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Analysis vs Synthesis

min
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‖Am− b‖2

s.t. ‖Cm‖1 ≤ τ.

• A is a linear operator (RTM), C is curvelet operator.

• Various applications: full waveform inversion, RTM imaging...
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• A is a linear operator (RTM), C is curvelet operator.

• Various applications: full waveform inversion, RTM imaging...

• Currently used subproblem in modified Gauss-Newton full waveform
inversion (Li ’12)

min
x

1

2
‖AC∗x− b‖2

s.t. ‖x‖1 ≤ τ,
solved using SPGL1 (van den Berg, Friedlander ’08).
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mt+1 = argmin
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)∥∥∥∥2
}
.

If C were absent, this would be projection onto `1 norm ball — easy:
implemented in SPGL1

Otherwise, no simple formula for the update!



THE PROXIMAL-PROXIMAL GRADIENT ALGORITHM 3

Inexact Proximal Gradient
One solution: solve the subproblem iteratively — introduce inner loop.



THE PROXIMAL-PROXIMAL GRADIENT ALGORITHM 3

Inexact Proximal Gradient
One solution: solve the subproblem iteratively — introduce inner loop.

• Initialize m0, y0. Set β = 1
L.

• For t = 0, 1, 2, . . .

? For s = 0, 1, 2, . . ., starting with u0 = yt, (warm start)

ws = us + β−1C
[
mt − βA∗(Amt − b)− βC∗us

]
.

us+1 = ws − β−1Proj‖·‖1≤τ (βw
s) .

? Get approximate solution yt+1 = us+1.

Update mt+1 = mt − βA∗(Amt − b)− βC∗yt+1.
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Proximal-proximal Gradient Algorithm

• Initialize m0, y0. Set β ∈ (0, 2L), γ ∈ (0, 1 + min{12,
1
βL −

1
2}).

• For t = 0, 1, 2, . . .
wt = yt + β−1C

[
mt − βA∗(Amt − b)− βC∗yt

]
,

yt+1 = wt − β−1Proj‖·‖1≤τ
(
βwt

)
,

mt+1 = mt − γβA∗(Amt − b)− γβC∗yt+1.
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• Initialize m0, y0. Set β ∈ (0, 2L), γ ∈ (0, 1 + min{12,
1
βL −

1
2}).

• For t = 0, 1, 2, . . .
wt = yt + β−1C

[
mt − βA∗(Amt − b)− βC∗yt

]
,

yt+1 = wt − β−1Proj‖·‖1≤τ
(
βwt

)
,

mt+1 = mt − γβA∗(Amt − b)− γβC∗yt+1.

Remark:

• This is a very inexact proximal gradient algorithm: Take away the inner loop!

• {mt} converges to an optimal solution and {yt,A∗(Amt − b)} converges to
a dual optimal solution. (P ’13)
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RTM Imaging
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Conclusion and Extension

• The proximal-proximal gradient algorithm, which is a variant of a primitive
version of the SPGL1, is a promising approach for solving the analysis
model.

• Extension to allow adaptive stepsize?

• Extension to allow more general objective?

Thanks for coming!
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