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Abstract

The field of quantum computing has experienced significant growth in recent years,
driven by breakthroughs in the development of new algorithms, the discovery of
novel quantum phenomena, and the construction of increasingly larger and more
stable quantum systems. Despite these advances, the implementation of quantum
algorithms on real hardware remains a significant challenge, as quantum systems are
prone to errors and decoherence that can limit their computational power.

In this context, the digital-analog quantum computational paradigm has emerged
as a promising approach to building large-scale quantum computers and implement-
ing quantum algorithms for practical applications. The digital-analog paradigm com-
bines the strengths of both digital and analog quantum computing, allowing for
efficient implementation of quantum algorithms with improved accuracy and error
mitigation.

The digital-analog paradigm is particularly well-suited for implementing quan-
tum algorithms that require a large number of quantum gates and measurements
or that involve complex entanglement structures. By leveraging the robustness of
analog quantum simulation and the flexibility of digital quantum computation, the
digital-analog paradigm provides a powerful framework for designing and implement-
ing quantum algorithms on real hardware.

In this thesis, we provide a detailed analysis of the digital-analog quantum compu-
tational paradigm and its application to the implementation of quantum algorithms.
We first present a comprehensive overview of the digital-analog paradigm, including a
toolkit for Hamiltonian simulation that enables the implementation of quantum algo-
rithms with improved efficiency and accuracy. In addition, we present a noise model
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to compare the performance of the digital and digital-analog quantum computation
frameworks.

Next, we focus on the implementation of four relevant quantum algorithms us-
ing both the digital and digital-analog quantum computational frameworks. These
algorithms include the quantum Fourier transform, the quantum phase estimation,
the Harrow-Hassidim-Lloyd algorithm for solving linear systems of equations, and
the quantum approximate optimization algorithm. By comparing the performance
of these algorithms using both frameworks, we demonstrate that the digital-analog
paradigm offers significant advantages over the digital approach, particularly in terms
of reduced error rates and improved scalability.

Finally, we explore how the cross-resonance effect present in superconducting
circuits can be used for digital analog quantum simulations. Our results show that
this effect can be leveraged to implement Hamiltonian simulations with high accuracy
and efficiency, further demonstrating the potential of the digital-analog paradigm for
practical quantum computing applications.

In conclusion, our thesis demonstrates the promise of the digital-analog quantum
computational paradigm for implementing quantum algorithms on real hardware.
The digital-analog paradigm offers significant advantages over the purely digital ap-
proach, including improved scalability, reduced error rates, and greater flexibility in
circuit design. We believe that this work will contribute to ongoing efforts to develop
practical quantum computing technologies and pave the way for future research in
the field. As the field of quantum computing continues to evolve, the exploration of
new methods for improving the accuracy and efficiency of quantum computations will
be crucial for advancing our understanding of quantum computing and identifying
new approaches for implementing quantum algorithms.
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Resumen

En las últimas décadas, la computación cuántica ha evolucionado de un concepto
abstracto a una tecnología con el potencial de revolucionar la computación tal como
la conocemos. Los avances tecnólogicos y el desarrollo de la teoría han permitido el
asentamiento este campo en distientas áreas de la ciencia. En esta tesis, exploramos el
paradigma computacional cuántico digital-analógico y su potencial para implementar
algoritmos cuánticos en los dispositivos actualmente disponibles. Para ello, partimos
de la extensa investigación realizada previamente en el campo y contribuimos a ella
proponiendo enfoques novedosos para resolver problemas computacionales utilizando
la computación cuántica. Nuestro objetivo es contribucir al campo y avanzar en
nuestra comprensión del potencial de la computación cuántica.

Fue en la década de los 80 cuando, Beniof, Manin y Feynman, entre otros,
señalaron que existían dificultades esenciales a la hora de simular sistemas cuánticos
debido al crecimiento exponencial de sus grados de libertad. Sugirieron entonces
la posibilidad de construir ordenadores que estuvieran basados en los principios de
la mecánica cuántica para asi solventar esas limitaciones. Más concretamente, pro-
pusieron emplear sistemas cuánticos completamente controlables para codificar la
dinámica de sistemas quánticos de muchos cuerpos, ya que la complejidad de este
tipo de sistemas crece exponencialmente con la dimensión del mismo.

Una década más tarde, en 1996, Lloyd demostró que si los sistemas cuánticos
evolucionan a través de interacciones locales, entonces un ordenador cuántico puede
simularlos eficientemente. Argumentó que la aplicación de operaciones que preservan
la coherencia –tanto como sea posible–, puede considerarse como una activación
y desactivación de Hamiltonianos. Cada operación experimental mueve el sistema
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a lo largo de cualquier evolución temporal, representada por la operación unitaria
U = eiAt. Ese resultado implica que existe una variedad de sistemas cuánticos, a los
que se les puede aplicar un conjunto de operaciones experimentales simples, pudiendo
asi simular otros sistemas cuánticos.

Con estos resultados e inspirados por el desarrollo de la computación clásica, se
propuso la idea de la computación digital cuántica basada en puertas. Para ello,
resultó fundamental el concepto de conjunto de puertas universales, que no es más
que un set de puertas a las que puede reducirse, con precisión arbitraria, cualquier
operación posible en un ordenador cuántico. Esto, junto con el desarrollo de la
corrección cuántica de errores, condujo a la computación cuántica basada en puertas
tal y como la conocemos hoy en día.

