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Transient optimization
Objective functional

J (ρ, u, v) =
∫ T

0

∫
Ω

JΩ(t, ρ, u(t), v(t)) dx dt+ JT(ρ, u(T), v(T)).

PDE-constrained minimization
min
ρ∈Q

J (ρ, u),

s.t. R(ρ, u;w) = 0 ∀w ∈ U ,
u ∈ U .

Elastodynamics PDE
ϱρü+ Cρu̇−∇· σ(ρ, u) = f Ω× (0,T),
σ · n+ η u̇ = g ∂Ω× (0,T),
u(0, x) = u0, u̇(0, x) = v0.

Adjoint based minimization.

design ρk forward time march evaluate J backward adjoint assemble DJ MMA update
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Band waveguide: ask the optimizer to build a reflector

source: f with frecquency νs

ωd: active design
ωobs ωobs

sp
on

ge

sp
on

ge

periodic B.C.

periodic B.C.
Ω = (0, 8)× (0, .5)

Objective Function

min
0≤ρh≤1

∫ 6

0

∫
ωobs

|u|2 s.t.
∫
ωd

ρh = .5|ωd|

Parameters

■ Lagrange P2 state variable (409,920
DoFs).

■ DG P0 design variable → Helmholtz filter.
■ Source wavelength ℓs: .3, .6, .9 and a

mixed carrier.
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Band result: the forcing wavelength selects the layer scale

ℓs = .3
x

0 2 4 6 8

ℓs = .6
x

0 2 4 6 8

ℓs = .9
x

0 2 4 6 8

mixed
x

0 2 4 6 8
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Spherical waveguide: radial 3D setting

x

y

active design

source

receiver passive sponge

Suppress outgoing energy

min
0≤ρh≤1

J =

∫ 9

0

∫
6<r<7

|u|2,

s.t.
∫
.5<r<6

ρh =
1
2
|{.5 < r < 6}|.

Parameters

■ DG P0 design variable → Helmholtz filter.
■ Mesh: 2,017,520 tetrahedra.
■ Lagrange P2 state variable (16,308,294 DoFs).
■ 1,800 RK4 steps.
■ ℓs: 2.0, 2.5, 3.0 and a mixed carrier.
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Spherical waveguide: optimized designs

ℓs = 2.0

.36 .50 .88

ℓs = 2.5

.32 .50 .77

ℓs = 3.0

.33 .50 .78

mixed

.36 .50 .85
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Inverse problem: illuminate three times, observe elsewhere
shot 1 shot 2 shot 3

Objective function

J(ρ) =
1
2

3∑
k=1

∫ T

0
∥uk(ρ)− dk∥2

Γ
(k)
obs

dt

■ Γ
(k)
obs: load-free observed surface.

■ Γ
(k)
src: Active load.

■ Black region: damping collar.

■ Γ
(k)
obs ∩ Γ

(k)
src = ∅

Reference data (per shot)
■ Mesh: 2.05M hexahedra.
■ Reference design ρ† DG space,

P0: (2.05M DoFs).
■ State variables (u, v) Lagrange,

P3: (335M DoFs).
■ 25,000 time steps.

Production / optimization
■ Mesh: 2.05M hexahedra.
■ Design ρh DG space P0: (2.05M

DoFs); 365K active.
■ State (u, v) Lagrange P2: (100M

DoFs).
■ 6,250 symplectic-euler steps.
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Three-source forward wave propagation

Shot 1: central source Shot 2: left corner Shot 3: right corner

LLNL-CFPRES-2024708 8



Three-source inverse identification: results
Recovered ρ26, raw ρ < 0.7

0 .35 .7

Prescribed reference density, ρ†

0 .50 1

LLNL-CFPRES-2024708 9


	anm0: 
	0.50: 
	0.49: 
	0.48: 
	0.47: 
	0.46: 
	0.45: 
	0.44: 
	0.43: 
	0.42: 
	0.41: 
	0.40: 
	0.39: 
	0.38: 
	0.37: 
	0.36: 
	0.35: 
	0.34: 
	0.33: 
	0.32: 
	0.31: 
	0.30: 
	0.29: 
	0.28: 
	0.27: 
	0.26: 
	0.25: 
	0.24: 
	0.23: 
	0.22: 
	0.21: 
	0.20: 
	0.19: 
	0.18: 
	0.17: 
	0.16: 
	0.15: 
	0.14: 
	0.13: 
	0.12: 
	0.11: 
	0.10: 
	0.9: 
	0.8: 
	0.7: 
	0.6: 
	0.5: 
	0.4: 
	0.3: 
	0.2: 
	0.1: 
	0.0: 


