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Abstract

In [1], Z. CHEN proved that, if for each terminal condition &, the solution of the BSDE
associated to the standard parameter (€, g1) is equal at time t = 0 to the solution of the BSDE
associated to (£, g2) then we must have g1 = go. This result yields a natural question: what
happens in the case of an inequality in place of an equality? In this paper, we try to investigate
this question and we prove some properties of “g—expectation”, notion introduced by S. PENG

in [8].
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1 Introduction

It is by now well-known that there exists a unique, adapted and square integrable, solution to
a backward stochastic differential equation (BSDE for short in the remaining of the paper) of

type
T T
Yt=€+/ f(s7Ys7Zs>ds—/ Zs-dW,,  0<t<T,
t t

providing, for instance, that the generator is Lipschitz in both variables y and z and that £ and
(f(s, 0, 0))se[0 1) Are square integrable. We refer of course to E. PARDOUX and S. PENG [4, 5]

and to N. EL KAroul, S. PENG and M.-C. QUENEZ [2] for a survey of the applications of
this theory in finance.

One of the great achievement of the theory of BSDEs is the comparison theorem for real-
valued BSDEs due to S. PENG [7] at first and then generalized by several authors, see e.g.
N. ErL KaAroul, S. PENG and M.-C. QUENEZ [2, Theorem 2.2]. It allows to compare the
solutions of two BSDEs whenever we can compare the terminal conditions and the generators.
In this paper we try to investigate an inverse problem: if we can compare the solutions of two
BSDEs (at time ¢t = 0) with the same terminal condition, for all terminal conditions, can we
compare the generators?

The result of Z. CHEN [1] can be read as the first step in solving this problem. Indeed, he proved
using the language of “g—expectation” introduced by S. PENG in [8] that, given two generators,
say g1 and go, then if, for each ¢ € L2, we have Y (§) = YZ(£) where ((Yf(f), ZZ(E))
stands for the solution of the BSDE:

te[0,T]

T T
Y}Zﬁ—l—/ gi(57Y9aZs)d5_/ Zs'dW€7 0<t<T,
t t

for i = 1, 2, then we have g1 = go. With the above notations, the main issue of this paper
is to address the following question: if, for each & € L2, we have Y (¢) < YZ(£), do we have
g1 < g27?

The paper is organized as follows: in section 2, we introduce some notations and we make our
assumptions. In section 3, we prove the result in the case of deterministic generators and we
give an application of these techniques to partial differential equations (PDEs for short in the
rest of the paper). In section 4, we prove a converse to the comparison theorem for BSDEs
and then, with the help of this result we study the case when the generators do not depend
on the variable y. Finally, in section 5, we discuss the Jensen inequality for “g—expectation”.

2 Preliminaries

2.1 Notations and assumptions
Let (Q,F,P) be a probability space carrying a standard d-dimensional Brownian motion,
(Wi)i>0, starting from Wy = 0, and let (.7-})t>0 be the o-algebra generated by (W;);>0. We
do the usual P-augmentation to each F; such that (.7-}) >0

If z belongs to RY, |z| denotes its Euclidean norm. We define the following usual spaces of
processes:

is right continuous and complete.

« S, = {1/) progressively measurable; |3, = E[ Py W}t'z] = 00}7
<t<
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T
o Hsy= {1/) progressively measurable;  |¢]3 := E[/ ks ||2dt] < oo}.
0

Let us consider a function g, which will be in the following the generator of the BSDE, defined

on  x [0,7T] x R x R, with values in R, s.t. the process (g(t,y,z))te[o 1 is progressively

measurable for each (y,z) in R x R?. For the function g, we will use, through-out the paper,
the following assumptions.

(A 1). There exists a constant K > 0 s.t. P — a.s., we have:

vt Yy, y'), Y(2,2), gty 2) — gty 2)| < K(ly —y'| + 12— 2']).

(A 2). The process (g(t,0,0)) ! belongs to Ho.

telo,T
(A3). P—a.s., Y(t,y), g(t,y,0)=0.

(A4). P—a.s.,V(y,2z), t+— g(t,y,z) is continuous.

It is by now well known that under the assumptions (A 1) and (A 2), for any random variable
¢ in L2(Fyr), the BSDE

T T
Ytzf—f—/ g(s,YS,ZS)ds—/ Zs - dWs, 0<t<T, (1)
t t

has a unique adapted solution, say ((Yt, Zt))te[o 7] s.t. Z is in the space Hy. Actually, by

classical results in this field, the process Y belongs to Ss.

In [8], S. PENG adopted a new point of view in the study of BSDEs. Indeed, if g satisfies
the assumptions (A 1) and (A 3), he introduced the function &, defined on L2(Fr) with values
in R by simply setting £,(¢) := Yy where (Y, Z) is the solution of the BSDE (1) (since this
solution is adapted, Yp is deterministic). He called £; g—expectation and he proved that some
properties of the classical expectation are preserved (monotonicity for instance) but, since g
is not linear in general, the linearity is not preserved (we will see at the end of the paper that
the Jensen inequality does not hold in general for &,).

