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The identification problem for BSDESs driven by possibly non
quasi-left-continuous random measures

Elena Bandini * Francesco Russo T

Abstract

In this paper we focus on the so called identification problem for a backward SDE driven
by a continuous local martingale and a possibly non quasi-left-continuous random measure.
Supposing that a solution (Y, Z, U) of a backward SDE is such that Y; = v(¢, X;) where X is an
underlying process and v is a deterministic function, solving the identification problem consists
in determining Z and U in term of v. We study the over-mentioned identification problem
under various sets of assumptions and we provide a family of examples including the case when
X is a non-semimartingale jump process solution of an SDE with singular coefficients.

Key words: Backward SDEs; identification problem; non quasi-left-continuous random mea-
sure; weak Dirichlet processes; piecewise deterministic Markov processes; martingale problem with
jumps and distributional drift.

MSC 2010: 60J75; 60G57; 60H30

1 Introduction

This paper considers a BSDE driven by a compensated random measure y — v, of the form
Vit [ fsoe Yo 20 UL de,
t, T)xR
—/ ZsdMg — Us(e) (u — v)(ds de), (1.1)
1t, T Jt, T]xR

whose solution is a triplet of processes (Y, Z,U), with Y a cadlag adapted process, Z a predictable
process and U(+) a predictable random field. Besides p and v appear two driving random elements,
namely a continuous martingale M and a non-decreasing adapted cadlag process ¢, while £ is a
square integrable random variable, and f is a random function. Often Y turns out to be of
the type v(t, X;) where v is a deterministic function, and X is a cadlag adapted process. The
identification problem consists in determining Z and U in terms of v.

BSDEs have been deeply studied since the seminal paper [28], where the Brownian context
appears as a particular case of (1.1), setting u = 0, (¢ = s. There, M is a standard Brownian
motion and £ is measurable with respect to the Brownian o-field at terminal time. In that case the
unknown can be reduced to (Y, Z), since U can be arbitrarily chosen. BSDEs with a discontinuous
driving term of the form (1.1) have been studied as well; in almost all cases, the random measure
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w is quasi-left-continuous, i.e. ©({S} xR) =0 on {S < oo} for every predictable time S, see, e.g.,
[34], [12], [33], [5], [1]. Existence and uniqueness for BSDEs driven by a random measure which
is not necessarily quasi-left-continuous are very recent, and were discussed in [1] in the purely
discontinuous case, and in [27] in the jump-diffusion case.

When the random dependence of f is provided by a Markov solution X of a forward SDE, and
€ is a real function of X at the terminal time 7', then the BSDE (1.1) is called forward BSDE.
In the Brownian context, when X is the solution of a classical SDE with diffusion coefficient o,
forward BSDEs generally constitute stochastic representations of a partial differential equation.
If v:[0,7] x R — R is a classical (smooth) solution of the mentioned PDE, then Yy = v(s, Xj),
Zs = o(s, Xs) 0z0(s, Xs), generate a solution to the forward BSDE, see e.g. [30], [29], [31], which
provide the solution to the identification problem in that particular case. Conversely, solutions of
forward BSDEs generate solutions of PDEs in the viscosity sense, or in other generalized sense,
see e.g. [l1]. More precisely, for each given couple (¢,z) € [0, T] x R, consider an underlying
process X given by the solution X% of an SDE starting at x at time ¢; if (Y5%, Z4%) is a family of
solutions of the forward BSDE, under reasonable general assumptions, the function v(¢t, x) := Ytt’x
is a viscosity solution of the related PDE. In the Brownian context, the identification problem of
Z has been faced even if v € C%!, including the infinite dimensional case, see for instance [20]
under slightly more general conditions.

In the general case when the forward BSDEs are also driven by random measures, these
equations generally constitute stochastic representations of a partial integro-differential equation
(PIDE). When v is a classical solution of the PIDE and X is a solution to a Markov jump-diffusion
equation, the identification problem was solved in [9]. Analogous results can be obtained when
X is a purely discontinuous Markov process, see [14]. In both cases, the BSDE is driven by a
compensated random measure p — v with p quasi-left-continuous. In the context of alternative
BSDEs with jumps, i.e. the one of martingale driven forward BSDEs of [13], the identification
problem was discussed for instance in [26] and [10].

In [8] we extended the above-mentioned identification results in two directions. Firstly, we
generalized [141] to the case of BSDEs driven by non-quasi-left-continuous random measures, re-
lated to a special class of piecewise deterministic Markov process (PDMPs). Secondly, in the non
purely discontinuous case, we extended the study to the case when Y; = v(t, X}), with X a special
weak Dirichlet process of finite quadratic variation and v of class C%!. A similar technique was
used earlier in the different context of verification theorems for control problems, see [21].

Besides the survey aspects, the present paper extends the results of [8] along three lines.

1. One investigates the identification problems, going beyond the forward BSDEs formalism,
even though following the same lines of [3].

2. We generalize the results in [8] by alleviating some important hypotheses. As a matter of
fact, Proposition 3.7 improves the achievements of Proposition 2.17 in [8], since the condition

v({S},de) = u({S},de)a.s. for every predictable time S such that [[S]] C K (1.2)

is no longer needed here. This allows to formulate Theorems 4.2 and 4.5 under more
general assumptions, and extends the applicability of our results. Among others, we are
able to solve the identification result for more general jump-diffusion processes and piecewise
deterministic Markov processes, see respectively Corollaries 5.5 and 5.9.

3. We apply our results to the completely new case when X is the solution to a martingale
problem with general jumps and distributional drift, related thus to an operator of the form
B (:E)a% + %02(:17)53—;2, with 8 only continuous, and to some predictable random measure v
possibly discontinuous. Martingale problems of this type have been studied in the companion

paper [6]. We solve the identification problem in this context, see Corollary 5.15.



2 Notation and preliminaries

We fix a positive horizon T'. Given a topological space F, in the sequel B(E) will denote the Borel
o-field associated with E. We will indicate by C%! the space of all functions u : [0, T] x R — R,
(t,z) — u(t,z), that are continuous together their derivative d,u.

For a filtered probability space (2, F, (Ft)¢>0,P), we will always suppose that (F;);>o satisfies
the usual conditions, with 7 = Fr. Related to it, P (resp. P = P @ B(R)) will denote the
predictable o-field on Q x [0,T] (resp. on Q = Q x [0,7] x R). Analogously, we set O (resp.
O = O @ B(R)) as the optional o-field on Q x [0,T] (resp. on Q). Moreover, F will be o-field
F ® B([0,T] x R), and we will indicate by F¥ the completion of F with the P-null sets. We
set F¥ = F¥ @ B([0,T] x R). By default, all the stochastic processes will be considered with
parameter ¢t € [0, T]. By convention, any cadlag process defined on [0, T is extended to Ry by
continuity. A random set A C Q is called evanescent if the set {w : 3t € Ry with (w,t) € A} is
P-null. Generically, all the equalities of random sets will be intended up to an evanescent set.

