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ABSTRACT. We show regularisation effect of nonlinear gradient noise to the solution of 1D
stochastic parabolic equation. We demonstrate convergence to a martingale (independent upon
space variable) when we rescale noise at the extremum points of the process.
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1. INTRODUCTION

Regularisation of partial differential equations by noise has been an object of intense study
for a number of years, see book of Flandoli [3], paper of Flandoli, Gubinelli and Priola [5] and,
more recently, a review of the literature in Gess, Souganidis [9]. For instance, It was shown in
Flandoli, Gubinelli and Priola [5] that the equation

du + b(z)Vudt = Oyu o dpy

can be well posed even if the corresponding deterministic equation is not. Their proof was based
on linearity and homogenuity of the noise. An example of nonlinear equation, where the noise
does not improve regularity can be found in Flandoli [3]. The effect of regularization by non-
linear stochastic perturbations in the setting of stochastic conservation laws has been recently
considered in Gess, Souganidis [9, 10] and Gassiat, Gess [8]. The purpose of our work is to study
regularisation by noise in the parabolic setting. Our estimates (Theorem 4.1 and Proposition
6.1) show that nonlinear gradient noise, when appropriately scaled, leads to flattening out of
the system (compare with Example 6.1 in Section 6 for the linear case).

The process we consider can be described as an Ornstein-Uhlenbeck process with the noise
that is “rescaled” at stationary points of the solution. Informally, it can be described as a limit,

Date: July 16, 2019.

2010 Mathematics Subject Classification. 60H15, 37K99.

Key words and phrases. regularization by noise, regularity.

Corresponding author, e-mail: misha.neklyudov@gmail.com.
1



when e — 0, of solutions to the stochastic PDE of the form

(1.1) deE:Alﬁdt—i—g(%) ocdW, zeS' t>0,
€

¥(0) = o € L*(S').

where S! stands for the unit circle, (WtQ) is an L? (S')-valued Wiener process with the trace-

class covariance operator (), stochastic integral is understood in Stratonovich sense, A is a
dissipative operator, and ¢ is a bounded function with derivative ¢’ that is concentrated near
zero (Precise definitions are given later). A typical example of g is g(z) = \/1|i|7,z € R.
Intuition behind this example is that we are “switching off” the noise at the critical points of g

and, as € — 0, the limit of equation (1.1) can be informally written as

(1.2) dip = A dt +idgy, 20y dWS2, €S t>0,

€
since g <%) — idyy, 20y pointwise. Our result shows that the limit e — 0 of ¢ is actually
€

space independent function. In particular, we cannot define meaningful solution of equation
(1.2) in this way.

The motivation of the setup comes from micromagnetics. It is well known [1] that the theory
of stochastic Landau-Lifshitz-Gilbert equation

(1.3) du= (ux Au—aux (ux Au))dt +vau xodW(t,z), t>0,zcS uecs?

a, v > 0 (where stochastic integral is understood in Stratonovich sense) does not cover physically
important case of W being R3-valued, cylindrical Wiener process. It is expected that the
following toy model can give insight into this difficulty:

(1.4) du = a(Au+ |Vu?u) dt + vut o dn(t,z),a,v > 0,t > 0,z € S, u e S,

where u = (u',u?) takes values in the circle instead of sphere, ut = (—u? u'), stochastic

integral is understood in Stratonovich sense and dn is 1D white in time and colored in space
noise. Then putting u = ¢** and using the It6 formula we find that

dp = alA¢ dt + vdn.

Note that now ¢ is an Ornstein-Uhlenbeck process that is well defined even if dn is the space-
time white noise and, in this case, ¢ has enough regularity to define e*?. Furthermore, ¢ has
a unique Gaussian invariant measure, which can be transformed into the invariant measure of
u. Parameters o and v are connected with macroscopic temperature 7' of the system through
fluctuation-dissipation relation

21
v2  kgT
Now rescaling of ¢ at the extremum points can be interpreted as “cooling off” (for the

||
V1422
(or “heating up”) at the extremal points leads to flattening out of the system i.e. we deduce

that ¢ weakly converges to a martingale ¢ independent of the space variable. That seems to
be of interest because we change the system only locally while the result is global.

