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Physical motivation and previous results

Small systems and Optimization
e At mesoscopic scales, the size of the fluctuations are of the same order
of the magnitude of the observables.

o Nonequilibrium fluctuation relations imply that dynamical fluctuations
contrary to the thermodynamic forces are likely to occur in small systems.
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of the magnitude of the observables.

o Nonequilibrium fluctuation relations imply that dynamical fluctuations
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Physical motivation and previous results

From fluctuation relations to optimal control:
ground-breaking and stepping stones

Fluctuation relations, time reversal and stochastic thermodynamics
o Gallavotti & Cohen, Phys. Rev. Lett., 74, 2694-2697 (1995).

Jarzynski, Phys. Rev. Lett., 78, 2690-2693 (1997).

Kurchan, J. Phys. A, 31, 3719 (1998).

Lebowitz & Spohn, Stat. Phys., 95, 333-365 (1999).

Maes et al., J. Math. Phys., 41, 1528-1554 (2000).

Chétrite & Gawdzki, Comm. Math. Phys., 282, 469-51 (2008).

Optimal control of finite-time thermodynamics
e Schmiedl & Seifert, Phys. Rev. Lett., 98, 108301 (2007).
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Physical motivation and previous results

Transition between two assigned states in a finite time

horizon [z, , ]

2
ne(q) = (%) o~ BSia)

Wi, — - — Oy Eny,

mo(g) = (%)d/ 2 B .
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Physical motivation and previous results
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Physical motivation and previous results Stochastic Thermodynamics of Langevin—Smoluchowski models

StOCh astic ThermOdynam iCS Sekimoto, Prog. Theor. Phys. Suppl. 130, 17 (1998)

dr 2
dét = —3@U(£t,t) ? + Edw,
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Physical motivation and previous results Stochastic Thermodynamics of Langevin—Smoluchowski models

StOCh astiC ThermOdynam iCS Sekimoto, Prog. Theor. Phys. Suppl. 130, 17 (1998)

Wiener increment

dt <
d, = 0 U(€n1) - +
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Physical motivation and previous results Stochastic Thermodynamics of Langevin—Smoluchowski models

StOCh astiC ThermOdyn am iCS Sekimoto, Prog. Theor. Phys. Suppl. 130, 17 (1998)

A€, = —0g,U(E. 1) ,/;'

Fluctuating heat release Fluctuating work during the
during the horizon [z, , ] horizon [z, , #]

Wiener increment

ty It
Oty = _/ dﬁt?a&U(ﬁzaf) Wi, = / dto,U(&,1)
1, it

o o

First law of thermodynamics in [z, , #]

Wite — Qnto = U (&1 1t) — U (&, 10)
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Physical motivation and previous results Stochastic Thermodynamics of Langevin—Smoluchowski models

Second law

Entropy production and current velocity

1 mo (&) _ g g 2
BQ,, + 5B T — B [ 2y P (gr) > 0

o

)42
v(g,t) = —0, {U(q,t) + ;ln(z)ﬂd/z(q’t)} =—0,(U-S)(q,1)
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Physical motivation and previous results Stochastic Thermodynamics of Langevin—Smoluchowski models

Second law

Entropy production and current velocity

‘/ Gibbs-Shannon entropy E {S(&,f, tr) — S(&iq 10)}

 d
E/ Iy 1P (€t 2 0
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Physical motivation and previous results Stochastic Thermodynamics of Langevin—Smoluchowski models

Second law

Entropy production and current velocity

/ Gibbs-Shannon entropy E {S(s,f, tr) — S(&iq 10)}

 d
E/ 1P @) = 0
‘ T

o

1
EQ ., + BEI

™ d/2m
v(g,t) = —0, {U(q,t) + éln(z)ﬂd/z(q’t)} =—0,(U-S)(q,1)

PI’Ope rtieS Of the curre nt Velocity, E. Nelson, “Dynamical Theories of Brownian Motion” 1967

V(q, t) . Eirar — &—ar
=lmEgs _,~———
T dlz% =4 2dr

TOm+ 0, mv=0
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Physical motivation and previous results Relation with optimal mass transport

Minimal entropy production in a finite time transition

E=P [ & Joourdxmle,1) || v | (x,1)
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Physical motivation and previous results Relation with optimal mass transport

Minimal entropy production in a finite time transition

g = ﬁ j;zf% f]RZd dZde(x,l‘) H v H2 (xat)
e v is the control protocol.

e £ is coercive in v: current velocity kinetic energy.
o Admissible protocols: we restrict to differentiable (viscosity sense) v

e Optimal control is local and deterministic: Hamilton—Jacobi equations.