Related to this “nonlinear expectation”, he defined also a conditional g—expectation by setting
& (5 | .7-}) :=Y; which is the unique random variable 1, F;—measurable and square-integrable,
s.t.

VA € F, gg(].A??) = 89(1A§).
Z. CHEN in [1] used these notions to prove the following result:

Theorem 2.1 Let the assumptions (A 1), (A 3) and (A 4) hold for g1 and g2 and let us assume
moreover that, for each & € L(Fr), Eg, (€) = €4, (€)-
Then; ]P—G,.S., V(t,y,z), gl(tayvz) ZQQ(t,y,Z)-

In this note, as mentioned in the introduction, we will try to investigate the following question:
if, for each & € L(Fr), &, (§) < &, (§), do we have g1(t,y,2) < ga(t,y,2)? This problem
is roughly speaking a converse to the comparison theorem for BSDEs, since if g3 < g then
En () < E4,(0)

We close this subsection by a comment about the assumption (A 3). Under (A 3), if £ is a
random variable Fs—measurable with S < T', then we have: & (f |.7-'t) =¢if S <t<T and
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5g(§ |]:t) =y for 0 < ¢t < S where ((y,«,zr))
BSDE:

r€[0,8] stands for the solution on [0, S] of the

S S
yr=€+/ g(wyu,zu)du—/ 2y - AWy, 0<r<S§.

This remark will be used in the proofs of Theorem 3.2, Theorem 4.1 and Lemma 4.3.

2.2 Technical Results

In this subsection, we establish a technical result which will be useful in the next section. We
start by giving an a priori estimate for BSDEs which is of standard type, see [2].

Proposition 2.2 Let € € L2(Fr) and let the assumptions (A 1) and (A 2) hold. Then, if the

process ((Yz, Zt))te[o ) 8 the solution of the BSDE (1) we have, for 3 =2(K + K?):

T T 9
5 s o+ [ iz pas| i f <orfemie+ ([ o gts.0.00as) [ £,
t<s<T t t
where C' is a universal constant.
Proof. We outline the proof for the convenience of the reader.
T

As usual we start with It6’s formula to see that, noting M, for 2/ P, Z, - dW,, for each
u
u € 0,7,

T T T
65“|Yu|2+/ e'BS||ZS||2d3:e5T|§|2+2/ eﬁSYS~g(s,YS,Zs)ds—/ BePs|Y,|ds — M,,.

Using the Lipschitz assumption on g and then the inequality 2K |y|-|z| < 2K2|y|? + (1/2)]z]?,
we deduce that, taking into account the definition of 3,

1 T T T
Sy [ Iz s < TR w2 [ Yl s, 0.0)ds -2 [ Yz aw. (2)

u u u

In particular, taking the conditional expectation w.r.t. JF; of the previous inequality written
for u = t, we deduce since the conditional expectation of the stochastic integral vanishes,

T T
IE{/ eﬁs||Zs||2ds‘]-"t} ng{eﬂT|g|2+2/ eBS|YS|-|g(s,0,0)|ds‘]—}}. (3)
t t

Moreover, coming back to the inequality (2), we get

Y

T u
sup PV, [2 < PTIE[2 + 2 / eIV, (s, 0,0)lds +4 sup | / Y, Z, - W,
t<u<T t t<u<T ' Jt

and by Burkholder-Davis-Gundy’s inequality, the previous estimate yields the inequality
T
o s P A) < Bl v [ et ot 0.0)as] 7
t

t<u<T
T 1/2
+C]E{(/ 6253|yg|2||zs||2ds) ‘]—‘t},
t
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where C'is a universal constant which will change from line to line; and thanks to the inequality
ab < a?/2 + b?/2 we deduce immediately

T
B sw WP |R} < Bl vz [ o a0, 0 |7 )
t

t<u<T
02 T Bs 2 1 Bu 2
+ 5B [ ez s | F 5B sw YR | A
2 ¢ 2 | t<u<T

Combining the inequality (3) with the previous one, we easily derive that, for a universal
constant C, we have

T T
5 sup P+ [ ezl | m ) < os{ T [T el lots.0,00as | 7
t t

t<u<T

It remains to use the fact that

T
1
ce{ [ w a0 |7} < g5l s |z
t

t<u<T

+%2E{ (/tTe(’B/Q)ﬂg(s, 0, 0)|ds)2 ‘}}}

and to change C one more time to finish the proof of this proposition. |
Before stating our first result, we need some further notations.

(A5). Let b: R* — R™ and o : R* — R"*? be two Lipschitz functions.