For a measurable process X we denote by P(X) its predictable projection, see e.g. Theorem
5.2 in [23]. A bounded variation process X on [0, T'] will be said to be with integrable variation
if the expectation of its total variation is finite. A (resp. Aj,c) will denote the collection of
all adapted processes with integrable variation (resp. with locally integrable variation), and A"
(resp Aﬂ;c) the collection of all adapted integrable increasing (resp. adapted locally integrable)
processes. In general, these notions refer to the underlying probability IP; when this is not the
case, we will mention the specific probability. The significance of locally is the usual one which
refers to localization by stopping times, see e.g. (0.39) of [24].

We also recall that a random kernel ¢(a,db) of a measurable space (A,.A) into another mea-
surable space (B, B) is a family {¢(a,-), a € A} of positive measures on (B, B), such that ¢(-,C)
is A-measurable for any C' € B. Finally, the concept of random measure is extensively used
throughout the paper: for a detailed discussion on this topic and the unexplained notations see
Chapter I and Chapter II, Section 1, in [25], Chapter III in [24], and Chapter XI, Section 1, in
[23]. In particular, if p is a random measure on [0, 7] x R, for any measurable real function H
defined on €, one denotes H * ji; = f}o,t]xR H(-,s,2)p(-,dsde).

2.1 Stochastic integration with respect to integer-valued random measures

Let (2, F, (Ft)t>0,P) be a filtered probability space. In the sequel of Section 2, p will be an
integer-valued random measure on [0, 7] x R, and v will be its compensator, for which we will
choose the ”good” version as constructed in point (¢) of Proposition 1.17, Chapter II, in [25]. Set

D = {(w,t) : p(w,{t} x R) > 0}, (2.1)

J ={(w,t) : v(w,{t} x R) > 0}, .

K ={(w,t) : v(w,{t} x R) =1}. (2.3)
We define v% := v1; and v° := v1j.. Similar conventions will be used for the other integer-

valued random measures appearing in the paper. We will sometimes use the form of p given in
Proposition 1.14, Chapter II, in [25], i.e.

p(dtde) = 1p(s,w) 8, w))(dt de), (2.4)
s>0

where [ is a real-valued optional process.

Remark 2.1. (i) D is a thin set, namely D = U,[[T;,]] with (7},), random times, see Theorem
11.13 in [23].



(ii) J is the predictable support of D, namely J = {P(1p) > 0}, see Theorem 5.39 in [23]. This
is equivalent to 1; =P(1p).

(iii) There exists a sequence of predictable times (R;), with disjoint graphs, such that J =
Un[[Rn]], see Proposition 2.23, Chapter I, in [24].

(iv) K is the largest predictable subset of D, see Theorems 11.14 in [23]. Since K is predictable,
we have P(1g) = 1k.

(v) A progressive set B contained in a thin set is also thin set, see Theorem 3.19 in [23]. In
particular, K is a thin set.

Remark 2.2. v admits a disintegration of the type
v(w,dsde) = dAs(w) ¢(w, s, de), (2.5)

where ¢ is a random kernel from (Q x [0, T],P) into (R,B(R)) and A is a right-continuous
nondecreasing predictable process, such that Ay = 0, see for instance Remark 4.4 in [1].

We recall an important notion of measure associated with p, given in formula (3.10) in [24].

Definition 2.3. Let (Qn) be a partition of  constituted by elements of O, such that Lo *p € A.
ME denotes the o-finite measure on (Q,]}P), such that for every W : Q — R positive, bounded,

FP_measurable function,
My(Wig ) =E[Wig *pr. (2.6)

Let us set (de) := v({t},de) for all t € [0, T]. For any W € O, we define
Wt / Wt de Wt / Wt ({t}, de) - Wt, t> 0,

with the convention that W; = 400 if W; is not defined. For every ¢q € [1, oo[, we introduce the
linear spaces

Gi(pn) = {W cPp- [Z |WS|2:|[1/2 e A+}, Gl () = {W ceP: [Z |W | ] loc}

Given W € P, we define the increasing (possibly infinite) predictable process

COWV) =W =W iyPxv+ > (1= 5(R)) Wl Ly g (5), (2.7)

s<-

provided the right-hand side is well-defined. By Theorem 11.21, point 3) in [23], if W € G?(u),
then (W x (. — v)) is well defined and

C(W) = (W« (= v)). (2.8)
We set
IW[a = E[COW)y]. (2.9)

We also introduce the space

10,7 xR

() = {Weﬁ: IWllero = E[ [ W@ vidsde)] < }
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Remark 2.4 (Lemma 2.4 in [8]). If W € £%(u) then W € G%(u) and HWHéQ(M) < HWH%Q(M).
Moreover L2 (1) C G2.(1).
The following result is the object of Proposition 2.8 in [3].

Proposition 2.5. If C(W)r =0 a.s., then ||W — WILKHE2(M) =0, or, equivalently, there exists
a predictable process (ls) such that

Ws(e) =1ls1k(s), dPv(dsde)-a.e. (2.10)

In particular, Wg(e) = 0, dPv°(ds de)-a.e., and there is a predictable process (ls) such that
Wi(e) = I, 1k(s), dPvi(ds de)-a.e.

We recall the following definition, fundamental for the sequel of the paper.

Definition 2.6. Given a cadlag process X, we introduce the associated jump measure, namely
the integer-valued random measure on Ry X R defined as

p X (widtdr) = ) Lax. ()20} O(s, Ax.(w)) (dEdz). (2.11)
s€]0,T]
The compensator of ™ (ds dx) will be denoted by v™ (ds dx).

We will consider the following condition for a couple (x, Q) where y is a random measure and
Q is a given probability (of simply for xy when Q is the self-explanatory probability PP):

/ (2] A J22) x(ds dz) € A7 . (2.12)
10,- ] xR
A more restrictive condition will be also considered, namely
/ (lz| A Jz[*F*) x(ds dz) € A, for some a € [0, 1]. (2.13)
10,- ] xR

By abuse of notations, when y = pX for a given cadlag process X, we will say that X verifies
condition (2.12) or condition (2.13) (under Q).

Remark 2.7. Condition (2.13) implies in particular condition (2.12).
We will be also interested in functions v : [0, 7] x R — R of class C%! fulfilling the integrability
property (with respect to (x, Q) or simply for x when P is self-explanatory)
/ (s, X + ) —v(s, Xs—) — 2 0pv(s, Xso)| Lz >1y x(ds dz) € A . (2.14)
10,- ] xR

Also in this case, by abuse of notations, when y = pX for a given cadlag process X, we will say
that v and X verify condition (2.14) (under Q).

2.2 Chain rules for special weak Dirichlet processes

Let (2, F, (Ft)t>0,P) be a filtered probability space. Special weak Dirichlet processes constitute
a further development of weak Dirichlet processes, which were introduced by [17], [22] in the
continuous case and by [15] in the jump case.

O is an (F;)-orthogonal process if [O, N] = 0 for every N continuous local (F;)-martingale.
We recall that [-,-] is the covariation extending the classical covariation of semimartingales, see
[32] and Definition 2.4 in [7]. An (F;)-local martingale M is said to be purely discontinuous if it
is (F¢)-orthogonal. A special weak Dirichlet process is a process of the type X = M + A, where
M is an (F;)-local martingale and A is an (F;)-predictable orthogonal process, see Definition 5.6
in [7]. When A has bounded variation, then X is a special (F;)-semimartingale.



