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Memory is the fundamental form of temporal
complexity: when present but uncontrollable, it
manifests as non-Markovian noise; conversely, if
controllable, memory can be a powerful resource
for information processing. Memory effects arise
from/are transmitted via interactions between a
system and its environment; as such, they can
be either classical or quantum. From a prac-
tical standpoint, quantum processes with classical
memory promise near-term applicability: they
are more powerful than their memoryless coun-
terpart, yet at the same time can be controlled
over significant timeframes without being spoiled
by decoherence. However, despite practical and
foundational value, apart from simple two-time
scenarios, the distinction between quantum and
classical memory remains unexplored. Here,
we analyse multi-time quantum processes with
memory mechanisms that transmit only classical
information forward in time. Complementing
this analysis, we also study two related—but sim-
pler to characterise—sets of processes that could
also be considered to have classical memory from
a structural perspective, and demonstrate that
these lead to remarkably distinct phenomena in
the multi-time setting. Subsequently, we system-
atically stratify the full hierarchy of memory ef-
fects in quantum mechanics, many levels of which
collapse in the two-time setting, making our res-
ults genuinely multi-time phenomena.

1 Introduction

Temporally complex memory effects appear ubiquit-
ously across natural and engineered processes [1].
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Most prominently, memory can be controlled
to reliably prepare states [2, 3], simulate non-
Markovian phenomena [4–6], enhance information
processing [7, 8], and control circuit architectures [9–
12]. Such primitives are routinely used in classical
computers to improve performance and will be neces-
sary for robust quantum devices [13]. However, prop-
erly defining memory in quantum processes—a pre-
requisite for systematically exploiting it—has proven
to be a layered question, leading to a complicated
‘zoo’ of definitions that, in general, are incompatible
with each other [14]. The main difficulty arises due to
the fundamentally invasive nature of quantum meas-
urements, which obfuscates the effects of an observer
with the underlying dynamics per se in any multi-
time quantum experiment [15].

Only recently has a consistent understanding of
memory in quantum processes been developed via
the “process tensor” formalism [16, 17], which
has been shown to correctly generalise classical
stochastic processes to the quantum realm [18–20]
and encode key memory properties—length [21],
structure [22] and strength [23]—thereby providing
a framework to analyse complex quantum dynamics
[24, 25]. Moreover, such results have been tested
experimentally [12, 26], proving their immediate ap-
plicability. Indeed, the power and flexibility of this
framework is attested to by the fact that it has been
repeatedly derived and applied under different guises
in many contexts, the most prevalent of which being
“quantum channels with memory” [27], “quantum
strategies” [28], “quantum combs” [9, 10], “process
matrices [29], and “operator tensors” [30, 31] (see
also Refs. [32–37] for related formalisms).

However, while quantum correlations in time con-
stitute a promising resource for future quantum tech-
nologies [38, 39], from a practical standpoint, con-

Accepted in Quantum 2024-04-15, click title to verify. Published under CC-BY 4.0. 1

ar
X

iv
:2

30
7.

11
90

5v
2 

 [
qu

an
t-

ph
] 

 1
6 

A
pr

 2
02

4

https://quantum-journal.org/?s=Characterising%20the%20Hierarchy%20of%20Multi-time%20Quantum%20Processes%20with%20Classical%20Memory&reason=title-click
https://quantum-journal.org/?s=Characterising%20the%20Hierarchy%20of%20Multi-time%20Quantum%20Processes%20with%20Classical%20Memory&reason=title-click
https://orcid.org/0000-0002-4247-3901
https://orcid.org/0000-0003-1332-3477
https://orcid.org/0000-0001-7861-1774
https://orcid.org/0000-0002-6987-5513
mailto:philipguy.taranto@phys.s.u-tokyo.ac.jp


trol over complex quantum memory might well be
out of reach (beyond laboratory settings) in the near-
term future since it requires delicate experimental
setups and/or extremely short read-out times. On
the other hand, manipulating quantum processes with
classical memory seems more manageable (yet still
vastly more powerful than their memoryless coun-
terparts) [40, 41] and amenable to current quantum
technologies. To date, the investigation of classical
memory in quantum processes is still incomplete, and
consequently its resourcefulness remains largely un-
explored. Indeed, different experimental setups can
generate distinct memory effects, and so it is crucial
to distinguish between them and figure out their re-
sourcefulness. To achieve such goals, meaningful
definitions, witnesses, and physical interpretations of
such processes are necessary.

Recently, an operational notion of classical
memory in multi-time quantum processes has been
defined [40]; however, the full extent of its con-
sequences in the multi-time setting remains under-
explored. In the simplest scenario—the two-time
setting—quantum processes with classical memory
have been shown to coincide with convex mixtures of
memoryless processes and are thus straightforward to
analyse [40, 41]. However, as we demonstrate, this
is no longer true in the multi-time setting, where a
system undergoing open dynamics (with memory) in
the presence of some environment is probed at mul-
tiple times. Here, (classical) memory effects display
a more intricate structure; for instance, when more
than two times are considered, memory can be meas-
ured and fed forward in time to condition future dy-
namics. More broadly, naı̈vely extending intuition
from the two-time setting is doomed to fail as it ne-
cessarily overlooks genuinely multi-time effects [42].

In the multi-time setting, the question: “what con-
stitutes classical memory?” becomes ambiguous,
since different, inequivalent sets of processes—each
with arguably classical memory—emerge. The most
natural and operationally meaningful set of quantum
processes with classical memory are those that can
be expressed in terms of an open quantum dynamics
where the environment can only feed forward clas-
sical information. However, as we will discuss, such
processes are difficult to characterise based on data
that can be observed by probing the system of in-
terest alone. Accordingly, we also consider two sim-
pler sets of quantum processes—namely, convex mix-
tures of memoryless processes and those that lead to
separable process tensors—which could also be con-

sidered to have “classical memory” (from a structural
perspective) and are easier to characterise in practice,
albeit at the cost of a clear physical implementation.
This situation is analogous to the one considered, e.g.,
in entanglement theory: here, maps that can be im-
plemented with local operations and classical com-
munication (LOCC) are a physically meaningful set,
but they are difficult to characterise. Thus, for simpli-
city, one often considers non-equivalent but related
sets of transformations, e.g., those that preserve the
set of separable states [43], even though their phys-
ical implementation is unclear.

Here, we fully characterise the naturally (due to
physical or structural considerations) occurring sets
of quantum processes with classical memory and
prove a strict hierarchy amongst them. We demon-
strate that the different types of classical memory
considered can be distinguished based upon the abil-
ity of the process at hand to signal information
forward in time through the environment, which—
crucially—can be determined by probing the system
alone. Non-signalling processes contain somewhat
simple memory structures; we further show that in
the multi-time setting, the relationship between clas-
sical memory, separable, and non-signalling quantum
processes becomes non-hierarchical, therefore lead-
ing to a rich tapestry of potential memory effects.
Our analysis complements and generalises analog-
ous considerations in the literature for the two-time
case [40, 41], highlighting that the multi-time scen-
ario permits fundamentally different temporal cor-
relations, even when only classical memory is con-
sidered. Lastly, we outline the current status regard-
ing computational methods to characterise the sets of
processes analysed.

We begin in Sec. 2 by introducing the envisaged
scenario and the framework of multi-time quantum
processes. Subsequently, we motivate and propose
the natural definition for quantum processes with clas-
sical memory, as well as define related sets of pro-
cesses that could also be considered to have clas-
sical memory in their own right (albeit with a less
clear physical interpretation), stratifying the space of
quantum processes with respect to the memory mech-
anisms. In Sec. 3 we prove our main results, demon-
strating a strict hierarchy amongst quantum processes
with distinct memory structures. Following this, we
analyse a number of sets of quantum processes that
arise naturally in the study of memory—namely those
built from classical memory, those corresponding to
non-signalling processes, and those that lead to separ-
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able Choi operators—in detail, demonstrating a non-
hierarchical relationship between these three sets in
the multi-time setting. Lastly, in Sec. 4, we provide
methods to computationally characterise the sets of
processes considered throughout this article.

2 Multi-time Quantum Processes

2.1 Framework

We consider a system S that is sequentially inter-
rogated at N discrete times; in between probings,
the system interacts with its environment E, to-
gether evolving unitarily (see Fig. 1a). To set nota-
tion, let H be a finite-dimensional Hilbert space,
L(H) be the set of bounded linear operators acting
thereupon, and {|i⟩}i represent the computational
basis. Throughout this work, we will exclusively
employ the Choi-Jamiołkowski isomorphism [44, 45]
to represent linear maps K : L(Hi) → L(Ho) as
matrices K ∈ L(Hi ⊗ Ho) via the correspondence

K :=
∑
ij

|i⟩⟨j| ⊗ K(|i⟩⟨j|). (1)

We will typically not distinguish between a linear
map (in the abstract sense) and its concrete repres-
entation in terms of the Choi operator given above.
However, wherever necessary to do so, we will de-
note the former by calligraphic script and the latter
by the corresponding sans serif character. Moreover,
we will find it useful to introduce the following prim-
itives, from which we will construct complex pro-
cesses. Firstly, the identity map corresponds to

I :=
∑
ij

|i⟩⟨j| ⊗ |i⟩⟨j|, (2)

and is proportional to the maximally entangled state.
A unitary channel is denoted by

U :=
∑
ij

|i⟩⟨j| ⊗ U |i⟩⟨j|U †, (3)

where U : Hi → Ho is a unitary matrix. Lastly, the
Choi operator of the trace map is the identity matrix

1 :=
∑
ij

|i⟩⟨j| ⊗ tr [|i⟩⟨j|] =
∑

i

|i⟩⟨i|. (4)

An object that permits the computation of all pos-
sible multi-time correlations—the “process tensor”—
can be built up in the Choi representation from these
parts via the link product ⋆ [10]. The link product

between two Choi operators A12 ∈ L(H1 ⊗ H2) and
B23 ∈ L(H2 ⊗ H3) is defined as

A12 ⋆ B23 := tr2
[
(AT2

12 ⊗ I3) (I1 ⊗ B23)
]

, (5)

where ·T2 is the partial transposition on subsystem
H2. Intuitively, it consists of a contraction on the
spaces that its constituents (here, A and B) share, and
a tensor product on the remaining spaces. For in-
stance, when A and B are defined on mutually exclus-
ive Hilbert spaces (i.e., H2 is trivial), the link product
reduces to the tensor product, i.e., for A1 ∈ L(H1)
and B2 ∈ L(H2), one yields A1 ⋆ B2 = A1 ⊗ B2,
which is the standard way to combine independent
objects in quantum theory. At the other extreme,
when A and B are defined on the same Hilbert space,
the link product reduces to an ‘inner product’-like
contraction, i.e., for A ∈ L(H) and B ∈ L(H),
A ⋆ B = tr

[
ATB

]
, which corresponds to the Born

rule for appropriate objects (i.e., states and POVMs).
More generally, when A12 and B23 represent the

Choi operators of some quantum channels A :
L(H1) → L(H2) and B : L(H2) → L(H3) respect-
ively, the link product A12 ⋆ B23 corresponds to the
Choi operator of the composition B ◦ A. In partic-
ular, this allows one to express partial traces as, say,
tr2 [A12] = 12 ⋆ A12 (since 12 is the Choi state of the
map tr2) and to succinctly write the concatenation of
maps as link products of Choi matrices. For example,
the action of two maps A : L(H1) → L(H2) and
B : L(H2) → L(H3) on a state ρ1 ∈ L(H1), fol-
lowed by a final trace is given by tr [(B ◦ A)[ρ1]] =
13 ⋆ B23 ⋆ A12 ⋆ ρ1. Throughout, we will exclusively
employ the link product to express quantum opera-
tions and their concatenations.

An N -time quantum process can then be defined
by concatenating global unitary dynamics with iden-
tity maps on the environment—permitting the trans-
mission of quantum information—and a final partial
trace over the environment degrees of freedom (see
Fig. 1a for an N = 3 depiction):

Definition 1 (Multi-time quantum process). An N -
time quantum process is represented by CN :1 ≥ 0
that can be written as

CN :1 = 1ENi ⋆
(
⋆N−1

j=1 U(ES)j+1ijo ⋆ IEj

)
⋆ ρ(ES)1i ,

(6)

with ρ(ES)1i ∈ L(HE1i ⊗ HS1i ) the initial system-
environment state; each U(ES)j+1ijo a unitary
channel [i.e., the Choi operator of the unitary
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<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP

<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM

<latexit sha1_base64="e3qPAHzK1KY3Nuv8vBvfzrwNXmY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2Ae2Q8mkd9rQTGZIMmIZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz00IuoGekwe5r2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5omn5MwqAxLGyj5pyFz9vZHRSOtJFNjJecJlbyb+53VTE177GZdJalCyxUdhKoiJyex8MuAKmRETSyhT3GYlbEQVZcaWVLIleMsnr5LWRdW7rNbuapW6m9dRhBM4hXPw4ArqcAsNaAIDCc/wCm+Odl6cd+djMVpw8p1j+APn8wcU1JEk</latexit>x
<latexit sha1_base64="BbTXgmZPruzTZIlM+ZGrwBF3itY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuax5BkhDL0L9y4UMStf+POvzGdzkJbDwQO59xLzj1Rwpmxvv/tldbWNza3ytuVnd29/YPq4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u537niWrDlHyw04SGAo8kixnB1kmPfYHt2MSZmg2qNb/u50CrJChIDQo0B9Wv/lCRVFBpCcfG9AI/sWGGtWWE01mlnxqaYDLBI9pzVGJBTZjliWfozClDFCvtnrQoV39vZFgYMxWRm8wTLntz8T+vl9r4JsyYTFJLJVl8FKccWYXm56Mh05RYPnUEE81cVkTGWGNiXUkVV0KwfPIqaV/Ug6v65f1lreEXdZThBE7hHAK4hgbcQRNaQEDCM7zCm2e8F+/d+1iMlrxi5xj+wPv8AQcnkRs=</latexit>o

<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS
<latexit sha1_base64="g7op8y7bTzmnEV+oT0lo+u1A+1E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxmW/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+hmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1lXFu65UG9Vyzc3jKMApnMEFeHADNbiHOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fbYWMpQ==</latexit>⇤

<latexit sha1_base64="yIXdqRqGehBcqAHYcf8YJW46E4w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBQ8hd0Q1GPAi8cI5gHJEmYns8mQeawzs0JY8hNePCji1d/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZM6PcOGAver/VLZr/hzoFUS5KQMORr90ldvoEgqqLSEY2O6gZ/YMMPaMsLptNhLDU0wGeMh7ToqsaAmzOb3TtGFUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMb34QZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo6EIIll9eJa1qJbiq1O5r5fp5HkcBTuEMLiGAa6jDHTSgCQQ4PMMrvHmP3ov37n0sWte8fOYE/sD7/AHBMY+z</latexit>�2
<latexit sha1_base64="0UE5JbHqiLKjslxGm8I7qIz/rxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BKvgqSRS1GPBi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZCkfb9frnhVbw53lfg5qUCORr/81RsomsZMIhXEmK7vJRhkRCOngk1LvdSwhNAxGbKupZLEzATZ/Nqpe26VgRspbUuiO1d/T2QkNmYSh7YzJjgyy95M/M/rphjdBBmXSYpM0sWiKBUuKnf2ujvgmlEUE0sI1dze6tIR0YSiDahkQ/CXX14lrcuqf1Wt3dcq9bM8jiKcwClcgA/XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AULljtc=</latexit>⌧1

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M
<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM
<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP
<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM

<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS

<latexit sha1_base64="SmoT6LVn9wTf7pqIs5lDKcaTnSc=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxYOHCOYBmyXMTnqTIbM7y0yvGJZ8hhcPinj1a7z5N04eB00saCiquunuClMpDLrut7Oyura+sVnYKm7v7O7tlw4Om0ZlmkODK6l0O2QGpEiggQIltFMNLA4ltMLhzcRvPYI2QiUPOEohiFk/EZHgDK3kdxCeMEvzO2/cLZXdijsFXSbenJTJHPVu6avTUzyLIUEumTG+56YY5Eyj4BLGxU5mIGV8yPrgW5qwGEyQT08e0zOr9GiktK0E6VT9PZGz2JhRHNrOmOHALHoT8T/PzzC6DnKRpBlCwmeLokxSVHTyP+0JDRzlyBLGtbC3Uj5gmnG0KRVtCN7iy8ukeVHxLivV+2q5djqPo0COyQk5Jx65IjVyS+qkQThR5Jm8kjcHnRfn3fmYta4485kj8gfO5w99fpFO</latexit>

L1
<latexit sha1_base64="HgPdaCf85mWEoKfGiw35A9vJkUs=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxYOHCOYBmyXMTnqTIbM7y0yvGJZ8hhcPinj1a7z5N04eB00saCiquunuClMpDLrut7Oyura+sVnYKm7v7O7tlw4Om0ZlmkODK6l0O2QGpEiggQIltFMNLA4ltMLhzcRvPYI2QiUPOEohiFk/EZHgDK3kdxCeMEvzu+q4Wyq7FXcKuky8OSmTOerd0lenp3gWQ4JcMmN8z00xyJlGwSWMi53MQMr4kPXBtzRhMZggn548pmdW6dFIaVsJ0qn6eyJnsTGjOLSdMcOBWfQm4n+en2F0HeQiSTOEhM8WRZmkqOjkf9oTGjjKkSWMa2FvpXzANONoUyraELzFl5dJ86LiXVaq99Vy7XQeR4EckxNyTjxyRWrkltRJg3CiyDN5JW8OOi/Ou/Mxa11x5jNH5A+czx+CDZFR</latexit>

L4

<latexit sha1_base64="YWj0WTxkUyiAhQCFSb1FlpTA5ew=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe5CUMuAjYVFBPMBlyPsbfaSJXu7x+6cGI78DBsLRWz9NXb+GzfJFZr4YODx3gwz88JEcAOu++0U1tY3NreK26Wd3b39g/LhUduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJxzczv/PItOFKPsAkYUFMhpJHnBKwkt8D9gRpkt3Vpv1yxa26c+BV4uWkgnI0++Wv3kDRNGYSqCDG+J6bQJARDZwKNi31UsMSQsdkyHxLJYmZCbL5yVN8bpUBjpS2JQHP1d8TGYmNmcSh7YwJjMyyNxP/8/wUousg4zJJgUm6WBSlAoPCs//xgGtGQUwsIVRzeyumI6IJBZtSyYbgLb+8Stq1qndZrd/XK42zPI4iOkGn6AJ56Ao10C1qohaiSKFn9IreHHBenHfnY9FacPKZY/QHzucPfwORTw==</latexit>

L2

<latexit sha1_base64="3H8qSEiOmK8qx/STbKUujb+OdOI=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe40qGXAxsIigvmAyxH2NnvJkr3dY3dODEd+ho2FIrb+Gjv/jZvkCk18MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo5up335k2nAlH2CcsCAmA8kjTglYye8Ce4I0ye4uJr1yxa26M+Bl4uWkgnI0euWvbl/RNGYSqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLJYmZCbLZyRN8apU+jpS2JQHP1N8TGYmNGceh7YwJDM2iNxX/8/wUousg4zJJgUk6XxSlAoPC0/9xn2tGQYwtIVRzeyumQ6IJBZtSyYbgLb68TFrnVe+yWruvVeoneRxFdISO0Rny0BWqo1vUQE1EkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fgIiRUA==</latexit>

L3
<latexit sha1_base64="Dma5qsrVdwDF6GPgeXg3kW5QPas=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jEggscI5gGbJcxOepMhszvLTK8YlnyGFw+KePVrvPk3Th4HTSxoKKq66e4KUykMuu63s7K6tr6xWdgqbu/s7u2XDg6bRmWaQ4MrqXQ7ZAakSKCBAiW0Uw0sDiW0wuHNxG89gjZCJQ84SiGIWT8RkeAMreR3EJ4wS/Nbb9wtld2KOwVdJt6clMkc9W7pq9NTPIshQS6ZMb7nphjkTKPgEsbFTmYgZXzI+uBbmrAYTJBPTx7TM6v0aKS0rQTpVP09kbPYmFEc2s6Y4cAsehPxP8/PMLoOcpGkGULCZ4uiTFJUdPI/7QkNHOXIEsa1sLdSPmCacbQpFW0I3uLLy6R5UfEuK9X7arl2Oo+jQI7JCTknHrkiNXJH6qRBOFHkmbySNwedF+fd+Zi1rjjzmSPyB87nD3LUkUc=</latexit>

E1

<latexit sha1_base64="dW+E26X/YGGsDLC5sWEEGN3lWT8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LFbBU0mkqMeCF48V2lpoQ9lsJ+3SzSbsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGPdCZgBKRS0UKCETqKBRYGEh2B8O/MfHkEbEasmThLwIzZUIhScoZW6PYQnTJOs6U375Ypbdeegq8TLSYXkaPTLX71BzNMIFHLJjOl6boJ+xjQKLmFa6qUGEsbHbAhdSxWLwPjZ/OQpPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGf/04HQwFFOLGFcC3sr5SOmGUebUsmG4C2/vEral1Xvqlq7r1XqZ3kcRXJCTskF8cg1qZM70iAtwklMnskreXPQeXHenY9Fa8HJZ47JHzifP4mukVY=</latexit>

T1

<latexit sha1_base64="3H8qSEiOmK8qx/STbKUujb+OdOI=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe40qGXAxsIigvmAyxH2NnvJkr3dY3dODEd+ho2FIrb+Gjv/jZvkCk18MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo5up335k2nAlH2CcsCAmA8kjTglYye8Ce4I0ye4uJr1yxa26M+Bl4uWkgnI0euWvbl/RNGYSqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLJYmZCbLZyRN8apU+jpS2JQHP1N8TGYmNGceh7YwJDM2iNxX/8/wUousg4zJJgUk6XxSlAoPC0/9xn2tGQYwtIVRzeyumQ6IJBZtSyYbgLb68TFrnVe+yWruvVeoneRxFdISO0Rny0BWqo1vUQE1EkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fgIiRUA==</latexit>

L3

<latexit sha1_base64="nEWpNgo2ZE1uABfKJgga/ERGEt4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FL14KFewHbJeSTbNtaDZZklmxLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53C2vrG5lZxu7Szu7d/UD48ahuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Hbmdx6ZNlzJB5gkLIjJUPKIUwJW8nvAngAgazSm/XLFrbpz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSi6yDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2hdV77Jau69V6jd5HEV0gk7ROfLQFaqjO9RELUSRQs/oFb054Lw4787HorXg5DPH6A+czx+3LZGM</latexit>

MM

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="+Oe81+72V6fuqJ2nu9iLh4/hrEw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyGoDkGvHiMYB6QrGF2MpsMmZ1dZ3qFEPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSKFQdf9dtbWNza3tnM7+d29/YPDwtFx08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVPY4T7kd0oEQoGEUrtbv1oXi47JV7haJbcucgq8TLSBEy1HuFr24/ZmnEFTJJjel4boL+hGoUTPJpvpsanlA2ogPesVTRiBt/Mr93Ss6t0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDqj8RKkmRK7ZYFKaSYExmz5O+0JyhHFtCmRb2VsKGVFOGNqK8DcFbfnmVNMsl76pUuasUa9UsjhycwhlcgAfXUINbqEMDGEh4hld4cx6dF+fd+Vi0rjnZzAn8gfP5Aymxj2A=</latexit>

�+
2

<latexit sha1_base64="RfF04LPdty8qdhxJHMeqRBJRL5c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGFXguYY8OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rG8N+ME/YgOJA85o8ZK7W59yB8uel6vWHLL7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+b1TcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5qw6k+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVNC/L3lW5clcp1apZHHk4gVM4Bw+uoQa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Aygtj18=</latexit>

�+
1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢ <latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="CU/Cn8kR19zGrlNejWBsMyfOCu4=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp2mVBBJcV7AOaUCbTSTt0ZhJmJkIJXfoLbnXvTtz6IW79EidpFrb1wIXDOfdyDyeIGVXacb6t0sbm1vZOebeyt39weFQ9PumqKJGYdHDEItkPkCKMCtLRVDPSjyVBPGCkF0xvM7/3RKSikXjUs5j4HI0FDSlG2kiex5GeqDC9G7rzYbXm1J0c9jpxC1KDAu1h9ccbRTjhRGjMkFID14m1nyKpKWZkXvESRWKEp2hMBoYKxIny0zzz3L4wysgOI2lGaDtX/16kiCs144HZzDOuepn4nzdIdNj0UyriRBOBF4/ChNk6srMC7BGVBGs2MwRhSU1WG0+QRFibmpa+BAHPSnFXK1gn3au6e11vPDRqrWZRTxnO4BwuwYUbaME9tKEDGGJ4gVd4s56td+vD+lyslqzi5hSWYH39ApPlmJs=</latexit>

E1
<latexit sha1_base64="7ynhO6aEOsYDnq9+MSA4BVICDN8=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiSlaJcFEVxWsA9oQplMJ+3QySTMTIQSuvQX3Orenbj1Q9z6JU7SLLT1wIXDOfdyD8ePOVPatr+s0sbm1vZOebeyt39weFQ9PumpKJGEdknEIznwsaKcCdrVTHM6iCXFoc9p35/dZH7/kUrFIvGg5zH1QjwRLGAEayO5boj1VAXp7aixGFVrdt3OgdaJU5AaFOiMqt/uOCJJSIUmHCs1dOxYeymWmhFOFxU3UTTGZIYndGiowCFVXppnXqALo4xREEkzQqNc/X2R4lCpeeibzTzjqpeJ/3nDRActL2UiTjQVZPkoSDjSEcoKQGMmKdF8bggmkpmsiEyxxESbmv588f0wK8VZrWCd9Bp156revG/W2q2injKcwTlcggPX0IY76EAXCMTwDC/waj1Zb9a79bFcLVnFzSn8gfX5A5V6mJw=</latexit>

