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We present a novel mapping for study-
ing 2D many-body quantum systems by
solving an effective, one-dimensional long-
range model in place of the original two-
dimensional short-range one. In partic-
ular, we address the problem of choos-
ing an efficient mapping from the 2D lat-
tice to a 1D chain that optimally pre-
serves the locality of interactions within
the TN structure. By using Matrix Prod-
uct States (MPS) and Tree Tensor Net-
work (TTN) algorithms, we compute the
ground state of the 2D quantum Ising
model in transverse field with lattice size
up to 64 × 64, comparing the results ob-
tained from different mappings based on
two space-filling curves, the snake curve
and the Hilbert curve. We show that
the locality-preserving properties of the
Hilbert curve leads to a clear improvement
of numerical precision, especially for large
sizes, and turns out to provide the best
performances for the simulation of 2D lat-
tice systems via 1D TN structures.

Unveiling the static and dynamical properties
of strongly correlated quantum many-body sys-
tems remains one of the fundamental goals of
the current research in condensed-matter physics.
Quantum systems with a large number of in-
teracting microscopic constituents can generate
collective states that have no classical counter-
part and are extremely interesting both from
a theoretical point of view as well as for pos-
sible experimental applications [1–3]. Paradig-
matic examples include quantum Hall states
[4], superconductors [5], topological insulators
[6] and quantum spin liquids [7]. Such collec-
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Figure 1: Pictorial representation of the Snake (a) and
the Hilbert curve (b) for a 2D lattice with linear size
n = 8. (c) Standard MPS representation for 1D chain.
(d) Binary TTN Ansazt for 1D lattice. Yellow circles
represent the physical sites of the lattice, whereas the
green circles indicate the tensors that make up the TTN.

tive quantum phenomena play a central role not
only in condensed-matter but also in high-energy
physics, quantum chemistry, atomic physics as
well as in quantum technologies where it is of
paramount importance to understand and con-
trol the quantum states of many-body systems
for quantum simulation and computation [8–10].

Beyond analytical approaches and exact solu-
tions, that are typically limited to a small class
of Hamiltonians and microscopic interactions, nu-
merical methods play a key role in characteriz-
ing the low-energy properties of strongly corre-
lated quantum many-body systems, characteriz-
ing their phase diagrams and the respective phase
transitions [11, 12]. Despite their impressive suc-
cess and accuracy in many scenarios, the com-
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plete understanding of several phenomena, e.g.
the low-energy properties of Hubbard-like Hamil-
tonians for interacting fermions or the behavior
of spin systems with frustrating interactions, is
still debated, especially in two or three spatial di-
mensions [13–20], where current and near-future
experimental setups require benchmarking tools
capable of simulating large quantum many-body
systems [21–24].

In recent years, these challenging problems
have inspired the development of novel numeri-
cal algorithms based on Tensor Networks (TN),
which do not suffer from the well-known sign
problem affecting Quantum Monte Carlo (QMC)
methods [25–28]. These techniques exploit the
area-law entanglement bounds satisfied by a large
class of physical systems and allow an efficient
representation of the low-energy sector by retain-
ing in memory only the relevant states that con-
tribute to the equilibrium properties and the real-
time dynamics [29]. In particular, this is car-
ried out by compressing the exponentially large
wavefunctions into a network of tensors intercon-
nected through auxiliary indices with bond di-
mension m. The main Anzätze for the repre-
sentation of quantum many-body states based on
TNs include Matrix Product States (MPS) for 1D
systems [30–32], Projected Entangled Pair States
(PEPS) [33–35], Tree Tensor Networks (TTN)
[36–39] and Multiscale Entanglement Renormal-
ization Ansatz (MERA) [40, 41] which can be
defined in any dimension. However, while for
one-dimensional systems MPS are the established
TN ansatz, the development of efficient TN al-
gorithms for higher-dimensional systems is still
ongoing [42–49].

In this framework, a possible and frequently
used approach lies in the application of consoli-
dated one-dimensional numerical methods, such
as the Density Matrix Renormalization Group
(DMRG) algorithm [50, 51], to the study of
higher-dimensional systems, by suitably mapping
the high-dimensional problem onto an equivalent
one-dimensional one. Indeed, DMRG algorithm,
despite being defined for 1D systems, has long
been used for analysing two-dimensional quan-
tum many-body systems, providing important
and reliable numerical results in a wide variety
of condensed-matter problems [52]. Two main
strategies can be implemented: the first one con-
sists in considering the n×n′ 2D lattice as an n′-

legs ladder, then grouping together all the n′ sites
of each column in a single numerical site, and fi-
nally applying the one-dimensional algorithms to
the resulting chain [53]. The price to pay in this
case is the exponential growth with n′ of the local
basis dimension, which usually limits the appli-
cation of this strategy to quasi-two-dimensional
systems, in which the number of ladder legs is
small with respect to the longitudinal extension.
The second strategy, on which we focus in this
work, lies in covering the two-dimensional lattice
by a one-dimensional curve and then applying
one-dimensional algorithms to the resulting effec-
tive chain. The drawback at this approach is that
even if the original model contains only nearest-
neighbor interactions, the resulting model on the
effective one-dimensional chain shows long-range
interactions, that have an influence on the numer-
ical approach efficiency [54].