Remark 2.8 (Proposition 5.9 in [7]). Any (F:)-special weak Dirichlet process X admits a unique
decomposition of the type
X =X+ M+ A, (2.15)

where X¢ is a continuous local martingale, M? is a purely discontinuous local martingale, and
A is an (F;)-predictable and orthogonal process, with Ay = 0. (2.15) is called the canonical
decomposition of X.

In the sequel we will consider the following assumptions on a couple (X,Y’) of adapted pro-
cesses.

Hypothesis 2.9. X is an (F;)-special weak Dirichlet process of finite quadratic variation with
its canonical decomposition X = X¢+ M + A, satisfying condition (2.12). Y, = v(t, X;) for
some (deterministic) function v : [0,T] x R — R of class C%' such that v and X wverify condition
(2.14).

Remark 2.10. (i) [Proposition 4.5 in [7]]. If X is a cadlag process such that > |AX,|? < o0
a.s., and v : [0,7] x R — R is a function of class C%!, then

|U(S,Xs_ +£E) —’U(S,Xs_)|2 ]l{|x|§1}*,uX S ./4+ (216)

loc®

(ii) [Lemma 5.29 in [7]]. If X is a cadlag process satisfying condition (2.12), and v : [0, T|xR — R
is a function of class C%! fulfilling (2.14), then

|U(S,Xs_ —|—l‘) —’U(S,Xs_)“l{‘xbl}*,u‘x S ./4+ (217)

loc”

(iii) [Remark 5.30 in [7]]. Condition (2.14) is automatically verified if X is a cadlag process
satisfying (2.12) and v : [0,7] x R — R is a function of class C%! with d,v bounded.

Theorem 2.11 (Theorem 5.31 in [7]). Let (X,Y") be a couple of (Fi)-adapted processes satisfying
Hypothesis 2.9 with corresponding function v. Then we have

t
ot X)) :v(O,X0)+/ D,v(s, X.) dX°
0

+ / (v(s, X +2) —v(s, X)) (X — vX)(ds dx) + A°(t), (2.18)
10,t] xR

where AV is a predictable (F;)-orthogonal process.

We now need to formulate a technical assumption under which Proposition 2.14 below holds,
see item (iii) of Hypothesis 2.12. Let E be a closed subset of R on which X takes values. Given a
cadlag function ¢ : [0, T] — R, we denote by C,, the set of times ¢t € [0, T'] for which there is a left
(resp. right) neighborhood I;— =|t — ¢, t] (resp. I+ = [t, t 4+ €]) such that ¢ is constant on I;_
and ;1. Let us then consider the following assumptions on a couple (X, Y") of adapted processes.

Hypothesis 2.12.
(i) Y is an (Ft)-orthogonal process such that 3, |AYs| < 00, a.s.

(i) X is a cadlag process and Yy = v(t, X;) for some deterministic function v :[0,T] x R — R,
satisfying the integrability condition

/} I X ) e X ) < A (2.19)
0, |xR
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(1ii) There exists C € [0, T] such that for w a.s. C D Cx(w), and

(i) Yt € C, t — v(t, ) is continuous for all x € E;
(ii) YVt € C¢, x € E, (t,x) is a continuity point of v.

Remark 2.13. Ttem (iii) of Hypothesis 2.12 is fulfilled in two typical situations.

1. C =10, T]. Almost surely X admits a finite number of jumps and ¢ — v(t, ) is continuous
for all x € E.

2. C = () and vl 7)< is continuous.

Proposition 2.14 (Proposition 5.37 in [7]). Let (X,Y) be a couple of (Fi)-adapted processes
satisfying Hypothesis 2.12 with corresponding function v. Then v(t, Xy) is an (F;)-special weak
Dirichlet cadlag process with decomposition

v(t, X¢) = v(0, Xo) + /}0 t]XR(’u(s,Xs_ +z) — (s, Xs_)) (u* — v¥)(dsdx) + A°(t),  (2.20)

where AV is a predictable (F;)-orthogonal process.

3 A class of stochastic processes X related in a specific way to
an integer-valued random measure
Let (92, F, (Ft)t>0, P) be a filtered probability space. We will make use of the following assumption

relating a cadlag process X and an integer-valued random measure p(dsde) on [0,7] x R, with
compensator v(dsde) (the random sets D, J and K are defined in (2.1)-(2.2)-(2.3)).

Hypothesis 3.1. We suppose that X is an adapted cadlag process with decomposition X =
X+ XP where the conditions below hold.

l.a) Y := X' is a cadlag quasi-left-continuous adapted process satisfying {AY # 0} C D.
1.b) There exists a P-measurable map 7 : Qx]0, T] x R — R such that

AY(w) Lyo, 71(t) = F(w, ;) dME—a.e. (3.1)

2. XP is a cadlag predictable process satisfying {AXP # 0} C J.

Remark 3.2. We recall that a random time 7' is totally inaccessible if 17 (w, S(w)) L{s<o} = 0
for every predictable random time S see Definition 2.20, Chapter I, in [25], while a process YV
is quasi-left-continuous if AYglg.~ = 0 for all predictable random time S, see Definition 2.25,
Chapter I, in [24]. Y is quasi-left-continuous if and only if there is a sequence of totally inaccessible
times (7},), with [[T,,]] N [[T}n]] = 0, n # m, such that {AY # 0} = U,[[T,]], see Proposition 2.26,
Chapter I, in [25].

In the sequel we will also need the following assumption on .

Hypothesis 3.3. J = K (up to an evanescent set).



Remark 3.4. Hypothesis 3.3, is equivalent to ask that

D is the disjoint union of K and U, [[T]] (up to an evanescent set)

with (7},), disjoint totally inaccessible times. (3.2)

Indeed, if (3.2) holds, then Hypothesis 3.3 holds true, see Proposition 2.7 in [8]. On the other
hand, assume that Hypothesis 3.3 is satisfied. Then, recalling Remark 2.1-(ii)-(iv) and taking
into account the additivity of the predictable projection operator, we have

1g =P (1p) =P (1k) +* (Ip\x) =1k +* (Ip\x)

so that P (IL D\ K) = 0. It follows that the predictable support of D \ K is an evanescent set. By
Remark 2.1-(v) D\ K a thin set, therefore D\ K = U, [[T?]], with (T7!),, disjoint totally inaccessible
times, see Corollary 5.43 in [23] and Remark at page 122 in [23].