E2

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="HG9HCm0papx6iBQmjw/i4la35MQ=">AAACA3icbVDLSsNAFL3xWeur6tJNsAiuSlKKdllw47JCX9CEMplO2qEzkzAzEUro0l9wq3t34tYPceuXOEmzsK0HLhzOuZd7OEHMqNKO821tbe/s7u2XDsqHR8cnp5Wz856KEolJF0cskoMAKcKoIF1NNSODWBLEA0b6wew+8/tPRCoaiY6ex8TnaCJoSDHSRvI8jvRUhWlnVF+MKlWn5uSwN4lbkCoUaI8qP944wgknQmOGlBq6Tqz9FElNMSOLspcoEiM8QxMyNFQgTpSf5pkX9rVRxnYYSTNC27n69yJFXKk5D8xmnnHdy8T/vGGiw6afUhEnmgi8fBQmzNaRnRVgj6kkWLO5IQhLarLaeIokwtrUtPIlCHhWirtewSbp1Wvuba3x2Ki2mkU9JbiEK7gBF+6gBQ/Qhi5giOEFXuHNerberQ/rc7m6ZRU3F7AC6+sXrVOYqw==</latexit>

T2
<latexit sha1_base64="4u8wqDf0iG3d5ZKFOpRnYeU0omA=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiRStMuCG5cV+oImlMl00g6dScLMRCihS3/Bre7diVs/xK1f4iTNwrYeuHA4517u4fgxZ0rb9rdV2tre2d0r71cODo+OT6qnZz0VJZLQLol4JAc+VpSzkHY105wOYkmx8Dnt+7P7zO8/UalYFHb0PKaewJOQBYxgbSTXFVhPVZB2Rs5iVK3ZdTsH2iROQWpQoD2q/rjjiCSChppwrNTQsWPtpVhqRjhdVNxE0RiTGZ7QoaEhFlR5aZ55ga6MMkZBJM2EGuXq34sUC6XmwjebecZ1LxP/84aJDppeysI40TQky0dBwpGOUFYAGjNJieZzQzCRzGRFZIolJtrUtPLF90VWirNewSbp3dSd23rjsVFrNYt6ynABl3ANDtxBCx6gDV0gEMMLvMKb9Wy9Wx/W53K1ZBU357AC6+sXq76Yqg==</latexit>

T1

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="91VWtKtsVwaheqKFQkhrwZAlJQk=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiRS1GXBjcsK9gFNCJPppB06MwkzE6WE/oG/4Fb37sStP+HWL3GSZmFbD1w4nHMv93DChFGlHefbqmxsbm3vVHdre/sHh0d2/bin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9zf3+I5GKxuJBzxLiczQWNKIYaSMFdt3jSE9UlHmKjjkK3HlgN5ymUwCuE7ckDVCiE9g/3ijGKSdCY4aUGrpOov0MSU0xI/OalyqSIDxFYzI0VCBOlJ8V0efw3CgjGMXSjNCwUP9eZIgrNeOh2SyCrnq5+J83THV042dUJKkmAi8eRSmDOoZ5D3BEJcGazQxBWFKTFeIJkghr09bSlzDkeSnuagXrpHfZdK+arftWo90q66mCU3AGLoALrkEb3IEO6AIMnsALeAVv1rP1bn1Yn4vVilXenIAlWF+/So2bIg==</latexit>�1
<latexit sha1_base64="r2jANaKaSEeRduIwA4NS2wKQdsY=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiSlqMuCG5cV7AOaECbTSTt0ZhJmJkoJ/QN/wa3u3Ylbf8KtX+IkzUJbD1w4nHMv93DChFGlHefLqmxsbm3vVHdre/sHh0d2/biv4lRi0sMxi+UwRIowKkhPU83IMJEE8ZCRQTi7yf3BA5GKxuJezxPiczQRNKIYaSMFdt3jSE9VlHmKTjgKWovAbjhNpwBcJ25JGqBEN7C/vXGMU06ExgwpNXKdRPsZkppiRhY1L1UkQXiGJmRkqECcKD8roi/guVHGMIqlGaFhof6+yBBXas5Ds1kEXfVy8T9vlOro2s+oSFJNBF4+ilIGdQzzHuCYSoI1mxuCsKQmK8RTJBHWpq0/X8KQ56W4qxWsk36r6V4223ftRqdd1lMFp+AMXAAXXIEOuAVd0AMYPIJn8AJerSfrzXq3PparFau8OQF/YH3+AEwimyM=</latexit>�2

<latexit sha1_base64="hoz//OmUk/CswEeQLqzUXrm6rpU=">AAACDnicbVDLSsNAFJ3UV62vqLhyEyyCq5JI0S4LblxWsA9oY5hMJ+3QyYOZG7EM+Qd/wa3u3Ylbf8GtX+KkzcK2HrhwOOdezuX4CWcSbPvbKK2tb2xulbcrO7t7+wfm4VFHxqkgtE1iHouejyXlLKJtYMBpLxEUhz6nXX9yk/vdRyoki6N7mCbUDfEoYgEjGLTkmScDMY495TyoAdAnAFAsyzLPrNo1ewZrlTgFqaICLc/8GQxjkoY0AsKxlH3HTsBVWAAjnGaVQSppgskEj2hf0wiHVLpq9n5mnWtlaAWx0BOBNVP/XigcSjkNfb0ZYhjLZS8X//P6KQQNV7EoSYFGZB4UpNyC2Mq7sIZMUAJ8qgkmgulfLTLGAhPQjS2k+H6Yl+IsV7BKOpc156pWv6tXm42injI6RWfoAjnoGjXRLWqhNiJIoRf0it6MZ+Pd+DA+56slo7g5Rgswvn4BTdGdZw==</latexit>⇢1i
<latexit sha1_base64="0eyfDd8CHCOmhKUrRJ5iKU1yIeI=">AAACI3icbVDLSsNAFJ34rPUVdekmWARxUZJStLgquHHhooJ9QBPDZDpph04ezNyIJeQf/Al/wa3u3YkbF278EpM0oG09MHDuOfdy5x4n5EyCrn8qS8srq2vrpY3y5tb2zq66t9+RQSQIbZOAB6LnYEk582kbGHDaCwXFnsNp1xlfZn73ngrJAv8WJiG1PDz0mcsIhlSy1VPTwzCSbnyd2HHtLjaBPgBAzJLkwvgtgyRJbLWiV/Uc2iIxClJBBVq2+m0OAhJ51AfCsZR9Qw/BirEARjhNymYkaYjJGA9pP6U+9qi04vymRDtOlYHmBiJ9Pmi5+ncixp6UE89JO/ML5r1M/M/rR+A2rJj5YQTUJ9NFbsQ1CLQsIG3ABCXAJynBRLD0rxoZYYEJpDHObHEcLwvFmI9gkXRqVeOsWr+pV5qNIp4SOkRH6AQZ6Bw10RVqoTYi6BE9oxf0qjwpb8q78jFtXVKKmQM0A+XrBx+xpuk=</latexit>

L2i:1o
<latexit sha1_base64="0liKGm3qDTJtVNfKWvAeZ9ycTAk=">AAACI3icbVDLSsNAFJ3UV62vqEs3wSKIi5LUosVVwY0LFxXsA9oYJtNJO3TyYOZGLCH/4E/4C251707cuHDjl5ikAW3rgYFzz7mXO/fYAWcSdP1TKSwtr6yuFddLG5tb2zvq7l5b+qEgtEV87ouujSXlzKMtYMBpNxAUuzanHXt8mfqdeyok871bmATUdPHQYw4jGBLJUk/6LoaRdKLr2IpO76I+0AcAiFgcX1R/Sz+OY0st6xU9g7ZIjJyUUY6mpX73Bz4JXeoB4VjKnqEHYEZYACOcxqV+KGmAyRgPaS+hHnapNKPsplg7SpSB5vgieR5omfp3IsKulBPXTjqzC+a9VPzP64Xg1M2IeUEI1CPTRU7INfC1NCBtwAQlwCcJwUSw5K8aGWGBCSQxzmyxbTcNxZiPYJG0qxXjrFK7qZUb9TyeIjpAh+gYGegcNdAVaqIWIugRPaMX9Ko8KW/Ku/IxbS0o+cw+moHy9QMjBKbr</latexit>

L3i:2o

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="6ldcxJQ3INa9EUNPabr5LIIhKEM=">AAACFnicbVDLSsNAFJ34rPUVdSnCYBHqpiRStMuCG5cV7APaNEymk3bo5MHMjbSErPwJf8Gt7t2JW7du/RKTNgvbeuDC4Zx7ufceJxRcgWF8a2vrG5tb24Wd4u7e/sGhfnTcUkEkKWvSQASy4xDFBPdZEzgI1gklI54jWNsZ32Z++5FJxQP/AaYhszwy9LnLKYFUsvWznhwFdmz24x6wCQDEPEmSflye2OZlYuslo2LMgFeJmZMSytGw9Z/eIKCRx3yggijVNY0QrJhI4FSwpNiLFAsJHZMh66bUJx5TVjx7I8EXqTLAbiDT8gHP1L8TMfGUmnpO2ukRGKllLxP/87oRuDUr5n4YAfPpfJEbCQwBzjLBAy4ZBTFNCaGSp7diOiKSUEiTW9jiOF4WirkcwSppXVXM60r1vlqq1/J4CugUnaMyMtENqqM71EBNRNETekGv6E171t61D+1z3rqm5TMnaAHa1y8Fk6Bm</latexit>

⇢
(x1)
1i

<latexit sha1_base64="axpsPm3T7l8z7Vc02b7txBgGk78="></latexit>

L
(x2|x1)
2i:10

<latexit sha1_base64="pwbkfKoNqqehvNz8NqjieI77M7I="></latexit>

L
(|x2x1)
3i:20

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="a3PUbmMjzognVfKfidDNgrrrkX4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQiWlwVunElFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnKZZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMGku/O6USsVi8aRnCfUiPBIsZARrI/m2PYiwHqswa8797OHOnft21ak5OdA6cQtShQIt3/4aDGOSRlRowrFSfddJtJdhqRnhdF4ZpIommEzwiPYNFTiiysvy5HN0YZQhCmNpntAoV39vZDhSahYFZjLPueotxP+8fqrDupcxkaSaCrI8FKYc6RgtakBDJinRfGYIJpKZrIiMscREm7IqpgR39cvrpHNVc29q14/X1Ua9qKMMZ3AOl+DCLTTgHlrQBgJTeIZXeLMy68V6tz6WoyWr2DmFP7A+fwBa15N0</latexit>

CN :1

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1
<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="WvpyrGGwdRrG2wP5c7fRqmFM8zM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBVclZlS1GXBje4q2Ad0hpJJM21okhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OZ+94kqzWL5aKYJDQQeSRYxgo2VfF9gM1Yiu58N6oNK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDC6azsp5ommEzwiPYtlVhQHWTzzDN0YZUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUtiV4y19eJZ16zbuqNR4a1eZ5UUcJTuEMLsGDa2jCHbSgDQQSeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gABYpGU</latexit>

I2
<latexit sha1_base64="PsDYOCOZrXf13JtBTYbfW2CPTqw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBKvgqsxIUZcFN7qrYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEdj8beINqza27c6BV4hWkBgVag+qXP4xJKqg0hGOt+56bmCDDyjDC6azip5ommEzwiPYtlVhQHWTzzDN0bpUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ3LundVbzw0as2zoo4ynMApXIAH19CEO2hBGwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD/z5GT</latexit>

I1

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E <latexit sha1_base64="+Gx3Ae2sbKt68NYmT2SNK0JqP80=">AAAB+3icbVDLSsNAFL2pr1pfsW4EN4NFqJuSSFGXBTduhAr2AW0sk+mkHTp5MDORlpBfceNCEbf+iDv/xmmahbYeGDiccy/3zHEjzqSyrG+jsLa+sblV3C7t7O7tH5iH5bYMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJObud95okKyMHhQs4g6Ph4FzGMEKy0NzHLfx2osveQufUyq04F9ng7MilWzMqBVYuekAjmaA/OrPwxJ7NNAEY6l7NlWpJwEC8UIp2mpH0saYTLBI9rTNMA+lU6SZU/RmVaGyAuFfoFCmfp7I8G+lDPf1ZNZ0mVvLv7n9WLlXTsJC6JY0YAsDnkxRypE8yLQkAlKFJ9pgolgOisiYywwUbquki7BXv7yKmlf1OzLWv2+Xmkc53UU4QROoQo2XEEDbqEJLSAwhWd4hTcjNV6Md+NjMVow8p0j+APj8weoqpQR</latexit>

M(x1)

<latexit sha1_base64="N9jMqL9+MxWjYIaag930uJ+dqBM=">AAAB9XicbVBNSwMxEJ31s9avqhfBS7AI9VJ2pajHghePFewHtNuSTbNtaJJdkqxalv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN1M/eYDVZpF8t6MY+oLPJAsZAQbK3U7mg0E7qalp553PukVim7ZnQEtEy8jRchQ6xW+Ov2IJIJKQzjWuu25sfFTrAwjnE7ynUTTGJMRHtC2pRILqv10dvUEnVmlj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7x2YsJrP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjg8rbELzFl5dJ46LsXZYrd5Vi9TiLIwcncAol8OAKqnALNagDAQXP8ApvzqPz4rw7H/PWFSebOYI/cD5/AOkGkgE=</latexit>

�(x1) <latexit sha1_base64="CUGnMgmXGUCCvjbRtKGOHaAyCco=">AAAB/3icbVDLSsNAFJ3UV62vqCCCm8Ei1E1JSlGXBTduhAr2AW0Mk+mkHTqZhJmJtKRZ+CtuXCji1t9w5984TbvQ1gMDh3Pu5Z45XsSoVJb1beRWVtfWN/Kbha3tnd09c/+gKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veD31W49ESBryezWOiBOgPqc+xUhpyTWPugFSA+knt+lDUhq5lcnItc9T1yxaZSsDXCb2nBTBHHXX/Or2QhwHhCvMkJQd24qUkyChKGYkLXRjSSKEh6hPOppyFBDpJFn+FJ5ppQf9UOjHFczU3xsJCqQcB56ezNIuelPxP68TK//KSSiPYkU4nh3yYwZVCKdlwB4VBCs21gRhQXVWiAdIIKx0ZQVdgr345WXSrJTti3L1rlqsHc/ryIMTcApKwAaXoAZuQB00AAYT8AxewZvxZLwY78bHbDRnzHcOwR8Ynz+pkJW+</latexit>

M(x2|x1)

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="gI50RL7gTMuVwZhG7EOu7N+I9Es=">AAAB+3icbVDLSsNAFJ34rPUV60ZwM1iEuilJKeqy4MZlBfuANobJdNIOnZmEmYm0xPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHMqNKO822trW9sbm0Xdoq7e/sHh/ZRqa2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML6Z+Z1HIhWNxL2exsTjaChoSDHSRvLtUl/RIUcPaWXi154mvnuR+XbZqTpzwFXi5qQMcjR9+6s/iHDCidCYIaV6rhNrL0VSU8xIVuwnisQIj9GQ9AwViBPlpfPbM3hulAEMI2lKaDhXf0+kiCs15YHp5EiP1LI3E//zeokOr72UijjRRODFojBhUEdwFgQcUEmwZlNDEJbU3ArxCEmEtYmraEJwl19eJe1a1b2s1u/q5cZJHkcBnIIzUAEuuAINcAuaoAUwmIBn8ArerMx6sd6tj0XrmpXPHIM/sD5/AFqVk98=</latexit>

�(x2|x1)

a) Quantum memory (    ) b) Classical memory (    ) c) Memoryless (   )<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM
<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM
<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M

<latexit sha1_base64="nEWpNgo2ZE1uABfKJgga/ERGEt4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FL14KFewHbJeSTbNtaDZZklmxLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53C2vrG5lZxu7Szu7d/UD48ahuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Hbmdx6ZNlzJB5gkLIjJUPKIUwJW8nvAngAgazSm/XLFrbpz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSi6yDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2hdV77Jau69V6jd5HEV0gk7ROfLQFaqjO9RELUSRQs/oFb054Lw4787HorXg5DPH6A+czx+3LZGM</latexit>

MM
<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>
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Figure 1: Types of Memory. Quantum processes can have: a) quantum memory (QM, Def. 1); b) classical memory (CM,
Def. 3); or c) no memory (M, Def. 2) (depicted for N = 3 times). In the upper panels, we show the system-environment
representation of the dynamics: in all scenarios, the system-environment evolves unitarily according to U between
times. The distinct memory effects depend upon what happens to the environment between times: in the case of
quantum memory, the environment evolves coherently, represented by the identity channel I; in the case of classical
memory, it is subject to an entanglement-breaking channel E; in the case of no memory, it is discarded and freshly
reprepared, represented by T. Lastly, 1 represents the tracing out over appropriate degrees of freedom. In the lower
panels, we invoke the structure of the relevant environment channels to deduce the process tensor form (yellow
dashed outlines). The general case cannot be broken up; the classical memory case leads to a sequence of conditional
instruments as each future entanglement-breaking channel can depend upon previous outcomes [Eq. (13)], which is
both more general than convex mixtures of memoryless processes (Def. 4) and a special case of separable processes
(Def. 5); the memoryless case leads to a sequence of independent CPTP channels [Eq. (10)].

map U : L(HSjo ⊗ HEjo ) → (HSj+1i ⊗ HEj+1i )
corresponding to the global dynamics between
times]; each IEj ∈ L(HEjo ⊗ HEji ) representing
an identity map on the environment at each time;
and in the second line we have rewritten the final
partial trace over the environment in terms of the
Choi operator 1ENi ∈ L(HENi ). We denote the
set of such processes by QM.

The Choi operator of an N -time process is a
many-body (supernormalised) quantum state CN :1 ∈
L(HSNi

⊗N−1
j=1 HSjo ⊗HSji ) defined with open slots

at each time t1, . . . , tN−1 and an additional final wire
at tN (denoted by the subscript N : 1). Each open slot
is associated to both an input i and output o Hilbert
space, which we typically compress for conciseness.
Throughout this article, we consider all processes to
start on a “slot” and end on a final “open line” (see
Fig. 1). A multi-time quantum process abides by cer-
tain causality constraints that encode the impossib-
ility of sending information from the future to the
past. More precisely, a positive semidefinite operator
CN :1 ≥ 0 represents an N -time process if and only if
it satisfies the following causality conditions [10]

trNi [CN :1] = 1N−1o ⊗ CN−1:1

trN−1i [CN−1:1] = 1N−2o ⊗ CN−2:1
...

tr1i [C1:1] = 1, (7)

where Ck:1 ≥ 0 are k-time quantum processes and

C1:1 is a quantum state. These conditions ensure that
the process cannot signal information backwards in
time. We will later use the violation of similar no-
signalling conditions—albeit between arbitrary times,
not just to previous ones—to distinguish between cer-
tain types of memory in quantum processes.

Correlations of the Choi operator encode temporal
correlations of the process. Recent work has demon-
strated various features that arise from the inter-
play between memory effects and sequential measure-
ments in quantum theory [19–23, 46–49]. Here, we
characterise multi-time quantum processes with dif-
ferent types of memory, focusing on the case where
the memory is restricted to being classical.

2.2 Types of Memory in Quantum Processes

We aim to delineate different types of memory, i.e.,
temporal correlations, similar to the hierarchies that
have been developed amongst spatial correlations [50,
51]. The memory effects that can be exhibited are
contingent upon what type of information the process
can transmit in time. This, in turn, depends upon
what happens to the environment—the carrier of in-
formation about previous system states—during the
evolution. In general, the environment evolves co-
herently [modelled by IEj in Eq. (6)], propagating
quantum information forward. By imposing different
environment dynamics, one can actively restrict the
possible memory effects (see Fig. 1).
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Memoryless Quantum Processes

For instance, the environment could be erased and
prepared anew in between times, thereby not trans-
mitting any historic information. Such refreshing of
the environment between times—which can model,
e.g., rethermalisation—means that the system state
at each time can be treated as a linear function
of that at the immediately preceding time, which
is a key assumption to deriving the much-lauded
Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) /
Markovian master equations [52, 53]. Mathematic-
ally, this physical situation corresponds to a trace-
and-prepare channel being applied to the environ-
ment between times. Such channels are represented
by uncorrelated Choi operators, i.e.,

Toi = σo ⊗ 1i, (8)

where σo is an arbitrary quantum state (which, in the
picture described above, could be the thermal state of
the environment). This leads to (see Fig. 1c for an
N = 3 depiction):

Definition 2. An N -time memoryless quantum
process is represented by a process CM

N :1 ≥ 0 that
can be written as

CM
N :1 = 1ENi ⋆

(
⋆N−1

j=1 U(ES)j+1ijo ⋆ TEj

)
⋆ ρ(ES)1i ,

(9)

with each TEj ∈ L(HEjo ⊗ HEji ) representing a
trace-and-prepare channel on the environment at
each time and the other objects as before. We
denote the set of such processes by M.

By invoking the form of each trace-and-prepare chan-
nel TEj := σEjo ⊗ 1Eji , noting that Lj+1i:jo :=
1Ej+1i ⋆U(ES)j+1ijo ⋆σEjo induces a quantum channel
on the system, and defining ρ1i := ρ(ES)1i ⋆1E1i (see
Fig. 1c), we have the equivalent form of a memory-
less quantum process as a sequence of independent
quantum channels [16, 54]:

CM
N :1 = LNi:N−1o ⊗ . . . ⊗ L2i:1o ⊗ ρ1i . (10)

Here, each Lj+1i:jo ∈ L(HSj+1i ⊗ HSjo ) represents
a completely positive and trace preserving (CPTP)
channel evolving the system from tj to tj+1; in the
Choi representation, these properties are respectively
reflected by Lj+1i:jo ≥ 0 and trj+1i

[
Lj+1i:jo

]
=

1djo . Memorylessness of the process is clear from
this uncorrelated structure, as all of the CPTP maps
are mutually independent, ensuring that the environ-
ment itself plays no role in transmitting forward his-
toric information.

Classical Memory Quantum Processes

In more general scenarios, e.g., when the environ-
ment is not fully refreshed between times, memory
can be transported. Depending on the particular-
ities of the environment and its interactions with
the system, said memory can be either classical or
quantum. Here, we model classical memory effects
by interpolating between the memoryless case (where
the environment is refreshed between times) and the
quantum memory case (where the environment co-
herently propagates) by interspersing the global dy-
namics with channels that transmit only classical in-
formation through the environment. This scenario
can be modelled by subjecting the environment to
an entanglement-breaking channel (EBC) between
times. In each run, any EBC can measure the system
and feed forward classical information pertaining to
the outcome. Mathematically, EBCs are described by
measure-and-prepare channels, i.e.,

Eoi =
∑

x

σ(x)
o ⊗ M(x)

i (11)

where each σ
(x)
o is an arbitrary state and {M(x)

i }
forms a positive operator-valued measure (POVM),
with the label x indicating a potential outcome [50].
This leads to (see Fig. 1b for an N = 3 depiction):

Definition 3. An N -time classical memory
quantum process is represented by a process
CCM

N :1 ≥ 0 that can be written as

CCM
N :1 = 1ENi ⋆

(
⋆N−1

j=1 U(ES)j+1ijo ⋆ EEj

)
⋆ ρ(ES)1i ,

(12)

with each EEj ∈ L(HEjo ⊗ HEji ) representing an
EBC on the environment at each time and the
other objects as before. We denote the set of such
processes by CM.

By explicitly invoking the structure of EBCs, we
yield the form of Choi operators considered in
Ref. [40] (see App. A):

CCM
N :1 =

∑
xN :1

L(xN |xN−1:1)
Ni:N−1o ⊗ . . . ⊗ L(x2|x1)

2i:1o ⊗ ρ
(x1)
1i ,

(13)

where xk:j := {xj , . . . , xk}, {ρ
(x1)
1i } forms

a state ensemble, i.e., each ρ
(x1)
1i ≥ 0

and ρ1i :=
∑

x1 ρ
(x1)
1i has unit trace, and

L(xj+1|xj:1)
j+1i:jo := M(xj+1|xj:1)

Ej+1i
⋆ U(ES)j+1ijo ⋆ σ

(xj |xj−1:1)
Ejo
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forms an instrument on the space of the system for
each conditioning argument, reflecting the fact
that every outcome observed can condition the
choice of future EBCs (see Fig. 1b). The intuition
behind such a process is as follows. First, an
EBC EE1 :=

∑
x1 σ

(x1)
E1o ⊗ M(x1)

E1i
is enacted on the

environment. The classical label corresponding
to any observed outcome x1 can be stored and
fed forward to condition the overall choice of any
future EBC. For instance, the second EBC can be
of the form E(|x1)

E2
:=

∑
x2 σ

(x2|x1)
E2o ⊗ M(x2|x1)

E2i
,

which is a proper channel for each value of the
conditioning argument x1. In other words, for
each previously recorded x1, some later EBC is
enacted with certainty. More generally, at any
time tj , the EBC to which the environment is
subjected can depend upon the entire history, i.e.,
E(|xj−1:1)

Ej
:=

∑
xj

σ
(xj |xj−1:1)
Ejo ⊗ M(xj |xj−1:1)

Eji
, which

leads to the form of conditional instruments.
The above definition corresponds to a clear phys-

ical picture in terms of the system-environment dy-
namics. However, as we will discuss later, it is diffi-
cult to gauge whether a given process can be construc-
ted by classical memory based upon observations of
the system alone. As such, we will also consider two
additional sets of processes that are simpler to charac-
terise and could also be considered to have classical
memory in their own right.

Mixed Memoryless Quantum Processes

The simplest such scenario is to consider classical
mixtures (i.e., convex combinations) of memoryless
quantum process. This set of processes appeared pre-
viously in the literature in the context of inferring
causal structures under the guise of direct cause pro-
cesses [41, 55, 56].

Definition 4. An N -time mixed memoryless
quantum process is represented by a process
CMM

N :1 ≥ 0 that can be written as

CMM
N :1 =

∑
x

pxL(x)
Ni:N−1o ⊗ . . . ⊗ L(x)

2i:1o ⊗ ρ
(x)
1i ,

(14)

where px is a probability distribution and each
L(x)

j+1i:jo ∈ L(HSj+1i ⊗ HSjo ) is a CPTP channel
on the system for each x. We denote the set of
such processes by MM.