In detail, the latter strategy induces a specific
one-dimensional site-ordering in the 2D lattice,
generating a mapping between the 2D physical
system and a 1D chain. This procedure can be
easily defined for any mapping

M : i ∈ [1, n]× [1, n′]→ µ ∈ [1, nn′] (1)

from a n × n′ lattice onto a chain with nn′

sites, through which it is possible to translate
a two-dimensional model into a one-dimensional
one. Finally, one can apply 1D TN algorithms,
such as DMRG, taking into account the long-
range interactions resulting from the mapping
[55–59]. Long-range interactions eventually re-
quire a larger bond dimension to properly de-
scribe the system. It follows that the performance
of the simulation depends on the capability of
the mapping to preserve the locality of the in-
teractions from the original 2D Hamiltonian to
the effective new 1D one.

In this paper, we quantify the importance of
the choice of the site-ordering curve. In particu-
lar, we consider a square n×n lattice and compare
the precision we achieve by using the standard
snake curve (see Fig. 1a) and the Hilbert curve
(see Fig. 1b) [60]: as we discuss in detail later,
the peculiar features of the Hilbert curve turn out
to be very useful for simulating systems of large
sizes via TN methods, especially close to a quan-
tum phase transition where a divergence of the
correlation length is expected.

We present the numerical results for the 2D
quantum Ising model in transverse field obtained
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by using the Hilbert curve and the snake curve
[61]. The simulations are performed by using
MPSs (see Fig. 1c) and binary TTNs (see Fig.
1d). The latter are particularly interesting for
a number of reasons [39]: (i) with their hierar-
chical structure, they offer a strong connectivity
such that the distance between two lattice sites,
in terms of links connecting them, scales only
logarithmically within the network, whereas for
MPS the distance is clearly linear. As a results,
TTNs are particularly advantageous to describe
systems with long-range interactions with both
open (OBC) and periodic (PBC) boundary con-
ditions; (ii) similarly to MPS, they provide an ef-
ficient basis for the DMRG algorithm, which rep-
resent the state-of-the-art technique for the nu-
merical simulation of quantum many-body sys-
tems in 1D with both local and long-range in-
teractions; (iii) they have a loop-free structure
and, as a result, they show a low algorithmic com-
plexity (O(m4)), that is slightly larger than MPS
(O(m3)), but significantly lower than intrinsic 2D
TN algorithms such as PEPS or MERA, that suf-
fer from very high computational costs (at least
O(m10)).

In order to test the performance obtained with
the two mappings, we focus on the ground state
properties of the Ising model at zero tempera-
ture: we numerically determine the ground state
energy at different lattice sizes up to n = 64 with
OBC. We find that the simulations performed
with the Hilbert curve mapping provide more ac-
curate ground state energies, for both MPS and
TTN algorithms. We also find that the Hilbert
curve shows a faster convergence of the energy
than the snake one as the bond dimension is in-
creased. Finally, we remarkably observe a larger
improvement close to the critical point, stress-
ing the relevance of our analysis for the study of
quantum phase transitions. Analogous results are
also provided for the PBC case with TTN and are
shown in the Appendix B.

The article is organized as follows. In Sec. 1
we introduce the reader to the Hilbert and snake
curves, briefly reviewing their space-filling and
locality-preserving properties. In Sec. 2 we de-
scribe the 2D quantum Ising model we are going
to focus on, while Sec. 3 is devoted to the presen-
tation and discussion of the numerical results we
obtain, with the MPS and TTN algorithms. In
Sec. 4 we draw our conclusions. Supplementary

technical details are given in the Appendix.

1 The Hilbert Curve

The Hilbert curve is a fractal-like self-similar
space-filling curve described for the first time in
1891 by the mathematician David Hilbert [60].
Among other interesting properties, it allows to
create a mapping between a 1D and a 2D space
by keeping and preserving the locality: this im-
plies that two points that are close to each other
in the 1D space are close to each other also after
folding on the 2D space. The converse is not al-
ways strictly true, as unavoidable when passing
from two-dimensions to one-dimension. However,
even in this case, the curve shows a tendency to
preserve the locality as much as possible [62–64]
which makes it a valuable tool for several appli-
cations in computer science and bioinformatics
[65–67]. The basic element of the Hilbert curve
is obtained by connecting the elements of a 2× 2
lattice starting from the bottom-left (BL) to the
bottom-right (BR) corner as shown in Fig. 2a.
From this we can now construct the n = 4 Hilbert
curve via the following procedure: draw the n = 2
Hilbert curve into the top-left (TL) an top-right
(TR) quadrants, while rotating it clockwise and
counterclockwise by 90 degrees in the BL and BR
quadrants respectively. Then, join this different
curve replicas, ending up with the n = 4 curve
shown in Fig. 2b. The generalization to the level
n for covering the n × n lattice is then straight-
forward: the 2n curve is obtained by drawing the
n curve in the four main quadrants of the 2n×2n
lattice and by applying the just mentioned rules
for the rotations in the BL and BR quadrants. In
Fig. 2c, by way of example, we report the Hilbert
curve for the 8× 8 lattice.

