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Nonequilibrium Green’s function (NEGF)
formalism faces a memory bottleneck
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convolution = matrix multiplication
need to keep all previous times in
memory

Ongoing work to avoid this
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Quantics tensor trains outcompete conventional matrix-
based approaches, but the convergence is not satisfactory
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solving the Dyson equation
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PROBLEM: unstable and slow convergence,

difficulty extending 7., and increasing U

SOLUTION: reliable extrapolated initial guess and
causality-based solver
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Simplest solver uses a global update -
which suffers from convergence issues B (802 NS SIS EUSRE U -
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Enforcing causality makes
convergence more stable
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Using DMD extrapolation as initial guess gives
stable, predictable and accelerated convergence
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correct by solving KBE
predict with DMD step-wise with full memory
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Let’s recall the
matrix-based DMD

time points
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Let’s translate DMD into the QTT language

We aim to find the operator

AX; = Xo, A=XX;'

X=[x0) x(d) - x(mdt) - Xt so we need SVD of X, to calculate the pseudoinverse
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Define rank-r approximation to
the full operator A
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The dynamic modes are the eigenvectors of full A
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The dynamic mode decomposition is a Finally, we prepare A’ as a single QTT representing all m
spatio-temporal superposition of the powers.

modes @ with amplitudes b,
For a single eigenvalue A, we note that

X ~ ®A"b = O diag(|A,|™e'“™) b, ﬁ .
A = pmInd _ L[t tr]2Ind _ p2" Ttnlnd _ QLQLQ,
m=t/dt = [t1,...,tr]> n=1 -

We repeat the above for each 4, tag each QTT with a dummy

Amplitudes are fitted to the initial
tensor, and sum

condition x
le=1 Le=2
h—dlx ©- BHW N
i { {
(I)_IQ ’
,-ORE o _ 0000 - 9000,
X 2 { In { In

15



We have all the ingredients: @ = ! ! !_Q A" = t’ , Q_Q_Q,
- ¢
in

So we perform the final contraction:

) A™
~ mip _ : m _iwem N ~T
X ~ ®A"b = O diag(|1,|"e ) b, X = H O K,Q—Q—Q.
ln tn

v “recompression”
v denoising (set cutoff appropriately in initial SVD of X)
v extrapolation (add coarse tensor in A™)

v interpolation (add fine tensor in A"
v DMD is general (not only time dynamics, no smoothness requirement)
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DMD guess stabilizes convergence

Hubbard model at half-filling

2 ]6 Un;n;,
2 =1GW

(a) 104
. 103
S 10?
5 10
5 100
S 107!
&b 1072
d) —
g 1073
O 1074
1077
(b)
=)
5 03
| 0.2
% 0.1
o 0
oY)
S -0.1
S
>‘ _0.2
oY)
g —0.3
]

—e— DMD ansatz 32 x 32 lattice
Gok ansatz U=0-—>4
- tmax = 16 L tmax = 32 i tmax = 64 tmax = 128
1 - -
0.1 1 10 100

18

Time ¢




DMD guess accelerates convergence
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DMD guess Is accurate
across the BZ
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DMD guess is accurate in
the two-time plane
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DMD is fully composable with the QTT
framework and the algorithm is straightforward

O A™
4
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In In DMD integrates into the QTT framework,
b maintaining exponentially fine resolution, and
offering extrapolation, interpolation, and
denoising

QTT-DMD provides reliable extrapolation for
NEGF problems, accelerating convergence
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correct by solving KBE
(a) predict with DMD step-wise with full memory
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use 1-7 as

observable
functions in a
single DMD 6T ——
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final DMD prediction
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