Intuitively speaking, the above definition corresponds
to processes where, initially, a classical coin is

flipped, and depending on the outcome x (which oc-
curs with probability px), a memoryless process is
chosen. Importantly, though, such a mixed memory-
less process is not memoryless overall, as temporal
correlations can be mediated via dependence on the
classical label x (which is, nonetheless, the only
form of memory present in such a process, and
therefore engenders a form of classical memory).
From the outset, it seems that Def. 4 is a spe-
cial case of Def. 3; however, this is not clear for
a number of reasons. Firstly, in classical prob-
ability theory, there is no distinction between pro-
cesses with memory and direct cause ones, since
any probability distribution P(xN , . . . , x1) (i.e.,
any classical stochastic process) can be expressed
as

∑
λ pλP

(λ)(xN |xN−1) . . .P(λ)(x2|x1)P(λ)(x1),
where λ acts as a hidden variable that chooses which
Markovian process occurs. This follows by defin-
ing a vector λ whose entries λk take the same val-
ues as xk and setting P(λ)(xk|xk−1) := δλkxk

and
pλ=(xN ,...,x1) := P(xN , . . . , x1). Thus, the classical
analogues of Defs. 3 and 4 are equivalent, so it may
be surprising that they differ in the quantum realm.

Secondly, if one only considers quantum processes
on two times, classical memory quantum processes
are equivalent to mixed memoryless quantum pro-
cesses, as we demonstrate in App. B.1 These two
points notwithstanding, in the coming section we
show that when one considers more times, direct
cause classical memory quantum processes form a
strict subset of classical memory ones, highlighting a
genuinely multi-time phenomenon—in other words,
behaviour that cannot be seen by addressing two
times alone. Before doing so, however, we consider
a distinct set of processes that could also bear the
moniker “classical memory”.

Separable Quantum Processes

Classical memory quantum processes have been ex-
plored in Ref. [40]. Since mathematically charac-
terising the set CM is difficult, the authors relaxed
the condition that each conditional dynamics must be
trace preserving, leading (not obviously) to a super-
set of CM [41]. Precisely, they dropped the demand
that each L(xj−1:1)

ji:j−1o :=
∑

xj
L(xj |xj−1:1)

ji:j−1o is TP [see
Eq. (13)], only retaining positivity of each element
and overall causality. This leads to:

1This equivalence has been shown in Refs. [40, 41], but
we include it here for completeness.
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Definition 5. An N -time separable quantum pro-
cess is represented by a process CSEP

N :1 ≥ 0 that
can be written as [40, 41]

CSEP
N :1 =

∑
x

pxL(x)
Ni:N−1o ⊗ . . . ⊗ L(x)

2i:1o ⊗ ρ
(x)
1i ,

(15)

where px is a probability distribution, each
ρ

(x)
1i ≥ 0 and each L(x)

j+1i:jo ≥ 0. We denote the set
of such processes by SEP.

Note the lack of constraints on the elements in this
decomposition compared to Defs. 3 and 4, where
they must individually represent conditional instru-
ments or CPTP channels, respectively. Since the res-
ulting processes are separable with respect to differ-
ent points in time, their memory could also meaning-
fully be considered “classical”, albeit on mathemat-
ical (i.e., the structure of CSEP

N :1) rather than dynamical
(i.e., the mechanism by which memory is transpor-
ted) grounds. This moniker is justified since no en-
tanglement can be shared across times, and therefore
all observable temporal correlations can be explained
via the (only classically correlated) separable process
at hand, which plays a role analogous to a local hid-
den state. Separable quantum processes have been
previously introduced in Refs. [40, 41] from an ab-
stract perspective in order to outer approximate the
set of classical memory processes; for the two-time
case, in Sec. 3.2, we provide a concrete circuit rep-
resentation of such processes in terms of separable
channels, which have been studied throughout the lit-
erature [57–59]; however, in the multi-time setting,
such a representation remains missing.

A priori, it is unclear if these sets of processes
(Defs. 3–5)—each representing a distinct physical
and/or structural situation that could be considered
to represent classical memory—coincide on the level
of what is observable on the system; we now demon-
strate a clear distinction between each of them.

3 Strict Hierarchy of Memory Effects
for Multi-Time Quantum Processes

By imposing certain dynamics on the environment
one can “kill off” certain types of memory—be it
erasing the history (Def. 2) or destroying coherent in-
formation (Def. 3)—to yield distinct memory classes
(note, though, that the physical picture correspond-
ing to SEP is unclear). However, from a practical
perspective, one cannot access the environment; thus,
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<latexit sha1_base64="aFCuvd3851Gvb0jYUwbxUff2qdI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSp4KokU9Vjw4rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWaVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5PmRcW7rFTvquXaaR5HAY7hBM7BgyuowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8ArxGQQA==</latexit>|0i
<latexit sha1_base64="nbtU9fXqx9Sfhvipf6Nkzj2Zju0=">AAAB+HicbVDLSgNBEJz1GeMjqx69DEbBU9iVoOIp4sVjRPOAJITZSW8yZPbBTK8Yl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXF0uh0XG+raXlldW19dxGfnNre6dg7+7VdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9CwxteT/zGAygtovAeRzF0AtYPhS84QyN17cIlbSM8ImJ617iqjrt20Sk5U9BF4makSDJUu/ZXuxfxJIAQuWRat1wnxk7KFAouYZxvJxpixoesDy1DQxaA7qTTw8f02Cg96kfKVIh0qv6eSFmg9SjwTGfAcKDnvYn4n9dK0L/opCKME4SQzxb5iaQY0UkKtCcUcJQjQxhXwtxK+YApxtFklTchuPMvL5L6ack9K5Vvy8XKURZHjhyQQ3JCXHJOKuSGVEmNcJKQZ/JK3qwn68V6tz5mrUtWNrNP/sD6/AFEcZLC</latexit>

: SWAP

<latexit sha1_base64="fddgbDJ+u/pGLp/dLZZxVVlCPnA=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxZNGyAuyS5id9CZDZh/M9IphyW948aCIV3/Gm3/jJNmDJhY0FFXddHf5iRQabfvbWlldW9/YLGwVt3d29/ZLB4ctHaeKQ5PHMlYdn2mQIoImCpTQSRSw0JfQ9kc3U7/9CEqLOGrgOAEvZINIBIIzNJLrIjwhYnZ335j0SmW7Ys9Al4mTkzLJUe+Vvtx+zNMQIuSSad117AS9jCkUXMKk6KYaEsZHbABdQyMWgvay2c0TemaUPg1iZSpCOlN/T2Qs1Hoc+qYzZDjUi95U/M/rphhce5mIkhQh4vNFQSopxnQaAO0LBRzl2BDGlTC3Uj5kinE0MRVNCM7iy8ukdVFxLivVh2q5dprHUSDH5IScE4dckRq5JXXSJJwk5Jm8kjcrtV6sd+tj3rpi5TNH5A+szx9bg5HP</latexit>

NOT
<latexit sha1_base64="BKMKjOI6RLvF5gtNwF35vaeE95s=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBU8lV0t6rHgxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3U7Oqh6l32SmWv4s2Al4mfkzLkqPdKX92+omnMpKWCGNPxvcQGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ85pY8jpV1Ji2fq74mMxMaM49B1xsQOzaI3Ff/zOqmNboKMyyS1TNL5oigV2Co8fR33uWbUirEjhGrubsV0SDSh1gVUdCH4iy8vk+ZFxb+qVO+r5dppHkcBjuEEzsGHa6jBHdShARQe4Rle4Q0p9ILe0ce8dQXlM0fwB+jzB0Rqjtg=</latexit>⇢3

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M

<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM

<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP

<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM

<latexit sha1_base64="e3qPAHzK1KY3Nuv8vBvfzrwNXmY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2Ae2Q8mkd9rQTGZIMmIZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz00IuoGekwe5r2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5omn5MwqAxLGyj5pyFz9vZHRSOtJFNjJecJlbyb+53VTE177GZdJalCyxUdhKoiJyex8MuAKmRETSyhT3GYlbEQVZcaWVLIleMsnr5LWRdW7rNbuapW6m9dRhBM4hXPw4ArqcAsNaAIDCc/wCm+Odl6cd+djMVpw8p1j+APn8wcU1JEk</latexit>x
<latexit sha1_base64="BbTXgmZPruzTZIlM+ZGrwBF3itY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuax5BkhDL0L9y4UMStf+POvzGdzkJbDwQO59xLzj1Rwpmxvv/tldbWNza3ytuVnd29/YPq4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u537niWrDlHyw04SGAo8kixnB1kmPfYHt2MSZmg2qNb/u50CrJChIDQo0B9Wv/lCRVFBpCcfG9AI/sWGGtWWE01mlnxqaYDLBI9pzVGJBTZjliWfozClDFCvtnrQoV39vZFgYMxWRm8wTLntz8T+vl9r4JsyYTFJLJVl8FKccWYXm56Mh05RYPnUEE81cVkTGWGNiXUkVV0KwfPIqaV/Ug6v65f1lreEXdZThBE7hHAK4hgbcQRNaQEDCM7zCm2e8F+/d+1iMlrxi5xj+wPv8AQcnkRs=</latexit>o

<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS
<latexit sha1_base64="g7op8y7bTzmnEV+oT0lo+u1A+1E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxmW/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+hmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1lXFu65UG9Vyzc3jKMApnMEFeHADNbiHOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fbYWMpQ==</latexit>⇤

<latexit sha1_base64="yIXdqRqGehBcqAHYcf8YJW46E4w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBQ8hd0Q1GPAi8cI5gHJEmYns8mQeawzs0JY8hNePCji1d/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZM6PcOGAver/VLZr/hzoFUS5KQMORr90ldvoEgqqLSEY2O6gZ/YMMPaMsLptNhLDU0wGeMh7ToqsaAmzOb3TtGFUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMb34QZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo6EIIll9eJa1qJbiq1O5r5fp5HkcBTuEMLiGAa6jDHTSgCQQ4PMMrvHmP3ov37n0sWte8fOYE/sD7/AHBMY+z</latexit>�2
<latexit sha1_base64="0UE5JbHqiLKjslxGm8I7qIz/rxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BKvgqSRS1GPBi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZCkfb9frnhVbw53lfg5qUCORr/81RsomsZMIhXEmK7vJRhkRCOngk1LvdSwhNAxGbKupZLEzATZ/Nqpe26VgRspbUuiO1d/T2QkNmYSh7YzJjgyy95M/M/rphjdBBmXSYpM0sWiKBUuKnf2ujvgmlEUE0sI1dze6tIR0YSiDahkQ/CXX14lrcuqf1Wt3dcq9bM8jiKcwClcgA/XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AULljtc=</latexit>⌧1

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M
<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM
<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP
<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM

<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS

<latexit sha1_base64="SmoT6LVn9wTf7pqIs5lDKcaTnSc=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxYOHCOYBmyXMTnqTIbM7y0yvGJZ8hhcPinj1a7z5N04eB00saCiquunuClMpDLrut7Oyura+sVnYKm7v7O7tlw4Om0ZlmkODK6l0O2QGpEiggQIltFMNLA4ltMLhzcRvPYI2QiUPOEohiFk/EZHgDK3kdxCeMEvzO2/cLZXdijsFXSbenJTJHPVu6avTUzyLIUEumTG+56YY5Eyj4BLGxU5mIGV8yPrgW5qwGEyQT08e0zOr9GiktK0E6VT9PZGz2JhRHNrOmOHALHoT8T/PzzC6DnKRpBlCwmeLokxSVHTyP+0JDRzlyBLGtbC3Uj5gmnG0KRVtCN7iy8ukeVHxLivV+2q5djqPo0COyQk5Jx65IjVyS+qkQThR5Jm8kjcHnRfn3fmYta4485kj8gfO5w99fpFO</latexit>

L1
<latexit sha1_base64="HgPdaCf85mWEoKfGiw35A9vJkUs=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxYOHCOYBmyXMTnqTIbM7y0yvGJZ8hhcPinj1a7z5N04eB00saCiquunuClMpDLrut7Oyura+sVnYKm7v7O7tlw4Om0ZlmkODK6l0O2QGpEiggQIltFMNLA4ltMLhzcRvPYI2QiUPOEohiFk/EZHgDK3kdxCeMEvzu+q4Wyq7FXcKuky8OSmTOerd0lenp3gWQ4JcMmN8z00xyJlGwSWMi53MQMr4kPXBtzRhMZggn548pmdW6dFIaVsJ0qn6eyJnsTGjOLSdMcOBWfQm4n+en2F0HeQiSTOEhM8WRZmkqOjkf9oTGjjKkSWMa2FvpXzANONoUyraELzFl5dJ86LiXVaq99Vy7XQeR4EckxNyTjxyRWrkltRJg3CiyDN5JW8OOi/Ou/Mxa11x5jNH5A+czx+CDZFR</latexit>

L4

<latexit sha1_base64="YWj0WTxkUyiAhQCFSb1FlpTA5ew=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe5CUMuAjYVFBPMBlyPsbfaSJXu7x+6cGI78DBsLRWz9NXb+GzfJFZr4YODx3gwz88JEcAOu++0U1tY3NreK26Wd3b39g/LhUduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJxzczv/PItOFKPsAkYUFMhpJHnBKwkt8D9gRpkt3Vpv1yxa26c+BV4uWkgnI0++Wv3kDRNGYSqCDG+J6bQJARDZwKNi31UsMSQsdkyHxLJYmZCbL5yVN8bpUBjpS2JQHP1d8TGYmNmcSh7YwJjMyyNxP/8/wUousg4zJJgUm6WBSlAoPCs//xgGtGQUwsIVRzeyumI6IJBZtSyYbgLb+8Stq1qndZrd/XK42zPI4iOkGn6AJ56Ao10C1qohaiSKFn9IreHHBenHfnY9FacPKZY/QHzucPfwORTw==</latexit>

L2

<latexit sha1_base64="3H8qSEiOmK8qx/STbKUujb+OdOI=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe40qGXAxsIigvmAyxH2NnvJkr3dY3dODEd+ho2FIrb+Gjv/jZvkCk18MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo5up335k2nAlH2CcsCAmA8kjTglYye8Ce4I0ye4uJr1yxa26M+Bl4uWkgnI0euWvbl/RNGYSqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLJYmZCbLZyRN8apU+jpS2JQHP1N8TGYmNGceh7YwJDM2iNxX/8/wUousg4zJJgUk6XxSlAoPC0/9xn2tGQYwtIVRzeyumQ6IJBZtSyYbgLb68TFrnVe+yWruvVeoneRxFdISO0Rny0BWqo1vUQE1EkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fgIiRUA==</latexit>

L3
<latexit sha1_base64="Dma5qsrVdwDF6GPgeXg3kW5QPas=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jEggscI5gGbJcxOepMhszvLTK8YlnyGFw+KePVrvPk3Th4HTSxoKKq66e4KUykMuu63s7K6tr6xWdgqbu/s7u2XDg6bRmWaQ4MrqXQ7ZAakSKCBAiW0Uw0sDiW0wuHNxG89gjZCJQ84SiGIWT8RkeAMreR3EJ4wS/Nbb9wtld2KOwVdJt6clMkc9W7pq9NTPIshQS6ZMb7nphjkTKPgEsbFTmYgZXzI+uBbmrAYTJBPTx7TM6v0aKS0rQTpVP09kbPYmFEc2s6Y4cAsehPxP8/PMLoOcpGkGULCZ4uiTFJUdPI/7QkNHOXIEsa1sLdSPmCacbQpFW0I3uLLy6R5UfEuK9X7arl2Oo+jQI7JCTknHrkiNXJH6qRBOFHkmbySNwedF+fd+Zi1rjjzmSPyB87nD3LUkUc=</latexit>

E1

<latexit sha1_base64="dW+E26X/YGGsDLC5sWEEGN3lWT8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LFbBU0mkqMeCF48V2lpoQ9lsJ+3SzSbsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGPdCZgBKRS0UKCETqKBRYGEh2B8O/MfHkEbEasmThLwIzZUIhScoZW6PYQnTJOs6U375Ypbdeegq8TLSYXkaPTLX71BzNMIFHLJjOl6boJ+xjQKLmFa6qUGEsbHbAhdSxWLwPjZ/OQpPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGf/04HQwFFOLGFcC3sr5SOmGUebUsmG4C2/vEral1Xvqlq7r1XqZ3kcRXJCTskF8cg1qZM70iAtwklMnskreXPQeXHenY9Fa8HJZ47JHzifP4mukVY=</latexit>

T1

<latexit sha1_base64="3H8qSEiOmK8qx/STbKUujb+OdOI=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe40qGXAxsIigvmAyxH2NnvJkr3dY3dODEd+ho2FIrb+Gjv/jZvkCk18MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo5up335k2nAlH2CcsCAmA8kjTglYye8Ce4I0ye4uJr1yxa26M+Bl4uWkgnI0euWvbl/RNGYSqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLJYmZCbLZyRN8apU+jpS2JQHP1N8TGYmNGceh7YwJDM2iNxX/8/wUousg4zJJgUk6XxSlAoPC0/9xn2tGQYwtIVRzeyumQ6IJBZtSyYbgLb68TFrnVe+yWruvVeoneRxFdISO0Rny0BWqo1vUQE1EkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fgIiRUA==</latexit>

L3

<latexit sha1_base64="nEWpNgo2ZE1uABfKJgga/ERGEt4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FL14KFewHbJeSTbNtaDZZklmxLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53C2vrG5lZxu7Szu7d/UD48ahuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Hbmdx6ZNlzJB5gkLIjJUPKIUwJW8nvAngAgazSm/XLFrbpz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSi6yDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2hdV77Jau69V6jd5HEV0gk7ROfLQFaqjO9RELUSRQs/oFb054Lw4787HorXg5DPH6A+czx+3LZGM</latexit>

MM

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="+Oe81+72V6fuqJ2nu9iLh4/hrEw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyGoDkGvHiMYB6QrGF2MpsMmZ1dZ3qFEPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSKFQdf9dtbWNza3tnM7+d29/YPDwtFx08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVPY4T7kd0oEQoGEUrtbv1oXi47JV7haJbcucgq8TLSBEy1HuFr24/ZmnEFTJJjel4boL+hGoUTPJpvpsanlA2ogPesVTRiBt/Mr93Ss6t0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDqj8RKkmRK7ZYFKaSYExmz5O+0JyhHFtCmRb2VsKGVFOGNqK8DcFbfnmVNMsl76pUuasUa9UsjhycwhlcgAfXUINbqEMDGEh4hld4cx6dF+fd+Vi0rjnZzAn8gfP5Aymxj2A=</latexit>

�+
2

<latexit sha1_base64="RfF04LPdty8qdhxJHMeqRBJRL5c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGFXguYY8OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rG8N+ME/YgOJA85o8ZK7W59yB8uel6vWHLL7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+b1TcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5qw6k+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVNC/L3lW5clcp1apZHHk4gVM4Bw+uoQa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Aygtj18=</latexit>

�+
1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢ <latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="CU/Cn8kR19zGrlNejWBsMyfOCu4=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp2mVBBJcV7AOaUCbTSTt0ZhJmJkIJXfoLbnXvTtz6IW79EidpFrb1wIXDOfdyDyeIGVXacb6t0sbm1vZOebeyt39weFQ9PumqKJGYdHDEItkPkCKMCtLRVDPSjyVBPGCkF0xvM7/3RKSikXjUs5j4HI0FDSlG2kiex5GeqDC9G7rzYbXm1J0c9jpxC1KDAu1h9ccbRTjhRGjMkFID14m1nyKpKWZkXvESRWKEp2hMBoYKxIny0zzz3L4wysgOI2lGaDtX/16kiCs144HZzDOuepn4nzdIdNj0UyriRBOBF4/ChNk6srMC7BGVBGs2MwRhSU1WG0+QRFibmpa+BAHPSnFXK1gn3au6e11vPDRqrWZRTxnO4BwuwYUbaME9tKEDGGJ4gVd4s56td+vD+lyslqzi5hSWYH39ApPlmJs=</latexit>

E1
<latexit sha1_base64="7ynhO6aEOsYDnq9+MSA4BVICDN8=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiSlaJcFEVxWsA9oQplMJ+3QySTMTIQSuvQX3Orenbj1Q9z6JU7SLLT1wIXDOfdyD8ePOVPatr+s0sbm1vZOebeyt39weFQ9PumpKJGEdknEIznwsaKcCdrVTHM6iCXFoc9p35/dZH7/kUrFIvGg5zH1QjwRLGAEayO5boj1VAXp7aixGFVrdt3OgdaJU5AaFOiMqt/uOCJJSIUmHCs1dOxYeymWmhFOFxU3UTTGZIYndGiowCFVXppnXqALo4xREEkzQqNc/X2R4lCpeeibzTzjqpeJ/3nDRActL2UiTjQVZPkoSDjSEcoKQGMmKdF8bggmkpmsiEyxxESbmv588f0wK8VZrWCd9Bp156revG/W2q2injKcwTlcggPX0IY76EAXCMTwDC/waj1Zb9a79bFcLVnFzSn8gfX5A5V6mJw=</latexit>

E2

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="HG9HCm0papx6iBQmjw/i4la35MQ=">AAACA3icbVDLSsNAFL3xWeur6tJNsAiuSlKKdllw47JCX9CEMplO2qEzkzAzEUro0l9wq3t34tYPceuXOEmzsK0HLhzOuZd7OEHMqNKO821tbe/s7u2XDsqHR8cnp5Wz856KEolJF0cskoMAKcKoIF1NNSODWBLEA0b6wew+8/tPRCoaiY6ex8TnaCJoSDHSRvI8jvRUhWlnVF+MKlWn5uSwN4lbkCoUaI8qP944wgknQmOGlBq6Tqz9FElNMSOLspcoEiM8QxMyNFQgTpSf5pkX9rVRxnYYSTNC27n69yJFXKk5D8xmnnHdy8T/vGGiw6afUhEnmgi8fBQmzNaRnRVgj6kkWLO5IQhLarLaeIokwtrUtPIlCHhWirtewSbp1Wvuba3x2Ki2mkU9JbiEK7gBF+6gBQ/Qhi5giOEFXuHNerberQ/rc7m6ZRU3F7AC6+sXrVOYqw==</latexit>

T2
<latexit sha1_base64="4u8wqDf0iG3d5ZKFOpRnYeU0omA=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiRStMuCG5cV+oImlMl00g6dScLMRCihS3/Bre7diVs/xK1f4iTNwrYeuHA4517u4fgxZ0rb9rdV2tre2d0r71cODo+OT6qnZz0VJZLQLol4JAc+VpSzkHY105wOYkmx8Dnt+7P7zO8/UalYFHb0PKaewJOQBYxgbSTXFVhPVZB2Rs5iVK3ZdTsH2iROQWpQoD2q/rjjiCSChppwrNTQsWPtpVhqRjhdVNxE0RiTGZ7QoaEhFlR5aZ55ga6MMkZBJM2EGuXq34sUC6XmwjebecZ1LxP/84aJDppeysI40TQky0dBwpGOUFYAGjNJieZzQzCRzGRFZIolJtrUtPLF90VWirNewSbp3dSd23rjsVFrNYt6ynABl3ANDtxBCx6gDV0gEMMLvMKb9Wy9Wx/W53K1ZBU357AC6+sXq76Yqg==</latexit>

T1

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="91VWtKtsVwaheqKFQkhrwZAlJQk=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiRS1GXBjcsK9gFNCJPppB06MwkzE6WE/oG/4Fb37sStP+HWL3GSZmFbD1w4nHMv93DChFGlHefbqmxsbm3vVHdre/sHh0d2/bin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9zf3+I5GKxuJBzxLiczQWNKIYaSMFdt3jSE9UlHmKjjkK3HlgN5ymUwCuE7ckDVCiE9g/3ijGKSdCY4aUGrpOov0MSU0xI/OalyqSIDxFYzI0VCBOlJ8V0efw3CgjGMXSjNCwUP9eZIgrNeOh2SyCrnq5+J83THV042dUJKkmAi8eRSmDOoZ5D3BEJcGazQxBWFKTFeIJkghr09bSlzDkeSnuagXrpHfZdK+arftWo90q66mCU3AGLoALrkEb3IEO6AIMnsALeAVv1rP1bn1Yn4vVilXenIAlWF+/So2bIg==</latexit>�1
<latexit sha1_base64="r2jANaKaSEeRduIwA4NS2wKQdsY=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiSlqMuCG5cV7AOaECbTSTt0ZhJmJkoJ/QN/wa3u3Ylbf8KtX+IkzUJbD1w4nHMv93DChFGlHefLqmxsbm3vVHdre/sHh0d2/biv4lRi0sMxi+UwRIowKkhPU83IMJEE8ZCRQTi7yf3BA5GKxuJezxPiczQRNKIYaSMFdt3jSE9VlHmKTjgKWovAbjhNpwBcJ25JGqBEN7C/vXGMU06ExgwpNXKdRPsZkppiRhY1L1UkQXiGJmRkqECcKD8roi/guVHGMIqlGaFhof6+yBBXas5Ds1kEXfVy8T9vlOro2s+oSFJNBF4+ilIGdQzzHuCYSoI1mxuCsKQmK8RTJBHWpq0/X8KQ56W4qxWsk36r6V4223ftRqdd1lMFp+AMXAAXXIEOuAVd0AMYPIJn8AJerSfrzXq3PparFau8OQF/YH3+AEwimyM=</latexit>�2

<latexit sha1_base64="hoz//OmUk/CswEeQLqzUXrm6rpU=">AAACDnicbVDLSsNAFJ3UV62vqLhyEyyCq5JI0S4LblxWsA9oY5hMJ+3QyYOZG7EM+Qd/wa3u3Ylbf8GtX+KkzcK2HrhwOOdezuX4CWcSbPvbKK2tb2xulbcrO7t7+wfm4VFHxqkgtE1iHouejyXlLKJtYMBpLxEUhz6nXX9yk/vdRyoki6N7mCbUDfEoYgEjGLTkmScDMY495TyoAdAnAFAsyzLPrNo1ewZrlTgFqaICLc/8GQxjkoY0AsKxlH3HTsBVWAAjnGaVQSppgskEj2hf0wiHVLpq9n5mnWtlaAWx0BOBNVP/XigcSjkNfb0ZYhjLZS8X//P6KQQNV7EoSYFGZB4UpNyC2Mq7sIZMUAJ8qgkmgulfLTLGAhPQjS2k+H6Yl+IsV7BKOpc156pWv6tXm42injI6RWfoAjnoGjXRLWqhNiJIoRf0it6MZ+Pd+DA+56slo7g5Rgswvn4BTdGdZw==</latexit>⇢1i
<latexit sha1_base64="0eyfDd8CHCOmhKUrRJ5iKU1yIeI=">AAACI3icbVDLSsNAFJ34rPUVdekmWARxUZJStLgquHHhooJ9QBPDZDpph04ezNyIJeQf/Al/wa3u3YkbF278EpM0oG09MHDuOfdy5x4n5EyCrn8qS8srq2vrpY3y5tb2zq66t9+RQSQIbZOAB6LnYEk582kbGHDaCwXFnsNp1xlfZn73ngrJAv8WJiG1PDz0mcsIhlSy1VPTwzCSbnyd2HHtLjaBPgBAzJLkwvgtgyRJbLWiV/Uc2iIxClJBBVq2+m0OAhJ51AfCsZR9Qw/BirEARjhNymYkaYjJGA9pP6U+9qi04vymRDtOlYHmBiJ9Pmi5+ncixp6UE89JO/ML5r1M/M/rR+A2rJj5YQTUJ9NFbsQ1CLQsIG3ABCXAJynBRLD0rxoZYYEJpDHObHEcLwvFmI9gkXRqVeOsWr+pV5qNIp4SOkRH6AQZ6Bw10RVqoTYi6BE9oxf0qjwpb8q78jFtXVKKmQM0A+XrBx+xpuk=</latexit>