We denote by X%® the solution of the SDE:

Xt =gy / B(XE)du + / o (XETY AW, s>t )
t t

with the usual convention X% =z if s < t.
Let g : Qx [0,7] x R x R* — R be a function s.t. the stochastic process (g(s,y,z))se[O_T]
is progressively measurable for each (y,z). Fix (t,z,y,p) € [0,T[xR" x R x R™ and let us

denote by (((Y5=vP & zlmvr)) , for € > 0 small enough, the solution of the BSDE on
[0,t+ €]

s€[0,t+-¢]

t+e t+e
sYSt,:c,y,p =y+p- (Xttfe — a:) 4 / g(u, 6YJ7£B73}1P, EZZ””’y’p)du _ / EZZ’”’y’p - dW,. (5)

We claim the following proposition:

Proposition 2.3 Let the assumptions (A1), (A2) and (A 4) hold for the function g and let
the notation (A 5) holds. Let us assume moreover that B[ supg<;<7 [g(t,0,0)[?] is finite. Then,
for each (t,z,y,p) € [0,T[XR* x R x R", we have:

N RO
L2 = Jim {5V —y} = gty o' (@)p) +p - bl).
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Proof. Since (t,z,y,p) € [0, T[xR™ x Rx R™ is fixed in this proof, we will drop, for notational
convenience, the superscript (¢, z,y,p) and then write (Y¢, Z¢) instead of (°YH®¥:P €ZHE.u:P),
Firstly, let us remark that by classical results on SDEs, see e.g. H. KUNITA [3], the terminal
condition of the BSDE (5) is square integrable and then this BSDE has a unique solution in
the space Sz x Ho.

Let us pick € > 0 and let us define, for t < s <t +e¢,

Vi=Yi -y (X0 - ), and, 20 = 25— o' (X0

Using Itd’s formula, we easily show that, on the time interval [t,t + €], the process (}75, 25)
solves the following BSDE:

. t+e _ _ t+e t+e
Ve = [ alwytp (X0 Ve o (X Z)dus [ pb(Xi)du— [ ZieaWi (0)
S S S

Thus, by Proposition 2.2, we have the following estimate:

- tte
B sw WiP+ [ 1ZiPas| 7
t

t<s<t+e
, t+e 2
< CAEFE )sE{ (/ |g(u, y+p- (X" —2),0 (X;,:c)p) +p- b(Xfﬁ)‘dUJ) ’ ]:t}a
t

and then, since g, b and o are Lipschitz, we deduce that

~ the
o sw [T+ [ 12| A f < el sw (IX0P 4 loGs.0.0P) |7
t<s<t+e t t<s<t+e

Taking the expectation in the previous inequality we obtain, since, by the additional assump-
tion, E[ supg< <z (| X5 +[g(s,0,0)|?)] < C(1 + |2[?), the following estimate

- t+e
E{ sup ¥+ [ ||Z§||2ds}<052, )
t

t<s<t+e

where C' depends on z,y, p which is not important here since (z,y, p) are fixed.
With this inequality in hands, it is easy to prove the result. Indeed, taking the conditional
expectation in the BSDE (6), we get

1 1~ 1 tte ~ ~

g{y;f_y} = gYt6 = gIE{ / {g(u,y—l—p.(XZ’x—x)—i-Yj,at(Xf;"”)p—i-Zi)—|—p-b(Xf;“’)}du‘ .7-}}.
t

We split the right hand side of the previous equality as follows:

1 1 t+e
E{Yf — y} = EE{ / {g(u,y +p- (XET — x),at(Xf;’z)p) +p- b(XZ’z)}du ‘ .7-}} + R.,
t

where R, stands for

1 t+e - ~
EE{ / {g(u,y+p- (X0 =)+ 75, 0! (X )p+Z5) =g (u, y+p- (X1 =), o' (X17)p) }du ft}.
t
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It is very easy to check that R. goes to 0 in L? when ¢ tends to 0. Indeed, since g is Lipschitz,

we have
t+e

K - -
|R:| < —E {51+ 1Z5] ydu | Fe
g

and then using Holder’s inequality we obtain
K2 e ~€ ~€ 2 2K2 e ~€ ~€
BfIn.] < S| ([ 0%+ 1Zanan) | < Zm] [ (7 122,
t t

Taking into account the estimate (7), the previous inequality yields E[|R.|*] < C(e?+¢) which
shows the convergence of R, to 0.
It remains only to check that, as ¢ — 0T, in the sense of L2,

t+e
EE{/t {g(u7y+p-(XE"”—w),Ut(XE’”)p)+p-b(Xi””)}dU‘ft} — g(t.y,0'(x)p) +p-b(x).

For this task, we set
1 t+€
Q= 28] [ (ol (X2 0,0 CX00) = .9, (a)p) o (XE7) b)) bt 7 .
t

and we will prove that Q. — 0 in L? and that the same is true for the remaining term, i.e.

P. = EE{ /ttJrE{g(u,y,at(x)p) — g(t,y,at(x)p)}du ‘ .7-}}.

For the first part, we remark that, since g, b and o are Lipschitz,

t+e
Q| < S]E{ / |in9’3 _a:|du‘]-"t},
t

and then, by Holder’s inequality, we get

02 t+e . 2 02 t+e N
E[|Qe|2} < E—QE[(/t | X7 —J?‘dU) } < ?E{/t | X7 —m|2du].