&
Ny N
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Physical motivation and previous results Relation with optimal mass transport

Minimal entropy production in a finite time transition

E=p ft’f% Jga @ xm(x,2) || v ||* (x,2)
e v is the control protocol.
e £ is coercive in v: current velocity kinetic energy.
o Admissible protocols: we restrict to differentiable (viscosity sense) v
e Optimal control is local and deterministic: Hamilton—Jacobi equations.

Monge_Am pére—KantorOWCh eq U at|OnS Previuosly encountered in optimal mass transport:

Frisch et al, Nature 417, 260 (2002)
2
119U =5) |
—_— = 0
2 T Villani, “Optimal transport: old and new”, (2009)

Om — 18‘1 “[mOy(U—-S8)] =0
T

Brenier et al, MNRAS 346, 501 (2003)

(U =8) -

m(g,t) =me(q) & m(q,t) = me(q)
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o Cassical physical systems obey Newton’s law.

.
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

o Cassical physical systems obey Newton’s law.

o Langevin—Kramers dynamics: thermal stirring coupled to momentum
dynamics.
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

o Cassical physical systems obey Newton’s law.

o Langevin—Kramers dynamics: thermal stirring coupled to momentum
dynamics.

o How does the symplectic structure affect the selection of the optimal
control?
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Langevin—Kramers “metriplectic” stochastic dynamics

H:R¥xR,—R

dr 2
dy, = (J—G) ~8X,H? + 4 /ﬁ—TG.l/2 - dw,
To 1y o o
A oo 7]
Scalar generator of the process x; — x = [¢,p]" € R?? with ¢,p € R?

(e ={ (@H)J-0 —(8xH)~G-6x+%G:8x®8x L)

Symplectic structure

S0 (8, H) Dy, — (84, H) D), Diss{ipative "metric" structure
' ,’]=1[_(611,'H)8p,'+%8ﬁi]
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Thermodynamics

Natural involution associated to time reversal
lg.p] — g, —p] J

‘-\ UNIVERSITY OF HELSINKI
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Entropy production by Langevin—Kramers

Thermodynamics

Stochastic Thermodynamics of Langevin—Kramers models

Natural involution associated to time reversal
[g,p] — [gq,—P]

First law

Wi, = [ dtOH (&, 1)

IS = Wiy, — Qui, = H(& 1r) — H(&,, 10)
Qtfvto == fto dXt ’ 8X1H(£t7t)
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Entropy production by Langevin—Kramers

Thermodynamics

Stochastic Thermodynamics of Langevin—Kramers models

Natural involution associated to time reversal
[g,p] — [gq,—P]

First law

Wi, = [ dtOH (&, 1)

" ® = sz,zo - Qtf,lo = H(él‘f’ tf) - H(€ZQ; to)
Oty = — f,o dx: - Oy, H(&, 1)

Second law

1 m, (X, ) /tr dt 2
EQ,, + —Eln B[ =G-8, (H-S ot
Qlf,lo B mf(Xt() . T || X ( ) || (Xl )

P. Muratore-Ginanneschi (Helsinki Univ.) Extremals of entropy production by “Langevin—Kramers Roma 2013 11/28




Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Entropy production as utility functional
Relation with non-equilibrium Helmholtz energy

Ax,1) = (H — S)(x,1) = H(x,1) + %m <27T>;{;(xvf>

tf
5:5/ ﬁ/ (e, ) | G- BA |2 (x, 1)
to T JRrud
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Entropy production as utility functional
Relation with non-equilibrium Helmholtz energy