In the context of numerical simulations with
TN algorithms, it would be extremely useful to
map a 2D lattice into a 1D chain in a way that
preserves locality at most, avoiding long-range in-
teractions of sites that are very far apart from
each other. However, it is straightforward to
prove that it is impossible to map a d-dimensional
lattice into a d′-dimensional one, with d′ < d, so
that two neighboring sites in the d-lattice are al-
ways close together in the d′-lattice. Let us to
consider, for instance, nearest neighbour sites:
each point of the d-dimensional square lattice
has 2d nearest neighbours, while only 2d′ near-
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3

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="qPYoDn7LYNoLOWGqVxm0aR7RXtE=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrUbw2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvsu62L2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxXxkS8=</latexit>

2

<latexit sha1_base64="j+64SaFKIrPSbYEtRe6srqzQTgk=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDCMpINJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6l9MarW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDB7PsZeJ/3sDi5MZPhIotguLZIRQS8kOGa5E2AHQsNCCyLDlQoShnmiGCFpRxnoo2raSS9uEtf79Kuo26d1V325e1ZqNopkxOyCk5Jx65Jk1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xsXgJEw</latexit>

3

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x
<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

TL TR

BL BR

TL TR

BLBR

(b)

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="qPYoDn7LYNoLOWGqVxm0aR7RXtE=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrUbw2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvsu62L2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxXxkS8=</latexit>

2
<latexit sha1_base64="j+64SaFKIrPSbYEtRe6srqzQTgk=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDCMpINJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6l9MarW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDB7PsZeJ/3sDi5MZPhIotguLZIRQS8kOGa5E2AHQsNCCyLDlQoShnmiGCFpRxnoo2raSS9uEtf79Kuo26d1V325e1ZqNopkxOyCk5Jx65Jk1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xsXgJEw</latexit>

3

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="qPYoDn7LYNoLOWGqVxm0aR7RXtE=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrUbw2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvsu62L2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxXxkS8=</latexit>

2

<latexit sha1_base64="j+64SaFKIrPSbYEtRe6srqzQTgk=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDCMpINJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6l9MarW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDB7PsZeJ/3sDi5MZPhIotguLZIRQS8kOGa5E2AHQsNCCyLDlQoShnmiGCFpRxnoo2raSS9uEtf79Kuo26d1V325e1ZqNopkxOyCk5Jx65Jk1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xsXgJEw</latexit>

3

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x
<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

TL TR

BL BR

TL TR

BLBR

(c)

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="qPYoDn7LYNoLOWGqVxm0aR7RXtE=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrUbw2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvsu62L2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxXxkS8=</latexit>

2
<latexit sha1_base64="j+64SaFKIrPSbYEtRe6srqzQTgk=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDCMpINJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6l9MarW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDB7PsZeJ/3sDi5MZPhIotguLZIRQS8kOGa5E2AHQsNCCyLDlQoShnmiGCFpRxnoo2raSS9uEtf79Kuo26d1V325e1ZqNopkxOyCk5Jx65Jk1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xsXgJEw</latexit>

3

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="qPYoDn7LYNoLOWGqVxm0aR7RXtE=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrUbw2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvsu62L2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxXxkS8=</latexit>

2

<latexit sha1_base64="j+64SaFKIrPSbYEtRe6srqzQTgk=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDCMpINJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6l9MarW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDB7PsZeJ/3sDi5MZPhIotguLZIRQS8kOGa5E2AHQsNCCyLDlQoShnmiGCFpRxnoo2raSS9uEtf79Kuo26d1V325e1ZqNopkxOyCk5Jx65Jk1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xsXgJEw</latexit>

3

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x
<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

TL TR

BL BR

TL TR

BLBR

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="M1UBizxskoapdjsJ+o99R0AJR9Y=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJ5l0E0lAGRh5RE0fqyCaecH7pbR4qs/AEtVHSIlv+h4F+wjQtImGo0s6udHTdU0pBtf1qFpeWV1bXiemljc2t7p7y71zRBpAU2RKAC3XbBoJI+NkiSwnaoETxXYcsd36R+a4LayMB/oGmIPQ9GvhxKAZRI9xen/XLFrtoZ+CJxclJhOer98ld3EIjIQ5+EAmM6jh1SLwZNUiiclbqRwRDEGEbYSagPHppenCWd8aPIAAU8RM2l4pmIvzdi8IyZem4y6QE9mnkvFf/zOhENr3qx9MOI0BfpIZIKs0NGaJlUgHwgNRJBmhy59LkADUSoJQchEjFKOiklfTjz3y+S5knVOa/ad2eV2nXeTJEdsEN2zBx2yWrsltVZgwk2ZE/smb1YE+vVerPef0YLVr6zz/7A+vgGlVKRfw==</latexit>

