
Coding with transient trajectories in recurrent neural networks
Giulio Bondanelli *1, Srdjan Ostojic 1,

1 Laboratoire de Neurosciences Cognitives et Computationelles, Département d’Études Cognitives, École
Normale Supérieure, INSERM U960, PSL University, Paris, France

*giulio.bondanelli@ens.fr

Supporting information

S5 Text
To compute the singular values of the propagator for the unit-rank system, it is convenient to express the
matrix

e2t PT
t Pt = I + 2α(t;λ)JS + ∆2α2(t;λ)vvT (111)

in the basis of the eigenvectors of JS . While the second term on the right hand side yields a diagonal
contribution proportional to diag(λ+S , λ

−
S ), for the third term we obtain
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)
. (112)

The squared singular values of the propagator Pt are therefore the eigenvalues of the matrix

e2t PT
t Pt =

(
(ρ+ 1)(a+ b) + 1 −b
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−b
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1 − ρ2 (ρ− 1)(a− b) + 1

)
, (113)

where we defined a = ∆α(t;λ) and 2b = ∆2α2(t;λ). Thus, we have

e2tσ2
1,2(Pt) = 1 + aρ+ b±

√
a2 + b2 + 2abρ, (114)

where σ1(Pt) > σ2(Pt). Therefore, expanding Eq. (114) we obtain the two singular values σ± of Pt:

e2tσ2
1,2(Pt) = 1 + ∆α(t)ρ+

∆2α(t)2
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+ 1. (115)
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