) the system! at extremal points. Our result states that such “cooling off”

function g =

2. DEFINITIONS

We identify S' with the interval [0,27). Let H = L?(S', R) with scalar product (-,-). Then
the system
1

1
— e -
Jon 2k+1 N

Lor different g it could also be “heating up”

el = cos kz, sinkx, k>1,

1
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is an orthonormal basis in H. Let
H;:=lin{ey,...,e}, €N,

and let m; : H — H; denote the orthogonal projection onto H;. For n € NU {0} and p > 1
w denote by W™P(S!) the Sobolev space of all functions f € LP(S!) such that their weak
derivatives up to order n have finite L norm. For p = 2 we will use a simplified notation
Wn(St) = W™2(S!). For a Hilbert space X we denote by W*P([0,T], X),a € (0,1),p > 1, the
Sobolev space of functions u € LP([0,T], X) such that

|u(t) X
// t—s|1+ap dtds < 0o

0

o

endowed with the norm

lu(t)
[ — /yu o dt+// |1+apX dt ds

We will assume that the H-valued Wiener process WtQ is defined by the series

O (z) = Z%’ﬁz@i($)»
i=1

where {8{}22 is a sequence of independent real-valued Brownian motions and
qu2 < 00, Zl2q§l < 00,
(21) =1 =1
03, = dhp1, K EN.
Assumption 1. A: W?2(S!) — H is a linear operator such that for certain o >0 and 8 € R
(2.2) (—Af, Hwisy = al gy + BIf i s
From now on and until Section 6 we will assume that

Assumption 2.
9,9 € Co(R),

where Cy(R) stands for the space of bounded continuous functions defined on R.

Equation (1.1) can be reformulated as an It6 equation as follows:

due = (Az,zf L mgp (‘/’) ) dt+g <w) awe,
(2.3)
¢6(0) — w0>

o0
where M = % > g} (derivation of the Stratonovich correction is given in appendix).

In order to define a weak solution to equation (2.3) we need some preparations. First, we define
a function

(2.4) Gz) = / P dy, zeR

Then the following simple lemma follows from integration by parts.
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Lemma 2.1. For any ¢,v € C%(S') we have

]' / x x x
(2.5) ez/qszpm Pk <7'i> dz = —/(’iG (i) dr,
St St

where G is defined by (2.4).
Next, we note that in view Assumption 1 we have a Gelfand triple
w2 (sh)y cwh(sh)y c (w2 (") =H,

with continuous and dense imbeddings and A is coercive in W* (Sl). Therefore, the operator

A* - W? (Sl) — H is bounded. In particular C? (Sl) is dense in the domain of A*. Now, we
are ready to define a weak solution to (2.3).

Definition 2.1. Let € > 0 be fired. We say that there exists a weak martingale solution
of equation (2.3) if there exist a filtered probability space (2, F,(F:),P) and a progressively
measurable, W' (Sl)—valued process ¢, such that for every T > 0

() e C([0,T), H)nL* (0, T; W' (S")), P-as.
and for every t > 0 and any ¢ € C*(SY)
t
€ * M
@iy [(F6(F)) o
0

t
¢€
; <g($)¢QdW§,P—a&7
nas

We say that ¢ is a strong martingale solution if it is a weak martingale solution, such that for
every T >0

(@°(1), 9) = (Yo, @) +

o .

ve(-) e C ([0,T],W* (SY)) nL? (0,T; W2 (Sh))

t AR
wo-l-o/( ! ( . ) :cac) d
(2.6) +/g (@bf) dWe, P—a.s.
0

We will denote

and for every t > 0

A W3S — H, Aef—Af+ H< >fm

o WASH = L2(SY),  o%(f) = g <f> .

€

We define the Galerkin approximation of equation (1.1) as follows

™ = T (AT t™)) dt + T (0 (T t)™)) T d WS,
(2.7)

P™4(0) = Tmtbo.
For every m > 1 equation (2.7) can be considered as an SDE in R with continuous coefficients

and therefore has a local solution.
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3. A PRIORI ESTIMATES

In the following proposition we will deduce energy estimates uniform in € and m to conclude
the existence of a global solution to equation (2.7).

