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Basic level : Linear parabolic PDEs

e Linear PDE (Heat equation) :

f%fﬁv—fzo, on [0, T) x R? (1)

v(T,)=g onRY (2)

where L is the Dynkin operator :
Lv(t,x) = b(x).Dyv(t,x) + %tr(cm’(x)va(t,x))

» Example of applications : European option pricing in finance
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Feynman-Kac formula and Backward Stochastic Equation

o (Forward) diffusion process : dXs = b(Xs)ds + o(Xs)dWs, X; = x,
— Itd's formula assuming that v is a smooth solution to (1)-(2) :

v(t,Xt):g(XT)—i—/t f(XS)ds—/t o (Xs) Dyv(s, Xs)dW,

— By taking expectation : linear Feynman-Kac formula

v(t,x) = E[g(xT) + /tT f(XS)ds‘Xt - x}

— Direct computations by Monte-Carlo simulations of X
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Feynman-Kac formula and Backward Stochastic Equation

o (Forward) diffusion process : dXs = b(Xs)ds + o(Xs)dWs, X; = x,
— Itd's formula assuming that v is a smooth solution to (1)-(2) :
v(t, Xe) = g(Xr) + /T f(Xs)ds — /TUI(XS)DXV(SaXS)dWs
— By taking expectation : Itinear Feynmar:—Kac formula
v(t,x) = E[g(XT) + /tT f(XS)ds‘Xt - x}

— Direct computations by Monte-Carlo simulations of X
o Notice that the pair of adapted processes (Y, Z) defined by

Yi‘ = V(t7)<t)7 Zt = O'/(Xt)DXV(t,Xt)
solves the Backward stochastic equation (Bismut 76) :

T T
Ye = g(Xr) +/ f(XS)ds—/ ZdW,, 0<t<T,
t t
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Level 1 : Semilinear PDEs and BSDEs

e Semilinear PDEs :

—%—Lﬁv—f(x, v,o'Dyv) = 0, v(T,.) = g,

e Backward SDE and nonlinear Feynman-Kac formula
(Pardoux-Peng 90) :

T T
Yt:g(XT)+/ f(Xs,Ys,Zs)ds—/ ZodW,
t t
and
.
Y, = v(t7Xt):E{g(XT)+/ f(xs,ys,zs)ds‘ft]
t

— Direct simulation of the expectation is not possible !
— But simulation of the BSDE is possible ...



Introduction

Reminder on BSDEs, Feynman-Kac formulae and PDEs
Quasi-variational inequalities and impulse controls

Simulation of BSDE : time discretization

o Timegrid m = (t;)on [0, T] : t; = iAt, i=0,...,N, At = T/N
e Forward Euler scheme X” for X : starting from XJ = x,

s
Xti+1

= XJ + B(OX)AL + 0(X7) (W

i+1

- Wti)
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Simulation of BSDE : time discretization

o Timegrid m = (t;)on [0, T] : t; = iAt, i=0,...,N, At = T/N

e Forward Euler scheme X” for X : starting from XJ = x,

us
Xy i+1

= X{ 4 b(XS)At + o (XT) (W

i+1

- Wti)

o Backward Euler scheme (Y™, Z7) for (Y, Z) : starting from Y{, = g(X{,).

Y=Y, X YE

i+17

znat — 20 (W

i+1

Wti) (3)
and take conditional expectation :

Yo _E[ +A(XT,Y,

g1 :+1’
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Simulation of BSDE : time discretization

o Timegrid m = (t;)on [0, T] : t; = iAt, i=0,...,N, At = T/N

e Forward Euler scheme X” for X : starting from XJ = x,

XTr

tit1

= X{ 4 b(XS)At + o (XT) (W

i+1

- Wti)

o Backward Euler scheme (Y™, Z7) for (Y, Z) : starting from Y{, = g(X{,).