L2i:1o
<latexit sha1_base64="0liKGm3qDTJtVNfKWvAeZ9ycTAk=">AAACI3icbVDLSsNAFJ3UV62vqEs3wSKIi5LUosVVwY0LFxXsA9oYJtNJO3TyYOZGLCH/4E/4C251707cuHDjl5ikAW3rgYFzz7mXO/fYAWcSdP1TKSwtr6yuFddLG5tb2zvq7l5b+qEgtEV87ouujSXlzKMtYMBpNxAUuzanHXt8mfqdeyok871bmATUdPHQYw4jGBLJUk/6LoaRdKLr2IpO76I+0AcAiFgcX1R/Sz+OY0st6xU9g7ZIjJyUUY6mpX73Bz4JXeoB4VjKnqEHYEZYACOcxqV+KGmAyRgPaS+hHnapNKPsplg7SpSB5vgieR5omfp3IsKulBPXTjqzC+a9VPzP64Xg1M2IeUEI1CPTRU7INfC1NCBtwAQlwCcJwUSw5K8aGWGBCSQxzmyxbTcNxZiPYJG0qxXjrFK7qZUb9TyeIjpAh+gYGegcNdAVaqIWIugRPaMX9Ko8KW/Ku/IxbS0o+cw+moHy9QMjBKbr</latexit>

L3i:2o

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="6ldcxJQ3INa9EUNPabr5LIIhKEM=">AAACFnicbVDLSsNAFJ34rPUVdSnCYBHqpiRStMuCG5cV7APaNEymk3bo5MHMjbSErPwJf8Gt7t2JW7du/RKTNgvbeuDC4Zx7ufceJxRcgWF8a2vrG5tb24Wd4u7e/sGhfnTcUkEkKWvSQASy4xDFBPdZEzgI1gklI54jWNsZ32Z++5FJxQP/AaYhszwy9LnLKYFUsvWznhwFdmz24x6wCQDEPEmSflye2OZlYuslo2LMgFeJmZMSytGw9Z/eIKCRx3yggijVNY0QrJhI4FSwpNiLFAsJHZMh66bUJx5TVjx7I8EXqTLAbiDT8gHP1L8TMfGUmnpO2ukRGKllLxP/87oRuDUr5n4YAfPpfJEbCQwBzjLBAy4ZBTFNCaGSp7diOiKSUEiTW9jiOF4WirkcwSppXVXM60r1vlqq1/J4CugUnaMyMtENqqM71EBNRNETekGv6E171t61D+1z3rqm5TMnaAHa1y8Fk6Bm</latexit>

⇢
(x1)
1i

<latexit sha1_base64="axpsPm3T7l8z7Vc02b7txBgGk78="></latexit>

L
(x2|x1)
2i:10

<latexit sha1_base64="pwbkfKoNqqehvNz8NqjieI77M7I="></latexit>

L
(|x2x1)
3i:20

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="a3PUbmMjzognVfKfidDNgrrrkX4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQiWlwVunElFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnKZZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMGku/O6USsVi8aRnCfUiPBIsZARrI/m2PYiwHqswa8797OHOnft21ak5OdA6cQtShQIt3/4aDGOSRlRowrFSfddJtJdhqRnhdF4ZpIommEzwiPYNFTiiysvy5HN0YZQhCmNpntAoV39vZDhSahYFZjLPueotxP+8fqrDupcxkaSaCrI8FKYc6RgtakBDJinRfGYIJpKZrIiMscREm7IqpgR39cvrpHNVc29q14/X1Ua9qKMMZ3AOl+DCLTTgHlrQBgJTeIZXeLMy68V6tz6WoyWr2DmFP7A+fwBa15N0</latexit>

CN :1

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1
<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="WvpyrGGwdRrG2wP5c7fRqmFM8zM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBVclZlS1GXBje4q2Ad0hpJJM21okhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OZ+94kqzWL5aKYJDQQeSRYxgo2VfF9gM1Yiu58N6oNK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDC6azsp5ommEzwiPYtlVhQHWTzzDN0YZUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUtiV4y19eJZ16zbuqNR4a1eZ5UUcJTuEMLsGDa2jCHbSgDQQSeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gABYpGU</latexit>

I2
<latexit sha1_base64="PsDYOCOZrXf13JtBTYbfW2CPTqw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBKvgqsxIUZcFN7qrYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEdj8beINqza27c6BV4hWkBgVag+qXP4xJKqg0hGOt+56bmCDDyjDC6azip5ommEzwiPYtlVhQHWTzzDN0bpUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ3LundVbzw0as2zoo4ynMApXIAH19CEO2hBGwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD/z5GT</latexit>

I1

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E <latexit sha1_base64="+Gx3Ae2sbKt68NYmT2SNK0JqP80=">AAAB+3icbVDLSsNAFL2pr1pfsW4EN4NFqJuSSFGXBTduhAr2AW0sk+mkHTp5MDORlpBfceNCEbf+iDv/xmmahbYeGDiccy/3zHEjzqSyrG+jsLa+sblV3C7t7O7tH5iH5bYMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJObud95okKyMHhQs4g6Ph4FzGMEKy0NzHLfx2osveQufUyq04F9ng7MilWzMqBVYuekAjmaA/OrPwxJ7NNAEY6l7NlWpJwEC8UIp2mpH0saYTLBI9rTNMA+lU6SZU/RmVaGyAuFfoFCmfp7I8G+lDPf1ZNZ0mVvLv7n9WLlXTsJC6JY0YAsDnkxRypE8yLQkAlKFJ9pgolgOisiYywwUbquki7BXv7yKmlf1OzLWv2+Xmkc53UU4QROoQo2XEEDbqEJLSAwhWd4hTcjNV6Md+NjMVow8p0j+APj8weoqpQR</latexit>

M(x1)

<latexit sha1_base64="N9jMqL9+MxWjYIaag930uJ+dqBM=">AAAB9XicbVBNSwMxEJ31s9avqhfBS7AI9VJ2pajHghePFewHtNuSTbNtaJJdkqxalv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN1M/eYDVZpF8t6MY+oLPJAsZAQbK3U7mg0E7qalp553PukVim7ZnQEtEy8jRchQ6xW+Ov2IJIJKQzjWuu25sfFTrAwjnE7ynUTTGJMRHtC2pRILqv10dvUEnVmlj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7x2YsJrP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjg8rbELzFl5dJ46LsXZYrd5Vi9TiLIwcncAol8OAKqnALNagDAQXP8ApvzqPz4rw7H/PWFSebOYI/cD5/AOkGkgE=</latexit>
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Figure 2: Stratification of Memory Structures. Here we
illustrate the strict hierarchy demonstrated in Thm. 1, as
well as the non-hierarchical relationship between CM, SEP
and NS. In Lem. 3, we present a process in CM but outside
MM (o). For two-time processes, CM and MM coincide (see
App. B), making our demonstration here one of a genu-
inely multi-time phenomenon. Furthermore, a process
that is in SEP but outside CM (x) was demonstrated in
Ref. [41]. Lastly, in Ex. 1 we demonstrate a process that
is in NS but outside of SEP (∗).

we now develop methods to distinguish these sets by
probing the system alone, demonstrating the strict
hierarchy (see Fig. 2):

Theorem 1. For N ≥ 3 times, we have the strict
set inclusions:

M ⊊ MM ⊊ CM ⊊ SEP ⊊ QM. (16)

Firstly, it is straightforward to note that M ⊊ MM due to
the non-convexity of the set of memoryless processes.
Similarly, SEP ⊊ QM holds since not all quantum
processes are separable in time [40, 60]. However,
the relationship between the middle three sets—each
of which positing a meaningful notion of “classical
memory quantum processes”—is more intricate. In-
terestingly, for processes defined on only two times,
MM and CM coincide [41] (see App. B). However, on
more than two times, the sets differ. Demonstrat-
ing this gap requires constructing a classical memory
quantum process, i.e., one of the form given in Def. 3,
that is not a mixed memory quantum process, i.e.,
cannot be rewritten in the form of Def. 4. Analog-
ously to the case of finding whether or not a given
state has a separable decomposition, this task is dif-
ficult in general; even more so here as both sets that
we wish to distinguish correspond to separable Choi
states, with the difference being a constraint on each
element of the decomposition individually (i.e., the
additional trace preservation of each channel in the
decomposition required in the latter case). We now
move to develop a simple criteria that can serve as a
witness to the impossibility of a mixed memory real-
isation, thereby allowing us to prove said distinction.

Accepted in Quantum 2024-04-15, click title to verify. Published under CC-BY 4.0. 7



Name Definition Constraint

Memoryless M Def. 2 Tensor product of CPTP channels [see Eq. (10)]
Mixed Memory MM Def. 4 Convex combination of memoryless processes [see Eq. (14)]
Classical Memory CM Def. 3 Composition of conditional instruments [see Eq. (13)]
Separable SEP Def. 5 Separable Choi operator [see Eq. (15)]
Non-Signalling NS Def. 6 No signalling forwards in time [see Eq. (17)]
Quantum Memory QM Def. 1 General quantum process [see Eq. (7)]

Table 1: Classes of Quantum Processes. Here, we summarise the six different types of quantum processes that we
consider throughout this article. The formal definitions are provided in the middle column, with the rightmost column
conveying an intuitive description of the relevant constraints on the Choi state of the process. Furthermore, the
underlying physical realisation of processes in the sets QM, CM, and M are depicted in Fig. 1; processes in the set
MM can be implemented by randomly sampling memoryless processes; and finally, processes in the sets SEP and NS
do not have a clear underlying physical realisation, but admit an explicit characterisation via their Choi states.

As it turns out, many of the steps in the proof of
Thm. 1 can be simplified by analysing the signalling
properties of the considered processes. This motiv-
ates the definition of the set of non-signalling (NS)
processes:

Definition 6. An N -time non-signalling quantum
process is represented by a process CNS

N :1 ≥ 0 that
satisfies

trki [CNS
N :1] = 1k−1o

dk−1o
⊗ trkik−1o

[
CNS

N :1

]
, (17)

∀ k. We denote the set of such processes by NS.

Having introduced all of the classes of processes rel-
evant for our analysis, we provide a summary in
Tab. 1 to aid in understanding their differences. Be-
sides being an interesting set of processes in their
own right, NS processes provide a simple and intuit-
ive way to understand the strict inclusions of Thm. 1.
Consequently, we will use this set of non-signalling
processes as an auxiliary set that aids in the proof
of Thm. 1, as depicted in Fig. 3. Importantly, such
processes do not allow for signalling between non-
adjacent times by preparing different states at any
time tj . More concretely, as soon as the system is dis-
carded at a time tk—corresponding to the operation
trki on the l.h.s. of Eq. (17)—the potential influence
of any state that was fed in at the preceding time tk−1
is discarded as well—corresponding to the identity
matrix on space associated to time k − 1o on the r.h.s.
of Eq. (17). As a consequence, in such a process it
is impossible to send signals forward beyond the sub-
sequent time by preparing different system states.

This property is analogous to the special case
of multi-partite channels where any of the involved

parties A, B, C, ... can only send signals to its respect-
ive output A′, B′, C ′, ... but not to any other party
(see Sec. 3.1 for a more detailed discussion of the
non-signalling property). Throughout the literature,
such processes have been discussed under the guise
of causal/non-signalling quantum channels ΛNS :
L(

⊗N−1
j=1 HSjo ) → L(

⊗N
k=1 HSki ) [61, 62]. Here,

instead, we consider them as multi-time quantum
processes, which does not change their mathemat-
ical representation (in terms of Choi operators), but
makes the interpretation of their signalling properties
somewhat more subtle (see discussion in Sec. 3.1).
We emphasise that every non-signalling quantum
channel ΛNS can indeed be understood as a multi-
time quantum process, since—as can be seen by
direct comparison—satisfaction of the process non-
signalling constraints (17) (which correspond to ap-
propriate similar conditions for any non-signalling
channel) automatically implies that the causality con-
ditions of Eq. (7) are obeyed.

Both memoryless and MM processes lie within NS
(see Lem. 2). This is trivially true for N = 2 times, in
which case we have NS = QM and the strict hierarchy
of Thm. 1 breaks down (see App. B). On the other
hand, for N ≥ 3, the situation presents itself more
differentiated and we have strict inclusions of the dif-
ferent sets of memory processes that can be proven
via their relation to NS. To this end, we first have:

Lemma 1. For N ≥ 3 times, mixed memoryless
quantum processes are a strict subset of classical
memory quantum processes, i.e., MM ⊊ CM.

The full proof of this claim is presented in App. C.
We first derive a necessary condition that must be sat-
isfied by all MM processes, namely that they can only
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<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="aFCuvd3851Gvb0jYUwbxUff2qdI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSp4KokU9Vjw4rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWaVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5PmRcW7rFTvquXaaR5HAY7hBM7BgyuowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8ArxGQQA==</latexit>|0i
<latexit sha1_base64="nbtU9fXqx9Sfhvipf6Nkzj2Zju0=">AAAB+HicbVDLSgNBEJz1GeMjqx69DEbBU9iVoOIp4sVjRPOAJITZSW8yZPbBTK8Yl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXF0uh0XG+raXlldW19dxGfnNre6dg7+7VdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9CwxteT/zGAygtovAeRzF0AtYPhS84QyN17cIlbSM8ImJ617iqjrt20Sk5U9BF4makSDJUu/ZXuxfxJIAQuWRat1wnxk7KFAouYZxvJxpixoesDy1DQxaA7qTTw8f02Cg96kfKVIh0qv6eSFmg9SjwTGfAcKDnvYn4n9dK0L/opCKME4SQzxb5iaQY0UkKtCcUcJQjQxhXwtxK+YApxtFklTchuPMvL5L6ack9K5Vvy8XKURZHjhyQQ3JCXHJOKuSGVEmNcJKQZ/JK3qwn68V6tz5mrUtWNrNP/sD6/AFEcZLC</latexit>

: SWAP

<latexit sha1_base64="fddgbDJ+u/pGLp/dLZZxVVlCPnA=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxZNGyAuyS5id9CZDZh/M9IphyW948aCIV3/Gm3/jJNmDJhY0FFXddHf5iRQabfvbWlldW9/YLGwVt3d29/ZLB4ctHaeKQ5PHMlYdn2mQIoImCpTQSRSw0JfQ9kc3U7/9CEqLOGrgOAEvZINIBIIzNJLrIjwhYnZ335j0SmW7Ys9Al4mTkzLJUe+Vvtx+zNMQIuSSad117AS9jCkUXMKk6KYaEsZHbABdQyMWgvay2c0TemaUPg1iZSpCOlN/T2Qs1Hoc+qYzZDjUi95U/M/rphhce5mIkhQh4vNFQSopxnQaAO0LBRzl2BDGlTC3Uj5kinE0MRVNCM7iy8ukdVFxLivVh2q5dprHUSDH5IScE4dckRq5JXXSJJwk5Jm8kjcrtV6sd+tj3rpi5TNH5A+szx9bg5HP</latexit>

NOT
<latexit sha1_base64="BKMKjOI6RLvF5gtNwF35vaeE95s=">AAAB7XicbVBNSwMxEJ34WetX1aOXYB U8lV0t6rHgxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3U7Oqh6l32SmWv4s2Al4mfkzLkqPdKX92+omnMpKWCGNPxvcQGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ85pY8jpV1Ji2fq74mMxMaM49B1xsQOzaI3Ff/zOqmNboKMyyS1TNL5oigV2Co8fR33uWbUirEjhGrubsV0SDSh1gVUdCH4iy8vk+ZFxb+qVO+r5dppHkcBjuEEzsGHa6jBHdShARQe4Rle4Q0p9ILe0ce8dQXlM0fwB+jzB0Rqjtg=</latexit>⇢3

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M

<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM

<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP

<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM

<latexit sha1_base64="e3qPAHzK1KY3Nuv8vBvfzrwNXmY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2Ae2Q8mkd9rQTGZIMmIZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz00IuoGekwe5r2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5omn5MwqAxLGyj5pyFz9vZHRSOtJFNjJecJlbyb+53VTE177GZdJalCyxUdhKoiJyex8MuAKmRETSyhT3GYlbEQVZcaWVLIleMsnr5LWRdW7rNbuapW6m9dRhBM4hXPw4ArqcAsNaAIDCc/wCm+Odl6cd+djMVpw8p1j+APn8wcU1JEk</latexit>x
<latexit sha1_base64="BbTXgmZPruzTZIlM+ZGrwBF3itY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuax5BkhDL0L9y4UMStf+POvzGdzkJbDwQO59xLzj1Rwpmxvv/tldbWNza3ytuVnd29/YPq4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u537niWrDlHyw04SGAo8kixnB1kmPfYHt2MSZmg2qNb/u50CrJChIDQo0B9Wv/lCRVFBpCcfG9AI/sWGGtWWE01mlnxqaYDLBI9pzVGJBTZjliWfozClDFCvtnrQoV39vZFgYMxWRm8wTLntz8T+vl9r4JsyYTFJLJVl8FKccWYXm56Mh05RYPnUEE81cVkTGWGNiXUkVV0KwfPIqaV/Ug6v65f1lreEXdZThBE7hHAK4hgbcQRNaQEDCM7zCm2e8F+/d+1iMlrxi5xj+wPv8AQcnkRs=</latexit>o

<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS
<latexit sha1_base64="g7op8y7bTzmnEV+oT0lo+u1A+1E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxmW/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+hmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1lXFu65UG9Vyzc3jKMApnMEFeHADNbiHOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fbYWMpQ==</latexit>⇤

<latexit sha1_base64="yIXdqRqGehBcqAHYcf8 YJW46E4w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBQ8hd0Q1GPAi8cI5gHJEmYns8mQeawzs0JY8hNePCji1d/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZM6PcOGAver/VLZr/hzoFUS5KQMORr90ldvoEgqqLSEY2O6gZ/YMMPaMsLptNhLDU0wGeMh7ToqsaAmzOb3TtGFUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMb34QZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo6EIIll9eJa1qJbiq1O5r5fp5HkcBTuEMLiGAa6jDHTSgCQQ4PMMrvHmP3ov37n0sWte8fOYE/sD7/AHBMY+z</latexit>�2
<latexit sha1_base64="0UE5JbHqiLKjslxGm8I7qIz/rxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BKvgqSRS1GPBi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZCkfb9frnhVbw53lfg5qUCORr/81RsomsZMIhXEmK7vJRhkRCOngk1LvdSwhNAxGbKupZLEzATZ/Nqpe26VgRspbUuiO1d/T2QkNmYSh7YzJjgyy95M/M/rphjdBBmXSYpM0sWiKBUuKnf2ujvgmlEUE0sI1dze6tIR0YSiDahkQ/CXX14lrcuqf1Wt3dcq9bM8jiKcwClcgA/XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AULljtc=</latexit>⌧1

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M
<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM
<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP
<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM

<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS

<latexit sha1_base64="SmoT6LVn9wTf7pqIs5lDKcaTnSc=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxYOHCOYBmyXMTnqTIbM7y0yvGJZ8hhcPinj1a7z5N04eB00saCiquunuClMpDLrut7Oyura+sVnYKm7v7O7tlw4Om0ZlmkODK6l0O2QGpEiggQIltFMNLA4ltMLhzcRvPYI2QiUPOEohiFk/EZHgDK3kdxCeMEvzO2/cLZXdijsFXSbenJTJHPVu6avTUzyLIUEumTG+56YY5Eyj4BLGxU5mIGV8yPrgW5qwGEyQT08e0zOr9GiktK0E6VT9PZGz2JhRHNrOmOHALHoT8T/PzzC6DnKRpBlCwmeLokxSVHTyP+0JDRzlyBLGtbC3Uj5gmnG0KRVtCN7iy8ukeVHxLivV+2q5djqPo0COyQk5Jx65IjVyS+qkQThR5Jm8kjcHnRfn3fmYta4485kj8gfO5w99fpFO</latexit>

L1
<latexit sha1_base64="HgPdaCf85mWEoKfGiw35A9vJkUs=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxYOHCOYBmyXMTnqTIbM7y0yvGJZ8hhcPinj1a7z5N04eB00saCiquunuClMpDLrut7Oyura+sVnYKm7v7O7tlw4Om0ZlmkODK6l0O2QGpEiggQIltFMNLA4ltMLhzcRvPYI2QiUPOEohiFk/EZHgDK3kdxCeMEvzu+q4Wyq7FXcKuky8OSmTOerd0lenp3gWQ4JcMmN8z00xyJlGwSWMi53MQMr4kPXBtzRhMZggn548pmdW6dFIaVsJ0qn6eyJnsTGjOLSdMcOBWfQm4n+en2F0HeQiSTOEhM8WRZmkqOjkf9oTGjjKkSWMa2FvpXzANONoUyraELzFl5dJ86LiXVaq99Vy7XQeR4EckxNyTjxyRWrkltRJg3CiyDN5JW8OOi/Ou/Mxa11x5jNH5A+czx+CDZFR</latexit>

L4

<latexit sha1_base64="YWj0WTxkUyiAhQCFSb1FlpTA5ew=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe5CUMuAjYVFBPMBlyPsbfaSJXu7x+6cGI78DBsLRWz9NXb+GzfJFZr4YODx3gwz88JEcAOu++0U1tY3NreK26Wd3b39g/LhUduoVFPWokoo3Q2JYYJL1gIOgnUTzUgcCtYJxzczv/PItOFKPsAkYUFMhpJHnBKwkt8D9gRpkt3Vpv1yxa26c+BV4uWkgnI0++Wv3kDRNGYSqCDG+J6bQJARDZwKNi31UsMSQsdkyHxLJYmZCbL5yVN8bpUBjpS2JQHP1d8TGYmNmcSh7YwJjMyyNxP/8/wUousg4zJJgUm6WBSlAoPCs//xgGtGQUwsIVRzeyumI6IJBZtSyYbgLb+8Stq1qndZrd/XK42zPI4iOkGn6AJ56Ao10C1qohaiSKFn9IreHHBenHfnY9FacPKZY/QHzucPfwORTw==</latexit>

L2

<latexit sha1_base64="3H8qSEiOmK8qx/STbKUujb+OdOI=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe40qGXAxsIigvmAyxH2NnvJkr3dY3dODEd+ho2FIrb+Gjv/jZvkCk18MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo5up335k2nAlH2CcsCAmA8kjTglYye8Ce4I0ye4uJr1yxa26M+Bl4uWkgnI0euWvbl/RNGYSqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLJYmZCbLZyRN8apU+jpS2JQHP1N8TGYmNGceh7YwJDM2iNxX/8/wUousg4zJJgUk6XxSlAoPC0/9xn2tGQYwtIVRzeyumQ6IJBZtSyYbgLb68TFrnVe+yWruvVeoneRxFdISO0Rny0BWqo1vUQE1EkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fgIiRUA==</latexit>

L3
<latexit sha1_base64="Dma5qsrVdwDF6GPgeXg3kW5QPas=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jEggscI5gGbJcxOepMhszvLTK8YlnyGFw+KePVrvPk3Th4HTSxoKKq66e4KUykMuu63s7K6tr6xWdgqbu/s7u2XDg6bRmWaQ4MrqXQ7ZAakSKCBAiW0Uw0sDiW0wuHNxG89gjZCJQ84SiGIWT8RkeAMreR3EJ4wS/Nbb9wtld2KOwVdJt6clMkc9W7pq9NTPIshQS6ZMb7nphjkTKPgEsbFTmYgZXzI+uBbmrAYTJBPTx7TM6v0aKS0rQTpVP09kbPYmFEc2s6Y4cAsehPxP8/PMLoOcpGkGULCZ4uiTFJUdPI/7QkNHOXIEsa1sLdSPmCacbQpFW0I3uLLy6R5UfEuK9X7arl2Oo+jQI7JCTknHrkiNXJH6qRBOFHkmbySNwedF+fd+Zi1rjjzmSPyB87nD3LUkUc=</latexit>

E1

<latexit sha1_base64="dW+E26X/YGGsDLC5sWEEGN3lWT8=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LFbBU0mkqMeCF48V2lpoQ9lsJ+3SzSbsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqObR4LGPdCZgBKRS0UKCETqKBRYGEh2B8O/MfHkEbEasmThLwIzZUIhScoZW6PYQnTJOs6U375Ypbdeegq8TLSYXkaPTLX71BzNMIFHLJjOl6boJ+xjQKLmFa6qUGEsbHbAhdSxWLwPjZ/OQpPbfKgIaxtqWQztXfExmLjJlEge2MGI7MsjcT//O6KYY3fiZUkiIovlgUppJiTGf/04HQwFFOLGFcC3sr5SOmGUebUsmG4C2/vEral1Xvqlq7r1XqZ3kcRXJCTskF8cg1qZM70iAtwklMnskreXPQeXHenY9Fa8HJZ47JHzifP4mukVY=</latexit>