63
<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="M1UBizxskoapdjsJ+o99R0AJR9Y=">AAAB9HicbVC7TsNAEDyHVwivACXNiQiJKrJ5l0E0lAGRh5RE0fqyCaecH7pbR4qs/AEtVHSIlv+h4F+wjQtImGo0s6udHTdU0pBtf1qFpeWV1bXiemljc2t7p7y71zRBpAU2RKAC3XbBoJI+NkiSwnaoETxXYcsd36R+a4LayMB/oGmIPQ9GvhxKAZRI9xen/XLFrtoZ+CJxclJhOer98ld3EIjIQ5+EAmM6jh1SLwZNUiiclbqRwRDEGEbYSagPHppenCWd8aPIAAU8RM2l4pmIvzdi8IyZem4y6QE9mnkvFf/zOhENr3qx9MOI0BfpIZIKs0NGaJlUgHwgNRJBmhy59LkADUSoJQchEjFKOiklfTjz3y+S5knVOa/ad2eV2nXeTJEdsEN2zBx2yWrsltVZgwk2ZE/smb1YE+vVerPef0YLVr6zz/7A+vgGlVKRfw==</latexit>

63

(d)

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="qPYoDn7LYNoLOWGqVxm0aR7RXtE=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrUbw2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvsu62L2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxXxkS8=</latexit>

2
<latexit sha1_base64="j+64SaFKIrPSbYEtRe6srqzQTgk=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDCMpINJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6l9MarW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDB7PsZeJ/3sDi5MZPhIotguLZIRQS8kOGa5E2AHQsNCCyLDlQoShnmiGCFpRxnoo2raSS9uEtf79Kuo26d1V325e1ZqNopkxOyCk5Jx65Jk1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xsXgJEw</latexit>

3

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="kX+c+1AfPDnbfu1qy7czH0j0gow=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbG1Zrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxRikS4=</latexit>

1

<latexit sha1_base64="qPYoDn7LYNoLOWGqVxm0aR7RXtE=">AAAB83icbVA9TwJBEN3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXPLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LwKCSEXZIksJeohHCQOF9ML3J/PtH1EbG0R3NEvRDmERyLAVQKrUbw2rNrbs5+CrxClJjBVrD6tdgFAsbYkRCgTF9z03In4MmKRQuKgNrMAExhQn2UxpBiMaf50EX/MwaoJgnqLlUPBfx98YcQmNmYZBOhkAPZtnLxP+8vqXxtT+XUWIJI5EdIqkwP2SElmkDyEdSIxFkyZHLiAvQQIRachAiFW1aSSXtw1v+fpV0G3Xvsu62L2rNRtFMmZ2wU3bOPHbFmuyWtViHCYbsiT2zF8c6r86b8/4zWnKKnWP2B87HNxXxkS8=</latexit>

2

<latexit sha1_base64="j+64SaFKIrPSbYEtRe6srqzQTgk=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIDCMpINJSJRB5SYkXnyyaccj5bd3tIkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbPbzO89gjYiUvc4j8EP2VSJieAMU6l9MarW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDB7PsZeJ/3sDi5MZPhIotguLZIRQS8kOGa5E2AHQsNCCyLDlQoShnmiGCFpRxnoo2raSS9uEtf79Kuo26d1V325e1ZqNopkxOyCk5Jx65Jk1yR1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xsXgJEw</latexit>

3

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x
<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="y9aRI3KxGA3pcTZGzcsHbea5a1Q=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV1RzDHgxWMC5gHJEmYnnThk9sFMjxBCvsCrnryJVz/Ig//i7roHTaxTUdVNV1eQKGnIdT+dtfWNza3t0k55d2//4LBydNwxsdUC2yJWse4F3KCSEbZJksJeopGHgcJuML3N/O4jaiPj6J5mCfohn0RyLAWnVGrNhpWqW3NzsFXiFaQKBZrDytdgFAsbYkRCcWP6npuQP+eapFC4KA+swYSLKZ9gP6URD9H48zzogp1bwylmCWomFctF/L0x56ExszBIJ0NOD2bZy8T/vL6lcd2fyyixhJHIDpFUmB8yQsu0AWQjqZGIZ8mRyYgJrjkRasm4EKlo00rKaR/e8verpHNZ865rbuuq2qgXzZTgFM7gAjy4gQbcQRPaIADhCZ7hxbHOq/PmvP+MrjnFzgn8gfPxDYZokXw=</latexit>y

<latexit sha1_base64="8hmxWlUj1evlkaWCc+ZAuFHHGa0=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIRiJSRaCgTiTykxIrOl0045Xy27vYQkZUvoIWKDtHyQRT8C7ZxAQlTjWZ2tbMTxFIYdN1Pp7S2vrG5Vd6u7Ozu7R9UD4+6JrKaQ4dHMtL9gBmQQkEHBUroxxpYGEjoBbObzO89gDYiUnc4j8EP2VSJieAMU6n9OKrW3Lqbg64SryA1UqA1qn4NxxG3ISjkkhkz8NwY/YRpFFzCojK0BmLGZ2wKg5QqFoLxkzzogp5ZwzCiMWgqJM1F+L2RsNCYeRikkyHDe7PsZeJ/3sDipOEnQsUWQfHsEAoJ+SHDtUgbADoWGhBZlhyoUJQzzRBBC8o4T0WbVlJJ+/CWv18l3Yu6d1V325e1ZqNopkxOyCk5Jx65Jk1yS1qkQzgB8kSeyYtjnVfnzXn/GS05xc4x+QPn4xuE2ZF7</latexit>x