Proposition 3.1. For everye > 0,t >0 and any m=1,2,...

t

E [4™(8)[% — 2F / (AY™, )y dis

0

t
+ME/ Ve G(%Z):r >dxds
€

€

0 st

t
(3.1) §E|¢g“6|§q+ME//|g|2 <%> dz ds.
€

0 st

Moreover, we have following estimate from below

t
E‘me’Q 2E/ me wm€ HdS
0

+MIE/ Ve G(qﬁ”’ ) d ds
€

€

0 st
(3.2) > By |4
Furthermore,
t
E|pme 21E/ (AY"™) g, i ) ds
0
t m,€e
(3.3) < Bl + M [ [ 1o (‘”) du ds,
€

0 st

Proof.

e Since Y"™(t) € Hy, for every t > 0 and m > 1, we can apply the It6 formula to deduce
that

(3.4)

t
0 = 0 +2 [ ¢mwmfgds+//ww r(% )dxds
0

+2Z//¢mﬁ <we>qzez( ) dydB' (s +Z//qu7rm< <¢%>e> 2 dy ds

leSl
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(3.5)

Combining identity (3.4) and Lemma 2.1 we get

t
‘wme‘Q Q/Awme,wmeHdS—FM//wx <1/}16‘ >d$d8
0 0

=m0 +23 g / / 0 g(P i) dyd (s
=1

i e ()

t

=23 a [ fumo (V) e duas' ) o0,

=1 3 &

We note that

is a local martingale. Define stopping time

Tm.e(k) := inf{t > 0; "™ (t)|3; > k}.
Then Ny, ((t) := My (t A Time(k)),t > 0 is a martingale. We will show that for every
m>1ande>0

im 7y, (k) =00, P—a.s.
k—o0

Putting t := [ A 7y, (k) in identity (3.5) and taking supremum over all [ < r we obtain

rATm,e(k)
sp 673 (0 A i (1)) — 2 / (Y™ ™) ds
T/\Tme(k) me mE
+M / /1/]3: % )dd8<|1/)m€|2()
l/\7'm6 mae
+25up Sa / /wmﬁ (Y= ei(y) dydsi(s)
T 'Z»i 0
o rATm,e(k)
¢ [ [ (g< >) 2dyds
i—1 5 @

Consequently, taking expectation of inequality (3.6), applying the Burkholder-Davis-
Gundy inequality and the Gronwall inequality we find that there exists C' > 0 such
that

Sup]Esup [ 2 (A T (k) < O
I<r

Therefore,

??\Q

P(rnc(k) < 1) = Plsup |43 (1) > k) < 1
<t

1 mie
fEslg)w V(A Time(k)) <

and a.s. convergence Ty, (k) — oo for k — oo follows (by taking subsequence over k).
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Now we have from identity (3.5)

tATm, (k)

B[ 2 (£ A Ty o(k)) — 2E / (A, ™) 1 ds
0
tATm, e (k)

(3.9) + ME / /w;:’EG(w;:’E)d:zds

0

t/\Tme
= IEWmEF )+ Zq / /‘Wm < (@ZJZ’) ei> \Qdyds.

Now we pass with & — oo in (3.9) and notice that projection |mm|z(m gy < 1t

¢
(3.10) ™| %, (¢ 2IE/ (A€, 4p™€) Hds+M]E/ % (w“" > dx ds
€
0 0
m,€e ¢;n76
< B3 (0) + ME / J1aP ayas,
0 st
and the result follows.
e From identity (3.9) follows that
(3.11)
tATm, e (k) tATm, e (k) e e
E[™ 2 (¢ A Tan.e(k)) — 2E / (AG™, ™) gy ds + ME / /% G (wl’ > d ds
€ €
0 0 1
> E|¢™<[3(0).
Passing with £ — oo we obtain estimate (3.2).
e We apply the It6 formula to deduce that
t ¢m6
(312) ) -2 [ ((avm) x,wm€>Hds+//| Py
0 0
w;” * i
+2Zqz [ Jei da df(s)
0
00 wm,e ¢m,e ¢m,e 2
7 0)+Zq@2// 7Tm|: zm g'( z Jei + 9g( z )(61)$:| dx ds
=10 g
The last term in (3.12) can be rewritten as follows
00 ¢ ¢m,e wm,e 2 00 j wm,e 2
2 zx 1, YPx ] 2 T )
a3 Sd [ [ | [ g (Y m} dwds+Y a2 [ [ | [g< ; ><ez>l} da ds
i=1 0 st i=1 0 st

e y m,e m,e e
i= 0 S



m,e 0o t m,e
_Z% //‘Wm|: 7’% ei] ‘deds+;qfo/g[‘7rm [g(wi )(el)x} ‘deds

. 22%2 / [ |20 (P =) [ o2 e | s
=

)(enw} s

) t e mc - ‘
< ;qf O/S[’Wm [1#;? g/(@bz )6i:| lzdxds—k;qi? O/SZ‘FW [g(

o) t e e - . .
+;q’20//‘((id—ﬂm> [w? g’(wz )ez} ‘2dmds+;qfo//‘(id—7rm) [g(wi )(ei)x} o ds
‘Z%// PR e dwds+zq1//r o e asas