Y=Y, X YE

i+17

znat — 20 (W

i+1

7]

Wti) (3)
and take conditional expectation :

Y = E[Y’* +A(XT,Y,

tiv1

:+1’
To get the Z-component, multiply (3) by W,

i+1

— W4, and take expectation :
- 1
Z; =

ﬂ-]
i T At i
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Simulation of BSDE : numerical methods

How to compute these conditional expectations! several approaches :

o Regression based algorithms (Longstaff, Schwartz)
Choose g deterministic basis functions 1, ..., 14, and approximate

q
Zr = B[V, (We, — Wo)|Xg] = > crn(X
k=1

where o = () solve the least-square regression problem :

a 2
arg |nf E[ Yo (Wey — Zukuk X:) ]
k=1

Here E is the empirical mean based on Monte-Carlo simulations of Xz,
Xl?r+1 Wti+1 - Wti'
— Efficiency enhanced by using the same set of simulation paths to

compute all conditional expectations.
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e Malliavin Monte-Carlo approach (P.L. Lions, Regnier)
e Quantization methods (Pagés)

» Important literature : Kohatsu-Higa, Pettersson (01), Ma, Zhang (02),
Bally and Pagés (03), Bouchard, Ekeland, Touzi (04), Gobet et al. (05),
Soner and Touzi (05), Peng, Xu (06), Delarue, Menozzi (07), Bender and
Zhang (08), etc ...
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Level 2 : Free boundary problems and reflected BSDEs

e Variational inequalities : given an obstacle ¢,
0
min[——v—ﬁv—f, v—qb] =0, v(T,.) = g,

— related to optimal stopping problems (e.g. American option pricing in
finance) :

Yo = v(t,X;) = ess sup E| / F(Xs)ds + 6(X:)Lr<r + g(XT)Lr=7| F]
t

TETe, T

o Reflected BSDEs (El Karoui et al. 97) : Find a triple of adapted
processes (Y, Z, K) with K nondecreasing s.t.

T T
Y, = g(Xr) + / F(Xs)ds — / ZdW, + Ky —Ke  (8)
t t
Ye = o(Xe) (5)
and Y is minimal : for any (Y, Z, K) satisfying (4)-(5), we have Y; < Y;.
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Quasi-variational inequalities

e Quasi-variational inequalities (QVIs) :

min[—%—ﬁv—lﬁv—HV]ZO, v(T,.) = g, (6)

where L is as before the Dynkin operator :

Lv(t,x) = b(x).Dyv(t,x) + %tr(oa/(x)D2v(t,x))

X
and H is the nonlocal operator

Hv(t,x) = sup Hv(t, x)
ecE

with
Hev(t,x) = v(t, x4+ v(x,e)) + c(x, e).
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QVIs and impulse controls

The QVI (6) is the dynamic programming equation of the impulse
control problem (see Bensoussan, J.L. Lions 82) :

(tx)—supE[ (X$) / FIXO)ds + > C(Xg—vfi)}

t<m<T
with
e controls : « = (77, &;); where
e (7;); time decisions : nondecreasing sequence of stopping times
@ (&;); action decisions : sequence of r.v. s.t. & € F,, valued in E,
e controlled process X defined by

X —x+/ b(X2) du+/ o(X{)dW, + > 1 (X2, 6)

t<7;<s
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Interpretation of the dynamic programming equation

The QVI (6) divides the time-space domain into :

e a continuation region C in which v(t,x) > Hv(t, x) and

ov
—_—— = —f:
T Lv 0

e an action region D in which :

v(t,x) =Hv(t,x) = sgg v(t,x +v(x,e)) + c(x,e).
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Various applications of impulse controls

Examples :

e Financial modelling with discrete transaction dates, due e.g. to fixed
transaction costs or liquidity constraints
e Optimal multiple stopping : swing options

e Project’s investment and real options : management of power plants,
valuation of gas storage and natural resources, forest management, ...

» Impulse control : widespread economical and financial setting with
many practical applications

— More generally to models with control policies that do not accumulate
in time.
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Usual approach to QVls

e Main theoretical and numerical difficulty in the QVI (6) :
@ The obstacle term contains the solution itself

@ It is nonlocal
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Usual approach to QVls

e Main theoretical and numerical difficulty in the QVI (6) :
@ The obstacle term contains the solution itself

@ It is nonlocal
» Classical approach : Decouple the QVI (6) by defining by iteration the

sequence of functions (v,),

Ovay1

ot

min[— —Lvpy —F v,,+1—an} =0, vpu1(T,.)=g

— associated to a sequence of optimal stopping time problems
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Usual approach to QVls

e Main theoretical and numerical difficulty in the QVI (6) :
@ The obstacle term contains the solution itself
@ It is nonlocal

» Classical approach : Decouple the QVI (6) by defining by iteration the
sequence of functions (v,),

Ovpi1

ot

min[— —Lvpy —F v,,+1—an} =0, vpu1(T,.)=g

— associated to a sequence of optimal stopping time problems

— Furthermore, to compute v,.1, we need to know v, on the whole
domain — heavy computations, especially in high dimension (state space
discretization) : numerically challenging !
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|dea of our approach

e Instead of viewing the obstacle term as a reflection of v onto Hv (or
Var1 into Hvy),