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="ZUBIqg7JiMWOhu+xW5MTV7SmCLc=">AAAB83icbVC7TsNAEDyHVwivACXNiQiJKrIjUCgj0VAmEnlIiRWdL5twyvls3e0hRVa+gBYqOkTLB1HwL9jGBSRMNZrZ1c5OEEth0HU/ndLG5tb2Tnm3srd/cHhUPT7pmchqDl0eyUgPAmZACgVdFChhEGtgYSChH8xvM7//CNqISN3jIgY/ZDMlpoIzTKVOc1ytuXU3B10nXkFqpEB7XP0aTSJuQ1DIJTNm6Lkx+gnTKLiEZWVkDcSMz9kMhilVLATjJ3nQJb2whmFEY9BUSJqL8HsjYaExizBIJ0OGD2bVy8T/vKHF6Y2fCBVbBMWzQygk5IcM1yJtAOhEaEBkWXKgQlHONEMELSjjPBVtWkkl7cNb/X6d9Bp177rudq5qrUbRTJmckXNySTzSJC1yR9qkSzgB8kSeyYtjnVfnzXn/GS05xc4p+QPn4xsdvJE0</latexit>

7

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0

TL TR

BL BR

TL TR

BLBR

<latexit sha1_base64="225Hc70jCZ5mvy+pMLXsueLyQRo=">AAAB83icbVA9TwJBEJ3DL8Qv1NJmIzGxIndEoyWJjSUkgiRwIXvLgBv2PrI7a0IIv8BWKztj6w+y8L94d16h4Kte3pvJvHlBoqQh1/10SmvrG5tb5e3Kzu7e/kH18KhrYqsFdkSsYt0LuEElI+yQJIW9RCMPA4X3wfQm8+8fURsZR3c0S9AP+SSSYyk4pVLbHVZrbt3NwVaJV5AaFGgNq1+DUSxsiBEJxY3pe25C/pxrkkLhojKwBhMupnyC/ZRGPETjz/OgC3ZmDaeYJaiZVCwX8ffGnIfGzMIgnQw5PZhlLxP/8/qWxtf+XEaJJYxEdoikwvyQEVqmDSAbSY1EPEuOTEZMcM2JUEvGhUhFm1ZSSfvwlr9fJd1G3busu+2LWrNRNFOGEziFc/DgCppwCy3ogACEJ3iGF8c6r86b8/4zWnKKnWP4A+fjGxLTkS0=</latexit>

0
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Figure 2: (a) Hilbert curve for n = 2, (b) for n = 4, (c)
for n = 8. (d) Snake curve for n = 8. In (c) and (d)
it is also shown the projection of a generic site of the
2D lattice (within a given quadrant) and its four nearest

neighbours onto the one-dimensional chain.

est neighbours in the d′-dimensional one. Thus,
after the mapping, there will be at least 2(d− d′)
sites placed at a distance larger than one unit.
For the specific case of a 2D square lattice and a
1D chain, this implies that the optimal solution
would be a mapping such that two out of four
nearest neighbours in the 2D lattice remain near-
est neighbours in the 1D chain. If we strictly fol-
low this argument, the best choice would be the
frequently used snake curve, shown in Fig. 2d.
However, in this way, the other two nearest neigh-
bours of a generic site of the 2D lattice would
be rather far away from each other in the one-
dimensional setup, with their distance increasing
up to 2n. If our goal is to preserve the locality also
for these two other nearest neighbours, the curve
that tends to globally satisfy these constraints,
outperforming other types of mapping, is exactly
the Hilbert curve. In order to get a general idea
of this property, we report in Fig. 2c the Hilbert
mapping of a generic site of the 2D lattice (within
a given quadrant) and its four nearest neighbours:

it is clearly visible that all these points that are
close on the two-dimensional plane remain fairly
close on the one-dimensional chain. This prop-
erty, on the contrary, does not hold true for the
standard snake mapping, where, as expected, two
out of four nearest neighbours are almost always
mapped at large distance, as shown in Fig. 2d.
The only regions in which the Hilbert mapping
does not preserve the locality are the inner bor-
ders of the main quadrants. In this case, nearest
neighbor sites belonging to two adjacent quad-
rants turn out to be mapped quite far away from
each other.