But since we have (see e.g. H. KUNITA [3]), for each r > 1,

E[ sup }Xﬁxﬂ < COp(1+|2]"),
0<s<T
the function u — E[‘Xﬁ’” — a:ﬂ is continuous. This function is equal to 0 at time ¢, from

which we deduce that Q. — 0 in L.
Finally, we have, by Holder’s inequality,

]E[|P€|2} < ]EE/tHE |9 (u,y, 0" (@)p) — g(t,y, o' (2)p) |*du .

1 t+e
But by the assumption (A 4), E/ }g(u,y,at(x)p) — g(t,y,at(x)p)}2du tends to 0 P-a.s.,
t
and moreover

1

t+e
‘/t l9(u,y,0" (@)p) = 9(t.y, 0" (@)p)[*du < O

sup g(s,0,0)|* + |y|* + |0 (2)p]?)
€ <s<T

0<
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which is assumed to be integrable. Thus the result follows from Lebesgue’s theorem.
The proof is complete. ]

Remark. As we can see in the proof, the continuity of the process (g(t, Y, z) assumption

t€[0,7] (
(A 4)) is not really needed. We can prove the result if this process is only right-continuous.

Remark. Tt is worth noting that the assumption “IE[ supg<i< |9(t, 0, 0)|2] finite” holds when
g satisfies (A 3) or in the Markovian situation (see the subsection 3.2 below).

3 The deterministic case

3.1 Main result

This subsection is devoted to the study of the deterministic case for which we can prove a
useful property of g—expectation. In this paragraph, g is defined from [0,7] x R x R? into R
and satisfies (A 1) and (A 3). Since &, is a generalization of the expectation, a natural question
which arises is the following: if £ is independent of F;, do we have &, (5 |.7-'t) =& (f)? We
claim the following proposition which is mainly contained in [2].

Proposition 3.1 If g is deterministic, then, for each & € L?(Fr), we have &, (5 ‘ .7-}) =&, (5)
as soon as & is independent of F;.

Proof. It is enough to check, from the assumption (A 3), that & (f |.7-"t) is deterministic.
Indeed, by construction we have &, (5) = 59{59 (5 ‘ .7-})} and, under the assumption (A 3) (see
S. PENG [8, Lemma 36.3]) for each constant ¢, £4(¢c) = c.

We use the shift method to see that &, (E |.7-'t) is deterministic. Let us introduce, for each s
st. 0<s<T —t, W, =Wy — Wi Then {W;, 0<s<T-— t} is a Brownian motion w.r.t.
its filtration F, which is nothing but F7,, the o-algebra generated by the increments of the
Brownian motion W after the time t. Since £ is Fp—measurable and independent of F, & is
measurable w.r.t. FJ._,. As a consequence, we can construct the solution ((YS’, Zg))

of the BSDE

0<s<T—t

T—t T—t
Y;f=£+/ g(t+u,Y;,Z;)du—/ Z! - dW), 0<s<T-—t,

and, setting s = v — t, we get

T—t T—t
Yv',t=§+/ g<t+u,y;,z;)du—/ 7AW, t<uv<T.
v

—t v—t

Now, if we make the change of variables » =t + u in the integrals, we deduce that

Y/

v—t

T T
= / oY, 7!y — / 7, dw',  1<u<T

T T
13 +/ g(r, Y, _,, Z!_,)dr — / Zl_y - dW,, t<v<T.
v v

is a solution of the BSDE (1) on the time interval [¢,T]
veltT] = ((YU’ZU))Ue[t,T]' In particular, Yy = Y;, and
since Y{ is deterministic, the proof is complete. O

It follows that ((Yv/fﬂzil)ft))ve[t,T]
and then by uniqueness ((Yv’ft, Zi’ht))
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Remark. Actually, if for each random variable £ € L2(Fr), we have &, (§ ‘ .7-}) =&, (E) as soon
as € is independent of F; then g is deterministic.
Indeed, for any (¢,y, 2), we have, by Proposition 2.3,

1 1
g(t,y,2) = Eli%l+ g{gg(lH‘Z (Wige =Wo) | Fe) —y} = Eli%l+ g{gg(y + 2 (Wie = W1)) —y},

and thus g is deterministic.

We give a counterexample when g is not deterministic. Actually, even in the simplest case,
the linear case which corresponds to a Girsanov change of measures, the above property does
not hold.

To show that, let us fix T > 0 and let us pick ¢ €]0,T[. Let f : R — R be a continuous
and bounded function. We define, for each (s,2) € [0,T] X R, g(s,2) := f(Wsas)z. Moreover,
let us set & = Wp — W which of course is independent of F;. By classical results for linear
BSDEsS, see e.g. [2, Proposition 2.2],

&€ }ft) = E({exp{ /tT F(Wisne)dW, — %/tT fz(Ws/\t)dS} ‘.7-})
= E((wr-w)|R),

where Q is the probability measure on (Q, ]:T) whose density w.r.t. P is given by
T 1 (T
Zp = exp{/ F(Wap)dW, — 5/ JA(Wons)ds |-
0 0

. T
But under the measure Q, {Wr =W, — / F(Wsnr)ds, 0 < r < T} is a Brownian motion.
0

Moreover W — Wy = WT — Wt + ftT Ff(Wspe)ds = WT — Wt + (T =) f(Wy).
It follows immediately that &, (5 |.7-"t) = (T —t)f(W;) and thus, if f is not constant, we see
that Eg(WT —W; ‘ .7-}) is not deterministic which gives the desired result.