Ax,1) = (H — S)(x,1) = H(x,1) + %m @%{W

tf
5:5/ ﬁ/ (e, ) | G- BA |2 (x, 1)
to T JRrud

Relation with the current velocity
v(x,t) =J-0H(x,t) — G- 0y (H — S)(x,1)
O -v=—G:0;,®(H—-S)

Symplectic structure = incompressible component
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Entropy production as utility functional
Relation with non-equilibrium Helmholtz energy

Ax,1) = (H — S)(x,1) = H(x,1) + %m <27T);{;(xvf>

tr
5:5/ @/ (e, ) | G- BA |2 (x, 1)
I T JRrud

Relation with the current velocity
v(x,t) =J-0H(x,t) — G- 0y (H — S)(x,1)
O v=—-G:0,@0(H—-S)

Symplectic structure = incompressible component

Non explicitly coercive: no penalty on large 9,A

“Jo
e an-[)
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Difficulties

o Absence of explicit coercivity on all degrees of freedom

@ We require smooth evolution between the initial m, and final m; density
@ We restrict admissible Hamiltonian to C*V(R*, R ) N L*(R* md*x)
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Difficulties

o Absence of explicit coercivity on all degrees of freedom

@ We require smooth evolution between the initial m, and final m; density

@ We restrict admissible Hamiltonian to C*V(R*, R ) N L*(R* md*x)
o Entropy production depends only on the compressible component of the

current velocity
= control problem does not reduce to a deterministic one: H governs both the
compressible and incompressible components.
e Imposing kinetic+potential form of H leads to singular control.

*
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Difficulties

o Absence of explicit coercivity on all degrees of freedom
@ We require smooth evolution between the initial m, and final m; density
@ We restrict admissible Hamiltonian to ¢*" (R* R, ) N L2(R*, m d*x)
o Entropy production depends only on the compressible component of the
current velocity
= control problem does not reduce to a deterministic one: H governs both the
compressible and incompressible components.
e Imposing kinetic+potential form of H leads to singular control.
o Presence of incompressible component in the control
= Non-local constraint on the dynamics

*
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Example: incompressible Euler equation see e e oesson s convo

Proceedings, (2000

— " dx 2
A—A dt /Rdd {llv(x,0) | +K(x,0)0w(x,1)}
+/rdt/ ddx'In(x,to)~(v(Xt(x,tO),t)—)'(,(x,to))
to Rd

Variations for X, = X

K — variation O-v=0
® — variation X, —v(X;,1) =0
X, — variation D, (x,1,) + ®,(x,1,) - (8x, @v)(X,(x,1,),7) = 0

v — variation 2v(x,1) + ®,(X; ' (x,1,),1) — OK(x,1) =0
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Example: incompressible Euler equation see e e oesson s convo

Proceedings, (2000

— " dx 2
A—A dt /Rdd {llv(x,0) | +K(x,0)0w(x,1)}
+/ldt/ ddx'I),(x,to)~(V(Xt(x,to),t)—).(,(x,to))
f R

Variations for X, = X

K — variation O-v=0
® — variation X, —v(X;,1) =0
X, — variation D, (x,1,) + ®,(x,1,) - (8x, @v)(X,(x,1,),7) = 0

v — variation 2v(x,1) + ®,(X; ' (x,1,),1) — OK(x,1) =0

Eulerian Lagrange multiplier: w(x, 1) = ®,(X, ' (x,,),?)
Ow—+v- 0w+ (0, @v) - w=0
= O+ V-0 = —0cp(K)
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Pontryagin-Bismut variational approach
‘A(m7 V7j7H7X7 é)
I
= / dr / d?9x {m || 0x(H —5) & —V (10— ET) m}
t T R2d
ty
+/ Py o (o) EL_, / ®, . {dXt - % J-G)- aX,H}
R T S

4y / d%x {mf(x)x o (x) E§(“,)):xXn}
R °

with the auxiliary constraint

2
d®, =udt+ ([ —Y - dw;
BT

in som n :
:X; some se SeO . -

and
X§0
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Numqguam ponenda est pluralitas sine necessitate