0 0

where the first equality follows from the fact that

22% //wmf / (‘”m) eig <W:> (€i)q dzds = 0,

o 1 o
> e, - | (z q3|ei|2> “o,
=1 =1 z

and thge second inequality is a consequence of the Cauchy-Schwartz inequality.
Combining formula (3.12) with inequality (3.13) we can deduce that

because

t
(3.14) 2/ ((AY™) o, 1) g dis
0

+22q //wm g<¢€’€>eidxdﬁi(8)

0

t
< [ 2,(0) + My / / gl? <¢6> d ds,
0 st

o0
where My = % > l2q§l. Conclusion of the proof follows in the same fashion as in part 1
1

(i.e. considering appropriate stopping time to stop local martingale in formula (3.14),

taking expectation and the limit).
O

Corollary 3.1. Assume that there exists constant C' > 0 such that g € L*°(R), 0 # ¢ €
L? N L*>®(R) satisfies

(3.15) (/ / 1912 s% >0,



and
(3.16) Kk = min /]g\ dy,/]g| )dy p > 0.

Then there exists C(t,a, 3, |g|re,10) > 0 independent of m and € such that

(3.17) /Ew;”ﬂp ds < cg,
0

Proof. By boundedness of g, dissipativity of A (2.2) and a priori estimates (3.1), (3.3) we have
that

t
(3.18) B [ [P deds < Ot gl ).
0 1
Hence we have that
(3.19)
¢ m,€e m,e L m,€e m,€e
IE/ / Yo e )dxds+]E/ / Ve (Y dwds < C(t, o B, lgluoe o).
€ € € €
0 {yz"°>0} 0 {y5" <0}

Consequently, condition (3.15) together with the estimate (3.19) gives us that decomposing

0 Yz /e
L m,e
E/ / Yol /\g| )dy dxds

0 {uz" >0}

¢ me O
ve [ [P [P dydrds < Ot 8ol o),
0 {y3°<0} —o0
and the result follows. O

The a priori estimates of Proposition 3.1 are uniform w.r.t. both parameter ¢ and dimension
m of the approximation space H,,. The next a priori estimate will give us bound on fractional
time derivative of the solution. The estimate is not uniform w.r.t. e.

Lemma 3.1. Foranye>0,T >0, a € (0, %) there exists C(e, T, o) such that

(3.20) E["™ fya2 o,y < Cle T, a).
Proof. By definition of 9™ given in (2.7) ¥""¢ has the representation
t t
U = 0 O) 4 [ FnA ™) s+ [ 0 (™ dVR),
0 0

Now for any fixed € > 0 the drift term is bounded in L?(Q, W2([0,7T], H)) by a priori estimate
(3.3). Furthermore, diffusion term is bounded in L*(Q, W*2([0,T], H)) for any a € (0,3) by
Lemma 2.1, of [4]. O

Now we are ready to take m to infinity in Galerkin approximation (2.7) and show the existence
of strong solution of equation (1.1) for any € > 0.
9



4. MAIN RESULT

Proposition 4.1. Assume that g € Cyp(R), ¢’ € L*(R) N Cy(R) satisfies conditions (3.15) and
(3.16). If 1o € Wh2 (Sl) then there exists a strong martingale solution ¥ of the system (2.3)
and a constant C(t,a, B, M,|g|re<,10) > 0 such that

t
(4.1) [ Bl ds < =,
K
0

where K is defined by (3.16). In particular,
t

limsup/Ehp;\Ll ds = 0.

e—0 5
Theorem 4.1. Assume that conditions of Proposition 4.1 are satisfied and A*(1) =0 i.e.
(4.2) /A¢ dx =0, Yo € C=(Sh).
1

Then there exists a martingale ¢ € L*(Q,C([0,T],R)) and a sequence {€}°,,€ \, 0, such that
for any ¢ € C([0,T] x S*) we have

t
//1/16’(87957') S, ) dwdSH—oo>/¢ /(bs x)dxds in law.

