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δγ       δW
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δ
δ δγ
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Uncomplete  resolution

equations  with  an unsteady
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(W,γ

W
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)γ−γ=γ j’(ω

of  steady  Euler

Computation  of  :       J           J

Approximate  adjoint-state

Approximate  gradient
Real  gradient  at  convergence

Cost  functional

Multi-level  method  :
Computation  of   P P *  

to  solve Ψ(W, γ)=0

γ

implicit  time  stepping

α+1 α α

α =  α  +  1

PP *

ε
?α+1
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Initialization

3  sweeps  Jacobi

3  sweeps  Jacobi  to  solve  :
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P P  j’22
(γ  )

1

2

3

fine  level

medium level γ    =  γ  − ρ *

coarse level * *

P     :   2         1              P    :    1            22

3

(1) :    

:    

*
2

*
3

j ’ (γ  )

(2)

(3) :    γ      =  γ   −  ρ
2

P P P P  j’
3    3    2

( γ   )

P     :   3         2              P    :    2            3

α+1
γ    =  γ   −   ω  

α α

α+1

α+1

α

α

α

α
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WU (=cost functional evaluation)

Complete
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WU (=cost functional evaluation)

Simultaneous
Resolution

7 parameters
15 parameters

7/15 parameters
3/7/15 parameters
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WU (=cost functional evaluation)

Complete resolution combined
with multi-level method

Full-V-cycle

one-shot combined with
multi-level method

V-cycle

 pqr^Km¡Zweª�t� �FiJ\_b��Oj�etuwe � ���{`�s�~�m¡s�kn\Kbd�Ojretu]e�o­\_jrmOu]qr\Ks¬o�kX\KbV�OqrsOe�~h©�qru]�)bVmOj�uwqr¹¨jre�®|enj
bdetuw�O\v~{¯



�_� �O./� ��� %�� ��������.��@
 �
	

ON

7  parameters        15  parameters
cost functional

evaluation
time  CPU

(seconds)
cost functional

evaluation
time  CPU

(seconds)

1 9 0 0 0

1 4 0 0 1 1 3 6 4 4 0 0

log ( j )= -2.64

log ( j )= -2.64 log ( j ) = -5.93

6 0 0
COMPLETE

RESOLUTION

ONE - SHOT

ONE  LEVEL

log ( j ) = -5.93

( estimated ) ( estimated )

1 2 0 0> 4 0 0 0 0>

( equivalent ) ( equivalent )

MULTI - LEVEL

ONE - SHOT

cost functional
evaluation

1 5 1 9 0 0

time  CPU
(seconds)

cost functional
evaluation

time  CPU
(seconds)

1 3 0 01 0

7-15  parameters   3-7-15  parameters

log ( j ) = -5.93 log ( j ) = -5.93

COMBINED  WITH

( equivalent )( equivalent )
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