We are now able to answer the question asked in the introduction in the deterministic context.
Let, for i = 1,2, g; : [0,T] x R x RY — R. We claim the following result:

Theorem 3.2 Let the assumptions (A1), (A3) and (A4) hold for g;, i = 1,2. Assume
moreover that,

VEE LA (Fr), &g (8) < &g (9).

Then, we have,
vt € [O,T], V(y,z) €RX]Rd, gl(tayvz) ég?(tayvz)'

Proof. Let us fix (t,y,2) € [0,T[xR x R?, and, for n € N* large enough, let us consider
én =y+2- (Wit m) — W). Since the assumption (A 3) holds (see the remark after the proof
of Proposition 2.3), we have, by Proposition 2.3,

n(lytn_y) —)gi(t7yaz)a as n — oo, in L27

where (iY", iZ”) is the solution of the BSDE

T T
V=&, +/ gi(r, 'Y, P2 dr — / Zn . dw,, 0<t<T.
t t
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In other words,
n{EL(gn |‘7:t) _y} _)gi(tayvz)v in L2

On the other hand, since &, is independent of F;, Proposition 3.1 ensures that, for i = 1,2,
Egi (En |.7-'t) =&y, (§n) and then by the hypothesis we deduce that

n{é‘gl (En |~7:t) - y} = n{€g2 (5” |]:t) - y}

Passing to the limit when n goes to infinity, we obtain, since g; and g, are deterministic, the
inequality ¢1(¢,y,2) < g¢2(t,y,2), which concludes the proof, since (¢,y, z) is arbitrary and
both functions ¢1(-,y, z) and ga2(+,y, z) are continuous at the point 7. o

Remark. As we can see in the proof, we only need to assume that &g, (§) < &, (&) for £ of the
form y + z - (W, — W), for each (¢, s,vy, 2), to get the result of this theorem. Actually, we can
weaken a little bit more the assumption since it is enough to have the property when s — ¢ is
small enough, say less than §, and this § may depend on (y, 2).

3.2 An application to PDEs

We give in this subsection an application of the techniques described before to partial differ-
ential equations (PDEs for short). Semilinear PDEs constitute one of the field of applications
of the theory of BSDEs as it was revealed by S. PENG [6] in the classical case and by E.
Parpoux and S. PENG [5] for viscosity solutions of PDEs. Our setting is very close to that
of F. PRADEILLES [10].

Let f:R" x R x R — R be a function s.t.

(A 6). There exist two constants K > 0 and ¢ > 1, s.t.

1. Y(y,2), = — f(x,y,z) is continuous;
2. Vi[,’, V(y,z), (y/’zl)’ |f(£L',y,Z) - f(x7y/azl)‘ é K<|y - y,| + “Z - Z’“)v

3. Ve, |f(2,0,0)| < K(1+ |z]7).

In addition, let us consider i : R® — R a continuous function with polynomial growth. Then
it is by now well known that BSDEs in Markovian context give a nonlinear Feynman-Kac
formula for semilinear PDEs in the sense that the viscosity solution, say u, of the semilinear
PDE

Oru = %tr(aat(x)DQu) +b(z) - Vu+ f(z,u,0'(x)Vu), (t,2) € Ry x R™, u(0,-) = h(-),

is equal, for each (t,z), to Yj"* where (vie, Zﬁ””))se[o q is the solution of the BSDE

t t
vie = h(xp) 4 [y zida- [z am, 0<s<t,

S

where X% is the solution of the SDE (4).
Using this formula, we claim the following proposition:
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Proposition 3.3 Assume that the assumption (A 6) holds for two functions f1 and fa and
that b and o satisfies the assumption (A 5).

If, for (xz,y,p) € R* x R x R™, there exists n > 0 s.t. Ve <n, ui(e,x) < ua(e, x), where u; is
the viscosity solution of the PDE (8) with the semilinear part f; and the initial condition equal
toh(-) =y+p- (- —x), then fi(z,y,0'(x)p) < fa(z,y, 0" (2)p).

Proof. Let us rewrite the assumption in a probabilistic way using the nonlinear Feynman-Kac
formula mentioned above. Fix (z,y,p) in the space R* x R x R®. Then, there exists n > 0,
s.t. Ve <, 1Yy" < 2Y", where (*Y®% 1Z5%) is the solution of the BSDE

€ €
Yot =y+p- (X270 —x) +/ Fil(X0®, Y0 2 ) du — / ‘ZeT - dWy,  0<s<e.