T1

<latexit sha1_base64="3H8qSEiOmK8qx/STbKUujb+OdOI=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFqNgFe40qGXAxsIigvmAyxH2NnvJkr3dY3dODEd+ho2FIrb+Gjv/jZvkCk18MPB4b4aZeWEiuAHX/XYKK6tr6xvFzdLW9s7uXnn/oGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo5up335k2nAlH2CcsCAmA8kjTglYye8Ce4I0ye4uJr1yxa26M+Bl4uWkgnI0euWvbl/RNGYSqCDG+J6bQJARDZwKNil1U8MSQkdkwHxLJYmZCbLZyRN8apU+jpS2JQHP1N8TGYmNGceh7YwJDM2iNxX/8/wUousg4zJJgUk6XxSlAoPC0/9xn2tGQYwtIVRzeyumQ6IJBZtSyYbgLb68TFrnVe+yWruvVeoneRxFdISO0Rny0BWqo1vUQE1EkULP6BW9OeC8OO/Ox7y14OQzh+gPnM8fgIiRUA==</latexit>

L3

<latexit sha1_base64="nEWpNgo2ZE1uABfKJgga/ERGEt4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FL14KFewHbJeSTbNtaDZZklmxLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53C2vrG5lZxu7Szu7d/UD48ahuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Hbmdx6ZNlzJB5gkLIjJUPKIUwJW8nvAngAgazSm/XLFrbpz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSi6yDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2hdV77Jau69V6jd5HEV0gk7ROfLQFaqjO9RELUSRQs/oFb054Lw4787HorXg5DPH6A+czx+3LZGM</latexit>

MM

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="+Oe81+72V6fuqJ2nu9iLh4/hrEw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyGoDkGvHiMYB6QrGF2MpsMmZ1dZ3qFEPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSKFQdf9dtbWNza3tnM7+d29/YPDwtFx08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVPY4T7kd0oEQoGEUrtbv1oXi47JV7haJbcucgq8TLSBEy1HuFr24/ZmnEFTJJjel4boL+hGoUTPJpvpsanlA2ogPesVTRiBt/Mr93Ss6t0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDqj8RKkmRK7ZYFKaSYExmz5O+0JyhHFtCmRb2VsKGVFOGNqK8DcFbfnmVNMsl76pUuasUa9UsjhycwhlcgAfXUINbqEMDGEh4hld4cx6dF+fd+Vi0rjnZzAn8gfP5Aymxj2A=</latexit>

�+
2

<latexit sha1_base64="RfF04LPdty8qdhxJHMeqRBJRL5c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGFXguYY8OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rG8N+ME/YgOJA85o8ZK7W59yB8uel6vWHLL7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+b1TcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5qw6k+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVNC/L3lW5clcp1apZHHk4gVM4Bw+uoQa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Aygtj18=</latexit>

�+
1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢ <latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="CU/Cn8kR19zGrlNejWBsMyfOCu4=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp2mVBBJcV7AOaUCbTSTt0ZhJmJkIJXfoLbnXvTtz6IW79EidpFrb1wIXDOfdyDyeIGVXacb6t0sbm1vZOebeyt39weFQ9PumqKJGYdHDEItkPkCKMCtLRVDPSjyVBPGCkF0xvM7/3RKSikXjUs5j4HI0FDSlG2kiex5GeqDC9G7rzYbXm1J0c9jpxC1KDAu1h9ccbRTjhRGjMkFID14m1nyKpKWZkXvESRWKEp2hMBoYKxIny0zzz3L4wysgOI2lGaDtX/16kiCs144HZzDOuepn4nzdIdNj0UyriRBOBF4/ChNk6srMC7BGVBGs2MwRhSU1WG0+QRFibmpa+BAHPSnFXK1gn3au6e11vPDRqrWZRTxnO4BwuwYUbaME9tKEDGGJ4gVd4s56td+vD+lyslqzi5hSWYH39ApPlmJs=</latexit>

E1
<latexit sha1_base64="7ynhO6aEOsYDnq9+MSA4BVICDN8=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiSlaJcFEVxWsA9oQplMJ+3QySTMTIQSuvQX3Orenbj1Q9z6JU7SLLT1wIXDOfdyD8ePOVPatr+s0sbm1vZOebeyt39weFQ9PumpKJGEdknEIznwsaKcCdrVTHM6iCXFoc9p35/dZH7/kUrFIvGg5zH1QjwRLGAEayO5boj1VAXp7aixGFVrdt3OgdaJU5AaFOiMqt/uOCJJSIUmHCs1dOxYeymWmhFOFxU3UTTGZIYndGiowCFVXppnXqALo4xREEkzQqNc/X2R4lCpeeibzTzjqpeJ/3nDRActL2UiTjQVZPkoSDjSEcoKQGMmKdF8bggmkpmsiEyxxESbmv588f0wK8VZrWCd9Bp156revG/W2q2injKcwTlcggPX0IY76EAXCMTwDC/waj1Zb9a79bFcLVnFzSn8gfX5A5V6mJw=</latexit>

E2

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="HG9HCm0papx6iBQmjw/i4la35MQ=">AAACA3icbVDLSsNAFL3xWeur6tJNsAiuSlKKdllw47JCX9CEMplO2qEzkzAzEUro0l9wq3t34tYPceuXOEmzsK0HLhzOuZd7OEHMqNKO821tbe/s7u2XDsqHR8cnp5Wz856KEolJF0cskoMAKcKoIF1NNSODWBLEA0b6wew+8/tPRCoaiY6ex8TnaCJoSDHSRvI8jvRUhWlnVF+MKlWn5uSwN4lbkCoUaI8qP944wgknQmOGlBq6Tqz9FElNMSOLspcoEiM8QxMyNFQgTpSf5pkX9rVRxnYYSTNC27n69yJFXKk5D8xmnnHdy8T/vGGiw6afUhEnmgi8fBQmzNaRnRVgj6kkWLO5IQhLarLaeIokwtrUtPIlCHhWirtewSbp1Wvuba3x2Ki2mkU9JbiEK7gBF+6gBQ/Qhi5giOEFXuHNerberQ/rc7m6ZRU3F7AC6+sXrVOYqw==</latexit>

T2
<latexit sha1_base64="4u8wqDf0iG3d5ZKFOpRnYeU0omA=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiRStMuCG5cV+oImlMl00g6dScLMRCihS3/Bre7diVs/xK1f4iTNwrYeuHA4517u4fgxZ0rb9rdV2tre2d0r71cODo+OT6qnZz0VJZLQLol4JAc+VpSzkHY105wOYkmx8Dnt+7P7zO8/UalYFHb0PKaewJOQBYxgbSTXFVhPVZB2Rs5iVK3ZdTsH2iROQWpQoD2q/rjjiCSChppwrNTQsWPtpVhqRjhdVNxE0RiTGZ7QoaEhFlR5aZ55ga6MMkZBJM2EGuXq34sUC6XmwjebecZ1LxP/84aJDppeysI40TQky0dBwpGOUFYAGjNJieZzQzCRzGRFZIolJtrUtPLF90VWirNewSbp3dSd23rjsVFrNYt6ynABl3ANDtxBCx6gDV0gEMMLvMKb9Wy9Wx/W53K1ZBU357AC6+sXq76Yqg==</latexit>

T1

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="91VWtKtsVwaheqKFQkhrwZAlJQk=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiRS1GXBjcsK9gFNCJPppB06MwkzE6WE/oG/4Fb37sStP+HWL3GSZmFbD1w4nHMv93DChFGlHefbqmxsbm3vVHdre/sHh0d2/bin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9zf3+I5GKxuJBzxLiczQWNKIYaSMFdt3jSE9UlHmKjjkK3HlgN5ymUwCuE7ckDVCiE9g/3ijGKSdCY4aUGrpOov0MSU0xI/OalyqSIDxFYzI0VCBOlJ8V0efw3CgjGMXSjNCwUP9eZIgrNeOh2SyCrnq5+J83THV042dUJKkmAi8eRSmDOoZ5D3BEJcGazQxBWFKTFeIJkghr09bSlzDkeSnuagXrpHfZdK+arftWo90q66mCU3AGLoALrkEb3IEO6AIMnsALeAVv1rP1bn1Yn4vVilXenIAlWF+/So2bIg==</latexit>�1
<latexit sha1_base64="r2jANaKaSEeRduIwA4NS2wKQdsY=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiSlqMuCG5cV7AOaECbTSTt0ZhJmJkoJ/QN/wa3u3Ylbf8KtX+IkzUJbD1w4nHMv93DChFGlHefLqmxsbm3vVHdre/sHh0d2/biv4lRi0sMxi+UwRIowKkhPU83IMJEE8ZCRQTi7yf3BA5GKxuJezxPiczQRNKIYaSMFdt3jSE9VlHmKTjgKWovAbjhNpwBcJ25JGqBEN7C/vXGMU06ExgwpNXKdRPsZkppiRhY1L1UkQXiGJmRkqECcKD8roi/guVHGMIqlGaFhof6+yBBXas5Ds1kEXfVy8T9vlOro2s+oSFJNBF4+ilIGdQzzHuCYSoI1mxuCsKQmK8RTJBHWpq0/X8KQ56W4qxWsk36r6V4223ftRqdd1lMFp+AMXAAXXIEOuAVd0AMYPIJn8AJerSfrzXq3PparFau8OQF/YH3+AEwimyM=</latexit>�2

<latexit sha1_base64="hoz//OmUk/CswEeQLqzUXrm6rpU=">AAACDnicbVDLSsNAFJ3UV62vqLhyEyyCq5JI0S4LblxWsA9oY5hMJ+3QyYOZG7EM+Qd/wa3u3Ylbf8GtX+KkzcK2HrhwOOdezuX4CWcSbPvbKK2tb2xulbcrO7t7+wfm4VFHxqkgtE1iHouejyXlLKJtYMBpLxEUhz6nXX9yk/vdRyoki6N7mCbUDfEoYgEjGLTkmScDMY495TyoAdAnAFAsyzLPrNo1ewZrlTgFqaICLc/8GQxjkoY0AsKxlH3HTsBVWAAjnGaVQSppgskEj2hf0wiHVLpq9n5mnWtlaAWx0BOBNVP/XigcSjkNfb0ZYhjLZS8X//P6KQQNV7EoSYFGZB4UpNyC2Mq7sIZMUAJ8qgkmgulfLTLGAhPQjS2k+H6Yl+IsV7BKOpc156pWv6tXm42injI6RWfoAjnoGjXRLWqhNiJIoRf0it6MZ+Pd+DA+56slo7g5Rgswvn4BTdGdZw==</latexit>⇢1i
<latexit sha1_base64="0eyfDd8CHCOmhKUrRJ5iKU1yIeI=">AAACI3icbVDLSsNAFJ34rPUVdekmWARxUZJStLgquHHhooJ9QBPDZDpph04ezNyIJeQf/Al/wa3u3YkbF278EpM0oG09MHDuOfdy5x4n5EyCrn8qS8srq2vrpY3y5tb2zq66t9+RQSQIbZOAB6LnYEk582kbGHDaCwXFnsNp1xlfZn73ngrJAv8WJiG1PDz0mcsIhlSy1VPTwzCSbnyd2HHtLjaBPgBAzJLkwvgtgyRJbLWiV/Uc2iIxClJBBVq2+m0OAhJ51AfCsZR9Qw/BirEARjhNymYkaYjJGA9pP6U+9qi04vymRDtOlYHmBiJ9Pmi5+ncixp6UE89JO/ML5r1M/M/rR+A2rJj5YQTUJ9NFbsQ1CLQsIG3ABCXAJynBRLD0rxoZYYEJpDHObHEcLwvFmI9gkXRqVeOsWr+pV5qNIp4SOkRH6AQZ6Bw10RVqoTYi6BE9oxf0qjwpb8q78jFtXVKKmQM0A+XrBx+xpuk=</latexit>

L2i:1o
<latexit sha1_base64="0liKGm3qDTJtVNfKWvAeZ9ycTAk=">AAACI3icbVDLSsNAFJ3UV62vqEs3wSKIi5LUosVVwY0LFxXsA9oYJtNJO3TyYOZGLCH/4E/4C251707cuHDjl5ikAW3rgYFzz7mXO/fYAWcSdP1TKSwtr6yuFddLG5tb2zvq7l5b+qEgtEV87ouujSXlzKMtYMBpNxAUuzanHXt8mfqdeyok871bmATUdPHQYw4jGBLJUk/6LoaRdKLr2IpO76I+0AcAiFgcX1R/Sz+OY0st6xU9g7ZIjJyUUY6mpX73Bz4JXeoB4VjKnqEHYEZYACOcxqV+KGmAyRgPaS+hHnapNKPsplg7SpSB5vgieR5omfp3IsKulBPXTjqzC+a9VPzP64Xg1M2IeUEI1CPTRU7INfC1NCBtwAQlwCcJwUSw5K8aGWGBCSQxzmyxbTcNxZiPYJG0qxXjrFK7qZUb9TyeIjpAh+gYGegcNdAVaqIWIugRPaMX9Ko8KW/Ku/IxbS0o+cw+moHy9QMjBKbr</latexit>

L3i:2o

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="6ldcxJQ3INa9EUNPabr5LIIhKEM=">AAACFnicbVDLSsNAFJ34rPUVdSnCYBHqpiRStMuCG5cV7APaNEymk3bo5MHMjbSErPwJf8Gt7t2JW7du/RKTNgvbeuDC4Zx7ufceJxRcgWF8a2vrG5tb24Wd4u7e/sGhfnTcUkEkKWvSQASy4xDFBPdZEzgI1gklI54jWNsZ32Z++5FJxQP/AaYhszwy9LnLKYFUsvWznhwFdmz24x6wCQDEPEmSflye2OZlYuslo2LMgFeJmZMSytGw9Z/eIKCRx3yggijVNY0QrJhI4FSwpNiLFAsJHZMh66bUJx5TVjx7I8EXqTLAbiDT8gHP1L8TMfGUmnpO2ukRGKllLxP/87oRuDUr5n4YAfPpfJEbCQwBzjLBAy4ZBTFNCaGSp7diOiKSUEiTW9jiOF4WirkcwSppXVXM60r1vlqq1/J4CugUnaMyMtENqqM71EBNRNETekGv6E171t61D+1z3rqm5TMnaAHa1y8Fk6Bm</latexit>

⇢
(x1)
1i

<latexit sha1_base64="axpsPm3T7l8z7Vc02b7txBgGk78="></latexit>

L
(x2|x1)
2i:10

<latexit sha1_base64="pwbkfKoNqqehvNz8NqjieI77M7I="></latexit>

L
(|x2x1)
3i:20

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="a3PUbmMjzognVfKfidDNgrrrkX4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQiWlwVunElFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnKZZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMGku/O6USsVi8aRnCfUiPBIsZARrI/m2PYiwHqswa8797OHOnft21ak5OdA6cQtShQIt3/4aDGOSRlRowrFSfddJtJdhqRnhdF4ZpIommEzwiPYNFTiiysvy5HN0YZQhCmNpntAoV39vZDhSahYFZjLPueotxP+8fqrDupcxkaSaCrI8FKYc6RgtakBDJinRfGYIJpKZrIiMscREm7IqpgR39cvrpHNVc29q14/X1Ua9qKMMZ3AOl+DCLTTgHlrQBgJTeIZXeLMy68V6tz6WoyWr2DmFP7A+fwBa15N0</latexit>

CN :1

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1
<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="WvpyrGGwdRrG2wP5c7fRqmFM8zM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBVclZlS1GXBje4q2Ad0hpJJM21okhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OZ+94kqzWL5aKYJDQQeSRYxgo2VfF9gM1Yiu58N6oNK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDC6azsp5ommEzwiPYtlVhQHWTzzDN0YZUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUtiV4y19eJZ16zbuqNR4a1eZ5UUcJTuEMLsGDa2jCHbSgDQQSeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gABYpGU</latexit>

I2
<latexit sha1_base64="PsDYOCOZrXf13JtBTYbfW2CPTqw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBKvgqsxIUZcFN7qrYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEdj8beINqza27c6BV4hWkBgVag+qXP4xJKqg0hGOt+56bmCDDyjDC6azip5ommEzwiPYtlVhQHWTzzDN0bpUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ3LundVbzw0as2zoo4ynMApXIAH19CEO2hBGwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD/z5GT</latexit>

I1

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E <latexit sha1_base64="+Gx3Ae2sbKt68NYmT2SNK0JqP80=">AAAB+3icbVDLSsNAFL2pr1pfsW4EN4 NFqJuSSFGXBTduhAr2AW0sk+mkHTp5MDORlpBfceNCEbf+iDv/xmmahbYeGDiccy/3zHEjzqSyrG+jsLa+sblV3C7t7O7tH5iH5bYMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJObud95okKyMHhQs4g6Ph4FzGMEKy0NzHLfx2osveQufUyq04F9ng7MilWzMqBVYuekAjmaA/OrPwxJ7NNAEY6l7NlWpJwEC8UIp2mpH0saYTLBI9rTNMA+lU6SZU/RmVaGyAuFfoFCmfp7I8G+lDPf1ZNZ0mVvLv7n9WLlXTsJC6JY0YAsDnkxRypE8yLQkAlKFJ9pgolgOisiYywwUbquki7BXv7yKmlf1OzLWv2+Xmkc53UU4QROoQo2XEEDbqEJLSAwhWd4hTcjNV6Md+NjMVow8p0j+APj8weoqpQR</latexit>

M(x1)

<latexit sha1_base64="N9jMqL9+MxWjYIaag930uJ+dqBM=">AAAB9XicbVBNSwMxEJ31s9avqhfBS7AI9VJ2pajHghePFewHtNuSTbNtaJJdkqxalv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN1M/eYDVZpF8t6MY+oLPJAsZAQbK3U7mg0E7qalp553PukVim7ZnQEtEy8jRchQ6xW+Ov2IJIJKQzjWuu25sfFTrAwjnE7ynUTTGJMRHtC2pRILqv10dvUEnVmlj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7x2YsJrP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjg8rbELzFl5dJ46LsXZYrd5Vi9TiLIwcncAol8OAKqnALNagDAQXP8ApvzqPz4rw7H/PWFSebOYI/cD5/AOkGkgE=</latexit>

�(x1) <latexit sha1_base64="CUGnMgmXGUCCvjbRtKGOHaAyCco=">AAAB/3icbVDLSsNAFJ3UV62vqCCCm8Ei1E1JSlGXBTduhAr2AW0Mk+mkHTqZhJmJtKRZ+CtuXCji1t9w5984TbvQ1gMDh3Pu5Z45XsSoVJb1beRWVtfWN/Kbha3tnd09c/+gKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veD31W49ESBryezWOiBOgPqc+xUhpyTWPugFSA+knt+lDUhq5lcnItc9T1yxaZSsDXCb2nBTBHHXX/Or2QhwHhCvMkJQd24qUkyChKGYkLXRjSSKEh6hPOppyFBDpJFn+FJ5ppQf9UOjHFczU3xsJCqQcB56ezNIuelPxP68TK//KSSiPYkU4nh3yYwZVCKdlwB4VBCs21gRhQXVWiAdIIKx0ZQVdgr345WXSrJTti3L1rlqsHc/ryIMTcApKwAaXoAZuQB00AAYT8AxewZvxZLwY78bHbDRnzHcOwR8Ynz+pkJW+</latexit>

M(x2|x1)

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="gI50RL7gTMuVwZhG7EOu7N+I9Es=">AAAB+3icbVDLSsNAFJ34rPUV60ZwM1iEuilJKeqy4MZlBfuANobJdNIOnZmEmYm0xPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHMqNKO822trW9sbm0Xdoq7e/sHh/ZRqa2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML6Z+Z1HIhWNxL2exsTjaChoSDHSRvLtUl/RIUcPaWXi154mvnuR+XbZqTpzwFXi5qQMcjR9+6s/iHDCidCYIaV6rhNrL0VSU8xIVuwnisQIj9GQ9AwViBPlpfPbM3hulAEMI2lKaDhXf0+kiCs15YHp5EiP1LI3E//zeokOr72UijjRRODFojBhUEdwFgQcUEmwZlNDEJbU3ArxCEmEtYmraEJwl19eJe1a1b2s1u/q5cZJHkcBnIIzUAEuuAINcAuaoAUwmIBn8ArerMx6sd6tj0XrmpXPHIM/sD5/AFqVk98=</latexit>

�(x2|x1)

a) Quantum memory (    ) b) Classical memory (    ) c) Memoryless (   )<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM
<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM
<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M

<latexit sha1_base64="nEWpNgo2ZE1uABfKJgga/ERGEt4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FL14KFewHbJeSTbNtaDZZklmxLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53C2vrG5lZxu7Szu7d/UD48ahuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+Hbmdx6ZNlzJB5gkLIjJUPKIUwJW8nvAngAgazSm/XLFrbpz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSi6yDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2hdV77Jau69V6jd5HEV0gk7ROfLQFaqjO9RELUSRQs/oFb054Lw4787HorXg5DPH6A+czx+3LZGM</latexit>

MM
<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM

<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP

<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS
<latexit sha1_base64="g7op8y7bTzmnEV+oT0lo+u1A+1E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxmW/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+hmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1lXFu65UG9Vyzc3jKMApnMEFeHADNbiHOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fbYWMpQ==</latexit>⇤

<latexit sha1_base64="BbTXgmZPruzTZIlM+ZGrwBF3itY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuax5BkhDL0L9y4UMStf+POvzGdzkJbDwQO59xLzj1Rwpmxvv/tldbWNza3ytuVnd29/YPq4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u537niWrDlHyw04SGAo8kixnB1kmPfYHt2MSZmg2qNb/u50CrJChIDQo0B9Wv/lCRVFBpCcfG9AI/sWGGtWWE01mlnxqaYDLBI9pzVGJBTZjliWfozClDFCvtnrQoV39vZFgYMxWRm8wTLntz8T+vl9r4JsyYTFJLJVl8FKccWYXm56Mh05RYPnUEE81cVkTGWGNiXUkVV0KwfPIqaV/Ug6v65f1lreEXdZThBE7hHAK4hgbcQRNaQEDCM7zCm2e8F+/d+1iMlrxi5xj+wPv8AQcnkRs=</latexit>o

<latexit sha1_base64="e3qPAHzK1KY3Nuv8vBvfzrwNXmY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2Ae2Q8mkd9rQTGZIMmIZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz00IuoGekwe5r2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5omn5MwqAxLGyj5pyFz9vZHRSOtJFNjJecJlbyb+53VTE177GZdJalCyxUdhKoiJyex8MuAKmRETSyhT3GYlbEQVZcaWVLIleMsnr5LWRdW7rNbuapW6m9dRhBM4hXPw4ArqcAsNaAIDCc/wCm+Odl6cd+djMVpw8p1j+APn8wcU1JEk</latexit>x

Figure 3: Schematic of the Proven Implications Relevant
for Thm. 1 (T1). Arrows denote strict set inclusion;
arrows with a slash denote non-inclusion. Lem. 1 (L1)
results from Lem. 2 (L2) and 3 (L3). Lem. 4 (L4) shows
that CM is included in SEP; along with L3, this implies
that SEP is not included within NS. Finally, the fact that
NS processes can be entangled [Ex. 1 (E1)] implies that
it is not included in SEP (or, therefore, CM); hence, there
is no hierarchical relationship amongst CM, SEP, and NS.

signal from any output time to the next input. More
precisely, we make use of:

Lemma 2. For N ≥ 3 times, mixed memory-
less quantum processes are a strict subset of non-
signalling quantum processes, i.e., MM ⊊ NS.

In contradistinction, processes in CM can signal arbit-
rarily far into the future by feeding forward classical
information. Thus, it is clear that mixed memoryless
quantum processes are subject to more constraints
than classical memory ones; however, it is a priori un-
clear if there exist classical memory processes that re-
main outside of the set of mixed memoryless ones. To
prove this statement, we present an explicit example
of a CM process that violates the aforementioned no-
signalling condition, thereby ultimately precluding a
MM explanation. Formally, we present:

Lemma 3. For N ≥ 3 times, there exist classical
memory quantum processes that are outside of
the set of non-signalling quantum processes, i.e.,
CM ̸⊆ NS.

The process, depicted in Fig. 4, swaps whatever state
is input after t1 with a fiducial environment state, then
performs an EBC on the environment (ensuring im-
plementability with only classical memory) followed
by enacting a CNOT gate on the system between times
t2 and t3. It is straightforward to see that this pro-
cess can signal from t1 to t3 (by preparing two differ-
ent states τ1 and τ ′

1 and noting that the final output
state varies as a function of any state σ2 input at time
t2). Invoking Lem. 2, such signalling is incompatible
with any MM realisation, although the process is in CM
by construction; hence we have proven Lem. 1.