Remark 3.5. If v({t} xR) = 0 for every ¢t > 0, then J = K = () and Hypothesis 3.3 trivially holds.
Proposition 3.6 (Proposition 2.12 in [7]). Let pu be an integer-valued random measure and X be
an adapted cadlag process, such that (X, u) verifies Hypothesis 3.1. Then, there exists a null set
N such that, for every Borel function ¢ : [0, T] x R — Ry satisfying ¢(s,0) =0, s € [0, T, we
have, for every w ¢ N,

/ (s, @) i (w, ds dx) =/ P(5,7(w, s,€) plw, dsde) + > (s, AXE(w)).
10, ] xR 10, -] xR 0<s<-

Proposition 3.7. Let p be an integer-valued random measure with compensator v satisfying
Hypothesis 3.3, and let X be an adapted cadlag process such that and (X, p) verifies Hypothesis
3.1. Let o : Q@ x [0, T] xR — Ry be a P-measurable function such that o(w, s,0) =0 for every
s € [0, T], up to indistinguishability, and assume that there exists a P-measurable subset A of
Q x [0, T] x R satisfying

[l Tax X € A, o) Tac* ™ € Af (3.3)

loc? loc*

Then
[ eso) WX =rdsde) = [ gl e) (i p)dsde. (34
10, - ]xR 10, xR
Remark 3.8. The result above consistently improves the achievements of Proposition 2.17 in [8].
As a matter of fact, condition (1.2) is no longer asked here. This allows to solve the identification
problems under more general assumptions, see Theorems 4.2 and 4.5, and therefore it extends the
applicability of our results, see e.g. Section 5.1.

Proof. Clearly the result holds if we show that ¢ verifies (3.4) under one of the two following
assumptions: (i) || p* € Al | (ii) |¢|* x u* € Al . By localization arguments, it is enough to

show it when |¢| x u* € AT, |@]? x uX € AT.
Case || x u* € A*T. We will separate the proof into the following steps.

1. Assume that 6 : Q x [0, T] x R — R, be a P-measurable function such that (w,s,0) = 0
for every s € [0, T, satifying

[ b (=) dsde) = [ 05,00 (u - vdsde) 4T (35)
]07']><R ]07]><R

with T'? a predictable process. Then, T% = 0. As a matter of fact, I'? is a predictable
local martingale, and therefore continuous, see Remark 4 pag 194, Chapter VII, in [23]. On
the other hand, being also a purely discontinuous martingale, it follows that it is the null
process.



2. Let ¢: Q x [0, T] x R — R, be a P-measurable function such that ¢(w, s,0) = 0 for every
s €10, T], and |¢| x uX € A*. Assume that ¢ = ¢plgx. Then (3.4) holds true for ¢ = ¢.

3. Let p: Qx [0, T] xR—= Ry bea P-measurable function such that Y(w,s,0) =0 for every
s € [0, T], and |¢| % u* € AT. Assume that 1)1z = 0. Then (3.4) holds true for ¢ = 1.

4. Let ¢ : Q x [0, T] x R — R, be a P-measurable function such that ¢(w, s,0) = 0 for every
s € [0, T], and |p| %X € AT. Then ¢ = ¢+, with ¢ := ¢lg, ¢ = ¢ — plx. In particular,
¢ = ¢l and Yl = 0, and |p| x u* € AT, || x u* € AT . By Steps 2. and 3. and the
additivity property of the stochastic integral, it follows that (3.4) holds true for ¢.

It remains to prove Steps 2. and 3.
Step 2. We have

/ o(s,x) ,uX(ds dz) = / (s, x) Lx(s) ,uX(ds dx)
10, ]xR

10, ] xR
=Y 05, AX ) 1k (s) = > b5, AX + AXE) I (s),
s<- s<-

where in the latter equality we have used that (X, u1) satisfies Hypotheses 3.1 with X = X + X7,
Since X' is a cadlag quasi-left-continuous process, AX% = 0 for all predictable random time S.
Recalling Remark 2.1-(iii) and Hypothesis 3.3, we have

D o(s, AXL+ AXD) 1x(s) = D b(s, AXL + AXD) 1y, 1z, (5)

s<- s<-
= Y (R, AXp + AXD ) 1yp,(s)
n: Rp,<-
= Y G(Ru, AXY Y Lg,p(s) = > d(s, AXD) Lk (s),
n: Rp,<- s<-

so that (3.7) yields
[ dlsyndsdn) = 3 ofs.A%2) (36)
}07 ]XR

0<s<-

By Proposition 3.6 together with (3.6), f}o xR &(s,7(s,e)) u(ds de) = 0. Therefore, being ¢ a non
negative function, f}o xR #(s,7(s,e)) v(dsde) = 0. It follows that

[ st u = vtdsde) <o
10, - ]xR
Adding and subtracting f}o xR ¢(s,z) vX(dsdz) in (3.6) we get that (3.5) holds for ¢ with

I? .= Z gb(s,AXg’)—/ o(s,z) v (ds d).

0<s<- 10, xR

Being I'? predictable, by Step 1 it follows that I'* = 0, so that
| s ¥ =) (dsda) =0,
10, -] xR

It follows that (3.4) holds true for ¢, and reads 0 = 0.



Step 3. Since (X, ) satisfies Hypotheses 3.1 and J = K by Hypothesis 3.3, {AX? # 0} C K, so
that 1y xr20p < 1x. We have

S (s, AXE) = 3 (s AXD)Laxrsoy(s) < 3 wls, AXT)L(s) = 0.

0<s<- 0<s<- 0<s<-

Therefore, 3, s<- (s, AXY) =0, and the equality in Proposition 3.6 reads

[ wsopasdn = [ ol A(s,0) (s do) (3.7
}07 ']XR }07 ~}><]R

Adding and subtracting f]o _]XR¢(S,$) vX(dsdzx) (resp. f]o _]XR¢(S,1(S,6) v(dsde)) in the left-
hand side of (3.7) (resp. in the right-hand side of (3.7)), we get that (3.5) holds for ¢ with

v .= / ¥(s,7(s,e)v(dsde) — / U(s,z) v (ds d).
10, -] xR 10, -] xR

Being I' predictable, by Step 1 it follows that I'Y = 0, so that (3.4) holds true for . This
concludes the proof in the case |¢| « u* € AT.

Case |p|?> x pX € A*. This will follow from the previous one by approaching in £2(u~) the
function ¢ with ¢.(s,2) 1= @(s,7) Lec|g|<i/c Lsepo, 7). Indeed, o (s, ) * u~ € A, by Cauchy-
Schwarz inequality, taking into account the fact that p*, restricted to e < |z| < 1/e, is finite,
since pX is o-finite on [0,00) x R. The proof is done along the same steps as above, with the
following slight modifications.

Step 2. Set ¢=(s, ) 1= (5, %) Loc|z|<1/e Lselo, 7], and notice that ¢.(s,z) = ¢(s,7)1k. Applying
Step 2 with ¢ = ¢., we get that

/ ¢<(s5,7(s,€)) (B — v)(ds de) = / ¢e(s,x) (u™ —v¥)(dsdx) = 0. (3.8)
10, xR

10, xR

We remind that, by (2.7)-(2.8)-(2.9), if ||¢< (s, 2)— (s, a:)HéQ(“X) and ||p=(s,7(s,e))—d(s, F(s, e))Hé2(u)

converges to zero as € goes to zero, then (3.4) holds for ¢ replaced by ¢, and reads 0 =
0. Recalling Remark 2.4, we have ||¢c(s,z) — ¢(8,$)||(2;2(“X) < ||pe(s,x) — ¢(8,:E)||2£2(ux) and
162 (5,7(5,€)) — 65,305 2oy < 1165 3(5,€) — &5, 7(5,€)))l |2y By the Lebesgue theo-
rem, and the fact that ¢. converges pointwise to ¢, we have that ||¢p.(s,z) — (JS(S,ZE)H%Z(MX) — 0
and ||o:(s,Y(s,e)) — &(s, (s, e)))H%z(“) — 0, and the conclusion follows.