2 2D Quantum Ising Model
In order to test the capabilities of the Hilbert
curve mapping for our TN algorithms, we con-
sider the 2D quantum Ising model in presence of
a uniform transverse magnetic field along the z-
direction [61]. For a n × n square lattice, the
Hamiltonian reads

H = J
∑
〈i,j〉

σxi σ
x
j + λ

∑
i

σzi , (2)

where 〈i, j〉 refers to the nearest neighbour sites
and σαi is the Pauli matrix in the α-direction de-
fined on the site i. The coefficient J represents
the strength of the interaction between nearest
neighbour spins along the x-axis, whereas λ deter-
mines the strength of the external magnetic field
along the z-axis. In the following, we consider the
antiferromagnetic (AF) scenario for J > 0, and,
without loss of generality, we fix the energy scale
by setting J = 1.

The two terms of the Hamiltonian in Eq. (2)
do not commute since [σxi , σzi ] 6= 0. Thus, there
exist quantum fluctuations in the system that
can be tuned through the transverse field term.
For λ = 0, the ground state shows a complete
antiferromagnetic order along the x-axis, pro-
ducing a spontaneous staggered magnetization
Ms = 1

n2
∑
i 〈GS|ζiσxi |GS〉 6= 0, in which ζi = ±1

depending on the parity of the site i. In the limit
of |λ| → ∞, on the contrary, each spin align with
the magnetic field along the z-axis, and, as a
result, the antiferromagnetic order along the x-
direction vanishes, i.e., Ms = 0. Between these
two regimes, the system is expected to undergo
a quantum phase transition at finite |λ|. In par-
ticular, we expect a second-order phase transi-
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Figure 3: Staggered magnetization computed with TTN
at OBC for different n as a function of λ and m = 25.
We observe that the magnetization drops to zero close
to the expected critical point. The gray line indicates

the expected position of the critical point.

tion at |λc| ≈ 3.1 [68, 69]. We apply the MPS
and the TTN algorithms to numerically com-
pute the ground state of the Hamiltonian in Eq.
(2) at zero temperature. We have preliminarily
checked that our simulations capture the phase
transition point by computing the magnetization
with the TTN algorithm, as shown in Fig. 3 for
n = 4, 8, 16, 32 at OBC: As expected, the magne-
tization drops from one to zero close to the tran-
sition point, whose expected position is indicated
by the dashed gray line [68, 69]. If not differently
specified, all the results shown in the following
are obtained at OBC.

3 Numerical results
Hereafter we compare the results obtained by ex-
ploiting the Hilbert and the snake mapping with
both the MPS and TTN wave function represen-
tations. For more details about the algorithms
and their implementation see Appendix C. The
Hilbert and the snake curves introduced above
define two mappings M = H,S through which,
from Eq. (2), we obtain two different long-range,
one-dimensional Hamiltonians

HM =
∑

<µ,ν>M

σxµσ
x
ν + λ

∑
µ

σzµ , (3)

where <,>M indicates the sites mapped from
nearest-neighbor coordinates in the 2D lattice
according to the mapping M. In order to es-
timate the performance of a simulation with a

given mapping and representation, we compute
the ground state energy density EH,S and the dif-
ference ∆E = ES −EH, with both the MPS and
TTN algorithms. We focus our analysis on the
case λ = 2.9 because, being close to criticality,
it offers the possibility to test the two mappings
in a case in which numerical simulations are ex-
pected to be more involving due to the presence
of large correlation length. Moreover, we have
numerically verified that this is the point where
∆E is larger with both MPS and TTN represen-
tation, making our analysis clearer (for details see
Appendix A).

First, we show the results obtained by employ-
ing the MPS Ansatz for computing the Hamilto-
nian ground state. We perform simulations for
the two effective Hamiltonians HH and HS for
n = 4, 8, 16, 32, for λ = 2.9, and measure the
ground state energy density (i.e. the energy per
site) as a function of the bond dimension m (see
Fig. 4). In each panel, for both mappings we
observe that the ground state energy density de-
creases with the increase of the bond dimension,
converging to an asymptotic energy value. We
notice that a clear improvement is achieved when
the Hilbert curve is adopted, with the energy dif-
ference increasing as the system size grows. Anal-
ogous results are observed in Fig. 5 which have
been obtained for the same parameter values us-
ing now the TTN Ansazt with OBC: also in this
case the ground state energy densities associated
with the Hilbert curve mapping are smaller than
those obtained with the snake curve. This behav-
ior emerges also for PBC, as shown in Appendix
B.

In order to compare the results obtained with
the MPS and the TTN Ansatze, we first plot
the ground state energy densities for the Hilbert
curve case at m = 50. As shown in Fig. 6a, we
find that the values returned by the TTN simu-
lations are slightly lower than those found by ex-
ploiting MPS. We now consider the difference ∆E
as a function of n, plotted in Fig. 6b up to n = 64.
We find that the Hilbert curve improves the en-
ergy estimation at the second decimal digit, thus
outperforming the snake mapping at each n both
with MPS and TTN. Moreover, while at low n
the improvement achieved with the Hilbert map-
ping is larger with TTN, MPS exhibits a larger
∆E at higher values of n.