» consider it as a constraint on the jumps of v(t, X;) for some suitable
forward jump process X :
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|dea of our approach

e Instead of viewing the obstacle term as a reflection of v onto Hv (or
Var1 into Hvy),

» consider it as a constraint on the jumps of v(t, X;) for some suitable
forward jump process X :

e Let us introduce the uncontrolled jump diffusion X :

dXt = b(Xt)dt + O(Xt)th + / ’Y(th y e)/l/(dt, de),
JE

where p is a Poisson random measure whose intensity A is finite and
supports the whole space E.

— We randomize the state space!
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|dea of our approach (I1)

Take some smooth function v(t, x) and define :

Y: = v(t,Xt), Zi = o(Xe-) Dyv(t,X;-),

Ui(e) == v(t, Xe- +7(Xe—,€)) — v(t, Xe-) + c(Xe-, €)
= (Hev —v)(t, X;-)
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|dea of our approach (I1)

Take some smooth function v(t, x) and define :

Y: = v(t,Xt), Zi = o(Xe-) Dyv(t,X;-),

Ui(e) = v(t, Xi— +v(Xe—,€)) — v(t, Xe-) + c(Xe-, €)
= (Hev —v)(t, X;-)
» Apply Itd's formula :

)
Y, =Yr —|—/ f d5—|— Kr — Ki — / Zs.dW;
t
/ / [Us(e) — c(X,_, e)]u(ds, de),

K, ._/(———ﬂv—f)( X,)ds

where
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|dea of our approach (I11)

e Now, suppose that min[—% —Lv—f,v—Hv] >0, and
» Then (Y, Z, U, K) satisfies

T T
Y, = +/ f(Xs)ds + K — Ky — / Ze.dW,
t t

. /t ’ /E [Us(e) — c(Xs_, )]u(ds, de), (7)

K is a nondecreasing process, and U satisfies the nonpositivity
constraint :

—Ui(e) >0, 0<t<T,eceE. (8)

Huyén PHAM BSDEs with constrained jumps and QVIs
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|dea of our approach (I11)

e Now, suppose that min[—% —Lv—f,v—Hv] >0, and
» Then (Y, Z, U, K) satisfies

T T
Y, = +/ f(Xs)ds + K — Ky — / Ze.dW,
t t

. /t ’ /E [Us(e) — c(Xs_, )]u(ds, de), (7)

K is a nondecreasing process, and U satisfies the nonpositivity
constraint :

—Ui(e) >0, 0<t<T,eceE. (8)

» View (7)-(8) as a Backward Stochastic Equation with jump constraints

» We expect to retrieve the solution to the QVI (6) by solving the
minimal solution to this constrained BSE.

Huyén PHAM BSDEs with constrained jumps and QVIs



BSDEs with constrained jumps Formulation of the problem

Existence via penalization

Outline

© Backward SDEs with constrained jumps
@ Formulation of the problem

Huyén PHAM BSDEs with constrained jumps and QVIs



BSDEs with constrained jumps Formulation of the problem

Existence via penalization

Definition

Minimal Solution : find a solution
(Y,Z,U,K) € 8% x L3(W) x L2(Ji) x A% to

;
Y, = XT)+/ F(Xs, Yo, Zs)ds + K1 — K¢ — / Z.dW,
t

/ J(Ute) = (X Voo Zus et ) ©)
with
h(Ui(e),e) >0, dP @ dt® \(de) a.e. (10)

such that for any other solution (Y, Z, U, K) to (9)-(10) :
<T,

Y.<V, 0<t
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Existence via penalization

Assumptions on coefficients

e Forward SDE : b and o Lipschitz continuous, v bounded and
Lipschitz continuous w.r.t. x uniformly in e :

(x.€) = (x',e) < klx— x| VeeE

e Backward SDE : f, g and c have linear growth, f and g Lipschitz
continuous, ¢ Lipschitz continuous w.r.t. y and z uniformly in x and
e
le(xy.2,0) = c(x. ' 2, €)| < kelly — ' + |z — 2)

o Constraint : h Lipschitz continuous w.r.t. u uniformly in e :
|h(u,e) — h(',e)| < kplu — o]

and
u +— h(u, e) nonincreasing. (e.g. h(u,e) = —u)
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BSDEs with constrained jumps Formulation of the problem

