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Short-and-Sparse (SaS) Deconvolution

SIGNALS CONTAINING SHORT REPEATED MOTIFS:
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SASD: FIND SHORT a0 & SPASE x0 FROM CONVOLUTION y = a0 ∗ x0
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Symmetric Solutions in SaSD

ALL SCALED & SHIFTS OF (a0, x0) ARE SOLUTIONS
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α sℓ[a0] (1/α) s−ℓ[x0]

∗

To solve a0...

- Fix scale ∥â∥2 = 1

- Accept every signed shift â = ±sℓ[a0] as solution
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Algorithm: Approximate Bilinear Lasso

NATURAL, EFFECTIVE ALGORITHM: BILINEAR LASSO

min
a∈Sp−1, x∈Rn

λ ∥x∥1 +
1
2 ∥a ∗ x − y∥22

THEORY: STUDY APPROXIMATE BILINEAR LASSO

min
a∈Sp−1

(
min
x∈Rn

λρ(x) + 1
2 ∥x∥22 + ⟨a ∗ x,y⟩

)

=: min
a

φABL(a) s.t. a ∈ Sp−1

here, ρ is smoothed ℓ1 function

Sp−1 is p-dimensional sphere
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Geometry of Approximate Bilinear Lasso

OVER SUBSPACE S{ℓ1,...,ℓ3} SPANNED BY SHIFTS:
- LOCAL MINIMIZERS ARE NEAR SHIFTS

- NEGATIVE CURVATURE BREAKS SYMMETRY BETWEEN SHIFTS

Near sℓ1 [a0]

sℓ1 [a0]

NearS{ℓ1,ℓ2}

sℓ1 [a0]
sℓ2 [a0]

S{ℓ1,ℓ2,ℓ3}

sℓ1 [a0] sℓ2 [a0]

sℓ3 [a0]

φABL(a)

Sp−1
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Geometry of Approximate Bilinear Lasso

GEOMETRY OF φABL IS BENIGN OVER UNION OF SUBSPACES

Sℓ1,ℓ2

Sℓ1,ℓ3

Sℓ2,ℓ3

φABL(a)
Sℓ1,ℓ3

Sℓ2,ℓ3
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When is SaSD Easy?

SHIFT–COHERENCE µ OF a0:

µ = maxi ̸=j
∣∣⟨si[a0] , sj[a0]

⟩∣∣
SPARSITY θ OF x0:

x0 ∼ Bernoulli–Gaussian(θ)

µ ↓ µ ↑

θ ↓ θ ↑

SASD IS HARDER IF...
- COHERENCE µ ↑ (solutions closer on sphere)

- SPARSITY θ ↑ (more unknowns)
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When is SaSD Easy?

SPARSITY–COHERENCE TRADEOFF:

Spiky Generic Tapered generic lowpass

µ ≈ 0 µ ≈ p−1/2
0 µ ≈ const.

θ ≈ p−1/2
0 θ ≈ p−3/4

0 θ ≈ p−1
0

a0

x0

shift-
coherence

allowable
sparsity

If µ of a0 increases from 0 ↗ 1, then θ of x0 decreases from
1√p0 ↘ 1

p0
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Theory: Geometry & Algorithm

THM1: GEOMETRY OF φABL OVER SUBSPACES

Given a0 ∈ Rp0, µ-shift coherent; x0 ∼ BG(θ) long and

1

p0

⪅ θ ⪅ 1

p0
√
µ+

√p0

,

then local minima of φABL over UoS are close to shifts.

THM2: PROVABLE ALGORITHM FOR SASD

A minimizing algorithm starts and stays near a subspace,

solves SaSD exactly up to a signed shift in poly time.
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Wrapping Up

Main theoretical results: geometry of objective landscape,
and a provable algorithm for SaSD.

Optimizing φABL is not recommended in practice.

Algorithmic ideas (sphere, initialization, etc.) are useful for
practical method such as bilinear Lasso.
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Plz visit us @ PB#120

THANK YOU!

...AND
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THE UNIVERSITY IDENTITY

The design of the Columbia identity 
incorporates the core elements of well- 
thought-out branding: name, font, 
color, and visual mark. The logo was  
designed using the official University 
font, Trajan Pro, and features specific 
proportions of type height in relation 
to the visual mark. The official Colum-
bia color is Columbia Blue, or Pantone 
290. On a light color background, the 
logo can also be rendered in black, grey 
(60% black), Pantone 280, or Pantone 
286; on a darker color background, the 
logo can be rendered in Pantone 290, 
291, or 284, depending on which color 
works best with the overall design of 
your product, the media in which it will 
be reproduced, and its intended use.
 

Black

Pantone 286

4-color Process
100% Cyan
72% Magenta
 

White or Pantone 290 
(Columbia Blue)
Background: 
Pantone 286

For photographs,  
use the logo in 
white against a 
darker area, posi-
tioning it either at 
top left/right or  
bottom left/right.


