 s
0

m—00

T
> E (/ (1 —4a(Y, — Y'P)|Z, — Zsl”’|2ds>,
0

and also

ds

n)

T
lim inf E / (1 —acy Loy jukime)|2,
0

m—00

T
> E (/0 (1—40(Y, = Y,"")|U, — Usl’pﬁz(n)ds).

Rewritting again Ito’s formula

T
E(¢p(Yo - Yy ") + E (/ (1 —4a(Y, = Y'9)) | Z, - Zj’p|2ds)
0
T ~ ~
+E (/O (1—20(Y, = Y"")|Us — Usl’pliz(n)ds)

r A ~ - ~ 0
< E ( / 2T, = YIP)C, + da(T, — YI0) (1217 = 2, + | 2, — —S|2)ds)
0 (8]
T ~ ~ ~
+ E </0 2<sz—Y;l’p)C(‘Usl’p—Us‘%z(n)—i‘ ‘Us’%Q(n))dS) .

To proceed with a second passage to the limit (as p goes to oo), we transfer
into the left-hand side of the previous and last inequality all terms containing
either | Z17 —Z.|? or UM —U |2, relying again on the condition (10) to justify
the passage to the limit. For the right-hand side, the use of Lebesgue’s
theorem is justified arguing that
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o the processes C, |Z — £|? and |U|? are in L'(ds ® dP),
o Y7 - Y, P-as and for all s.

Taking the limit sup over p in the left-hand side of It6’s formula, it leads to

1 T T
lim sup o <E/ |Zy — Z1P)2ds +E/ Uy — Uj”’ﬁg(n)ds) <0,
p—o0 0 0

the last inequality being an equality, this ends the proof.
O

7.3 A3: Omitted proof in Section 3.3.2 (the second
stability result)

As in the second Appendix, we prove the strong convergence of (Z%™) and
(U?™) (skipped in section 3.3.2): however, in that case, there is an additional
difficulty, since the sequence (f*™) is neither increasing nor decreasing. As
before and for any (m,p), we define Y2(m») by: y2(mp) .= y2m _ y2p and
similarly Z%(m?) and U*(™P). We then apply 1t6’s formula to |Y%(™?)|2 be-
tween 0 and 7" and we take the expectation to obtain

T T
]E(|Y02,(m7p)|2) + E (/ |Z§’(m’p)|2d8) + E (/ / |U§’(m’p)(:17)|2n(dx)ds)
0 0 JR*

T
<E ( / YD fE (s, 22 U - f27p<s,Zfﬁp,U3’p>|ds) -
0
(29)
We then give an upper bound of the following quantity

Fmr = ’f27m(57 Zslm’ USQ,m) - f27p(57 Z37p7 U327p>|7
< |fm(872327m+2517m_%7U3’m+Ug7m)|
+ P8 220+ 27 = G UL+ U))

(s, Zhm = G UL 4 | fr(s, 200 — O UL,

Relying again on the assumption (H;) satisfied by any f™ (with parameters
independent of m or of p), we claim, using the estimates of lemma 3, that
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both processes Z1™ and ZP (respectively U™ and U?) are bounded inde-
pendently (of m and p) in L2(W) (respectively in L2(N,)). Now, to justify
the existence of an integrable random variable G (i.e. G in L'(ds®dP) which
dominates

93 m ‘95
£ (s, 2™ = 2 U™+ [f(s, 207 = = UFP)],

we refer to the following result (already stated in lemma 2.5, page 569 in
[KOBO00)])

Lemma 8 If (Z™),, is a sequence of processes on [0,T] such that
T
aM >0, supE/ |Z™%ds < M,
m 0

then, there exists a subsequence (m;) such that it satisfies

sup |Z™* € L'(ds ® dP).

me(my)

Considering appropriate subsequences of (|Z1™?) and of (|U™|?), we can
assume w.l.o.g.

sup |Z™* € L'(ds ® dP) and sup |U1’m|ig(n) € L'(ds ® dP)

lo[?

. Besides, since % is in L'(ds®dP)) (6 is bounded), we obtain the existence

of a random variable G in L'(ds ® dP) such that

0, 0
‘fm(s7 Zsl’m - Ea Usl’m)‘ + |fp<s7 Zsl,p - E?Ust)l S G.

We now use the convexity of both z — |z|? and ||, to obtain, on the one hand

alr72m 1m _ 6s
§|Zs + Zs o:

2 < Ba(|Z2 P2 | 220 - Z22 4| 2y + ZEm — L 2),

and, on the other hand,

U2 4 Ui < JUS a0 + (U2 = Ufsa + |02 + UL ™lsa

< C(UZT™P 2, + U2 — U212, + U2 + UP™2,).
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(In the last inequality, the existence of the constant C' results directly from
the relation (7) and using that the two processes U™ and U>™ are in (L* N
L*>)(n), P-a.s. and for all s).

Similarly, we obtain

a|72,p Lp _ 0s
S|1Z57 + ZgP —

* a2 - 2P+ |22+ 20—k

)
and B -
U2P + UPlo < C(JUZP = U2, + U2 + USP32),
which entails

Fror < G+ 32 z2 002 4 50 (| 220 — 222 4 |22 + Z0m — L J2)

+ OJURP R, 4 20(U27 = U3, + |02 + U™ ).

s

To conclude, we proceed analogously to the proof given in Appendix Al and
we just give below the main steps: writing again It6’s formula given by (29)
by putting in the left-hand side all the terms containing either |Z=™")|2 or
g2 m) 25, it gives

T
]E(|YE]2’(m’p)|2) +E </ (1 _ 304}/82,(%1)))‘Zgy(m,p)|2d5>
0

T
+E ( / / (1 —2CYy2m) ]Uf’(m’p)]2(a:)n(dx)ds)
0 *

T
. - 0,
<E ( / BaY 2P| 220 — 2217 4 |22+ Z0m — = 2>ds)
0 «

T
+E ( / 20Y 2P (|U2P — U2)2, + |U2 + U™

s
0

iz)ds) .

To achieve the strong convergence of both (Z%™) and (U*™), it remains to
justify tweo successive passge to the limit: i.e, a first time when m goes to
+00, p being fixed, and a second one when p goes to +00. As in the first
appendix and to ensure the assumption of positiveness of both these two
processes (this for any pair m, p)

(1 —8ay2(m»)) and (1 —4CY2(mP)),

we also impose the following constraint condition

Mp 1 Mp 1
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or equivalently
Mg . 1 1

— =inf{—, —1}.

vo ~ igee gie)
Provided these two conditions hold, the same procedure as for the first sta-
bility result in Appendix A2 can be rewritten and leads to

(30)

T T
lim supE (/ |Z2™ — Z2|%ds +/ |U2P — U3|izds) =0.
m—0o0 0 0

To conclude, we justify that this proof can be rewritten identically at
each step k, k > 2, to obtain the strong convergence of (Z*™) and (U*™).
In fact, to show this, we argue that, for any solution (Y*m Zkm rkm) of
the BSDE given by (f*™, £), Y*™ satisfies: [Y*™|ge < %. (this estimate
can be justified by the same argumentation as in Appendix Al). Besides,
if we replace (Z%™) and (U'“™) respectively by (Z¥=1™) and (U*~'™) in
the previous proof and using that these two aforementionned sequences are
uniformly bounded in L*(W) and in L*(N,), the same procedure holds and
implies the strong convergence of the sequences (Z*™) and (U*™) provided

the condition (30) is satisfied.
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