Existence via penalization

Penalized BSDEs

Consider for each n the BSDE with jumps :

S

.
Y = g(X1)+ /fXS,Y" Mds + K — K/ — /zg.dws
t

/ /[u" (Koo, Y, 20, €)]u(ds, de) (11)

with a penalization term

K"—n//h U (e), e)\(de)ds

where h~ = max(—h,0).
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BSDEs with constrained jumps Formulation of the problem

Existence via penalization

Penalized BSDEs

Consider for each n the BSDE with jumps :

S

.
Y = g(X1)+ /fXS,Y" Mds + K — K/ — /zg.dws
t

/ /[u" (Koo, Y, 20, €)]u(ds, de) (11)

with a penalization term

K"—n//h U (e), e)\(de)ds

where h~ = max(—h,0).

— For each n, existence and uniqueness of (Y, Z", U") solution to (11)
from Tang and Li (94), and Barles et al. (97).
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BSDEs with c?nstramed Jumps Formulation of the problem

Existence via penalization

Convergence of the penalized solutions

Theorem

Under (H1), there exists a unique minimal solution
(Y,Z,U,K) € 82 x L3(W) x L2(fi) x A?

with K predictable, to (9)-(10). Y is the increasing limit of (Y") and
also in L2(0,T), K is the weak limit of (K") in L2(0,T), and for any p €
[1,2).

”Zn - ZHLP(W) + ”Un - UHme) - 07

as n goes to infinity.
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BSDEs with constrained jumps Formulation of the problem

Existence via penalization

Convergence of the penalized BSDEs (sketch of proof)

e Convergence of (Y") : by comparison results (under the nondecreasing
property of h)
s yn < Yn+1

e Convergence of (Z", U", K") : more delicate!

@ A priori uniform estimates on (Y",Z" U", K"), in L?
— weak convergence of (Z", U",K") in L2

@ Moreover, in general, we need some strong convergence to pass to
the limit in the nonlinear terms (X, Y", Z"), ¢(X,Y",Z") and
h(U"(e), e).
— Control jumps of the predictable process K via a random
partition of the interval (0,T) and obtain a convergence in measure
of (Z",U", K")
— Convergence of (Z",U", K") in L?, p € [1,2)
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BSDEs with constrained jumps Formulation of the problem

Existence via penalization

Nonmarkovian case

Remark

Existence and uniqueness results for the minimal solution hold true in a
nonmarkovian framework :

F = filtration generated by W and p
g(Xr)=¢
f(x,y,z) = f(w,y,2)
c(x,y,2) = c(w,y,2)
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Connection with QVIs

Related semilinear QVls

e Markov property of X — Y; = v(t, X;) for some deterministic function v
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Connection with QVIs

Related semilinear QVls

e Markov property of X — Y; = v(t, X;) for some deterministic function v

Asumption (H2)

. . 3 v(t,x)
The function v has linear growth : SUP[o, T)xRd THix] < O

Proposition

Under (H2), the function v is a viscosity solution to the semilinear QVI :

_Ow

’ g e —
En Lw — f(.,w,0 Dyw), ;21::_ h(H w — w, e)] =0 (12)

min[

where L is the second order local operator as before, and H®, e € E, are the
nonlocal operators

HEw(t,x) = w(t,x +v(x, e)) + c(x, w(t, x), o’ (x) Dxw(t, x), €).
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Connection with QVIs

Terminal condition for v

e Need a terminal condition to complete the PDE characterization of the
function v.

e Condition v(T,.) = g is irrelevant : discontinuity in T~ due to
constraints
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Connection with QVIs

Terminal condition for v

e Need a terminal condition to complete the PDE characterization of the
function v.

e Condition v(T,.) = g is irrelevant : discontinuity in T~ due to
constraints

» Face-lifting terminal data : v(T~,.) is the smallest function above g
satisfying the (h, H)-constraint

min [V(T—, )= g inf A(HEV(T™,) = (T, e)] =0 (13)
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Connection with QVIs

Comparison and uniqueness results for semilinear QVls

Under suitable condition (H3), we have a comparison and so a
uniqueness result for the semilinear QVI (12) together with the terminal
data (13) :

Proposition

Assume that (H3) holds. Let U (resp. V ) be LSC (resp. USC) viscosity
supersolution (resp. subsolution) of (12)-(13) satisfying the linear growth
condition

U(t V(t
wp VRV
[0, T]xRd 1+ x|

Then, U> V on [0, T] x RY.