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="+Oe81+72V6fuqJ2nu9iLh4/hrEw=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyGoDkGvHiMYB6QrGF2MpsMmZ1dZ3qFEPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSKFQdf9dtbWNza3tnM7+d29/YPDwtFx08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVPY4T7kd0oEQoGEUrtbv1oXi47JV7haJbcucgq8TLSBEy1HuFr24/ZmnEFTJJjel4boL+hGoUTPJpvpsanlA2ogPesVTRiBt/Mr93Ss6t0idhrG0pJHP198SERsaMo8B2RhSHZtmbif95nRTDqj8RKkmRK7ZYFKaSYExmz5O+0JyhHFtCmRb2VsKGVFOGNqK8DcFbfnmVNMsl76pUuasUa9UsjhycwhlcgAfXUINbqEMDGEh4hld4cx6dF+fd+Vi0rjnZzAn8gfP5Aymxj2A=</latexit>

�+
2

<latexit sha1_base64="RfF04LPdty8qdhxJHMeqRBJRL5c=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGFXguYY8OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmZ+6wmV5rG8N+ME/YgOJA85o8ZK7W59yB8uel6vWHLL7hxklXgZKUGGeq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+b1TcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5qw6k+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVNC/L3lW5clcp1apZHHk4gVM4Bw+uoQa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Aygtj18=</latexit>

�+
1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢ <latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="CU/Cn8kR19zGrlNejWBsMyfOCu4=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp2mVBBJcV7AOaUCbTSTt0ZhJmJkIJXfoLbnXvTtz6IW79EidpFrb1wIXDOfdyDyeIGVXacb6t0sbm1vZOebeyt39weFQ9PumqKJGYdHDEItkPkCKMCtLRVDPSjyVBPGCkF0xvM7/3RKSikXjUs5j4HI0FDSlG2kiex5GeqDC9G7rzYbXm1J0c9jpxC1KDAu1h9ccbRTjhRGjMkFID14m1nyKpKWZkXvESRWKEp2hMBoYKxIny0zzz3L4wysgOI2lGaDtX/16kiCs144HZzDOuepn4nzdIdNj0UyriRBOBF4/ChNk6srMC7BGVBGs2MwRhSU1WG0+QRFibmpa+BAHPSnFXK1gn3au6e11vPDRqrWZRTxnO4BwuwYUbaME9tKEDGGJ4gVd4s56td+vD+lyslqzi5hSWYH39ApPlmJs=</latexit>

E1
<latexit sha1_base64="7ynhO6aEOsYDnq9+MSA4BVICDN8=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiSlaJcFEVxWsA9oQplMJ+3QySTMTIQSuvQX3Orenbj1Q9z6JU7SLLT1wIXDOfdyD8ePOVPatr+s0sbm1vZOebeyt39weFQ9PumpKJGEdknEIznwsaKcCdrVTHM6iCXFoc9p35/dZH7/kUrFIvGg5zH1QjwRLGAEayO5boj1VAXp7aixGFVrdt3OgdaJU5AaFOiMqt/uOCJJSIUmHCs1dOxYeymWmhFOFxU3UTTGZIYndGiowCFVXppnXqALo4xREEkzQqNc/X2R4lCpeeibzTzjqpeJ/3nDRActL2UiTjQVZPkoSDjSEcoKQGMmKdF8bggmkpmsiEyxxESbmv588f0wK8VZrWCd9Bp156revG/W2q2injKcwTlcggPX0IY76EAXCMTwDC/waj1Zb9a79bFcLVnFzSn8gfX5A5V6mJw=</latexit>

E2

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="HG9HCm0papx6iBQmjw/i4la35MQ=">AAACA3icbVDLSsNAFL3xWeur6tJNsAiuSlKKdllw47JCX9CEMplO2qEzkzAzEUro0l9wq3t34tYPceuXOEmzsK0HLhzOuZd7OEHMqNKO821tbe/s7u2XDsqHR8cnp5Wz856KEolJF0cskoMAKcKoIF1NNSODWBLEA0b6wew+8/tPRCoaiY6ex8TnaCJoSDHSRvI8jvRUhWlnVF+MKlWn5uSwN4lbkCoUaI8qP944wgknQmOGlBq6Tqz9FElNMSOLspcoEiM8QxMyNFQgTpSf5pkX9rVRxnYYSTNC27n69yJFXKk5D8xmnnHdy8T/vGGiw6afUhEnmgi8fBQmzNaRnRVgj6kkWLO5IQhLarLaeIokwtrUtPIlCHhWirtewSbp1Wvuba3x2Ki2mkU9JbiEK7gBF+6gBQ/Qhi5giOEFXuHNerberQ/rc7m6ZRU3F7AC6+sXrVOYqw==</latexit>

T2
<latexit sha1_base64="4u8wqDf0iG3d5ZKFOpRnYeU0omA=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiRStMuCG5cV+oImlMl00g6dScLMRCihS3/Bre7diVs/xK1f4iTNwrYeuHA4517u4fgxZ0rb9rdV2tre2d0r71cODo+OT6qnZz0VJZLQLol4JAc+VpSzkHY105wOYkmx8Dnt+7P7zO8/UalYFHb0PKaewJOQBYxgbSTXFVhPVZB2Rs5iVK3ZdTsH2iROQWpQoD2q/rjjiCSChppwrNTQsWPtpVhqRjhdVNxE0RiTGZ7QoaEhFlR5aZ55ga6MMkZBJM2EGuXq34sUC6XmwjebecZ1LxP/84aJDppeysI40TQky0dBwpGOUFYAGjNJieZzQzCRzGRFZIolJtrUtPLF90VWirNewSbp3dSd23rjsVFrNYt6ynABl3ANDtxBCx6gDV0gEMMLvMKb9Wy9Wx/W53K1ZBU357AC6+sXq76Yqg==</latexit>

T1

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2
<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="91VWtKtsVwaheqKFQkhrwZAlJQk=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiRS1GXBjcsK9gFNCJPppB06MwkzE6WE/oG/4Fb37sStP+HWL3GSZmFbD1w4nHMv93DChFGlHefbqmxsbm3vVHdre/sHh0d2/bin4lRi0sUxi+UgRIowKkhXU83IIJEE8ZCRfji9zf3+I5GKxuJBzxLiczQWNKIYaSMFdt3jSE9UlHmKjjkK3HlgN5ymUwCuE7ckDVCiE9g/3ijGKSdCY4aUGrpOov0MSU0xI/OalyqSIDxFYzI0VCBOlJ8V0efw3CgjGMXSjNCwUP9eZIgrNeOh2SyCrnq5+J83THV042dUJKkmAi8eRSmDOoZ5D3BEJcGazQxBWFKTFeIJkghr09bSlzDkeSnuagXrpHfZdK+arftWo90q66mCU3AGLoALrkEb3IEO6AIMnsALeAVv1rP1bn1Yn4vVilXenIAlWF+/So2bIg==</latexit>�1
<latexit sha1_base64="r2jANaKaSEeRduIwA4NS2wKQdsY=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiSlqMuCG5cV7AOaECbTSTt0ZhJmJkoJ/QN/wa3u3Ylbf8KtX+IkzUJbD1w4nHMv93DChFGlHefLqmxsbm3vVHdre/sHh0d2/biv4lRi0sMxi+UwRIowKkhPU83IMJEE8ZCRQTi7yf3BA5GKxuJezxPiczQRNKIYaSMFdt3jSE9VlHmKTjgKWovAbjhNpwBcJ25JGqBEN7C/vXGMU06ExgwpNXKdRPsZkppiRhY1L1UkQXiGJmRkqECcKD8roi/guVHGMIqlGaFhof6+yBBXas5Ds1kEXfVy8T9vlOro2s+oSFJNBF4+ilIGdQzzHuCYSoI1mxuCsKQmK8RTJBHWpq0/X8KQ56W4qxWsk36r6V4223ftRqdd1lMFp+AMXAAXXIEOuAVd0AMYPIJn8AJerSfrzXq3PparFau8OQF/YH3+AEwimyM=</latexit>�2

<latexit sha1_base64="hoz//OmUk/CswEeQLqzUXrm6rpU=">AAACDnicbVDLSsNAFJ3UV62vqLhyEyyCq5JI0S4LblxWsA9oY5hMJ+3QyYOZG7EM+Qd/wa3u3Ylbf8GtX+KkzcK2HrhwOOdezuX4CWcSbPvbKK2tb2xulbcrO7t7+wfm4VFHxqkgtE1iHouejyXlLKJtYMBpLxEUhz6nXX9yk/vdRyoki6N7mCbUDfEoYgEjGLTkmScDMY495TyoAdAnAFAsyzLPrNo1ewZrlTgFqaICLc/8GQxjkoY0AsKxlH3HTsBVWAAjnGaVQSppgskEj2hf0wiHVLpq9n5mnWtlaAWx0BOBNVP/XigcSjkNfb0ZYhjLZS8X//P6KQQNV7EoSYFGZB4UpNyC2Mq7sIZMUAJ8qgkmgulfLTLGAhPQjS2k+H6Yl+IsV7BKOpc156pWv6tXm42injI6RWfoAjnoGjXRLWqhNiJIoRf0it6MZ+Pd+DA+56slo7g5Rgswvn4BTdGdZw==</latexit>⇢1i
<latexit sha1_base64="0eyfDd8CHCOmhKUrRJ5iKU1yIeI=">AAACI3icbVDLSsNAFJ34rPUVdekmWARxUZJStLgquHHhooJ9QBPDZDpph04ezNyIJeQf/Al/wa3u3YkbF278EpM0oG09MHDuOfdy5x4n5EyCrn8qS8srq2vrpY3y5tb2zq66t9+RQSQIbZOAB6LnYEk582kbGHDaCwXFnsNp1xlfZn73ngrJAv8WJiG1PDz0mcsIhlSy1VPTwzCSbnyd2HHtLjaBPgBAzJLkwvgtgyRJbLWiV/Uc2iIxClJBBVq2+m0OAhJ51AfCsZR9Qw/BirEARjhNymYkaYjJGA9pP6U+9qi04vymRDtOlYHmBiJ9Pmi5+ncixp6UE89JO/ML5r1M/M/rR+A2rJj5YQTUJ9NFbsQ1CLQsIG3ABCXAJynBRLD0rxoZYYEJpDHObHEcLwvFmI9gkXRqVeOsWr+pV5qNIp4SOkRH6AQZ6Bw10RVqoTYi6BE9oxf0qjwpb8q78jFtXVKKmQM0A+XrBx+xpuk=</latexit>

L2i:1o
<latexit sha1_base64="0liKGm3qDTJtVNfKWvAeZ9ycTAk=">AAACI3icbVDLSsNAFJ3UV62vqEs3wSKIi5LUosVVwY0LFxXsA9oYJtNJO3TyYOZGLCH/4E/4C251707cuHDjl5ikAW3rgYFzz7mXO/fYAWcSdP1TKSwtr6yuFddLG5tb2zvq7l5b+qEgtEV87ouujSXlzKMtYMBpNxAUuzanHXt8mfqdeyok871bmATUdPHQYw4jGBLJUk/6LoaRdKLr2IpO76I+0AcAiFgcX1R/Sz+OY0st6xU9g7ZIjJyUUY6mpX73Bz4JXeoB4VjKnqEHYEZYACOcxqV+KGmAyRgPaS+hHnapNKPsplg7SpSB5vgieR5omfp3IsKulBPXTjqzC+a9VPzP64Xg1M2IeUEI1CPTRU7INfC1NCBtwAQlwCcJwUSw5K8aGWGBCSQxzmyxbTcNxZiPYJG0qxXjrFK7qZUb9TyeIjpAh+gYGegcNdAVaqIWIugRPaMX9Ko8KW/Ku/IxbS0o+cw+moHy9QMjBKbr</latexit>

L3i:2o

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="6ldcxJQ3INa9EUNPabr5LIIhKEM=">AAACFnicbVDLSsNAFJ34rPUVdSnCYBHqpiRStMuCG5cV7APaNEymk3bo5MHMjbSErPwJf8Gt7t2JW7du/RKTNgvbeuDC4Zx7ufceJxRcgWF8a2vrG5tb24Wd4u7e/sGhfnTcUkEkKWvSQASy4xDFBPdZEzgI1gklI54jWNsZ32Z++5FJxQP/AaYhszwy9LnLKYFUsvWznhwFdmz24x6wCQDEPEmSflye2OZlYuslo2LMgFeJmZMSytGw9Z/eIKCRx3yggijVNY0QrJhI4FSwpNiLFAsJHZMh66bUJx5TVjx7I8EXqTLAbiDT8gHP1L8TMfGUmnpO2ukRGKllLxP/87oRuDUr5n4YAfPpfJEbCQwBzjLBAy4ZBTFNCaGSp7diOiKSUEiTW9jiOF4WirkcwSppXVXM60r1vlqq1/J4CugUnaMyMtENqqM71EBNRNETekGv6E171t61D+1z3rqm5TMnaAHa1y8Fk6Bm</latexit>

⇢
(x1)
1i

<latexit sha1_base64="axpsPm3T7l8z7Vc02b7txBgGk78="></latexit>

L
(x2|x1)
2i:10

<latexit sha1_base64="pwbkfKoNqqehvNz8NqjieI77M7I="></latexit>

L
(|x2x1)
3i:20

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="j0b9wdJ4USBu+FbotIDLO9ud+xI=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0N6jHgxWME84BkE2YnvcmQ2QczvWpY9j+8eFDEq//izb9xkuxBEwsaiqpuuru8WAqNtv1trayurW9sFraK2zu7e/ulg8OmjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeeObqd96AKVFFN7jJAY3YMNQ+IIzNFLvopd2EZ4QMRVZ1i+V7Yo9A10mTk7KJEe9X/rqDiKeBBAil0zrjmPH6KZMoeASsmI30RAzPmZD6BgasgC0m86uzuipUQbUj5SpEOlM/T2RskDrSeCZzoDhSC96U/E/r5Ogf+2mIowThJDPF/mJpBjRaQR0IBRwlBNDGFfC3Er5iCnG0QRVNCE4iy8vk+Z5xbmsVO+q5Zqdx1Egx+SEnBGHXJEauSV10iCcKPJMXsmb9Wi9WO/Wx7x1xcpnjsgfWJ8/Nu6S8A==</latexit>

3i
<latexit sha1_base64="lE09vn0Ks0bvjCwV/y/O2wuzmCs=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld1S1GPBi8cK9gPabcmm2TY0myzJrFqW/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEAtuwHW/nbX1jc2t7cJOcXdv/+CwdHTcMirRlDWpEkp3AmKY4JI1gYNgnVgzEgWCtYPJzcxvPzBtuJL3MI2ZH5GR5CGnBKzUr/bTHrAnAEhVlg1KZbfizoFXiZeTMsrRGJS+ekNFk4hJoIIY0/XcGPyUaOBUsKzYSwyLCZ2QEetaKknEjJ/Or87wuVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigijYEb/nlVdKqVrzLSu2uVq67eRwFdIrO0AXy0BWqo1vUQE1EkUbP6BW9OY/Oi/PufCxa15x85gT9gfP5Az6BkvU=</latexit>

2o
<latexit sha1_base64="w5C/xJEpzPxTx7QNlto4dX6J/gE=">AAAB9XicbVBNS8NAEJ34WetX1aOXYBE8laQU9Vjw4rGC/YA2LZvtpl262YTdiVpC/ocXD4p49b9489+4bXPQ1gcDj/dmmJnnx4JrdJxva219Y3Nru7BT3N3bPzgsHR23dJQoypo0EpHq+EQzwSVrIkfBOrFiJPQFa/uTm5nffmBK80je4zRmXkhGkgecEjRSv9pPe8ieEDHlWTYolZ2KM4e9StyclCFHY1D66g0jmoRMIhVE667rxOilRCGngmXFXqJZTOiEjFjXUElCpr10fnVmnxtlaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapoQnCXX14lrWrFvazU7mrlupPHUYBTOIMLcOEK6nALDWgCBQXP8Apv1qP1Yr1bH4vWNSufOYE/sD5/ADVdku8=</latexit>

2i
<latexit sha1_base64="JY+vs/FTj+/vVNspTsFLlXlg5i8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPBi8cK9gPatGy2m3bpZhN2J2oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRlDVpJCLV8YlmgkvWRI6CdWLFSOgL1vYnNzO//cCU5pG8x2nMvJCMJA84JWikvttPe8ieEDHlWTYoV5yqM4e9StycVCBHY1D+6g0jmoRMIhVE667rxOilRCGngmWlXqJZTOiEjFjXUElCpr10fnVmnxllaAeRMiXRnqu/J1ISaj0NfdMZEhzrZW8m/ud1EwyuvZTLOEEm6WJRkAgbI3sWgT3kilEUU0MIVdzcatMxUYSiCapkQnCXX14lrYuqe1mt3dUqdSePowgncArn4MIV1OEWGtAECgqe4RXerEfrxXq3PhatBSufOYY/sD5/ADPMku4=</latexit>

1i
<latexit sha1_base64="LntYxxuD2T1ntDzDiRl+E5mZ118=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY8FLx4r2A9otyWbZtvQbLIks2pZ9n948aCIV/+LN/+NabsHbX0w8Hhvhpl5QSy4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZVSiKWtSJZTuBMQwwSVrAgfBOrFmJAoEaweTm5nffmDacCXvYRozPyIjyUNOCVip7/XTHrAnAEhVlg3KFbfqzoFXiZeTCsrRGJS/ekNFk4hJoIIY0/XcGPyUaOBUsKzUSwyLCZ2QEetaKknEjJ/Or87wmVWGOFTalgQ8V39PpCQyZhoFtjMiMDbL3kz8z+smEF77KZdxAkzSxaIwERgUnkWAh1wzCmJqCaGa21sxHRNNKNigSjYEb/nlVdK6qHqX1dpdrVJ38ziK6ASdonPkoStUR7eogZqIIo2e0St6cx6dF+fd+Vi0Fpx85hj9gfP5AzzwkvQ=</latexit>

1o

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="nyuu35H0pK9Gphts4DT79g68b24=">AAAB+XicbVBNS8NAFHzxs9avqEcvwSJ4KkktWjwVvHisYNpCG8Jmu2mXbjZhd1MoIf/EiwdFvPpPvPlv3KY5aOvAwjDzHm92goRRqWz729jY3Nre2a3sVfcPDo+OzZPTroxTgYmLYxaLfoAkYZQTV1HFSD8RBEUBI71ger/wezMiJI35k5onxIvQmNOQYqS05JvmMEJqIsPMzf3s+q6R+2bNrtsFrHXilKQGJTq++TUcxTiNCFeYISkHjp0oL0NCUcxIXh2mkiQIT9GYDDTlKCLSy4rkuXWplZEVxkI/rqxC/b2RoUjKeRToySLnqrcQ//MGqQpbXkZ5kirC8fJQmDJLxdaiBmtEBcGKzTVBWFCd1cITJBBWuqyqLsFZ/fI66Tbqzk29+distVtlHRU4hwu4AgduoQ0P0AEXMMzgGV7hzciMF+Pd+FiObhjlzhn8gfH5A07lk2w=</latexit>

U3:2

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="a3PUbmMjzognVfKfidDNgrrrkX4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQiWlwVunElFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnKZZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFx Kgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMGku/O6USsVi8aRnCfUiPBIsZARrI/m2PYiwHqswa8797OHOnft21ak5OdA6cQtShQIt3/4aDGOSRlRowrFSfddJtJdhqRnhdF4ZpIommEzwiPYNFTiiysvy5HN0YZQhCmNpntAoV39vZDhSahYFZjLPueotxP+8fqrDupcxkaSaCrI8FKYc6RgtakBDJinRfGYIJpKZrIiMscREm7IqpgR39cvrpHNVc29q14/X1Ua9qKMMZ3AOl+DCLTTgHlrQBgJTeIZXeLMy68V6tz6WoyWr2DmFP7A+fwBa15N0</latexit>

CN :1

<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1
<latexit sha1_base64="kL5vVf2TYJ4LVBiDsyPc1uaZGbM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSlaHFVcOOygmkLbQiT6aQdOnkwMymUkD9x40IRt/6JO//GaZqFth4YOJxzL/fM8RPOpLKsb6Oytb2zu1fdrx0cHh2fmKdnPRmnglCHxDwWAx9LyllEHcUUp4NEUBz6nPb92f3S78+pkCyOntQioW6IJxELGMFKS55pjkKspjLInNzLmnd27pl1q2EVQJvELkkdSnQ982s0jkka0kgRjqUc2lai3AwLxQineW2USppgMsMTOtQ0wiGVblYkz9GVVsYoiIV+kUKF+nsjw6GUi9DXk0XOdW8p/ucNUxW03YxFSapoRFaHgpQjFaNlDWjMBCWKLzTBRDCdFZEpFpgoXVZNl2Cvf3mT9JoN+6bRemzVO+2yjipcwCVcgw230IEH6IIDBObwDK/wZmTGi/FufKxGK0a5cw5/YHz+AEvZk2o=</latexit>

U2:1

<latexit sha1_base64="WvpyrGGwdRrG2wP5c7fRqmFM8zM=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBVclZlS1GXBje4q2Ad0hpJJM21okhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3OZ+94kqzWL5aKYJDQQeSRYxgo2VfF9gM1Yiu58N6oNK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDC6azsp5ommEzwiPYtlVhQHWTzzDN0YZUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUtiV4y19eJZ16zbuqNR4a1eZ5UUcJTuEMLsGDa2jCHbSgDQQSeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gABYpGU</latexit>

I2
<latexit sha1_base64="PsDYOCOZrXf13JtBTYbfW2CPTqw=">AAAB83icbVDLSgMxFL1TX7W+qi7dBKvgqsxIUZcFN7qrYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZqxEdj8beINqza27c6BV4hWkBgVag+qXP4xJKqg0hGOt+56bmCDDyjDC6azip5ommEzwiPYtlVhQHWTzzDN0bpUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMT3QQZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ3LundVbzw0as2zoo4ynMApXIAH19CEO2hBGwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gD/z5GT</latexit>

I1

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E

<latexit sha1_base64="FLoRpzqSAJ07ryeP5QdTQEOjQso=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIpp4IruGqEcSLx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFulT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpdl76pcqVdK1bMsjjycwClcgAfXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AKgNjMI=</latexit>

S

<latexit sha1_base64="sD3A+fJmSlK0Ev+kgc6wqhnERwo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBqPgKexKUI8BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObdKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/L3lW5Uq+UqmdZHHk4gVO4AA+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZLVjLQ=</latexit>

E <latexit sha1_base64="+Gx3Ae2sbKt68NYmT2SNK0JqP80=">AAAB+3icbVDLSsNAFL2pr1pfsW4EN4NFqJuSSFGXBTduhAr2AW0sk+mkHTp5MDORlpBfceNCEbf+iDv/xmmahbYeGDiccy/3zHEjzqSyrG+jsLa+sblV3C7t7O7tH5iH5bYMY0Foi4Q8FF0XS8pZQFuKKU67kaDYdzntuJObud95okKyMHhQs4g6Ph4FzGMEKy0NzHLfx2osveQufUyq04F9ng7MilWzMqBVYuekAjmaA/OrPwxJ7NNAEY6l7NlWpJwEC8UIp2mpH0saYTLBI9rTNMA+lU6SZU/RmVaGyAuFfoFCmfp7I8G+lDPf1ZNZ0mVvLv7n9WLlXTsJC6JY0YAsDnkxRypE8yLQkAlKFJ9pgolgOisiYywwUbquki7BXv7yKmlf1OzLWv2+Xmkc53UU4QROoQo2XEEDbqEJLSAwhWd4hTcjNV6Md+NjMVow8p0j+APj8weoqpQR</latexit>

M(x1)

<latexit sha1_base64="N9jMqL9+MxWjYIaag930uJ+dqBM=">AAAB9XicbVBNSwMxEJ31s9avqhfBS7AI9VJ2pajHghePFewHtNuSTbNtaJJdkqxalv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGN1M/eYDVZpF8t6MY+oLPJAsZAQbK3U7mg0E7qalp553PukVim7ZnQEtEy8jRchQ6xW+Ov2IJIJKQzjWuu25sfFTrAwjnE7ynUTTGJMRHtC2pRILqv10dvUEnVmlj8JI2ZIGzdTfEykWWo9FYDsFNkO96E3F/7x2YsJrP2UyTgyVZL4oTDgyEZpGgPpMUWL42BJMFLO3IjLEChNjg8rbELzFl5dJ46LsXZYrd5Vi9TiLIwcncAol8OAKqnALNagDAQXP8ApvzqPz4rw7H/PWFSebOYI/cD5/AOkGkgE=</latexit>

�(x1) <latexit sha1_base64="CUGnMgmXGUCCvjbRtKGOHaAyCco=">AAAB/3icbVDLSsNAFJ3UV62vqCCCm8Ei1E1JSlGXBTduhAr2AW0Mk+mkHTqZhJmJtKRZ+CtuXCji1t9w5984TbvQ1gMDh3Pu5Z45XsSoVJb1beRWVtfWN/Kbha3tnd09c/+gKcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veD31W49ESBryezWOiBOgPqc+xUhpyTWPugFSA+knt+lDUhq5lcnItc9T1yxaZSsDXCb2nBTBHHXX/Or2QhwHhCvMkJQd24qUkyChKGYkLXRjSSKEh6hPOppyFBDpJFn+FJ5ppQf9UOjHFczU3xsJCqQcB56ezNIuelPxP68TK//KSSiPYkU4nh3yYwZVCKdlwB4VBCs21gRhQXVWiAdIIKx0ZQVdgr345WXSrJTti3L1rlqsHc/ryIMTcApKwAaXoAZuQB00AAYT8AxewZvxZLwY78bHbDRnzHcOwR8Ynz+pkJW+</latexit>

M(x2|x1)

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="gI50RL7gTMuVwZhG7EOu7N+I9Es=">AAAB+3icbVDLSsNAFJ34rPUV60ZwM1iEuilJKeqy4MZlBfuANobJdNIOnZmEmYm0xPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPUHMqNKO822trW9sbm0Xdoq7e/sHh/ZRqa2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML6Z+Z1HIhWNxL2exsTjaChoSDHSRvLtUl/RIUcPaWXi154mvnuR+XbZqTpzwFXi5qQMcjR9+6s/iHDCidCYIaV6rhNrL0VSU8xIVuwnisQIj9GQ9AwViBPlpfPbM3hulAEMI2lKaDhXf0+kiCs15YHp5EiP1LI3E//zeokOr72UijjRRODFojBhUEdwFgQcUEmwZlNDEJbU3ArxCEmEtYmraEJwl19eJe1a1b2s1u/q5cZJHkcBnIIzUAEuuAINcAuaoAUwmIBn8ArerMx6sd6tj0XrmpXPHIM/sD5/AFqVk98=</latexit>

�(x2|x1)

<latexit sha1_base64="CU/Cn8kR19zGrlNejWBsMyfOCu4=">AAACA3icbVDLSsNAFL2pr1pfVZdugkVwVRIp2mVBBJcV7AOaUCbTSTt0ZhJmJkIJXfoLbnXvTtz6IW79EidpFrb1wIXDOfdyDyeIGVXacb6t0sbm1vZOebeyt39weFQ9PumqKJGYdHDEItkPkCKMCtLRVDPSjyVBPGCkF0xvM7/3RKSikXjUs5j4HI0FDSlG2kiex5GeqDC9G7rzYbXm1J0c9jpxC1KDAu1h9ccbRTjhRGjMkFID14m1nyKpKWZkXvESRWKEp2hMBoYKxIny0zzz3L4wysgOI2lGaDtX/16kiCs144HZzDOuepn4nzdIdNj0UyriRBOBF4/ChNk6srMC7BGVBGs2MwRhSU1WG0+QRFibmpa+BAHPSnFXK1gn3au6e11vPDRqrWZRTxnO4BwuwYUbaME9tKEDGGJ4gVd4s56td+vD+lyslqzi5hSWYH39ApPlmJs=</latexit>

E1

<latexit sha1_base64="MUibP1fifjbEwdMCyF1vpbphrmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKaI4BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wa6IkaVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT23cCDMmk9RSSZaL4pQjq1D+OBoxTYnlM0cw0czdisgEa0ysi6fiQghWX14nnat6cFO/friuNRtFHGU4g3O4hABuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR+YjkY=</latexit>⇢