0 st
t) = 217T/¢0(:L‘) dx
St

Remark 4.1. It remains an open problem to find the quadratic variation of .

Furthermore,

Remark 4.2. Assumption (4.2) in Theorem 4.1 is made for simplicity. Otherwise, we would
obtain, for ¢ — 0, a martingale with additional drift term. The structure of the drift would
depend on the exact form of the operator A.

5. PROOFS OF PROPOSITION 4.1 AND THEOREM 4.1

Proof of Proposition 4.1. Let {{p™}en.e>0 be the Galerkin approximation introduced in (2.7).
According to Proposition 3.1 and Lemma 3.1 we have the following a priori estimate

m,e m,e 1
sup [EW “Nvacorm + B 2o mmwee @ yncqonwieey) | <00 € <0’ 2> :
If 0 < @ <  then by Theorem 2.1 in [4]

L2([0, 7], w2*(S1)) n W([0, T], H) € L*([0,T], W"*(Sh)) ,

with compact imbedding, hence the family of probability laws £(¢)"™€) is tight in L2([0, 7], W12(S!)).
Hence, there exists a subsequence ™ (still denoted as ¥ ¢), such that £(¢"¢) weakly con-
verges in L2([0, T], W12(SY)) (for fixed € > 0). By the Skorokhod embedding theorem (cf. [7],

p.9) there exists a stochastic basis (Q, F,{F;}+>0,P) and random variables ¢, ¢, m € N,
defined on it and taking values in L2([0, 7], W12(S!)), such that
O™ = ¢ in L2([0,T],WHA(SY) P - a.s.

and the probability laws of vaf and ™€ on L%([0, T], W2(S!)) are the same. Therefore, 1Zm75
satisfy the same a priori estimate as 1" €. Consequently,

(5.1) V¢ e L2([0,T), W*2(SYH)) n ([0, T), W'(SY)), P-as.,
10



and ™€ — ¢ in L2(Q x [0,T], W22(S1)) weakly. Define
t
M™E(t) = ™ () — Tt ™ (0) — /Wm(Ag(Wme’e)) dt,t > 0.
0

Then {M™¢};>¢ is a a square integrable martingale with respect to the filtration (G™°); =
o({y™*(s),s < t}) with quadratic variation

t
o0
(), = 30 [ Imno (™)) s
=1
Indeed, since the laws 5(7:/;’”’6) and L£(y™°) are the same we have that for all 0 < s < ¢,

X e Cy(L2([0, T), WH2(S1))) and ¢,y € C=(S1)

(5-2) E[(M™(t) = M™(s), o)A ("™

[0,s] )] = 07
and

(5.3)
EA@W™ j0,6)) [(M™(2), p)(M™(t), ) — (M™(s), p)(M"™(s),7)

>4 /(M(U(Jm’e)ei)@ T (0 (™)es)) ds] = 0.
=1

S

It remains to take the limit m — oo in equalities (5.2) and (5.3). By a priori estimates
(3.3),(3.1), all the terms in equalities (5.2) and (5.3) are uniformly integrable w.r.t. w. Thus
it is enough to show convergence P-a.s. Note that for any test function ¢ € C°°(S') the drift

t ~
term <f T (A€ (™)) ds, qS) can be rewritten as follows
0 H

t

t ~ t
(5.4) /Wm(AE(zZm’e))ds,¢ = —% (”mfx,(; (wt )) ds+0/@mv€,A*¢) ds,

0 0

where G is given by (2.4). Indeed, representation (5.4) follows from integration by parts.
Consequently, the convergence of the first RHS term in (5.4) follows from the global Lipshitz
property of the function G. Similarly, we can show the convergence of quadratic variation.
Now, the existence of weak solution follows from the Representation Theorem for martingales
(Theorem 8.2, p. 220 [2] ). The weak solution is a strong one by the regularity property (5.1)
and integration by parts formula. The identity (4.1) follows from identity (3.17). O