Step 3°. Set e (s, ) 1= (s, ) Loc|z)<1/e Lsefo, 7], and notice that 1. (s, r) = (s, x)1x. Arguing
as in Step 3, we get that (3.4) holds true for 1., namely

/ be(s,2) (X — v¥)(ds dz) = / e, 55, €)) (1 — v) (ds de).
10, ]xR

10, - ]xR

The conclusion follows arguing as in Step 2’. O

4 The identification problem

In the present section we address the identification problem in two cases, the first one consisting
in Theorem 4.2 and the second one consisting in Theorem 4.5.

Let (Q,F,(Ft)t>0,P) be a filtered probability space. Let p be an integer-valued random
measure defined on [0,7] x R, with compensator v, and let M be a local martingale, with My =

10



0. Let ¢ be a non-decreasing adapted cadlag process. We will focus on BSDEs driven by a
compensated random measure p — v of the form (1.1). Here £ is an Fp-measurable square
integrable random variable, f : Q x [0, T] x R* — R is a measurable function, whose domain is
equipped with the o-field F @ B([0, T] x R*). A solution of BSDE (1.1) is a triple of processes
(Y, Z,U) such that the first two integrals in (1.1) exist and are finite in the Lebesgue sense,
Y is adapted and cadlag, Z is progressively measurable with Z € L2([0, T],d(M);) a.s., and
U € Gibe(n)-

Remark 4.1. Uniqueness means the following: if (Y, Z,U), (Y’',Z’,U’) are solutions of the BSDE
(1.1), then Y = Y” in the sense of indistinguishability, Z = Z' dP d(M); a.e., and U;(e) — U/(e) in
the sense of G2 (1), namely, there is a predictable process (I;) such that Uy(e) — U{(e) = l; Lk (t),
dP v(dt de)-a.e. The latter fact is a direct consequence of Proposition 2.5. In particular, if K = (),
then the third component of the BSDE solution is uniquely characterized in £2(u).

Theorem 4.2. Let p be a random measure with compensator v satisfying Hypothesis 3.3, and
assume that X is a cadlag process such that (X, p) verifies Hypothesis 3.1. Let (Y,Z,U) be a
solution to the BSDE (1.1) such that the pair (X,Y') satisfies Hypothesis 2.9 with corresponding
function v. Let X¢ denote the continuous local martingale of X given in the canonical decompo-
sition (2.15). Then, the pair (Z,U) fulfills

7 = Oyo(t, X)) % dP d(M); -ace., (4.1)
/ Hay(e) (1 — v)(dsde) =0, ¥ teo, T, as. (4.2)
10,t] xR

with Hg(e) := Us(e) — (v(s, Xs— +7(s,€)) —v(s, X5-)).
If, in addition, H € G2, (1), then there exists a predictable process (ls) such that

Hi(e) =1ls1k(s), dPv(dsde)-a.e. (4.3)

Remark 4.3. In particular, it follows from (4.3) and Hypothesis 3.3 for u, that Hg(e) = 0,
dP v¢(ds de)-a.e. and H(e) = I, dP v?¥(ds de)-a.e.

Proof. By assumption, the couple (X,Y') satisfies Hypothesis 2.9 with corresponding function v.
We are thus in the condition to apply Theorem 2.11 to v(t, X;). We set ¢(s,x) = v(s, Xs— +
x) —v(s,Xs—). Since X is of finite quadratic variation and verifies (2.12), and X and v satisfy
(2.14), by (2.16) and (2.17) we see that the process ¢ verifies condition (3.3) with A = {|z| > 1}.
Moreover ¢(s,0) = 0. Since p verifies Hypothesis 3.3 and (X, u) verifies Hypothesis 3.1, we can
apply Proposition 3.7 to ¢(s,z). Identity (2.18) in Theorem 2.11 becomes

v(t, X¢) =v(0,Xo) + /}0 t]XR(v(s,Xs_ +3(s,e)) —v(s, Xs-)) (u—v)(ds de)

+ 0,v(s, Xs) dXS + AY(1), (4.4)
10,¢]
where A" is a predictable (F;)-orthogonal process. In particular, v(t, Xy) is a special weak Dirichlet
process. On the other hand, the process Y; = v(t, X;) fulfills the BSDE (1.1). In particular it is
a special semimartingale, and therefore a special weak Dirichlet process. By Remark 2.8, which
states the uniqueness of the decomposition of a special weak Dirichlet process, we get (4.2) and

/ ZsdMg = O,u(s, X) dX§. (4.5)
10,¢] 10, ¢]
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In particular, from (4.5) we get

0= </ ZydM, — | Opv(s, X,)dXC, M)
10, ¢] 10, ¢]

d(X€, M)
= Zod{M)s — Ov(s, Xg) ———=d(M),
/}O,t] W) 10, ] (s Xe) d(M)s (M)

_ /M <zs — ,0(s, X,) %) d(M)s,

that gives identification (4.1). If in addition H € G2 _(u), the predictable bracket at time ¢ of the
purely discontinuous martingale in identity (4.2) is well-defined, and by (2.8) equals C(H) given
n (2.7). Since C(H)r = 0 a.s., the conclusion follows from Proposition 2.5. O

If 4 = X, Theorem 4.2 simplifies in the following way.

Theorem 4.4. Let X be a cadlag process, whose jump measure X with compensator vX satisfies
Hypothesis 3.3. Let (Y,Z,U) be a solution to the BSDE (1.1) with p = p”, such that the pair
(X,Y) satisfies Hypothesis 2.9 with corresponding function v. Let X¢ denote the continuous local
martingale of X given in the canonical decomposition (2.15). Then, the pair (Z,U) fulfills

d{X*, M),

Zt = (%’U(i, Xt) W

dP d(M);-a.e., (4.6)

/ H(z) (1 —vX)(dsdz) =0, Vte]o,T], as. (4.7)
10, t] xR

with Hg(x) := Us(x) — (v(s, Xs— + x) —v(s, X5-)).
If, in addition, H € G2 (1), then there exists a predictable process (Is) such that

Hy(z) =l,1k(s), dPv~(dsdz)-a.e. (4.8)

Proof. The proof goes along the same lines of the one of Theorem 4.2, the only difference being
that we replace (4.4) directly with identity (2.18) in Theorem 2.11. O

Let us now consider a BSDE driven only by a purely discontinuous martingale, of the form

Y, =&+ /}LT]X]R f(s, e, Yo, Us(e)) d¢s — /}t Us(e) (n — v)(dsde). (4.9)

,TIxR

Theorem 4.5. Let p be a random measure with compensator v satisfying Hypothesis 3.3, and
assume that X is a process such that (X, u) verifies Hypothesis 3.1. Let (Y,U) be a solution to
the BSDE (4.9), such that (X,Y") satisfies Hypothesis 2.12 with corresponding function v. Then,
the random field U satisfies