Remark The nonincreasing property of the constraint function h is also
crucial here.
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Connection with QVIs

PDE characterization of the function v

Under (H2), (H3), the function v is the unique viscosity solution to
(12)-(13) satisfying the linear growth condition.

(%]
p 0.
(t,x)€[0, T]xRd 1+ [x]

Moreover v is continuous on [0, T) x R

— Probabilistic representation of semilinear QVls, and in particular
of impulse control problems by means of BSDEs with constrained
jumps.
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c Numerical tests (preliminary)
Numerical issues

Outline

© Numerical issues
@ Probabilistic method based on BSDE representation of QVI

Huyén PHAM BSDEs with constrained jumps and QVIs



Probabilistic method based on BSDE representation of QVI

c Numerical tests (preliminary)
Numerical issues

One approach : approximation by the penalized BSDE

o We set V/(e) = Uf(e) — c(Xt, YL, Z{, e), and we rewrite the
penalized BSDE for (Y",Z", V") as :

.
Y? = g(X7) + / / £,(Xs, Y2, Z0, VI (e), e)A(de)ds
t E

T T
_ / Z0dw, — / / V2(e)ji(de, ds)
t t E

where [i(dt, de) = p(dt, de) — A\(de)dt (compensated martingale
measure), and

1
fa(x,y,z,v,€) = ﬁf(x,y,z) —v+nh~(v+c(x,y,z,¢e),e).

e We assume for simplicity that the state space of jump size E is finite :
E = {1,..., m} (otherwise discretize E).
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Probabilistic method based on BSDE representation of QVI

c Numerical tests (preliminary)
Numerical issues

Time discretization of the penalized BSDE

e Timegrid m = (tj)on [0, T] : t;, = iAt, i=0,...,N, At =T/N
e Forward Euler scheme X™ for X : starting from X7 = x,

= X7 X )AL + 0 (X)) Wy — We) + D (X5, (81, r11] % {e}).

e=1

Xi;

i+1
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Probabilistic method based on BSDE representation of QVI

P Numerical tests (preliminary
Numerical issues (p 2

Time discretization of the penalized BSDE

e Timegrid m = (tj)on [0, T] : t;, = iAt, i=0,...,N, At =T/N

e Forward Euler scheme X™ for X : starting from X7 = x,

Xi;

i+1

= X7+ BOX)AL + 0(X7) (Wey — We) + Y 7(XE, e)pa((8, tia] x {e}).
e=1

e Backward Euler scheme (Y™7,Z™" V™) for (Y",Z",V")

Yin = 8(Xey)

tiy1 tit1)

YOT = YET ALY Ne) (X, YT, 20T, VT (), e)

= Z0T (Weyyy — W) = > VT ()i((ti, tiva] % {e})

e=1
and take conditional expectation :
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Probabilistic method based on BSDE representation of QVI

c Numerical tests (preliminary)
Numerical issues

Time discretization of the penalized BSDE (1)

Y[ " =E [Y"”+At2)\ DX VI Z0T VT (e), 0| X

tiva tita?

e To get the Z-component, multiply by W;,,, — W;, and take expectation
in the Backward Euler scheme :

Ztri]’ﬂ- = At E|:Yn7r(Wti+1 - Wti)

tita

X;]
e To get the V-component, multiply by /i((t;, t;r1] x {e}) and take
expectation in the Backward Euler scheme :

n,m 1

T (e) = WE[Ygg,z((t,-, tia] X {e})‘X:'r__], e=1,...,m.
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Probabilistic method based on BSDE representation of QVI

c Numerical tests (preliminary)
Numerical issues

Simulation of the penalized BSDE

e Monte-Carlo simulations of the jump-diffusion process X (via the
Brownian motion and Poisson random measure) at dates t;, i = 1,...,n

» Notice that in impulse control problem, the state process depends on
the control choice, and so cannot be directly simulated : we usually
construct a fixed grid in the state space

» Here, by introducing the Poisson random measure with a given
intensity, we randomize the state space : the constraint on the jump
component of the backward equation “selects" the “good" points.

e Using this set of simulations, compute all the conditionals expectations
arising in the Backward algorithm
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Probabilistic method based on BSDE representation of QVI

c Numerical tests (preliminary)
Numerical issues

Other approach : simulate directly the constrained BSDE

For simplicity, consider h(u, e¢) = —u (nonpositive jumps constraints) and ¢ = 0

e Approximation scheme (Y™, Z™ U™) for the minimal solution (Y, Z, U) :