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="aFCuvd3851Gvb0jYUwbxUff2qdI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSp4KokU9Vjw4rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLldReVAYK9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx28IScWaVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo96XOFzIixJZQpbm8lbEgVZcZmVLQheIsvL5PmRcW7rFTvquXaaR5HAY7hBM7BgyuowS3UoQEMIniGV3hzlPPivDsf89YVJ585gj9wPn8ArxGQQA==</latexit>|0i
<latexit sha1_base64="nbtU9fXqx9Sfhvipf6Nkzj2Zju0=">AAAB+HicbVDLSgNBEJz1GeMjqx69DEbBU9iVoOIp4sVjRPOAJITZSW8yZPbBTK8Yl3yJFw+KePVTvPk3TpI9aGJBQ1HVTXeXF0uh0XG+raXlldW19dxGfnNre6dg7+7VdZQoDjUeyUg1PaZBihBqKFBCM1bAAk9CwxteT/zGAygtovAeRzF0AtYPhS84QyN17cIlbSM8ImJ617iqjrt20Sk5U9BF4makSDJUu/ZXuxfxJIAQuWRat1wnxk7KFAouYZxvJxpixoesDy1DQxaA7qTTw8f02Cg96kfKVIh0qv6eSFmg9SjwTGfAcKDnvYn4n9dK0L/opCKME4SQzxb5iaQY0UkKtCcUcJQjQxhXwtxK+YApxtFklTchuPMvL5L6ack9K5Vvy8XKURZHjhyQQ3JCXHJOKuSGVEmNcJKQZ/JK3qwn68V6tz5mrUtWNrNP/sD6/AFEcZLC</latexit>

: SWAP

<latexit sha1_base64="fddgbDJ+u/pGLp/dLZZxVVlCPnA=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBQ8hV0J6jHgxZNGyAuyS5id9CZDZh/M9IphyW948aCIV3/Gm3/jJNmDJhY0FFXddHf5iRQabfvbWlldW9/YLGwVt3d29/ZLB4ctHaeKQ5PHMlYdn2mQIoImCpTQSRSw0JfQ9kc3U7/9CEqLOGrgOAEvZINIBIIzNJLrIjwhYnZ335j0SmW7Ys9Al4mTkzLJUe+Vvtx+zNMQIuSSad117AS9jCkUXMKk6KYaEsZHbABdQyMWgvay2c0TemaUPg1iZSpCOlN/T2Qs1Hoc+qYzZDjUi95U/M/rphhce5mIkhQh4vNFQSopxnQaAO0LBRzl2BDGlTC3Uj5kinE0MRVNCM7iy8ukdVFxLivVh2q5dprHUSDH5IScE4dckRq5JXXSJJwk5Jm8kjcrtV6sd+tj3rpi5TNH5A+szx9bg5HP</latexit>

NOT
<latexit sha1_base64="BKMKjOI6RLvF5gtNwF35vaeE95s=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBU8lV0t6rHgxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3U7Oqh6l32SmWv4s2Al4mfkzLkqPdKX92+omnMpKWCGNPxvcQGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ85pY8jpV1Ji2fq74mMxMaM49B1xsQOzaI3Ff/zOqmNboKMyyS1TNL5oigV2Co8fR33uWbUirEjhGrubsV0SDSh1gVUdCH4iy8vk+ZFxb+qVO+r5dppHkcBjuEEzsGHa6jBHdShARQe4Rle4Q0p9ILe0ce8dQXlM0fwB+jzB0Rqjtg=</latexit>⇢3

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="KBk/ZMfgVbU+F2qfdt0z4eD+YTs=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIaJcFNy4r2AdMh5JJM21oMhmSjFCG7vwFt7p3J279Ebd+iZl2Frb1QOBwzr3ckxMmnGnjut9OaWNza3unvFvZ2z84PKoen3S0TBWhbSK5VL0Qa8pZTNuGGU57iaJYhJx2w8ld7nefqNJMxo9mmtBA4FHMIkawsZLfF9iMw1Bk3mxQrbl1dw60TryC1KBAa1D96Q8lSQWNDeFYa99zExNkWBlGOJ1V+qmmCSYTPKK+pTEWVAfZPPIMXVhliCKp7IsNmqt/NzIstJ6K0E7mEfWql4v/eX5qokaQsThJDY3J4lCUcmQkyv+PhkxRYvjUEkwUs1kRGWOFibEtLV2xteSleKsVrJPOVd27qV8/XNeajaKeMpzBOVyCB7fQhHtoQRsISHiBV3hznp1358P5XIyWnGLnFJbgfP0C8l6YRQ==</latexit>

<latexit sha1_base64="MN0QZ/KbfluR63Y+a+uj5FZyCtY="></latexit>

M ( CDC
L1
( CM

L4
( SEP ( QM

<latexit sha1_base64="Fygi65OfaGAqVkoF2tht1+ioP7Y=">AAACC3icbVA9SwNBEN3zM8avU0ubxSBYhbsQ1DJgY2ERwaiQC2FvM2eW7O2du3NiOK638a/YWChi6x+w89+4iVf49WDg8d4MM/PCVAqDnvfhzMzOzS8sVpaqyyura+vuxua5STLNocMTmejLkBmQQkEHBUq4TDWwOJRwEY6OJv7FDWgjEnWG4xR6MbtSIhKcoZX67k6QTGzAPEC4xSzNTxpFkQcmC62o4Lqgfbfm1b0p6F/il6RGSrT77nswSHgWg0IumTFd30uxlzONgksoqkFmIGV8xK6ga6liMZhePv2loLtWGdAo0bYU0qn6fSJnsTHjOLSdMcOh+e1NxP+8bobRYS8XKs0QFP9aFGWSYkInwdCB0MBRji1hXAt7K+VDphlHm0/VhuD/fvkvOW/U/f1687RZa3llHBWyTXbIHvHJAWmRY9ImHcLJHXkgT+TZuXcenRfn9at1xilntsgPOG+fzgWcHA==</latexit>

L2(
<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS

<latexit sha1_base64="qbW0qOL0bgqS0e7/h3U6gL2N77Y=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkqMeCFw8eKtgPaELZbDft0s1u2J0oIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5oUJZxpc99sqra1vbG6Vtys7u3v7B/bhUUfLVBHaJpJL1QuxppwJ2gYGnPYSRXEcctoNJ9czv/tAlWZS3EOW0CDGI8EiRjAYaWBXfSHBv6URKDYaA1ZKPg7smlt353BWiVeQGirQGthf/lCSNKYCCMda9z03gSDHChjhdFrxU00TTCZ4RPuGChxTHeTz46fOqVGGTiSVKQHOXP09keNY6ywOTWeMYayXvZn4n9dPIboKciaSFKggi0VRyh2QziwJZ8gUJcAzQzBRzNzqkDFWmIDJq2JC8JZfXiWd87p3UW/cNWpNt4ijjI7RCTpDHrpETXSDWqiNCMrQM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP3AllT0=</latexit> 6,

<latexit sha1_base64="O0jIyqFCqUKhWmASNEZCVqiCt10=">AAACFHicbVBNS8NAEN34WetX1KOXYBEEoSYq6lEQwUMPClYLTSmb7aRd3OyG3YlSQn6EF/+KFw+KePXgzX/jtvag1gcDj/dmmJkXpYIb9P1PZ2JyanpmtjRXnl9YXFp2V1avjMo0gzpTQulGRA0ILqGOHAU0Ug00iQRcRzcnA//6FrThSl5iP4VWQruSx5xRtFLb3Q7VwAbMQ+Syn9f2dk6DoshDqTCsQYyad3tItVZ3Rdut+FV/CG+cBCNSISOct92PsKNYloBEJqgxzcBPsZVTjZwJKMphZiCl7IZ2oWmppAmYVj58qvA2rdLxYqVtSfSG6s+JnCbG9JPIdiYUe+avNxD/85oZxketnMs0Q5Dse1GcCQ+VN0jI63ANDEXfEso0t7d6rEc1ZWiDKtsQgr8vj5Or3WpwUN2/2K8c+6M4SmSdbJAtEpBDckzOyDmpE0buySN5Ji/Og/PkvDpv360TzmhmjfyC8/4FkjWfvQ==</latexit>

L3/E1

6,

<latexit sha1_base64="GiX0doSn4CL/5BK7R3LMegnjmmQ=">AAACHXicbVBNS8NAEN34bf2qevQSLIKnmmhRjwURPHhQsCo0pWy2k3bpZjfsTtQS8ke8+Fe8eFDEgxfx37ipPWj1wTCP92bYnRcmghv0vE9nYnJqemZ2br60sLi0vFJeXbs0KtUMGkwJpa9DakBwCQ3kKOA60UDjUMBV2D8q/Ksb0IYreYGDBFox7UoecUbRSu1yLVCFDZgFCHeYJrZzOchO93aO/TzPs0AqDE4hQs27PaRaq9u8Xa54VW8I9y/xR6RCRjhrl9+DjmJpDBKZoMY0fS/BVkY1ciYgLwWpgYSyPu1C01JJYzCtbHhd7m5ZpeNGStuS6A7VnxsZjY0ZxKGdjCn2zLhXiP95zRSjw1bGZZIiSPb9UJQKF5VbROV2uAaGYmAJZZrbv7qsRzVlaBMr2RD88ZP/ksvdqr9frZ3XKnVvFMcc2SCbZJv45IDUyQk5Iw3CyD15JM/kxXlwnpxX5+17dMIZ7ayTX3A+vgCoO6QV</latexit>L
3
/
E
1

6,

<latexit sha1_base64="qbW0qOL0bgqS0e7/h3U6gL2N77Y=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mkqMeCFw8eKtgPaELZbDft0s1u2J0oIdS/4sWDIl79Id78N27bHLT1wcDjvRlm5oUJZxpc99sqra1vbG6Vtys7u3v7B/bhUUfLVBHaJpJL1QuxppwJ2gYGnPYSRXEcctoNJ9czv/tAlWZS3EOW0CDGI8EiRjAYaWBXfSHBv6URKDYaA1ZKPg7smlt353BWiVeQGirQGthf/lCSNKYCCMda9z03gSDHChjhdFrxU00TTCZ4RPuGChxTHeTz46fOqVGGTiSVKQHOXP09keNY6ywOTWeMYayXvZn4n9dPIboKciaSFKggi0VRyh2QziwJZ8gUJcAzQzBRzNzqkDFWmIDJq2JC8JZfXiWd87p3UW/cNWpNt4ijjI7RCTpDHrpETXSDWqiNCMrQM3pFb9aT9WK9Wx+L1pJVzFTRH1ifP3AllT0=</latexit> 6,
<latexit sha1_base64="xGIuG9ya1CrM93e8niaWchk2S6U=">AAAB/nicbVBNS8NAEN34WetXVDx5CRbBU02kWI8FETx4qGA/oAlls920SzebsDsRQwj4V7x4UMSrv8Ob/8Ztm4O2Phh4vDfDzDw/5kyBbX8bS8srq2vrpY3y5tb2zq65t99WUSIJbZGIR7LrY0U5E7QFDDjtxpLi0Oe044+vJn7ngUrFInEPaUy9EA8FCxjBoKW+eegCfYQkzlxgIs1u62fXTp73zYpdtaewFolTkAoq0OybX+4gIklIBRCOleo5dgxehiUwwmledhNFY0zGeEh7mgocUuVl0/Nz60QrAyuIpC4B1lT9PZHhUKk09HVniGGk5r2J+J/XSyC49DIm4gSoILNFQcItiKxJFtaASUqAp5pgIpm+1SIjLDEBnVhZh+DMv7xI2udV56Jau6tVGnYRRwkdoWN0ihxURw10g5qohQjK0DN6RW/Gk/FivBsfs9Ylo5g5QH9gfP4AX4aVsg==</latexit> L
7
/
E
1

<latexit sha1_base64="VuU6wWqZ8dqNrg7S76OqIK5cPLo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBixehgv3ANpTNdtMu3WzC7kQsof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9NBF/oSI2e2kV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42eziCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhM3yd9oTlDObaEMi3srYQNqaYMbUglG4K3+PIyaZ5VvYvq+d15pebmcRThCI7hFDy4hBrcQB0awEDBM7zCm2OcF+fd+Zi3Fpx85hD+wPn8ARP7kSM=</latexit>

M

<latexit sha1_base64="Lg/4DZuVA/vPNI7ANEIHi6qNZco=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhHjxWsB/QhLLZbtulm03YnYgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6SGS6F4EwVK3kk0p1EoeTsc12d++5FrI2L1gJOEBxEdKjEQjKKVfB/5EyJm9dv6tFeuuFV3DrJKvJxUIEejV/7y+zFLI66QSWpM13MTDDKqUTDJpyU/NTyhbEyHvGupohE3QTa/eUrOrNIng1jbUkjm6u+JjEbGTKLQdkYUR2bZm4n/ed0UBzdBJlSSIldssWiQSoIxmQVA+kJzhnJiCWVa2FsJG1FNGdqYSjYEb/nlVdK6qHpX1cv7y0rNzeMowgmcwjl4cA01uIMGNIFBAs/wCm9O6rw4787HorXg5DPH8AfO5w8ju5G0</latexit>

CDC

<latexit sha1_base64="URw37ObeKUqPFXaki3zrclhRxNk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOhFy9CBfsBbSib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreDcX3mtx+5NiJWDzhJuB/RoRKhYBSt1O0hf0LErH437ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8SloXVe+qenl/Wam5eRxFOIFTOAcPrqEGt9CAJjCI4Rle4c1B58V5dz4WrQUnnzmGP3A+fwCih5Fw</latexit>

CM

<latexit sha1_base64="bFikSh3Hwuhfq0gXoQg4ghH1qao=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBI8V7Qc0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpH11O/9ci1EbF6wHHCg4gOlOgLRtFKvo/8CRGz+5v6pFuuuFV3BrJMvJxUIEe9W/7yezFLI66QSWpMx3MTDDKqUTDJJyU/NTyhbEQHvGOpohE3QTa7eUJOrNIj/VjbUkhm6u+JjEbGjKPQdkYUh2bRm4r/eZ0U+1dBJlSSIldsvqifSoIxmQZAekJzhnJsCWVa2FsJG1JNGdqYSjYEb/HlZdI8q3oX1fO780rNzeMowhEcwyl4cAk1uIU6NIBBAs/wCm9O6rw4787HvLXg5DOH8AfO5w9RcpHS</latexit>

SEP

<latexit sha1_base64="+MDiqwcp17+ibGLiuxCKq2dAjzU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBixehBfsBbSib7aRdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QjaiFg94CQBP2JDJULBGVqp20N4QsSscT/tlytu1Z2DrhIvJxWSo94vf/UGMU8jUMglM6bruQn6GdMouIRpqZcaSBgfsyF0LVUsAuNn85On9MwqAxrG2pZCOld/T2QsMmYSBbYzYjgyy95M/M/rphje+JlQSYqg+GJRmEqKMZ39TwdCA0c5sYRxLeytlI+YZhxtSiUbgrf88ippXVS9q+pl47JSc/M4iuSEnJJz4pFrUiN3pE6ahJOYPJNX8uag8+K8Ox+L1oKTzxyTP3A+fwC325F+</latexit>

QM

<latexit sha1_base64="e3qPAHzK1KY3Nuv8vBvfzrwNXmY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFNy4r2Ae2Q8mkd9rQTGZIMmIZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz00IuoGekwe5r2yxW36s5BVomXkwrkaPTLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5omn5MwqAxLGyj5pyFz9vZHRSOtJFNjJecJlbyb+53VTE177GZdJalCyxUdhKoiJyex8MuAKmRETSyhT3GYlbEQVZcaWVLIleMsnr5LWRdW7rNbuapW6m9dRhBM4hXPw4ArqcAsNaAIDCc/wCm+Odl6cd+djMVpw8p1j+APn8wcU1JEk</latexit>x
<latexit sha1_base64="BbTXgmZPruzTZIlM+ZGrwBF3itY=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG5cV7APboWTSTBuax5BkhDL0L9y4UMStf+POvzGdzkJbDwQO59xLzj1Rwpmxvv/tldbWNza3ytuVnd29/YPq4VHbqFQT2iKKK92NsKGcSdqyzHLaTTTFIuK0E01u537niWrDlHyw04SGAo8kixnB1kmPfYHt2MSZmg2qNb/u50CrJChIDQo0B9Wv/lCRVFBpCcfG9AI/sWGGtWWE01mlnxqaYDLBI9pzVGJBTZjliWfozClDFCvtnrQoV39vZFgYMxWRm8wTLntz8T+vl9r4JsyYTFJLJVl8FKccWYXm56Mh05RYPnUEE81cVkTGWGNiXUkVV0KwfPIqaV/Ug6v65f1lreEXdZThBE7hHAK4hgbcQRNaQEDCM7zCm2e8F+/d+1iMlrxi5xj+wPv8AQcnkRs=</latexit>o

<latexit sha1_base64="6kBg3Sq434m86Ofe5ugYSOQk5+s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXBjSupaB8wHUomzbShmWRI7ghl6Ge4caGIW7/GnX9jpp2Fth4IHM65l5x7wkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0nN7nffWLacCUfYZqwICYjySNOCVjJ78cExgDZ3cNsUK25dXcOvEq8gtRQgdag+tUfKprGTAIVxBjfcxMIMqKBU8FmlX5qWELohIyYb6kkMTNBNo88w2dWGeJIafsk4Ln6eyMjsTHTOLSTeUSz7OXif56fQnQdZFwmKTBJFx9FqcCgcH4/HnLNKIipJYRqbrNiOiaaULAtVWwJ3vLJq6RzUfcu6437Rq3pFnWU0Qk6RefIQ1eoiW5RC7URRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AJK4kWY=</latexit>

NS
<latexit sha1_base64="g7op8y7bTzmnEV+oT0lo+u1A+1E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSKIh5JIUY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxmW/VHYr7hxklXg5KUOOer/01RvELI1QGiao1l3PTYyfUWU4Ezgt9lKNCWVjOsSupZJGqP1sfuiUnFtlQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+hmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlO0IXjLL6+S1lXFu65UG9Vyzc3jKMApnMEFeHADNbiHOjSBAcIzvMKb8+i8OO/Ox6J1zclnTuAPnM8fbYWMpQ==</latexit>⇤

<latexit sha1_base64="yIXdqRqGehBcqAHYcf8YJW46E4w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBQ8hd0Q1GPAi8cI5gHJEmYns8mQeawzs0JY8hNePCji1d/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZM6PcOGAver/VLZr/hzoFUS5KQMORr90ldvoEgqqLSEY2O6gZ/YMMPaMsLptNhLDU0wGeMh7ToqsaAmzOb3TtGFUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMb34QZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo6EIIll9eJa1qJbiq1O5r5fp5HkcBTuEMLiGAa6jDHTSgCQQ4PMMrvHmP3ov37n0sWte8fOYE/sD7/AHBMY+z</latexit>�2
<latexit sha1_base64="0UE5JbHqiLKjslxGm8I7qIz/rxg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BKvgqSRS1GPBi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZCkfb9frnhVbw53lfg5qUCORr/81RsomsZMIhXEmK7vJRhkRCOngk1LvdSwhNAxGbKupZLEzATZ/Nqpe26VgRspbUuiO1d/T2QkNmYSh7YzJjgyy95M/M/rphjdBBmXSYpM0sWiKBUuKnf2ujvgmlEUE0sI1dze6tIR0YSiDahkQ/CXX14lrcuqf1Wt3dcq9bM8jiKcwClcgA/XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AULljtc=</latexit>⌧1

Figure 4: A process in CM but not NS. The process (green)
above in CM by construction and can signal from t1 to t3;
hence it proves Lem. 3. This can be explicitly tested by
tracing out the system at times t1 and t2, fixing a state σ2,
and feeding in an arbitrary state τ1 (red). For instance,
ρ3(τ1 = |0⟩) = σ2 whilst ρ3(τ ′

1 = |1⟩) = NOT(σ2).

Finally, it is easy to see that CM ⊆ SEP, since all
CM processes are separable in the Choi representation
[see Eq. (13)]. The strict inclusion CM ⊊ SEP was
conjectured in Ref. [40] and proven in Ref. [41]. This
distinction is akin to the existence of maps that pre-
serve separable states but cannot be implemented by
local operations and classical communication [43];
although the former are easier to characterise, the
latter are more operationally meaningful. Similarly,
since the constraints on separable multi-time pro-
cesses SEP are precisely those of multi-partite entan-
glement of quantum states, one can employ the entire
machinery from entanglement theory, e.g., negativ-
ity under partial transposition [63, 64], entanglement
witnesses [65], and the k-symmetric extension hier-
archy [66]. However, given a process in SEP, there
does not generally exist a realisation using only clas-
sical memory [41], as formalised in:

Lemma 4 ([41]). For N ≥ 2 times, there exist
separable quantum processes that are outside of
the set of classical memory quantum processes,
i.e., CM ⊊ SEP.

Note that the above lemma holds for N ≥ 2 times
(in contrast to the previous statements which require
N ≥ 3). The proof presented in Ref. [41] shows that
the following separable N = 2-time process

CSEP
2:1 = 1

2 (|000⟩⟨000| + |101⟩⟨101| +

|+1+⟩⟨+1+| + |−1−⟩⟨−1−|) , (18)

where CSEP
2:1 ∈ L(H2i ⊗ H1o ⊗ H1i), does not admit

a classical memory realisation. Notice that, one can
easily “bootstrap” this example to N > 2-time scen-
arios by simply considering that the other parties to
be one-dimensional, or by tensoring CSEP

2:1 with an ar-
bitrary process on the other times. Together, Lems. 4
and 1 thus complete the proof of Thm. 1.
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3.1 Non-signalling Quantum Processes
Revisited

We now move to analyse the set NS of non-signalling
processes that we introduced above, which proved to
be a helpful auxiliary set for the proof of Thm. 1.
These processes constitute a rich class in their own
right and can exhibit many interesting phenomena, in-
cluding genuinely quantum correlations (see Ex. 1)
that nonetheless do not allow for signalling between
arbitrary (non-adjacent) times tj and tk (tk > tj) by
preparing different quantum states at tj . This can be
seen by means of an explicit example:

Example 1. Consider a process in which an N -
partite state ρNi···1i is initially prepared, with
each subsystem being fed out at each time and the
process simply discarding the post-measurement
states. Any such process is represented by

C̃NS
N :1 = ρNi···1i ⊗ 1N−1o···1o , (19)

Clearly, C̃NS
N :1 is non-signalling. On the other hand,

it can exhibit genuinely quantum correlations
between arbitrary times; in particular, whenever
ρNi···1i is entangled, C̃NS

N :1 ̸∈ SEP.

This example coincides with the definition of
quantum common cause processes that have been
studied throughout the literature [26, 41, 54, 56],
where the initial state that is fed out over times is con-
sidered the cause of all observed correlations, rather
than any active interventions. Such behaviour is re-
miniscent of non-signalling channels, where each in-
put can only signal to its corresponding output, but
not to any other one, with this property holding true
even when allowing for correlated input states [62].

When considered as multi-time processes, how-
ever, the notion of signalling presents itself more
subtly, since each timeslot contains both an in-
put and an output, making quantum memory—and
thus signalling properties—inherently instrument-
dependent [21–23, 49]. Specifically, the non-
signalling property of NS processes states that any
state preparation at time tj (with corresponding Choi
operator Tj = σjo ⊗ 1ji) blocks all signalling from
earlier times ti < tj to future times tk > tj . How-
ever, this does not imply that there is no possibility
of signalling between non-adjacent times in NS pro-
cesses when different operations are performed; addi-
tionally, such processes can display memory effects
of arbitrary length. To see the former point, one can,

e.g., consider a memoryless process that only con-
sists of an initial state preparation and trivial dynam-
ics between times, i.e.,

ĈNS
N :1 = INiN−1o ⊗ · · · ⊗ I2i1o ⊗ ρ1i . (20)

Now, performing two different CPTP maps N(α)
joji

(with α ∈ {0, 1}) at time tj (and doing nothing the re-
maining times) yields the state ρ(α) = N (α)[ρ] at any
time tk > tj , i.e., the choice α of which CPTP map
was performed at tj can be transmitted in forward in
time (arbitrarily far), despite CNS

N :1 obviously being a
non-signalling process.

Nevertheless, the process ĈNS
N :1 described above

is still memoryless: when only causal breaks—
i.e., instruments that exclusively contain independent
measure-and-prepare operations Bj = σjo ⊗ Mji—
are permitted at time tj , then no signalling between
non-adjacent times can be detected [16, 17], even on
the level of individually recorded measurement out-
comes. However, as is evident from Ex. 1, NS pro-
cesses can admit (quantum) memory effects between
arbitrarily spaced times tj and tk, even when only
causal breaks are permitted. There, the NS process
C̃NS

N :1 = ρNi···1i ⊗ 1N−1o···1o was introduced. Evid-
ently, the correlations exhibited by this processes re-
flect those that are present in ρNi···1i , and hence can
concern arbitrary times and be fully detectable via
causal breaks [22] (such processes then even allow
for genuine multi-partite entanglement between dif-
ferent times, a phenomenon that is also present for
two-time NS processes [60]).

Finally, we remark that the fact that all trace-and-
prepare operations Tj = σjo ⊗ 1jo block any sig-
nalling in NS processes may be viewed as memory-
lessness on average. A process is memoryless if
there do not exist two different causal breaks B(α)

j =
σjo ⊗ M(α)

ji with the same state fed forward but differ-

ent POVM elements M(α=1,2)
ji , such that information

from the past can be detected at times after tj [16, 17].
In general, NS processes do not satisfy this property.
However, averaging over all possible outcomes α in
any causal break yields a trace-and-prepare operation
Tj =

∑
α B(α)

j = σjo ⊗ 1ji , which blocks all influ-
ence of the past on the future for any non-signalling
process. This, in turn, provides us with the intuitive
interpretation of NS processes as those processes that
are memoryless on average, but not necessarily at a
fine-grained level.
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3.2 Separable Quantum Processes Revisited

Analogous to NS quantum processes—and in stark
contrast to both MM and CM quantum processes—
beyond the two-time case it is not straightforward to
provide a circuit representation of processes that lie in
SEP. To provide this characterisation in the two-time
case, it is helpful to first define the set of separable
channels [57, 59, 67]:

Definition 7. Separable channels ΛSC :
L(HA ⊗ HB) → L(HA′ ⊗ HB′) are
quantum channels that can be written as
ΛSC[X] =

∑
k(αk ⊗ βk)X(α†

k ⊗ β†
k), where

αk : HA → HA′ and βk : HB → HB′ for all k.
We denote the set of separable channels by SC.
Although structurally related, we emphasise that the
elements of SEP and SC do not coincide (and are even
different types of objects). However, for the two-time
case, they are intimately connected: here, we show
that any separable process of the form

CSEP
2:1 =

∑
x

pxL(x)
2i1o ⊗ ρ

(x)
1i , (21)

where CSEP
2:1 ∈ L(H2i ⊗ H1o ⊗ H1i), can be rep-

resented as a quantum process engendered by a cir-
cuit with an initial pure quantum state ξ1iE1 and a
separable channel ΛSC : L(H1o ⊗ HE1) → L(H2i),
where ΛSC has Kraus operators αk : HE1 → C and
βk : H1o → H2i . This can be seen directly by con-
sidering the canonical way of constructing circuit rep-
resentations of quantum processes [10, 68].