William of Ockham, Quaestiones et decisiones in quattuor libros Sententiarum Petri Lombardi

Reduction Ansatz

I
o

@,
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Numqguam ponenda est pluralitas sine necessitate

William of Ockham, Quaestiones et decisiones in quattuor libros Sententiarum Petri Lombardi

Reduction Ansatz

P, =0

Equivalent Pontryagin functional

A(m, V, 3, H) = / 2y me(x) V(x, 1)

R2d

tf% 2dym(x . — 24 (7 X
+/to - /Rde (,t){HG Oc(H—=09) ||” +( 8;+2)V}( )

Guerra & Morato, Phys. Rev. D, 27, 1774-1786, (1983)
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Extremal equations

D) = —3(8:5)-G 95 +G : 9, ® 0,

1 .
(S,V)p + BQ(S)(V —24)=0 "non- local constraint"

TV + (A, V)p —0A-G-0,V+ |G- 84 ||*?=0
TS+ (A,S)p + %S(S)A =0
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Extremal equations

D) = —3(,8)-G- 0, + G : 0, ® , Langevin—Smoluchowski case

V-24 =0 "local constraint"
70,V ~0A-G-9V+||G-9A|*=0

1
78,8 + ES(S)A =0
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Entropy production by Langevin—Kramers Stochastic Thermodynamics of Langevin—Kramers models

Extremal equations

D) = —3(8:5)-G 95 +G : 9, ® 0,

1 .
(S,V)p + Bi)(s)(v —24)=0 "non- local constraint"

TV + (A, V)p —0A-G-0,V+ |G- 84 ||*?=0
TS+ (A,S)p + %S(S)A =0

Non coercivity: extremal independent of 9,A

d

) {(a,,,,S)aq,.v — (8,8)0,V — {(8,,5)8,,,. - %a,,,} (v 2A)} ~0

i=1
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Entropy production by Langevin—Kramers An explicitly solvable case

An explicitly solvable case

Boundary conditions

with
S(p q) _ (p - p’[’;i)z (q 7 :u‘q;i)z
N 20;;1 cos?f;, 2 U’;;i cos? 6;
(P_Np;i)(q—ﬂq;i) 1 1 ( 1 )
PE— n s
Op;i Og;i COS 9i ﬂ 27 Op;i Og;i COS Gi

Decorrelated zero mean statistics of the initial state

— tanh 6,

Hpio = Hpzo = b6 =0

P. Muratore-Ginanneschi (Helsinki Univ.) Extremals of entropy production by “Langevin—Kramers Roma 2013

18/28



Entropy production by Langevin—Kramers An explicitly solvable case

Solution by quadratic Ansatze

The extremal equations foliate into a solvable hierarchy of DE’s
2

Y= % resolve the hierarchy for 2nd order monomials
P
Vi3 =235V 45 =0
=y =70 {co+c1Qt+c [sin(Q7+ ) —siny]}
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Entropy production by Langevin—Kramers An explicitly solvable case

Solution by quadratic Ansatze

The extremal equations foliate into a solvable hierarchy of DE’s
2

Vi = % resolve the hierarchy for 2nd order monomials
P

y t)’zz =2y y,+y;°’ =0
=y =T7Q {co+c1Qt+c1 [sin (Q1 + ) — sinp]}

Family of extremals parametrized by 0,0,S and (.,

25 — 16 cos® £ cos.2 Rty . >0
{40p0c08? £ + 04 [+ sin(Q1 + @) — sing]}
2 — cos? = (8,,5'qS)2 >0
7 02, cos? 22 28
. st
,uq;t - Tf
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Entropy production by Langevin—Kramers An explicitly solvable case

Exact value of the entropy production

2 2 02
s _ Mgt T | 0S¥ TH

Ié; te 43 cos? £

Constraints imposed by the boundary conditions

. . 2
2 {40p,0008% £ + 040 [Q15 + sin(Q 1 + @) — sinp] }

o £ =
& 16 cos? O; cos? £ cos? Licte
2 2
2 2 Qi+
Ogif _ COS” —5*
2 29
02, cos? £
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Entropy production by Langevin—Kramers An explicitly solvable case

Exact value of the entropy production
Independent of 9,0,S & 1. self-consistency of the extremal.