Yo, =e(Xq)
€[V, AtZA oK, Vi, 25, U2 (), )| x¢
7; = Ee[yw (W, — We)|X{]

1 vT o~
7WE[Y,,.HM((M-H]x{e}) o] e=1.m
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Probabilistic method based on BSDE representation of QVI

c Numerical tests (preliminary)
Numerical issues

Other approach : simulate directly the constrained BSDE

For simplicity, consider h(u, e¢) = —u (nonpositive jumps constraints) and ¢ = 0

e Approximation scheme (Y™, Z™ U™) for the minimal solution (Y, Z, U) :

Yo, =e(Xq)
=~E[Vi, AtZA Wo(XE, Vi, 22, U (0), )| Xd]
_tj EE[YW (Wen — Ws) X‘ﬂ

1 vT o~
7WE[Y,,.HM((M-H]x{e}) o] e=1.m

Ul(e) = 1 < €=1....m

Vi =E[Yi, —|—AtZ)\ Yo (XT, Vi

i+1?
e=1

77, UZ(e e)‘X,]
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PR Numerical tests (preliminar;
Numerical issues (p v)

Outline

© Numerical issues

@ Numerical tests
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Probabilistic method based on BSDE representation of QVI

PR Numerical tests (preliminar;
Numerical issues (p v)

An optimal forest management

(Example taken from the book by @ksendal and Sulem 07)
e Biomass of a forest :

dXs = bds + odWs,, X; = x.

At any times (77);, we can decide to cut down the forest and replant it,
i.e. X;; =0withacost c+6X -, 60¢€(0,1):

v(t,x)=supE | > e (X - —c—0X )
(M) |i<n<T

min {g‘; +pv — Lv;v(t,x) —[v(t,0) + (1 —0)x — c]} =0
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Probabilistic method based on BSDE representation of QVI

PR Numerical tests (preliminar;
Numerical issues (p v)

Explicit solution on infinite horizon

For T = oo, the solution is explicitly given by :

10 g=r(x"—x), if x < x*
v(x) = r.
ge_’x +(1-0)x—c, ifx>x*

where

1
r= ﬁ(\/b2 +2po2 —b) > 0,

and x* is the unique solution in (0, c0) to :

rc

=0.
1-6

e ™™ +rxt—-1-—
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PR Numerical tests (preliminar;
Numerical issues (p v)

Explicit optimal strategy

» This means that the optimal strategy is :

- As long as the biomass is below x*, do nothing

- Whenever the biomass reaches the critical level x*, cut down the forest
and replant

I A ¥

C o ‘

Figure 11.2: The optimal forest management
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Probabilistic method based on BSDE representation of QVI

PR Numerical tests (preliminar;
Numerical issues (p v)

Numerical experiments on finite horizon (Marie Bernhart)

Computation according to our algorithm of the finite horizon problem
with :

ec=1,60=08,b=2,0=1,

eT =18 p=05

Recall that the algorithm depends on the choice of the intensity \ of
jumps, although the limiting value does not.
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Probabilistic method based on BSDE representation of QVI
Numerical tests (preliminary)

Numerical issues

Graph of v(0, x) for time step At = 1/20 (i.e. N = T /At = 360), and for different

values of \

Calcul avec nb pas tps N = 360

4 T T
lambda = 1
lambda =3 --------
35 lambda = 6 4
Sol exacte
3
2.5
Z 2
F4
1.5
1
0.5
0
0 2 4 6 12 14 16 18 20

8 10
x* =8.69
X
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PR Numerical tests (preliminar;
Numerical issues (p v)

For fixed x = 10, convergence of v(0, x) as the number of time discretization N = T /At

increases, and for different values of A

Calcul avec x = 10

10 | |
lambda =1
lambda=3 --------
9 lambda = 6 ~
lambda = 10
) Solution exacte ———
7
6
2 s
F4
4
3
2
1
0
0 100 200 300 400 500 600 700 800

nb pas tps N
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Conclusion

Conclusion

e New insight into impulse control problems, and more generally into
semilinear QVls :

@ Probabilistic representation by means of BSDEs with constrained
jumps

@ This provides direct (without iteration) probabilistic numerical
procedure

e Current investigation and further questions on the numerical aspects
@ Analysis of the convergence of these approximation schemes

@ Computational implementation for various problems of interest with
good choice of the intensity of jumps
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