Concretely, let ρ1i := 1
d1o tr2i1o [CSEP

2:1 ] be the ini-
tial state of the system, and ξ1iE := |ξ1iE⟩⟨ξ1iE | =
ρ

1
2
1i |Φ+

1iE⟩⟨Φ+
1iE |ρ

1
2
1i be its canonical dilation, where

we set HE
∼= H1i and |Φ+

1iE⟩ ∈ H1i ⊗ HE is the
unnormalised maximally entangled state. Now, let

η2i1o1i := ρ
− 1

2
1i CSEP

2:1 ρ
− 1

2
1i , where ρ

− 1
2

1i is the Moore-

Penrose pseudoinverse of ρ
1
2
1i . For notational conveni-

ence, we now relabel 1i ↔ E in η2i1o1i , such that
η2i1oE ∈ L(H2i ⊗ H1o ⊗ HE). As a consequence
of the causality constraints on CSEP

2:1 , we have that
tr2i [η2i1oE ] = 11oE , i.e., it is the Choi operator of
a CPTP map ΛSC : L(HE ⊗ H1o) → L(H2i). Now,
it is easy to see that ΛSC ∈ SC, since its Choi op-
erator η2i1oE =

∑
x pxL(x)

2i1o ⊗ ρ̃
(x)
E , where ρ̃

(x)
E :=

ρ
− 1

2
E ρ

(x)
E , is separable (with respect to the 2i1o|E cut),

which implies that its Kraus operators are of the form
αk ⊗ βk. Additionally, it is straightforward to verify
that

CSEP
2:1 = ξ1iE ⋆ η2o1oE (22)

holds, which shows that any two-time process in SEP
can be obtained from a separable channel in SC.

We emphasise that this correspondence does not
necessarily hold true in the multi-time setting. There,
although it is obvious that any quantum process con-
sisting of only channels from SC is an element of SEP,
it is unclear if the converse implication holds.

4 Computational Characterisations

We now discuss the problem of deciding whether a
given process is an element of each of the sets dis-
cussed in this work. Before proceeding, we first re-
mark that checking whether a linear operator is posit-
ive semidefinite can be achieved by first checking if
it is self-adjoint and then verifying that all its eigen-
values are non-negative. Alternatively, the Cholesky
decomposition provides an efficient method to ensure
that a given matrix is positive semidefinite.

QM : SDP Characterisation

In order to check if a positive semidefinite operator
CN :1 ≥ 0 is a valid quantum memory process (i.e.,
belongs to QM), one must verify the causality condi-
tions presented in Eq. (7), which can be evaluated
explicitly. These conditions must be checked first to
ensure that the operator represents a valid process,
before one tries to determine which of the set of
processes it fits within (see below). Since all such
conditions correspond to linear and positive semi-
definite constraints on the Choi operator, the set QM
admits characterisation means of a semidefinite pro-
gram (SDP) [69, 70], which can be solved efficiently.

M : Simple Characterisation

Unlike all other sets of processes we consider, the
set of memoryless process is not convex. Nonethe-
less, checking whether a quantum process CN :1 ∈
QM represents a memoryless one (i.e., belongs to M)
is straightforward. One can evaluate L̃kik−1o :=
tr

kik−1o [CN :1] /dk−1o where X denotes the comple-

ment of X and dk−1o := tr
[
1k−1o

]
, then construct

C̃N :1 = L̃Ni:N−1o ⊗ . . . ⊗ L̃2i:1o ⊗ ρ̃1i , (23)

and check if C̃N :1 = CN :1. If this equation is false,
then CN :1 is not a memoryless quantum process.

Additionally, one can quantify the amount of
memory N in a process by measuring the distance

Accepted in Quantum 2024-04-15, click title to verify. Published under CC-BY 4.0. 11



D to its nearest memoryless counterpart [16], i.e.,

N (CN :1) := min
CM

N :1∈M
D(CN :1∥CM

N :1). (24)

Choosing the quantum relative entropy S as
an appropriate (pseudo-)distance avoids the need
for performing the above minimisation, since
the nearest memoryless process is guaranteed to
be the one constructed from the product of
its marginals [as per Eq. (23)]. This can
be seen as follows: consider the difference
S(ρAB∥τA ⊗ τB) − S(ρAB∥ρA ⊗ ρB), where τA/B

are generic states and ρA/B := trB/A [ρAB] are
the marginals of the global state. By defini-
tion of the quantum relative entropy S(A∥B) :=
tr [A log(A − B)] and using log(A ⊗ B) = log(A) ⊗
1B + 1A ⊗ log(B), this quantity reduces to
S(ρA∥τA) + S(ρB∥τB). Minimising the original
quantity over uncorrelated states then amounts to
minimising this last sum. Finally noting that the
quantum relative entropy is non-negative and van-
ishes iff the arguments are equal asserts the claim.
Hence, the above formula reduces to

N (CN :1) = S(CN :1∥C̃N :1). (25)

A process is memoryless iff this quantity vanishes.

NS : SDP Characterisation

In order to check if a quantum process CN :1 ∈ QM
is a non-signalling one (i.e., belongs to NS), one
must verify the non-signalling conditions in Eq. (17).
Since all such conditions are linear and positive semi-
definite constraints, the set of non-signalling pro-
cesses NS admits an SDP characterisation.

SEP : SDP Hierarchy Characterisation

To check if a quantum process CN :1 ∈ QM is a sep-
arable one (i.e., belongs to SEP), one must ensure
that the (multi-partite) operator CN :1 is separable—a
problem known to be difficult [71]. One may employ
methods from entanglement theory, such as negativ-
ity under partial transposition [63, 64], entanglement
witnesses [65], and the k-symmetric extension hier-
archy [66]. The last technique provides a character-
isation in terms of a converging hierarchy of SDPs.

MM : Polytope / SDP Hierarchy Characterisation

Checking if a quantum process CN :1 ∈ QM is a mixed
memoryless one (i.e., belongs to MM) is similar to
checking if it is separable. However, the key differ-
ence is that a MM process CMM

N :1 needs to be express-
ible as a convex combination of quantum channels

(rather than states), which are operators that must re-
spect an additional constraint. In particular, while
quantum states satisfy tr [ρ] = 1, quantum channels
must satisfy tro [Loi] = 1i. This prevents one from
directly employing the methods of entanglement the-
ory to characterise MM. Nonetheless, in Ref. [41],
the authors present a method to construct inner and
outer polytope approximations for MM; similar meth-
ods have also been considered in Ref. [72].

CM : Open Problem

Despite having an operational construction in terms
of the underlying system-environment dynamics,
checking whether a quantum process CN :1 ∈ QM is
a classical memory one (i.e., belongs to CM) appears
to be a very difficult problem. Loosely speaking, the
difficulty of said task is akin to that of determining
whether a channel can be implemented via LOCC:
here, one needs to both track the entire history and
deduce whether the dynamics could potentially be
implemented by some sequence of conditional instru-
ments. In this work, we have exploited the relation-
ship between classical memory process and both non-
signalling and separable ones in order to obtain non-
trivial statements on CM; nonetheless, systematic and
efficient converging methods that provide both inner
and outer approximations remain elusive.

To this end, in App. D, we show that CM is a con-
vex set. Hence, there exists a family of polytopes
allowing arbitrarily good inner and outer approxim-
ations. Moreover, one can always “witness” pro-
cesses lying outside CM via a hyperplane through the
space of quantum processes. Constructing such wit-
nesses or tractable characterisations for the set of clas-
sical memory quantum processes remains an import-
ant open question. In principle, one might employ a
polytope / SDP hierarchy approach, in similar vein to
the MM hierarchy presented in Ref. [41]. However,
since the set of classical memory quantum processes
involves extremely non-trivial constraints on the de-
composition elements, for N > 2 time process, such
a characterisation would have a high complexity cost
and become intractable even for qubit scenarios.

5 Concluding Discussion & Outlook

We have systematically divided quantum processes
into classes that display remarkably distinct beha-
viours. First, in Thm. 1, we demonstrated a strict hier-
archy based upon differing memory effects—none M,
three variants of classical memory MM, CM, and SEP,
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and quantum memory QM. In order to prove this
hierarchy, we made use of the auxiliary set of non-
signalling processes NS, which are of significant in-
terest in their own right. Upon deeper analysis, we
showed that, although for two-time processes CM ⊊
SEP ⊊ NS, there does not exist a hierarchical rela-
tionship between the sets in general (see Fig. 2). Our
work therefore illuminates genuinely multi-time phe-
nomena of open quantum processes.

Our results are of central importance in two ways.
From a foundational standpoint, they distinguish
quantum and classical memory, outlining the ulti-
mate limitations of quantum information processing
and providing a holistic characterisation of the hier-
archy of possible memory structures in quantum the-
ory. On the practical side, since noise in quantum
devices—and thus the observed memory effects—
will predominately be classical in the near future,
our work provides a methodological framework upon
which efficient and reliable quantum devices can be
built. Accordingly, the concepts explored and results
presented here should have immediate impact on vari-
ous fields of quantum science, including quantum in-
formation theory, optimal control, open quantum sys-
tems, and quantum foundations, to name but a few.
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A Classical Memory Quantum Processes
Here we demonstrate that quantum processes with an EBC applied on the environment in between each pair of
times are equivalent to the classical memory processes described in Ref. [40] [see Eq. (13)].

We begin by showing that the system-environment construction formulated in Def. 3 leads to Choi operators
of the form presented in Eq. (13). To this end, we first decompose each EBC into a measure-and-prepare
implementation

EEj :=
∑
xj

σ
(xj)
jo ⊗ M(xj)

ji , (26)

where each σ
(xj)
jo is a quantum state and {M(xj)

ji } represents a POVM [50]. One can then define:

ρ
(x1)
1i := M(x1)

E1i
⋆ ρ(ES)1i , (27)

L(xj+1|xj:1)
j+1i:jo := M(xj+1|xj:1)

Ej+1i
⋆ U(ES)j+1ijo ⋆ σ

(xj |xj−1:1)
Ejo , (28)

L(|xN−1:1)
Ni:N−1o := 1ENi ⋆ U(ES)NiN−1o ⋆ σ

(xN−1|xN−2:1)
EN−1o . (29)

It is easy to verify that by construction: Eq. (27) corresponds to a state ensemble, i.e., ρ
(x1)
1i ≥ 0

and tr
[∑

x1 ρ
(x1)
1i

]
= 1; Eq. (28) corresponds to a conditional instrument, i.e., L(xj+1|xj:1)

j+1i:jo ≥ 0 and

trj+1i

[∑
xj+1 L(xj+1|xj:1)

j+1i:jo

]
= 1jo ∀ xj:1 (since each σ

(xj |xj−1:1)
Ejo is a normalised quantum state for all xj:1

and {M(xj+1|xj:1)
Ej+1i

} forms a POVM over the potential outcomes xj+1 for all xj:1); and Eq. (29) corresponds

to a CPTP channel for every previous observation sequence, i.e., L(|xN−1:1)
Ni:N−1o ≥ 0 and trNi

[
L(|xN−1:1)

Ni:N−1o

]
=

1N−1o ∀ xN−1:1 (since each σ
(xN−1|xN−1:1)
EN−1o is a normalised quantum state). The link product preserves positiv-

ity of operators [10]; furthermore, since each object above is defined upon independent spaces, the link product
reduces to the tensor product. Hence, it follows that the construction of CCM

N :1 according to Eq. (13) is a positive
semidefinite operator. Lastly, it is also straightforward to check that it satisfies the causality conditions outlined
in Eq. (7), thereby constituting a valid quantum process.

In the converse direction, note that any state ensemble {ρ
(x1)
1i } can be constructed via a dilation to a state

on a larger system-environment space ρ(ES)1i and a measurement M(x1)
E1i

on the environment; any (conditional)
instrument can be realised similarly in terms of an initially-prepared environment state (which can depend upon
the entire previous sequence of outcomes) σ

(xj |xj−1:1)
Ejo , a global unitary dynamics U(ES)j+1ijo and a measure-

ment (whose choice can depend upon the previous outcomes) M(xj+1|xj:1)
Ej+1i

on the environment; and lastly that
any channel can be realised in terms of an initially-prepared environment state (which can depend upon the
entire previous sequence of outcomes) σ

(xN−1|xN−2:1)
EN−1o , a global unitary dynamics U(ES)NiN−1o and a final trace

over the environment 1ENi . In other words, the r.h.s. of Eqs. (27)–(29) always provides a potential realisation
of the l.h.s., which is essentially the Stinespring representation of probabilistic quantum transformations [73].
Concatenating these elementary portions of dynamics thus allows one to represent any quantum process in
Eq. (13) to system-environment dynamics of the explicit form presented in Def. 3.

B Two-Time Equivalences Between Memory Classes
Theorem 2. For N = 2 times, we have the relations:

M ⊊ MM = CM ⊊ SEP ⊊ NS = QM. (30)

First of all, we will reiterate the proofs that show that, for processes defined upon two times, classical memory
and mixed memoryless quantum processes are equivalent. Note that MM = CM for N = 2 has been shown in
Refs. [40, 41], but we include it here for the sake of completeness.
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Lemma 5. For N = 2 times, mixed memoryless quantum processes coincide with classical memory
quantum processes, i.e., MM = CM.

Proof. We first show that any two-time classical memory quantum process can be written in the form

CCM
2:1 = ρSEP

ES1i ⋆ DES1o S2i , (31)

where ρSEP
ES1i

is a separable state and DES1o S2i is (the Choi operator of) a proper quantum channel
L(HE ⊗ HS1o ) 7→ L(HS2i ). Here, the link product ⋆ simply denotes that the environment subsystem
of the initial state feeds forward as an input into the dynamics between times. We will refer to such
processes as “initial separable state” processes and use them as an intermediary to prove that MM = CM.

To see that an classical memory quantum process leads to the form of Eq. (31), note that by
considering an EBC applied to the environment between times (which we split into the input and
output spaces of the channel), EE1 =

∑
x M(x)

E1i
⊗ σ

(x)
E1o , one has

CCM
2:1 =

∑
x

ρS1i E1i ⋆ M(x)
E1i

⊗ σ
(x)
E1o ⋆ DE1o S1o S2i

=
∑

x

pxρ
(x)
S1i

⊗ σ
(x)
E1o ⋆ DE1o S1o S2i = ρSEP

E1o S1i ⋆ DE1o S1o S2i , (32)

where we defined pxρ
(x)
S1i

:= ρS1i E1i ⋆ M(x)
E1i

. This asserts the claim since each σ
(x)
E1o is a valid quantum

state, and so the initial state of the process is indeed separable, and furthermore DE1o S1o S2i is a valid
quantum channel.

In the converse direction, beginning with an initial separable state process, one has

ρSEP
ES1i ⋆ DES1o S2i =

∑
x

pxρ
(x)
S1i

⊗ ρ
(x)
E ⋆ DES1o S2i . (33)

Since any reduced ensemble can arise from the measurement of part of some larger system, we write
ρ

(x)
S1i

= trA

[
M(x)

A ρAS1i

]
for some Hilbert space HA and POVM {M(x)}. Relabelling the systems A 7→ E1i

and E 7→ E1o , we then have a classical memory process construction in terms of the EBC on the
environment EE1 =

∑
x M(x)

E1i
⊗ ρ

(x)
E1o .

In addition to the equivalence between classical memory quantum processes and those with an
initially separable states, we now show that these are equivalent to mixed memoryless processes. To
this end, we need to show that

ρSEP
ES1i ⋆ DES1o S2i ⇔

∑
x

pxL(x)
2i:1o ⊗ ρ

(x)
1i . (34)

In the forwards direction, one can simply expand the separable state as ρSEP
ES1i

=
∑

x pxρ
(x)
S1i

⊗ ρ
(x)
E and

explicitly calculate the link product to yield ρ
(x)
E ⋆ DES1o S2i = L(x)

2i:1o , which is CPTP for each x by
construction.

To prove the converse direction, one can define

ρSEP
ES1i :=

∑
x

pxρ
(x)
1i ⊗ |x⟩⟨x|E

DES1o S2i :=
∑

x

|x⟩⟨x|E ⊗ L(x)
2i:1o . (35)

It is straightforward to show that ρSEP
ES1i

⋆ DES1o S2i =
∑

x pxL(x)
2i:1o ⊗ ρ

(x)
1i holds true, asserting the

claim.

The next part of Thm. 2 makes use of:

Accepted in Quantum 2024-04-15, click title to verify. Published under CC-BY 4.0. 18



Lemma 6 ([41]). For N = 2 times, mixed memoryless quantum processes are a strict subset of separable
quantum processes, i.e., MM ⊊ SEP.

The above lemma is proven by the explicit example presented in Eq. (18) of the main text, which was first
presented in Ref. [41]. This process is separable (by construction) and so necessarily evades detection by
the entanglement witnesses for quantum processes developed in Ref. [40]. Nonetheless, it cannot be realised
by a classical memory quantum process, demonstrating that separability (plus overall causality) is not strong
enough to enforce that the individual elements in the separable decomposition can be written as a sequence of
conditional instruments, even for processes defined upon only two times [41].

Lemma 7. For N = 2 times, non-signalling quantum processes coincide with general quantum processes,
i.e., NS = QM.

Proof. Simply notice that for N = 2 times, there is only one non-signalling constraint, which is
automatically already ensured by the causality constraint of a general quantum process.

Lastly, it is clear that for N = 2 times, SEP ⊊ NS = QM since processes in the latter set can be entangled.
This completes the proof of Thm. 2.

C Classical Memory Quantum Process with no Mixed Memoryless Quantum Process
Realisation

Here we prove the strict relation MM ⊊ CM, as claimed in Lem. 1. We first derive a necessary condition that
must be satisfied by all mixed memoryless processes, namely that they can only exhibit signalling from any
given output time to the next input, i.e., we first prove Lem. 2. To complete the proof of Lem. 1, we construct
an explicit example of a classical memory process that violates the aforementioned condition (i.e., Lem. 3),
thereby asserting the claim.

Proof: Lem. 2. Begin with the general form of a MM process and compute

trj+1i [CMM
N :1 ] =

∑
x

pxtrj+1i [
N−1⊗
i=1

L
(x)
i+1i:io ⊗ ρ

(x)
1i ]

=
∑

x

px

 N−1⊗
i=j+1

L
(x)
i+1i:io

 ⊗ 1jo

j−1⊗
i=1

L
(x)
i+1i:io ⊗ ρ

(x)
1i


= 1jo ⊗ CMM

N :1\j+1oji . (36)

To derive the second equality, we made use of the fact that each L
(x)
j+1i:jo represents a trace preserving

map from the output space to the subsequent input space (and therefore tracing the input space gives
an identity operator on the previous output space). In the final line, we identify the MM process on
the remaining times CMM

N :1\j+1oji :=
∑

x px

(⊗N−1
i=j+1 L

(x)
i+1i:io

) (⊗j−1
i=1 L

(x)
i+1i:io ⊗ ρ

(x)
1i

)
. This implies that

MM ⊆ NS. Furthermore, one can see that MM form a strict subset of NS since the former are defined as
the convex hull of memoryless quantum processes, whereas the latter are built by affine combinations;
crucially, there exist such affine (but not convex) combinations that lead to valid processes. This latter
point can be seen by considering Lem. 7, which states that for N = 2 times, NS = QM; we also clearly
have that MM ⊊ NS (which can be seen by considering any process that is entangled across the partition
1i : 1o2i [see Ex. 1]). Since the former coincide with the set of affine combinations of M whereas the
latter coincide with the set of convex combinations, these sets of processes differ and their exclusion is
non-empty.

As a side remark, note that this lemma implies that the set of MM processes are a measure-zero subset of
quantum processes, as they are confined to a manifold of strictly lower dimension than the full space of
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quantum processes, as evidenced by the linear non-signalling constraints on the process; so true is the case
for NS. This fact notwithstanding, such processes provide an interesting case study of practical relevance, as the
former provide perhaps the simplest non-trivial quantum processes to implement, while the latter are crucial
for uncovering causal relations between events.

Proof: Lem. 3. In terms of operational consequences, the no-signalling condition here means that if
one chooses any time tj at which they feed in a fresh state to the process and at the next timestep
tj+1 they discard the state output by the process, then all observed phenomena on the remaining
times are independent of any state input at time tj . Although this holds true for mixed memoryless
quantum processes, it is not the case for the more general classical memory quantum process, which can
exhibit (classical) signalling from any point in time to any other in the future via the classical memory
mechanism made manifest through the environment. We now present an example that demonstrates
this, thereby proving our claim.

The process is as follows (see Fig. 4): an arbitrary state of the system ρ is accessible to the agent at
time t1. Following the agent’s (arbitrary) interrogation, the post-measurement system state is swapped
with that of the environment, which begins in the fiducial state |0⟩; the agent can then measure the
system state at time t2. Concurrently, the environment is subject to the EBC which measures it
in the computational basis. Subsequently, a CNOT gate is applied to the system (controlled on the
environment), which can finally be interrogated at time t3.

Although this process is a CM one (by construction), it exhibits signalling from time t1 to t3, which is
in contradiction with the structure of a MM quantum process (by Lem. 2). More precisely, we have that
tr2i [C3:1] ̸= C3i2o1i ⊗ 11o , which can be seen as follows. First, note that the non-signalling structure on
the r.h.s. here implies that any (trace-preserving) reduction to a process from the input space on time
t1 to that on time t3 must be of the form ρ3i ⊗11o for some quantum state ρ. Then consider tracing the
input spaces associated to times t1 and t2 (corresponding to the act of discarding the system states),
and feeding in an arbitrary but fixed state σ2o at time t2. In doing so, one yields a reduced channel
from the output at time t1 to the input at time t3, which

C3i1o(σ2o) := C3:1 ⋆ 12i ⋆ 11i ⋆ σ2o ̸= ρ3i ⊗ 11o . (37)

The non-equivalence can be demonstrated by noting that a process of the form ρ3i ⊗ 11o takes any
input state τ1o at time t1 to the unique state ρ3i ; however, it is straightforward to calculate that
ρ3i(τ1o = |0⟩; σ2o) := C3i1o(σ2o) ⋆ |0⟩⟨0|1o = σ3i , whereas ρ3i(τ ′

1o = |1⟩; σ2o) := C3i1o(σ2o) ⋆ |1⟩⟨1|1i =
NOT(σ)3i , evidencing signalling.

D Convexity of CM

Theorem 3. The set CM is convex.

Proof. One way to prove that CM is convex is to notice the that the characterisation of classical memory
processes presented in Eq. (13) is a convex combination. More precisely, as proved in App. A, Eq. (13)
states that an N -time quantum process belongs to CM if and only if

CCM
N :1 =

∑
xN :1

L(xN |xN−1:1)
Ni:N−1o ⊗ . . . ⊗ L(x2|x1)

2i:1o ⊗ ρ
(x1)
1i , (38)

where xk:j := {xj , . . . , xk}, {ρ
(x1)
1i } forms a state ensemble, i.e., each ρ

(x1)
1i ≥ 0 and ρ1i :=

∑
x1 ρ

(x1)
1i has

unit trace, and L(xj+1|xj:1)
j+1i:jo := M(xj+1)

Ej+1i
⋆ U(ES)j+1ijo ⋆ σ

(xj:1)
Ejo forms an instrument for each conditioning

argument.
To make the statement more explicit, we now show that for every probability q ∈ [0, 1] and every

classical memory processes CA
N :1, CB

N :1 ∈ CM, we have

CN :1 := qCA
N :1 + (1 − q)CB

N :1 ∈ CM. (39)
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By Eq. (13), we can write CA
N :1 and CB

N :1 as

CA
N :1 =

∑
xA

N :1

L(xA
N |xA

N−1:1)
Ni:N−1o ⊗ . . . ⊗ L(xA

2 |xA
1 )

2i:1o ⊗ ρ
(xA

1 )
1i

CB
N :1 =

∑
xB

N :1

L(xB
N |xB

N−1:1)
Ni:N−1o ⊗ . . . ⊗ L(xB

2 |xB
1 )

2i:1o ⊗ ρ
(xB

1 )
1i . (40)

We now define the unnormalised states ρ̂
(xA

1 )
1i := qρ

(xA
1 )

1i and ρ̂
(xB

1 )
1i := (1 − q)ρ(xB

1 )
1i , the unnormalised

processes

ĈA
N :1 =

∑
xA

N :1

L(xA
N |xA

N−1:1)
Ni:N−1o ⊗ . . . ⊗ L(xA

2 |xA
1 )

2i:1o ⊗ ρ̂
(xA

1 )
1i

ĈB
N :1 =

∑
xB

N :1

L(xB
N |xB

N−1:1)
Ni:N−1o ⊗ . . . ⊗ L(xB

2 |xB
1 )

2i:1o ⊗ ρ̂
(xB

1 )
1i , (41)

and a set which contains all indices from CA
N :1 and CB

N :1, S := {xA
N :1} ∪ {xB

N :1}. This allows us to write

CN :1 = qCA
N :1 + (1 − q)CB

N :1

= ĈA
N :1 + ĈB

N :1

=
∑

xN :1∈S
L(xN |xN−1:1)

Ni:N−1o ⊗ . . . ⊗ L(x2|x1)
2i:1o ⊗ ρ

(x1)
1i (42)

which is a classical memory quantum process.
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