/ Hy(e) (1 — v)(dsde) =0 it €]0, T), as. (4.10)
10, t] xR

with Hg(e) := Us(e) — (v(s, Xs— +7(s,€)) —v(s, X5-)).
If, in addition, H € G2, (1), then there exists a predictable process (ls) such that

Hi(e) =1ls1k(s), dPv(dsde)-a.e. (4.11)

12



Proof. Set ¢(s,z) = v(s, Xs— +x)—v(s, Xs_). By condition (ii) in Hypothesis 2.12, the process ¢
verifies condition (3.3) with A = Q x [0, T] x R. Moreover ¢(s,0) = 0. Since p verifies Hypothesis
3.3, and (X, u) verifies Hypothesis 3.1, we can apply Proposition 3.7 to ¢(s,x). Identity (2.20) in
Proposition 2.14 becomes

v(t, X)) =v(0, Xg) + /]0 t]XR(v(s,Xs_ +9(s,e)) —v(s, Xs-)) (u—v)(dsde) + A°(t), (4.12)

where AV is a predictable (F;)-orthogonal process. At this point we recall that the process
Y; = v(t, Xy) fulfills BSDE (4.9). Again, the uniqueness of a special weak Dirichlet process (see
Remark 2.8) yields identity (4.10). If in addition we assume that H € G2 _(u), the predictable
bracket at time ¢ of the purely discontinuous martingale in identity (4.10) is well-defined, and by
(2.8) equals C(H) given in (2.7). Since C(H )7 = 0 a.s., the conclusion follows from Proposition
2.5. O

Also in this case, the result simplifies when p = .

Theorem 4.6. Let X be a cadlag process, whose jump measure X with compensator vX satisfies
Hypothesis 3.3. Let (Y,U) be a solution to the BSDE (4.9) with u = ™, such that (X,Y) satisfies
Hypothesis 2.12 with corresponding function v. Then, the random field U satisfies

/° Ha(w) (1 — vX)(dsdz) = 0Vt €]0, T, as. (4.13)
10,t] xR
with Hg(z) := Ug(x) — (v(s, Xs— + ) — v(s, Xs_)).
If, in addition, H € G2 (1), then there exists a predictable process (ls) such that
Hy(z) = l,1k(s), dPv™(dsdx)-a.e. (4.14)

Proof. The proof goes along the same lines of the one of Theorem 4.5, the only difference being
that we replace (4.12) directly with identity (2.18) in Theorem 2.11. O

5 Applications

5.1 The jump diffusion case

Let (2, F, (Ft)i>0,P) be a filtered probability space. In the present section we consider a random
measure p and a process X satisfying the following.

Hypothesis 5.1. p(dsde) is an integer-valued random measure with compensator v(dsde) =
dAg ¢s(de) satisfying Hypothesis 3.3. X is a solution of the equation

t t
Xe =Xo+ / b(s, Xs—)dCs + / o(s,Xs)dN; + / (s, Xs—,€) (u—v)(dsde). (5.1)
0 0 10, ] xR

Here N is a continuous martingale, C' is an increasing predictable cadlag process, with Cy = 0,
such that {AC # 0} C J. Moreover b,o : Q@ x [0, T| xR = R, v : Q x [0, T| x Rx R — R are
P-measurable maps such that (w,s,e) — v(w, s, Xs—(w),e) € GL (n) and

/t ‘b(saXs—)’ dCs < 00 ass., (52)
0

AM@XM%W%<%&& (5.3)
v(s, Xs—,e)1i(s) =0. (5.4)
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We have the following results.

Lemma 5.2. Let X be a cadlag process and p be a random measure such that (X, u) satisfies
Hypothesis 5.1. Then (X, 1) satisfies Hypothesis 3.1 with decomposition X = X'+ XP, where

Xi= [ s (nvidsde) (5.5)
10,t] xR
t t
Xf:Xo—i—/ b(s,Xs_)dCer/ (s, X,) dN, (5.6)
0 0

with §(w, 5,€) = 7w, 5, Xo_ (@), €).

Remark 5.3. This result extends Lemma 2.19 in [8] in two ways. Firstly, we allow the coefficients
b, v and o to be random. Secondly, we no longer ask condition (1.2) on p, and instead we ask
condition (5.4) on the coefficient 7 in (5.1). This allows for instance to consider the case when p
does not fulfills condition (1.2) and ~ satisfies (5.4), which was not included in Lemma 2.19 in [3].

Proof. By (5.1)-(5.5)-(5.6), together with (5.4), it straightly follows that X = X'+ XP. Let us
now show that X* and X? in (5.5)-(5.6) are respectively a cadlag quasi-left-continuous adapted
process and a cadlag predictable process. The fact that X? is predictable straight follow from
(5.6). Concerning X*, it is enough to prove that AXF If{s<c} = 0 a.s., for any S predictable
time, see Remark 3.2. Recalling that by Hypothesis 3.3 we have J = K, and that ~ fulfills (5.4),
we get

AXE= [ 305X 0) 1oy (o) (). do) (5.7)
Recalling (2.4), (5.7) can be rewritten as
AX;(O‘)) = fY(O‘)?S?XS—(w)?BS(w)) 1D\K(w73)7 (58)

= Y(w, 8, Xs— (W), Bs(w)) Ty, i (W, 5),

where the second line follows by the fact that D\ K = U,[[T?]] up to an evanescent set, (7%),,
being a sequence of totally inaccessible times with disjoint graphs, see Remark 3.4. Identity (5.9)
gives, for any S finite predictable time,

AXEW) Liscooy = 1w, 8, Xo— (), Bs (@) D Ly (@, S(@)) Liscoo}

which is zero being (T%),, a sequence of totally inaccessible times. The fact that {AX" # 0} € D
also directly follows from (5.7). To prove that AX!(w) = F(w, s, ), dME(w,s)—a.e., it is enough
to show that

E [ / (e, ds de) [ (w, 5, €) — AX} ()] 1q (@, s>] = 0.
10, T] xR "

By the structure of y it follows that, for every n € N,

< Y E[1p(.9) i, 8(0) - AXIO],

B[ lodsde)[i(w,s.6) - AXi @)1, (0,5)
10, T]xR " 5e]0.T]

which vanishes taking into account (5.8) and that ~ fulfills (5.4). Finally, since N is continuous,
it follows from (5.6) that
AXP =b(s, Xs_) ACs, (5.10)

so that {AXP # 0} Cc {AC #0} C J. O
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Lemma 5.4. Let X be a cadlag process and p be a random measure such that (X, p) satisfies
Hypothesis 5.1. Assume that

3 |b(s,Xs_)|2|AC’s|2+/ (X, e)|? v(ds de) € AF. (5.11)
s€]0, -]

10, xR

Then the following holds.

(i) X is a special weak Dirichlet process with finite quadratic variation such that (X, ) verifies
condition (2.12);

(ii) if v : [0, T] x R — R is a function of C%' class such that x + O,v(s,z) has linear growth,
uniformly in s, condition (2.14) holds for X and v.