In order to provide a qualitative explanation to
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Figure 4: Ground state energy density for the 2D Ising Hamiltonian (2) of a MPS on Hilbert and snake mappings,
evaluated for n = 4, 8, 16, 32 as a function of the bond dimensions m with OBC. Note how the energy difference due

to the use of the Hilbert with respect to the snake one increases with the size. Here λ = 2.9 and J = 1.
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Figure 5: Ground state energy density for the 2D Ising Hamiltonian (2) computed with TTN for n = 4, 8, 16, 32 as
a function of the bond dimensions m for OBC. Here λ = 2.9 and J = 1. As for the MPS case the energy difference

due to the use of the Hilbert with respect to the snake one increases with the size.

our findings, let us introduce two distances dMPS
and dTTN, defined as the number of links connect-
ing two different lattice sites within the MPS and
TTN network geometries respectively, as shown
in Fig. 7. Thus, we have considered the interac-
tion terms of the 1D Hamiltonians HS and HH

and we have computed the distances dMPS and
dTTN between all the relative pairs of sites, pro-
ducing four sets of distances, each of them labeled
by the relative mapping and the tensor network
geometry.

In Fig. 8, we fix n = 16 and we plot the distri-
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Figure 6: (a) Ground state energy density computed
with MPS and TTN at OBC by exploiting the Hilbert
mapping as a function of n (λ = 2.9, m = 50). (b)
Energy density difference ∆E computed with the MPS

and the TTN algorithms as a function of n.
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Figure 7: Distances between two lattices sites computed
within (a) TTN and (b) MPS geometries. In this case,

for the sites 1 and 13, dTTN = 7 and dMPS = 12
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Figure 8: Distributions of the number of tensor-network
links separating physically adjacent lattice sites in the 2D
lattice dMPS (first row) and dTTN (second row) relative
to the pairs of sites connected by an interaction term
in the Hamiltonians HS (fist column) and HH (second

column), computed for n = 16.
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butions of these distances dMPS and dTTN for the
snake (left column) and the Hilbert (right col-
umn) mappings: one can qualitatively see that
the probabilities at large distances are larger for
the snake mapping than for the Hilbert one. Fur-
thermore, this feature is particularly evident in
the TTN case, due to the logarithmic scaling of
distances within the network. It is possible to un-
derstand which regions of the lattice contribute to
the energy improvement by studying the expecta-
tion values of the local magnetization. We mea-
sure the local expectation values of the magneti-
zation {〈σzµ〉}1≤µ≤n2 on both the ground states of
the two HamiltoniansHH andHS and computing
the difference ∆σzµ = |〈σzµ〉H − 〈σzµ〉S |, as shown
in Fig. 9. There are regions in which the differ-
ence is larger while in others the magnetization
values are similar. The former are located in the
bulk of the lattice main quadrants (regions delim-
ited by black lines in Fig. 2c) where the Hilbert
curve preserves the locality of interactions better
than the snake one. Instead, the latter are the
regions close to the quadrant boundaries, where
the Hilbert curve fails to preserve locality and the
magnetization results are not more precise than
those obtained with the snake one.

To explain, instead, why the improvement ob-
served at large n is larger for MPS with respect
to the TTNs, we have checked how the fraction of
interaction terms with largest distances changes
when we move from n = 16 to n = 32. We have
focused on the case of the Hilbert curve, finding
that this fraction decreases faster in the MPS case
than in the TTN one, as shown in Fig. 10. For
this reason, we expect the improvement achiev-
able with the MPS and the Hilbert curve is larger
than the one achievable with TTNs, even though
the TTN simulations are overall more accurate
than the MPS ones.

4 Conclusions

In this work, by using the MPS and the TTN al-
gorithms, we have examined two different strate-
gies to study two-dimensional quantum many-
body systems. Both of them rely on the fact that
it is possible to map a d−dimensional lattice onto
a one-dimensional one, by exploiting a suitable
space-filling curve. In particular, we have carried
out a comparison between two possible mappings,
one based on the Hilbert curve and one on the
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Figure 9: Local magnetization difference ∆σzµ between
the Hilbert and the snake ground states for n = 16
(left panel) and n = 32 (right panel) computed by
using TTNs (upper row) and MPS (lower row) for
λ = 2.9, m = 50 with PBC. The regions in which the
expectation values are similar are those in which nei-
ther the Hilbert nor the snake curve are able to properly

preserve the locality of the interactions.
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n = 32

Figure 10: Distributions of the distances dMPS (first
row) and dTTN (second row) relative to the pairs of sites
connected by an interaction term in the HamiltonianHH
computed for n = 16 (first column) and n = 32 (second

column).
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Figure 11: Difference ∆E of the ground state en-
ergy densities computed with bond dimension m = 20
(left column) and m = 35 (right column). In the first
(second) row TTN (MPS) results are shown for n = 8

(n = 16) with OBC and PBC.

snake ordering, finding a clear advantage in the
use of the former, both in the MPS and in TTN
approach. While the locality properties of the
Hilbert ordering are directly mapped in the MPS
chain, in the case of TTNs they are enhanced
by the logarithmic scaling of distances within the
TTN structure. By recalling that the standard
way to use TTNs for two-dimensional systems re-
lies directly on the construction of a binary 2D
TTN [48], it is worth noting that the binary 2D
TTN and the Hilbert curve mapping generate the
same long range interactions within the corre-
sponding networks. Therefore, the former ben-
efits from the mathematical locality-preserving
properties of the Hilbert curve. From this point
of view, our analysis justifies the capability of bi-
nary 2D TTNs on the basis of the interaction
range of the effective 1D model induced by the
network structure.

