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Forward problem: y = Ax⇤ +w
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n : length of the sparse vector

m : length of the measurement vector

A : Sensing matrix
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1. Sparse recovery challenge 2. ISTA vs LISTA
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3. Effect of Training Dataset

x(k+1) = Tη(k)λ(k)(z(k+1))

z(k+1) = Sx(k) + Wy

z(k+1) = (I − ηAT A)x(k) + ηATy

5. SVD of S Matrix

6. Learned Threshold Values 7. Impact of the Soft Threshold Function on Stability

8. Evolution of Matrices 10. Effect of Initialization 11. Unbiasing Technique

z(k+1) = x(k) − ηAT(Ax(k) − y)

x(k+1) = Tηλ(z(k+1))

Tηλ(x) = sgn(x) ⋅ max( |x | − ηλ,0)
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RSNR improves with larger LISTA datasets (10⁵+).

ISTA shows diagonal dominance from its S = I - ηAᵀA 
structure while LISTA exhibits negative diagonal 

dominance.

In ISTA, the singular values of the S matrix are bounded by 
one, while in LISTA, they exceed one, indicating potential 

instability.

As network depth increases, LISTA's learned thresholds 
decrease, indicating saturation and an adaptive strategy to 

balance stability and signal amplification.

The soft threshold function keeps the squared ℓ2 
norm of the reconstructed signal bounded, ensuring 

stability across different network depths.

Removing the soft threshold function causes the squared ℓ2 
norm to grow exponentially, leading to instability as the 

number of layers increases

S and W matrices exhibit Gaussian like pattern 
independent of sensing matrix type.

Evolution of the S and W matrices over training epochs.
The weights are nearly Gaussian distributed.
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The network weights initialized to Gaussian distribution 
converged faster compared to ISTA-based initialization.

Prefix U- denotes unbiased variant.