Proof. (i) By (5.1)-(5.2)-(5.3), X is a special semimartingale. In particular condition (2.12) holds,
see Corollary 11.26 in [23]. Moreover, obviously X has finite quadratic variation. (ii) For some
constant ¢ we have

/}0 - lv(s, Xs— +2) —v(s, Xs—) — 2 0,0(s, X5 )| Lfjg|>1) X (ds dx)
X

= Z (s, Xs) — v(s, Xs—) — Opv(s, Xs—) AX] Liax,|>1}

0<s<-
1 1
< Z |AX | Tgjax,|>1} </ ‘8IU(S,XS_+CLAXS)’CZCL+/ \(%CU(S,XS_)]da)
0<s<- 0 0
552C/£]]RDQ—H$MHM>Hﬁﬂ%dew‘F§:|AX;FEHAXA>H- (5.12)
;] X SS'

The first term in the right-hand side of (5.12) belongs to A;"_, taking into account (2.12) and the
fact that X_ is locally bounded being caglad.

On the other hand, since X is of finite quadratic variation, by Lemma 2.10-(ii) in [7] we have
that Zse]o,T} |AX,|? < 00, a.s. Consequently, the second term in the right-hand side of (5.12)

belongs to .Afgc if we prove that
D IAX € A (5.13)

loc*
s€]0, -]
By (5.9)-(5.10), AX, = b(s, Xs—)ACs + [pv(Xs—,e) u({s}, de), so that

Z |AX3|2 S Z |b(8, Xs_)|2|ACs|2 +/ |’7(Xs—,€)|2,lt(d8 d€)7
€10, -] s€0, ] ]0,]xR

which belongs to A;"  because of (5.11). 0

loc
Let W be a Brownian motion and yu(ds de) be a random measure with compensator v(ds de) =

¢s(de)dA;. We will focus on the BSDE

}/;» = g(XT) + f(37 X87 }{97 Z87 US())dAs - Zs dWS - Us(e) (M — V)(dS de),
1t,T) 1t,T) t, T)xR
(5.14)

which constitutes a particular case of the BSDE (1.1). The process X appearing in (5.14) is a
solution to (5.1) satisfying (5.2)- (5.3)- (5.4) -(5.11). BSDEs of the type (5.14) are considered in
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[27]; under suitable assumptions, the existence and uniqueness of a solution (Y, Z,U) € 82 x £2 x
G%(p) is established.
We are ready to give the identification result in the present framework.

Corollary 5.5. Let (Y, Z,U) € 8? x L2 x G?(u) be a solution to the BSDE (5.14). Then the pair
(Z,U) satisfies

Zy = o(Xy) Opu(t,Xy) dPdt-a.e., (5.15)

/ Hy(e) (p—v)(dsde) =0, Vtelo, T], as., (5.16)
10,t] xR

where Hq(e) := Us(e) — (v(s, Xs— + (s, Xs—,€)) — v(s, Xs—)).
If in addition H € G2 (1),

Us(e) = v(s, Xo— + (s, Xs—,€)) —v(s,Xs-), dPv°(dsde)-a.e. (5.17)
and there ezists a predictable process (ls) such that
Us(e) =1,, dPvi(dsde)-a.e. (5.18)

Proof. By Lemma 5.4, the pair (X,Y") verifies Hypothesis 2.9. On the other hand, by Lemma
5.2, (X, ) verifies Hypothesis 3.1 with X* and X? given respectively by (5.5) and (5.6). We can
then apply Theorem 4.2: since X¢ = [ o(X;)dW; and M = W, (4.1) gives (5.15), while (4.2)
with (s, e) = (s, Xs_(e)) yields (5.16). If in addition H € G?(u), (5.17)-(5.18) follows by (4.3)
and Remark 4.3. O

Remark 5.6. This result significantly extends Corollary 4.3 in [8], where u(ds de) where a Poisson
random measure with deterministic compensator v(de)ds (and in particular condition (1.2) held
being K = ()). Here we insist on the fact that we deal with a general random measure p not
necessarily verifying condition (1.2).

5.2 The PDMPs case

We assume that X is a piecewise deterministic Markov process (PDMP) generated by a marked
point process (T},,(,), where (7,), are increasing random times such that T, €]0, oo, where
either there is a finite number of times (7},),, or lim,, o T}, = +00, and (,, are random variables
in [0,1]. We will follow the notations in [16], Chapter 2, Sections 24 and 26. The behavior of the
PDMP X is described by a triplet of local characteristics (h, A\, @): h :]0, 1[— R is a Lipschitz
continuous function, A :J0,1[— R is a measurable function such that sup,ejo 1 |A(z)| < oo, and @
is a transition probability measure on [0,1] x B(] — 1,1[). Some other technical assumptions are
specified in the over-mentioned reference, that we do not recall here. Let us denote by ®(s,x) the
unique solution of ¢'(s) = h(g(s)), g(0) = z. The process X can be defined as

_ (I)(t,l‘), le [07 Tl[
and verifies the equation
¢
Xy =Xo+ / h(Xs)ds + / x X (ds da) (5.20)
0 10, ] xR
with
MX(dS dx) = Z ]]'{Cne}oyl[}é(Tn,Cn_Cnfl)(dS dx) (5.21)

n>1
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The knowledge of (b, \, @) completely specifies the law of X, see Section 24 in [16], and also
Proposition 2.1 in [2]. In particular, let P be the unique probability measure under which the
compensator of uX has the form

vX(dsdr) = (AN X, ) ds + dp?) Q(X,_, dx), (5.22)
where X has been trivially extended to [0, 1] by the zero value, and
i = Yer) Lixn, oy (5.23)
n=1

is the predictable process counting the number of jumps of X from the boundary of its domain.
From (5.22), we can write decomposition v~ (ds dx) = ¢,(dx)dA, with dA; = M\(Xs_) ds + dp
and ¢s(dr) = Q(Xs—,dx). In particular, A is predictable (not deterministic) and discontinuous,
with jumps AAg(w) = Ap;(w) = Lix,_(w)efo,1}}- Consequently,
J=K={(w,t): X;_(w) € {0,1}}. (5.24)
Remark 5.7. In [8] we asked the measure pX to satisfy condition (1.2), with entails the existence
of a function £ : {0,1} —] — 1, 1] such that

Q(y, dr) = 55(y) (dr) as.,

see Lemma 4.11 in [8]. In the present paper we can avoid this assumption and work with the
whole class of PDMPs.

Let us consider a BSDE driven by the compensated random measure puX — v, where ¥
is the integer-valued random measure in (5.21) associated to a piecewise deterministic Markov
process X with values in the interval [0, 1], of the form

Y; = g(X7) + f(s, X, Yo, Ug(-)) dAs — Us(e) (u — v (ds de). (5.25)
1, T t, TIxR

Existence and uniqueness results for solutions (Y,U) € £2 x G(u) to BSDEs driven by purely
discontinuous martingales (that include (5.25) as a special case) were established under suitable
assumptions in [1] and in the recent work [3].