In conclusion, our work indicates a system-
atic strategy to evaluate, given a quantum many-
body system defined on a two-dimensional lat-
tice, the more efficient site-ordering to perform
simulations by using TNs, based on the analy-
sis of the effective, one-dimensional system gen-
erated by the mapping. In particular our work
suggests that 1D variational ground state search-
ing algorithms, such as DMRG, strongly benefits

from the choice of the Hilbert curve for treating
2D systems. Even though in this work we fo-
cused on 2D square systems, our approach can
be easily generalised to rectangular lattices, such
as long narrow cylinders, since it is indeed possi-
ble to define the Hilbert curve also in this case.
Other possible outlooks include the application
of this strategy to the study of systems charac-
terized by non-trivial lattice structures and inter-
actions, as for example in spin glasses [70] and
quantum chemistry [71].
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A Choice of λ = 2.9
We have computed the energy difference ∆E for
both the MPS and the TTN representatiosn with
m = 20, 35 for values of λ ranging in the inter-
val [0, 4] which includes the critical point. Then
we have chosen, as explained in the main text,
the value of λ where we observe a peak in the
precision improvement. Note that a clear im-
provement emerges at low bond dimension val-
ues, implying that the Hilbert mapping guaran-
tees a faster convergence of the ground state en-
ergy. The results are shown in Fig. 11: We have
computed the energy difference ∆E at n = 8
with OBC and PBC by using the TTN algorithm
(first row) and at n = 16 with OBC by using the
MPS ground state representation (second row).

Accepted in Quantum 2021-08-31, click title to verify. Published under CC-BY 4.0. 9



(a) (b)

10 20 30 40 50
m

°3.130

°3.125E

n = 4 Snake

Hilbert

10 20 30 40 50
m

°3.11

°3.10

°3.09

E

n = 8 Snake

Hilbert

10 20 30 40 50
m

°3.10

°3.09

E

n = 16 Snake

Hilbert

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

10 20 30 40 50
m

°3.130

°3.125E

n = 4 Snake

Hilbert

10 20 30 40 50
m

°3.11

°3.10

°3.09

E

n = 8 Snake

Hilbert

10 20 30 40 50
m

°3.10

°3.09

E

n = 16 Snake

Hilbert

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0
(c)

10 20 30 40 50
m

°3.130

°3.125E

n = 4 Snake

Hilbert

10 20 30 40 50
m

°3.11

°3.10

°3.09

E

n = 8 Snake

Hilbert

10 20 30 40 50
m

°3.10

°3.09

E
n = 16 Snake

Hilbert

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.5

1.0

Figure 12: Ground state energy density computed with TTN for n = 4, 8, 16 as a function of the bond dimensions
m for PBC. Note how the energy difference due to the use of the Hilbert with respect to the snake one increases

with the size, as found in the OBC case.
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Figure 13: Ground state energy density computed with MPS for n = 4, 8, 16 as a function of the bond dimensions
m for PBC. Note how the energy difference due to the use of the Hilbert with respect to the snake one increases

with the size, as found in the OBC case.

In both rows, the left and right panels refer to the
results obtained with m = 20, 35, respectively.

B Simulations with PBC

Here we show the results obtained by employ-
ing the TTN and the MPS Ansatze for the com-
putation of the ground state with the Hilbert
and the snake mappings. As anticipated in the
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main text, we observe an improvement when the
Hilbert mapping is adopted, as shown in Figs. 12
and 13.

C Numerical simulation details
All the numerical simulations have been per-
formed with standard MPS-DMRG and Tree
Tensor Networks variational ground-state search-
ing algorithm.

MPS-DMRG algorithm represent the state-of-
the-art technique for the numerical simulation
of many-body systems in 1D [73]. The calcula-
tions were performed by using the TeNPy Library
[72] and by exploiting the parity-symmetry of the
model. The error in the final energy at fixed bond
dimension is below 10−6.

For the TTN algorithm we exploit the parity-
simmetry of the Ising model and the Krylov sub
space expansion [39]. Given the model Hamilto-
nian, the TTN ground state is searched by iter-
atively optmizing each of the tensors in the net-
work. By performing standard contraction oper-
ations, we derive a local eigenvalue problem for
each tensor in the network, which is solved by
using the Arnoldi method of the ARPACK li-
brary [74]. This procedure is iterated by sweeping
through the TTN from the lowest to the highest
layers, gradually reducing the energy expectation
value. After completing the whole sweep, the pro-
cedure is iterated several times, until the desired
convergence in the energy is reached. The conver-
gence threshold of the final energy at fixed bond
dimension is below 10−6.
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