S

This solution exists since by classical results on SDEs, see e.g. H. KUNITA [3], we have,

B[ s X0 [] < y(1+ 1)
0<s<n

and then, by the growth assumption on f;, E[ SUPg< < | f(X27,0, O)ﬂ is finite.
But, the assumption yields

]‘ E,T 1 E,T
VE<7]7 E{IYO’ _:’J}SE{QYE)7 _y}v
and, on the other hand, by Proposition 2.3, in the sense of L2,
1..
E{zyog’x_y} —>fl($,y,0t($)p)+pb($), aSE—>0+.

Since moreover é{iYOE’I — y} is deterministic the above convergence holds in R which gives
the result. a

Remark. We do not suppose in this result that f;(x,y,0) = 0.

4 Converse comparison theorem and application

4.1 A converse to the comparison theorem for BSDESs

Since the work of S. PENG [7], it is known that, under the usual assumptions, if P — a.s., the
inequality ¢1(¢,y,2) < g2(s,y, 2) holds, then for each £, we have

Ve [0,T], Y& < Y29,

S

where ((Y{(£), Z: (5)))O<S<T is the solution of the BSDE:

Y:m:u/t gi(s,ms),Zz(f))ds—/t Zi(e)-aw,, 0<t<T.

We prove in the next theorem a converse to this result with the additional assumption (A 3).
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Theorem 4.1 Let the assumptions (A1), (A3) and (A4) hold for g;, i = 1,2. Assume
moreover that,
vE e L(Fr), Vte[0,T), Y[ (§) <Y2(6),

then, we have, P — a.s.,
vt € [0,T], ¥(y,2) € R x RY, 91(t,y,2) < g2(t, y, 2).
Proof. Let us fix (t,y,2) € [0,T[xR x R?, and, for n € N* large enough, let us consider
§n=y+ 2 (Wira/n) — Wt). We have by Proposition 2.3
n(Y/ () —y) — gilty,2),  in L%
On the other hand, by the hypothesis we deduce that
n{Y (&) =y} <n{¥?(&) -y}

Extracting a subsequence to get the convergence P — a.s. and then passing to the limit when
n goes to infinity, we obtain, the inequality P — a.s., g1(t,y, 2) < g2(t,y, z). By continuity, we
obtain finally that P — a.s.,

V(t,y,2) € [0, TIxRx R, gi(t,y,2) < g2(t,y, 2).
The proof is complete. |

Remark. We give in this remark the main lines of a different proof of this result. This approach
is based on a “nonlinear decomposition theorem of Doob—Meyer’s type” due to S. PENG [9]. For
a given ¢, the assumption of the theorem says that the process Y?2(€) is a g;-supermartingale
and actually it can be seen that it is a g;—supermartingale in the strong sense. Therefore, we
can apply Theorem 3.3 in [9] to see that this process is also a g;—supersolution. From this we
deduce easily that, for each £ and for each 0 <ty <t < T,

L [ oo v2©. 220) Jau < o [ B{oa(uv2(0), 22060 Yo,

t—to Jy, —lo Jy,

and choosing, as in Z. CHEN [1], £ = Xp, where, for a given (¢o, y0, 20), X is the solution of
the SDE

t t
Xt =1%o _/ gQ(quu;ZO)du +/ 20 qu;

to to

we obtain, letting ¢t — tar, g1(to, Yo, 20) < ga2(to, Yo, 20)-

4.2 The y—independent case

Now, we turn to the case when the generator does not depend on the variable y; in this context
we can answer the question asked in the introduction.

In this subsection, let g : Q x [0,7] x R? — R be a function which satisfies the assumption
(A1) and (A 3). We recall the following lemma from S. PENG [§]:

Lemma 4.2 For each pair of random variables (£,m) in L2(Fr) x L2(F;), we have, for t <
r<T:
89(5_7”]:7“) :8g(§|]:r) =1

and, in particular, for each 0 < s <t <T, Eg{f —& (f |.7-"t) |f8} =0.
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Actually, we can give a characterization of generators independent of .

Lemma 4.3 Let us assume that the assumptions (A1), (A83) and (A 4) hold for g. Let us
suppose moreover that

V¢ e L (Fr), Ve R, VL€ [0,T], &(&—z|F)=E(¢|F) -
Then g does not depend on y.
Proof. The proof is a direct application of Proposition 2.3. Indeed, if we pick a triple (¢,y, 2)
in [0, T[xR x R, we have,

. 1
9(t,y,2) = lim —{&(y+2- Wiy = W) | F) — v},

where the limit is taken in L2.
On the other hand, we have &, (y +z- (Wipe —We) |.7-"t) =y+&, (z c(Wige — W) ‘ .7-}) which
yields

.1
g(ta Y, Z) = 11I(I)1+ ggg(z ’ (WtJrs - Wt) ‘.7'—15)
Hence g does not depend on y. .

Let us consider, for i = 1,2, g; : @ x [0,T] x R — R s.t. (gi(s,z))
measurable for each z.

s€[0,T] is progressively

Theorem 4.4 Let us assume that (A1), (A3) and (A4) hold for g;, i = 1,2, and let us
suppose that:

\V’f € LQ(]:T)a 891 (g) < 592 (g)a

then, P — a.s., we have
Vs €[0,T], Vz € RY, g1(s,2) < ga(s, 2).