Lemma 5.8. We set E = [0, 1]. Let Y be a special semimartingale such that its martingale
component is purely discontinuous. Let X be a cadlag process with values in E, with a finite
number of jumps on each compact interval. Assume that Yy = v(t, Xy) for some function v :
[0, T] x R — R such that its restriction to [0, T| x E is continuous. Then (X,Y) satisfies
Hypothesis 2.12 with corresponding function v.

Proof. The proof is the same as the one of Lemma 4.13 in [3]. 0

Corollary 5.9. Let X be a PDMP with jump measure > with compensator v~ given by (5.22),
and let (Y,U) € L% x G*(u”X) be a solution to the BSDE (5.25). Assume that Y; = v(t, X;) for
some continuous function v. Then the random field U satisfies

/ Hy(z) (u* —v¥)(dsdx) =0, Vt€|o,T)], as. (5.26)
10,t] xR
with Hy(z) := Uy(x) — (v(s, Xs— + ) —v(s, Xs_)). If in addition Hs(z) € G2 (1),

Us(w) = v(s, Xs— + ) —v(s, Xs—) dPNXs-) Q(Xs—, do) 1x, o, 1[d5-a-e. (5.27)

and there ezists a predictable process (ls) such that

Us(w) = v(s, Xs— +2) —v(s, Xs—) + 15, dPQ(Xs—, dv)lx, cqo,1) dps-a.e. (5.28)
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Proof. Hypothesis 2.12 holds for (X,Y) by Lemma 5.8. We are in condition to apply Theorem
4.6, which gives (5.26). If, in addition, H € G2 _(u~), by (4.14) together with Remark 4.3 with

p=px,
Hy(z) =0, dPvX¢(dsde)-a.e.,

and there exists a predictable process (I5) such that
Hy(z) =1,, dPv¥4(dsde)-a.e.
At this point, recalling (5.22), and being J = K, we see that
vX¢(ds dz) = v¥ (ds dz) Lge(s) = M Xe_) Q(Xs_, dx) L (s) ds,
vXds dz) = v (dsdx) 1 (s) = Q(X,_, dx) 1x(s) dp?.

Then, since by (5.24) we have K = {(w, s) : Xs_(w) € {0,1}}, and (5.27)-(5.28) follow. O

5.3 The jump-diffusion case with distributional drift

Let 0,3 € C° such that ¢ > 0. We consider formally a PDE operator, obtained by mollification
(see e.g. [18], [19]), of the type

Ly = 2o™ + By, (5.29)

Hypothesis 5.10. We assume the existence of a function X(x) := limn_,oo2f0x f—é(y)dy in CY,

n

independently from the mollifier. Moreover ¥ € C* for some « € [0, 1], the function ¥ is lower

bounded, and
0 +o0
/ e @) dg = / e @ dr = 400.
0

—00

Definition 5.11. We will denote by Dy, the set of all f € C' such that there exists some | € C°
with Lf =1 in the sense of [15]. This defines without ambiguity L : Dy, — C°.

We introduce the following definition of martingale problem. For an increasing process A, we
will use the notation Ay = Af + > ., AA;. We also denote by CT(R) the set of bounded Borel
functions of R, vanishing inside a neighborhood of 0. In particular, if any two positive measures
n, 0" on R with n({0}) = #'({0}) =0, and n(z : |z| > &) < oo, 1/(x : |x| > €) < oo are such that
n(f) =71/ (f) for all f € CT(R), then n=1'.

Definition 5.12. A couple (X,P) is said to solve the martingale problem related to a given
operator L of the form (5.29), a random measure v(dsdz) = ¢s(dz)dAs, an initial condition
Xo =29 € R, and a domain D C Dy, if the following holds.

(i) for any f € D,

/0 /R F(Xoe +2) — f(Xos) — 2 f/(Xoo)| wlds da) € AT (5.30)

with respect to P;

(ii) for any f € D, the process
20 = 0= £X0) - [ LfOAA [ [ [FX ) = F(Xu) = f (X e v(dsda)
0 10,] /R
is a local martingale under P;
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(iii) for every g € CT(R), GY9 := g+ uX — g * v is a local martingale under P.
Remark 5.13. Assume that (v,P) satisfies condition (2.13) for som a € [0, 1]. Then condition
(5.30) holds with respect to P for any f € D with

D:={f € Dy, with f € C1* f' bounded}. (5.31)

loc

Let L be an operator of the form (5.29), for which Hypotheses 5.10 holds, and let v(ds dx) =
¢s(dx) dAs be a predictable random measure. Let (X,P) be a solution to the martingale problem
in Definition 5.12 related to Xy, L, v(dsdx), and D given in (5.31), and such that (v, P) satisfies
condition (2.13).

The following result is given in [6], where we study under suitable assumptions the well-
posedness of the martingale problem in Definition 5.12.

Proposition 5.14. X is a special weak Dirichlet process (with respect to its canonical filtration)
of finite quadratic variation with canonical decomposition X = Xo+MX +T', with T a predictable
and FiX-orthogonal process, and M~ = M + X¢ satisfying condition (2.12) under P. In
particular, v is the P-compensator of i, and

/0 ]/ v)(dsdz), (X°) =/0' o?(X,) dAC.

We are interested in BSDEs under P driven by the compensated random measure 4~ — v and
the continuous martingale X¢, of the form

}/:f :g(XT)+ f(sa ij’i/‘sj ZS7 US()) dAS
1t, 1]

B L s~ T X _)(dsdx
/}th] ZSU(Xs)dXS /}tT]xRUS( ) )(ds dz). (5.32)

A consequence of our identification Theorem 4.4 is the following.

Corollary 5.15. Assume that p”X (ds dx) satisfies Hypothesis 3.3. Let (Y, Z,U) € S?x L2 xG?(u™)
be a solution to the BSDE (5.32) Assume that Y; = v(t, Xy) for some deterministic function
v:[0,T] xR = R of class C%' such that v and X verify condition (2.14) under P. Then the pair
(Z,U) satisfies

Z; = 0(X,) pv(t, X;)  dPdAS-ace., (5.33)

/ Ho(z) (i — v)(dsdz) =0, ¥t €0, T], as. (5.34)
10, ] xR

with Hg(z) 1= Us(x) — (v(s, Xs— +x) —v(s, Xs—)). If, in addition, H € G2 (1), then there exists
a predictable process (ls) such that

Hy(x) =151K(s), dPv(dsdx)-a.e. (5.35)

Proof. We aim at applying Theorem 4.4. By assumption p~ satisfies Hypothesis 3.3. On the
other hand, by Proposition 5.14, X is a special weak Dirichlet process of finite quadratic variation
with its canonical decomposition X = X¢+ M?% + T'. In addition, by assumption X satisfies
condition (2.12) under P, and condition (2.14) holds for X and v under P, see Remark 5.13.
This implies the validity of Hypothesis 2.9 for (X,Y). We can then apply Theorem 4.4: since
(X¢) = [, 0%(Xy) dA§ and M = [ (X ydX¢, formula (4.6) gives (5.33), while (4.7) yields (5.34).

If in addition H € G%(u”), then (5.35) follows by (4.8), recalling that v is the P compensator of

ux. O
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