2 2 02
s _ Mgt T | 0S¥ TH

Ié; te 43 cos? £

Constraints imposed by the boundary conditions

. . 2
2 {40p,0008% £ + 040 [Q15 + sin(Q 1 + @) — sinp] }

o £ =

& 16 cos? 0 cos? £ cos? %
2 2 Qi+

Ogif _ COS” —5*
2 29

02, cos? £
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Entropy production by Langevin—Kramers An explicitly solvable case

A special case: o)., = 0y & XA = 0,.0/04:0

o — 'ué;fT + T (14 X) (048 — 04i1)° _ TN (0 — 040)°

6 Ir 6 Ir B Ogio It

+ 0(04t — 04:0)°*

0.2 0.4 0.6 0.8 1.0

(a) Momentum variance o2, (b) Position variance o2, for
pit qst
8,058 =0
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Entropy production by Langevin—Kramers An explicitly solvable case

Wide scale separation: A = 0,,,,/0,0 < 1

&io “3* T (04t — 0g0)’

— ) + ) ) +O A
B t Bt »
with
(04— g0)
fgr + 1 o T
9,A)(0,q,t = —— 4 0o(\
( q )( q )lp,p;,f() 1+ I(U;’;t;:qm) tf ( )

0,4)(0.9.0)l,, o=~ (0A)(0.4.1)|,, o +0(N)

(9,5)(0.4.1) = (=) oy
0 |1+ Honcue)

for 5 || p ||[< A < 1 we recover the entropy production of the optlmally

controlled Langevin—Smoluchowski model ‘
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The “over-damped” Langevin—Smoluchowski limit

A m U Itl Sca | e re m I n d er Pavliotis & Stuart, “Multiscale methods: averaging and homogenization” (2008)
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The “over-damped” Langevin—Smoluchowski limit

A m U Itl Sca | e re m I n d er Pavliotis & Stuart, “Multiscale methods: averaging and homogenization” (2008)

1 1
O =<9y + ng + 5792 u
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The “over-damped” Langevin—Smoluchowski limit

A m U Itl Sca | e re m I n d er Pavliotis & Stuart, “Multiscale methods: averaging and homogenization” (2008)

09D, eR™ =1,2,3
1 1
O = {90—1—91—1—292}14 (o) KerD():Kengzl
€ €
orpeKery, & Iye KerD(T)
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The “over-damped” Langevin—Smoluchowski limit

A m U Itl Sca | e re m I n d er Pavliotis & Stuart, “Multiscale methods: averaging and homogenization” (2008)

09D, eR™ =1,2,3
1 1
A = {DO+691+5292}“ (o) KerD():Kengzl
orpeKery, & Iye KerD(T)
Uu=uy+cu +u+...
Assume centering condition: (lp, D7) =0

0(1/82) Douo =0 = Uy = Oé(l‘) 1o
O(l/é‘) Dou1 = —Dluo = U :a(t)g s.t. Dog:Dlro
o(1) Douy = —ug — Duy — Doy = G = %a
by Fredholm’s alternative
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The “over-damped” Langevin—Smoluchowski limit Multiscale perturbation theory

Extremal eqs under wide scale separation
Boundary conditions: \ < 1

B _glRl_gy, B Ll
0P, q) = (2m P EBUD  y(p g) = (L) U0
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The “over-damped” Langevin—Smoluchowski limit Multiscale perturbation theory

Extremal eqs under wide scale separation
Boundary conditions: A < 1

B\ _guw_ 1 B upu
m"(”’q):(zm P EBUD  y(p g) = (L) U0

Multiscale asymptotic equations
Z )\A() ( ,q,t.. ) +0o(N\):=A(p,q,t...)

and similarly for Vv, S:

1
o = L (S _
extremal condition eq. /\(S V), + )\ZBQ (V—-24)=0
, e _ _
value functioneq. 79,V + X(A V) — 3 (8~A) G (V-A4)=0
1=
stochastic entropy eq. 79,5 + X(A ,8)p + 3 5©(S)A 0
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The “over-damped” Langevin—Smoluchowski limit Multiscale perturbation theory

Centering condition

Ornstein-Uhlenbeck operator

1 1 € KerD®

D) = 5.8+ =3 512
P T 5% exp{— 2P0} ¢ Kerst
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The “over- ped” Langevi howski limit Multiscale perturbation theory

Centering condition

Ornstein-Uhlenbeck operator

1 1 € KerD®

D) = 5.8+ =3 512
P T 5% exp{— 2P0} ¢ Kerst

O(1/e?)
0= 8,;21(0) = 8,; ‘7(0) = A(Q), ‘7(0) € Ker®

~ ~ - D 2 ~
Q(SO)A(O) =0 = S(o)(P) = ||p2|| =+ S(O:O) (q, L... )
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The “over-damped” Langevin—Smoluchowski limit Multiscale perturbation theory

Centering condition

Ornstein-Uhlenbeck operator

1 1 € KerD®

DO — 5.5 + Lop .
P % JeRkd exp{f%p”z} € Ker®f

O(1/e?)
0= (9[,14(0) = ﬁV(O) = A(Q)7 ‘7(0) € Ker®

~ ~ - D 2 ~
Q(SO)A(O)ZO = S(o)(P): HP2|| +S(0:0)(qata--~)

O(1/e): centering condition

Ay = =P - 04A()
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The “over-damped” Langevin—Smoluchowski limit Multiscale perturbation theory
Cell problem: Monge—Ampere—Kantorovich
o(1)

value function eq.

- A o) |17
ra,A(o)—H Ao I° _

stochastic entropy eq.

- - . _ - - 1=~ -
T@,S(O) — an(O) - 8‘15(0) +p- 8,, &® 6qA(0) . 3135(0) == E:D(S(O))A(Z) =0
Averaging over Maxwell’s distribution yields the cell problem

1 =
—0;A0) =0

T70:S(0) — OgA(0) - 0S(0) + 5%
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The “over-damped” Langevin—Smoluchowski limit Multiscale perturbation theory
Cell problem: Monge—Ampere—Kantorovich
o(1)

value function eq.

- A o) |17
Ta,A(O)—H Ao I° _

stochastic entropy eq.

- - . _ - - 1=~ -
76,5(0) — an(O) - 8,15(0) +p- 8,, &® 6qA(O) . (9135(0) == BQ(S(O))A(Z) =0
Averaging over Maxwell’s distribution yields the cell problem

1 -~
—0;A0) =0

T70:S(0) — OgA(0) - 0S(0) + 5%

e ‘
Evo =P dr / dlq B 2e=PS00 || Ao > +O(N)
0o T Jrd
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Conclusions

Summary

o Symplectic structure introduces non local constraint.
o Because of non-coercivity, parametric families of extremals.

o For large scale separations, both effects are weak = recovery of the
Langevin-Smoluchowski entropy production.

»
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o Because of non-coercivity, parametric families of extremals.

o For large scale separations, both effects are weak = recovery of the
Langevin-Smoluchowski entropy production.

Open questions

o singular control ?
Heat release minimization by kinetic+potential Hamiltonian
1 2
B

[yl

=0
2

TOV+p-0V—(p+9,U)-0,V+

2
8I,V+
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Conclusions

Some more about the foregoing

o Aurell, Mejia-Monasterio, M.-G., PRL 106, 250601 (2011)
o Aurell, Mejia-Monasterio, M.-G., PRE 85, 020103 (2012)

o Aurell, Gawedzki, Mejia-Monasterio, Mohayaee, M.-G., JSP 147, 487
(2012)

o M.-G., Mejia-Monasterio , Peliti, JSP 150, 181 (2013)

o M.G., J. Phys. A, 46, 275002 (2013)

o M.G., “On extremals of the entropy production by Langevin—Kramers
dynamics”, in preparation.

o THANK YOU !
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