Proof. Firstly, we show that under the assumptions of the theorem, for each & € L2(Fr) and
for each t € [0,T], &, (5 |.7-"t) <&, (5 |.7-"t) and then we will apply the converse comparison
theorem, Theorem 4.1 above, to get the result.

For each ¢ € L2(Fr) and for each t, we have, by assumption,

Eq{C = €0 (Cl1F)} < E{C—Ea (CIF) )

and by Lemma 4.2, we get Sgl{C — &g (C | .7-})} =0 and

€0 {C =€ (C1F)} = E0a (€ {C — €0 (C1F) | R} ) = €0 {80 (C1F) = €0 (C1F)
and thus, we deduce that
VC € LQ(FT)a vt € [OvT]a 592{592 (C |ft) - 591 (C|'7:t)} > 0.

Let us fix ¢ € L2(Fr) and t € [0,T]. Applying the previous inequality to ¢ = §14y<0y, Where
n =&y, (5 |.7-"t) — &g (5 |.7-"t), we get, noting that &, (51{n<0} |.7-"t) = 1«0 € i(f |.7-"t) since n
is Fy-measurable ([8, Lemma 36.6]), &, (n1{,<0}) = 0.
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On the other hand, since obviously the random variable 11y, .oy is nonpositive, we obtain
from the classical comparison theorem the fact that &, (nl{n<0}) < £4,(0) = 0. It follows
that &g, (nl{n<0}) = 0, and by the strict comparison theorem (see e.g. [8, Theorem 35.3]),
we deduce that PP — a.s. n1, <oy = 0 which says, coming back to the definition of the random
variable 7, that £, (£ | F) > &g, (£ 1), P — a.s.

Thus, we can apply, in view of the assumption (A 3), Theorem 4.1, to obtain that, P — a.s.

Vs € [OaTLVZE]Rdv gl(S,Z) SQQ(S,Z),

which is the result we want. O

We will precise this result in a particular case but before we recall an elementary property of
convex functions.

Lemma 4.5 Let h: R* — R be a convex function and let us assume that h is bounded from
above. Then h is constant.

Proof. Since h is convex, we have, for each y and for each a € [0,1], h(ay) < ah(y) +
(1 — a)h(0), and then, for each = and for each o € [0,1] , choosing y = a2/« in the previous
inequality, we get h(z) < ah(x/a) + (1 — a)h(0). Since h is upper bounded, say by M,
the previous inequality yields h(z) < aM + (1 — a)h(0), and sending « to 07, we get Vo €
R™, h(z) < h(0).

But, on the other hand, for each z, 2h(0) < h(z) + h(—z) and by the previous inequality we
deduce that 2h(0) < h(x) + h(0) which says that h(0) < h(x).

Thus h is constant. |

Remark. As a byproduct of this lemma, we deduce that if g satisfies the assumptions (A 1)
and (A 3) and if (y,2) — ¢g(s,y, z) is convex then in fact g does not depend on y. Indeed, if
z is fixed, the function y — g¢(s,y, ) is convex. Moreover, since g(s,y,0) = 0, the Lipschitz
assumption gives |g(s,y, z)| < K|z| and thus by the previous lemma y — g¢(s, y, z) is constant.
Of course, the same result holds for concave functions.

This remark explains why we only consider functions of the variable z in the following result.
Keeping the same setting as in the previous theorem, we claim the corollary:

Corollary 4.6 Under the assumptions of Theorem 4.4, if we assume moreover that, P — a.s.,
for each s, z — g1(s,2) is convex (respectively z — ga(s, z) is concave), then, if

VEELA(Fr),  £4(€) < E4(9),
there exists a progressively measurable bounded process (at)te[O,T] s.t. P—a.s.,
Vs €[0,T], Vz € R?, g1(s,2) = ga(s,2) = as - 2.
Proof. By Theorem 4.4 above, we deduce that
P—a.s. V(s z) 91(8, 2) < ga(s, 2).

But the function z — (g1 — ¢2)(s, 2) is convex and bounded from above by 0. Hence, we
deduce, from Lemma 4.5, since ¢1(s,0) — g2(s,0) = 0, that g1(s,2) = ga(s, z). It follows that
g1(s,-) is convex and concave and then g; is a linear map since g1(s,0) = 0. So there exists a
progressively measurable process (at):epo,) 8-t P — a.s.,

Vs € [0,T)], Vz € RY, 91(8,2) = ga(s,2) = as - 2.
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Moreover, the process « has to be bounded since the function ¢ (s, z) is Lipschitz in z uniformly
w.r.t s by the assumption (A 1). O

Remark. This corollary covers the case of linear generators. However, it is worth noting that
linear generators are a particular case of the following situation: assume that g; is a function
which is odd in the variable z and even in the variable y. Then, it is very easy to check that
& — &4, (§) is also odd. Therefore, if we have, for each £, &, (€) < &, (€), the inequality is
actually an equality. Thus by Z. CHEN’s result, we have g1 = go.