Proof of Theorem 4.1. We can represent ¥°¢ as follows

1 1
Y = wE—/wEd:ﬁ +/w€dfc.
2w 2w
St St
Let

T 2m
x@) = [y~ 5 [ o)y, weo.2m).
0 0
11



2w
Note that x, = ¢ — i [ ¢(y) dy. Consequently, we have by integration by parts that
0

‘/T/(@DE;F/@DEd:L")qbdxds‘
st st

0

T
1
= // we—/wedw Xz dx ds
27
st St

0
T T

_ / / oxdzrds| < |1l =qorixst) / / S| de ds
0 st 0 st

which converges to 0 by Proposition 4.1. Hence it remains to find the limit of

1
Me(t) :27[_/¢€d$, tZO,
St

for € converging to zero. First, let us note that we have the following representation of M¢€:

t
(5.5) ME(t) = 217T/1/)0(x) dx+217r//g (‘if) dedW@, >0,
St 0 st

where we have used Assumption (4.2) to cancel the drift part. Thus we find that M, is a square
integrable martingale and by the Burkholder-Davis-Gundy inequality

supE sup |[M ()P <oo, p>1.
0 te[0,T]

Furthermore, we can deduce from representation (5.5) that

1
sggE\Me\%a,p([o’TLR) <00, «a€ <0> 2> , p> 1

Hence, by the compact embedding theorem, the family of martingales {M¢; € € (0,1)} is tight
in C([0,7],R). Consequently, by the Prokhorov Theorem there exists a sequence ¢, N\, 0 such
that M€ converges in law to the process ¥ in C([0,T],R). In particular,

T T
Me(s) ¢(3,x)dmdsH—oo> v(s) [ ¢(s,x)dxds, in law.
[ [*]

The process 1 is a square integrable martingale (see, for instance Proposition 1.12, Chapter 9
of [6]) with expectation

BU(0) = 5 [ vo(o)ds.
Sl

6. EXAMPLE AND COUNTEREXAMPLE

Here we will present example when the regularisation effect holds although g does not satisfy
conditions of the Proposition 4.1. Furthermore, we will give a counterexample showing that in
the linear case we don’t have this effect.

Ezample 6.1. Assume that g is linear: g(z) = z. In this case Assumption 2 is not satisfied, and
homogenisation doesn’t hold as following elementary example shows. Let A = 92, with periodic
12



boundary conditions and assume that noise W< = £ is a one dimensional Wiener process. Then
system (2.3) has a unique solution of the form

¢E(t,w)=¢o<x+ﬁiﬂ), t>0, zeSt.

t
Consequently, the integral f E|¢S |11 ds does not depend on e.
0

Ezample 6.2. Assume that g(z) = sin z.

Proposition 6.1. Assume that g(z) = sinz and A satisfies Assumption (2.2). Then there exist a
strong martingale solution ¢ of the system (2.3) and a constant C = C(t,«, 8, M, |g|p>~, 1) > 0
such that

t
(6.1) /EW;\%Q ds < Cé2.
0

In particular, we have that
¢

limsup/EW);@g ds = 0.

e—0
0

Proof. A priori estimate (6.1) follows directly from the It6 formula. In this case it is not
necessary to use decomposition of integration interval as in Proposition 4.1 and, consequently,
we don’t need conditions ¢’ € L%(R),(3.15). In the same time, function G is globally Lipshitz
and the proof of convergence is exactly the same as in Proposition 4.1. O

7. APPENDIX

In the appendix we formally calculate the Stratonovich correction term for equation (1.1). From
(1.1) we have

1 % Q _1 1 / % € Q
(o () we), =5 f 3o (5) avowe)
t
! < IE, <wz) <g, <wz) Yo g 4 g (%) dW5> ,WQ>
2 € € € € €
0
t ) . t 1 .
(7.1) =/262\g’ ’ (%”) Cep (@) d8+/4€g’g (%) pS () ds,
0 0

(o]
P2 =>giej.
n=1

Note that we can rewrite p@ as follows

t

2 00 ) 00
i 1 : 1
) = 2t LS (@ cott o+ usintne) = 302 4 3 (s - ) cos2na
n=1 n=1 n=1
Consequently, condition (2.1) implies that
1 o
(7.2) Mi=p?=—3 q. =0
n=1



Combining (7.1) and (7.2) we find that

t
Vi e\ — M [ o2 (Ye) e
(73) 5 (0 (%) we) =35 [ 1ol (5) viaas.
0
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