5 On Jensen’s inequality

This short section is devoted to Jensen’s inequality for g—expectation, but before we recall an
elementary property of convex functions.

Lemma 5.1 Let h: R — R be a convex function. Then, for each x € R, we have:

haz) < ah(z) + (1 — a)h(0) if a €]0,1],

hazx) > ah(z) + (1 — a)h(0) if a €]0,1[°.

Proof. Let us fix # € R" and let us set, for a € R, f(a) = h(az) — (ah(z) + (1 — @)h(0)).
Then, f is a convex function on R. Since f(0) = f(1) = 0, we immediately get the result. O

Now, we give a counterexample to the Jensen inequality. Consider g : R — R defined as
follows: g(z) = 22 if z € [-1,1] and g(2) = 2|z| — 1 if |2| > 1. Let us introduce, for a fixed
o €]0,1], ¢ :== —o*T + cWz. Obviously, the solution of the BSDE

T T
Yt:§+/ g(ZS)ds—/ ZdW,, 0<t<T,
t t

is ((—o2t+ oWy, 0)) Hence, for each ¢ € [0, T], we have:

te(0,T]"
o2
——t

1

g
—Ws.
+2 t

Let us remark that, the solution of the BSDE
1 T T
Y, = 55 +/ 9(Zs)ds — / ZsdWy, 0<t<T,
t t

is given by {(%Wt — %2T—|— (%)Q(T —t), %), te [O,T]}. It follows that:
1 1 o’
§5g(§ | Fi) — gg(§§ | F) = (T t)Z’

which is positive as soon as t < T.

This contradicts Jensen’s inequality in the simplest case i.e. the function is linear (z —— x/2)

and the generator is convex which implies, by the comparison theorem, that { — &£4(&) is
convex.

We end this paragraph by studying the Jensen inequality in a particular case: g independent
of y and g convex in z.
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We assume moreover that P — a.s., z — g(s, 2) is convex for each s, and we fix £ € L2(Fr).
Let us consider a function F' : R — R which is convex and s.t. the random variable F'(&)
is square integrable. By OF (x) we mean the subdifferential of the convex function F' at the
point x (see e.g. R. T. ROCKAFELLAR [11]) which, in our context, reduces to the interval

[Fy (), Fy(x)].
Proposition 5.2 If P — a.s., OF (£,(£ | F1))N]0,1[#£ 0, then
P—as  FP(&(E|F)) < &(FE)|F).

Proof. By the assumption on the subdifferential of F', we have

F(§) = F(&(&| 7)) = B(E - E(E|F)),

where (3 is an F;—measurable random variable with values in ]0,1[¢. Let us a pick a positive
integer n. Multiplying the previous inequality by 1q, where £, stands for the set {|€y (] )|+
|8] < n} we have, setting moreover 3, = f1q,,

Lo, [F(§) — F(&(E1F0)] = Bu(€ — E(E|1F)).

It is worth noting that the four terms of the previous inequality are square integrable since &,
F (&) belong to L2(Fr), B, is bounded by n and F' is continuous on R as a convex function.
Thus, taking into account the fact that (- | F;) is nondecreasing, we deduce that

&g (19 [F(&) = F(&(& | )] ‘ﬂ) > &y (@L(ﬁ —&(&|FR)) ‘ ]:t)
and since 3, and 1lg, are F;—measurable, Lemma 4.2 implies

gg(]-QnF(g) |ft) - IQ7LF(59(£ |-7'.t)) 2 gg(ﬁng |ft) - 67159(5 |-7:t) (9)

On the other hand, since f,, is F;—measurable and since f,, €]0,1[°, we have the inequality
&y (ﬂnf | .7-}) > Bnéy (f |.7-"t). Indeed, for t <r < T,

T T
ﬂnYr = ﬂnf +/ 6719(87 Zs)ds - / 67125 'dWs;

and since g is convex and 3, €]0, 1[°, Lemma 5.1 shows that, using the fact that g(s,0) = 0,
foreacht <r <T,

T T
BnY, < Bng +/ g(&ﬁnzs)ds - / BnZs - dWs.

As a byproduct of this inequality, we get that 3,&, (f |.7-'t) <& (ﬂnf |.7-'t), and coming back
to the inequality (9), we obtain the inequality

Vne N, 1q,F(&EIF)) <&(1a,F(&)|F).

If n — 400, 1g, F(€) converges to F(€) in L?(Fr) and since £ — &,(¢ | F;) is a continuous
map from L?(Fr) into L2(F;) (see e.g. S. PENG [8, Lemma 36.9])we conclude the proof of the
Jensen inequality in this context letting n tends to infinity. o

Remark. Tt is also possible to obtain the Jensen inequality when the function ¢ is concave
instead of being convex. In this context, this requires essentially the fact that the convex
function F satisfies 0 < F'(z) <1 (e.g. F(z) =1/m{zArctanz — 1/2In(1 + 2%)} + z/2).
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