Las puertas utilizadas en los ordenadores cuánticos son pulsos digitales que pueden
rotar un solo qubit (puerta de un solo qubit) o activar la interacción entre dos qubits
(puerta de dos qubits), según su aplicación. Al alplicar estas puertas de forma secuen-
cial, se pueden ejecutar diferentes algoritmos cuánticos, según la secuendia escogida.
La primera demostración concreta de que un ordenador cuántico podría superar a
uno clásico fue realizada por Deutsch. A esto le siguió la extensión realizada por
Deutsch y Jozsa, que mostró por primera vez una brecha similar para el escalado del
tiempo requerido para resolver un problema. Poco después de eso, se propusieron
otros algoritmos que ofrecieron una mayor velocidad que sus análogos clásicos, in-
cluido el algoritmo de Shor para factorizar números primos y el algoritmo de Grover
para buscar en bases de datos no estructuradas. Desde entonces, se han desarrol-
lado muchos algoritmos en busca de ventajas cuánticas, ampliando enormemente el
repertorio de algoritmos cuánticos.

Ha habido varias propuestas de plataformas físicas para realizar computación
cuántica. El primer esquema de implementación fue presentado en 1995 por J. I.
Cirac y P. Zoller, quienes propusieron puertas lógicas cuánticas utilizando iones atra-
pados. Posteriormente, se propusieron otros métodos físicos para lograr la com-
putación cuántica, como la resonancia magnética nuclear (RMN), los qubits de espín
y los qubits superconductores. Desde entonces, ha habido un progreso experimental
significativo en el campo.

La computación cuántica puede llevarse a cabo en estas diferentes plataformas
físicas, siempre que éstas cumplan una serie de criterios conocidos como criterios
DiVincenzo. Estos criterios establecen que la plataforma utilizada debe: ser un sis-
tema físico escalable con qubits bien caracterizados; tener la capacidad de inicializar
el estado de los qubits a un estado fiduciario simple; tener tiempos de decoheren-
cia suficientemente largos; tener un conjunto universal de puertas cuánticas y una
capacidad de medición específica de qubit.

El primer resultado experimental de un algoritmo cuántico se logró en un orde-
nador cuántico de RMN de 2 qubits donde J. A. Jones y M. Mosca resolvieron el
problema de Deutsch. Poco después, I. L. Chuang y sus colaboradores realizaron
la primera ejecución del algoritmo de Grover también en un ordenador cuántico de
RMN. Un ordenador cuántico de RMN utiliza los estados de espín del núcleo de una
molécula como qubits. Estas moléculas podrían estar en una muestra líquida –RMN
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de estado líquido– o en una muestra sólida –RMN de estado sólido–, por ejemplo, red
de diamante de vacancia de nitrógeno, siendo esta última una mejor aproximación
mediante computación cuántica. Desde 1988, los logros experimentales de los orde-
nadores cuánticos de RMN crecieron rápidamente, con resultados interesantes en la
implementación de algoritmos cuánticos y la creación de ordenadores cuánticos RMN
híbridos. A pesar de este ritmo de progreso, se reconoció desde el principio que di-
chos dispositivos RMN se enfrentaban a un pobre escalado de la relación señal/ruido.
Además, en 2002, N. C. Menicucci y C. M. Caves demostraron que todos los experi-
mentos en RMN de muchos cuerpos en estado líquido realizados hasta ese momento
presentaban poco o ningún entrelazamiento, lo que llevó a afirmar que dichos ex-
perimentos podrían haber sido meras simulaciones clásicas de un sistema cuántico.
Esta limitación se reduce a la RMN de estado líquido y todavía es posible que la
RMN de estado sólido se pueda utilizar para la computación cuántica. Estos resul-
tados llevaron a la investigación en computación cuántica a reenfocarse más en otras
tecnologías, como iones atrapados, puntos cuánticos, fotónica y circuitos supercon-
ductores, y la idea de computación cuántica de RMN fue relegada progresivamente.

Estos avances abrieron la puerta a las simulaciones analógicas, que se basan en
sistemas cuánticos controlables cuyas dinámicas son similares a las de los sistemas
que se simulan. Para lograr este objetivo, se desarrollaron dispositivos cuyo único
propósito es estudiar las dinámicas de estos sistemas, conocidos como simuladores
cuánticos analógicos. Estos dispositivos han permitido obtener resultados relevantes
en una amplia gama de campos, incluido el modelo cuántico de Rabi, la física de
Casimir, dinámica de fluidos , química cuántica y física de la materia condensada,
entre muchos otros.

Desde entonces y durante la última década, se han logrado avances significativos,
llegando incluso a alcanzar uno de los mayores hitos de la computación cuántica: la
resolución de un problema que resulta fuera del alcance de los ordenadores clásicos.
Este avance, conocido como ventaja cuántica, fue logrado por primera vez por Google
en 2019. En su estudio, F. Arute et al. utilizó un muestreo de circuito aleatorio en
su procesador sycamore de 53-qubit. Posteriormente, ha habido numerosos experi-
mentos que demuestran la ventaja cuántica en una variedad de sistemas, incluidos
los qubits superconductores y los qubits fotónicos. En esta tesis nos hemos centrado
en los circuitos superconductores, pero es importante tener en cuenta que lo que pre-
sentamos en este sentido puede aplicarse a otras plataformas, como las mencionadas
anteriormente.

La idea detrás de la computación cuántica digital-analógica (DAQC por sus siglas
en inglés). es explotar la interacción natural presente en el procesador cuántico y
usarla junto con puertas de un solo qubit para controlar el sistema y simular una
dinámica deseada. Este nuevo paradigma computacional surgió como una alternativa
al conocido como computación cuántica digital (DQC por su traducción al inglés).
Una de las principales diferencias entre los paradigmas DAQC y DQC es que, en
este último, la dinámica que se quiere simular se descompone en puertas de uno y
dos qubits, en lugar de en términos de la interacción hamiltoniana del sistema. Las
puertas de dos qubits requieren que la interacción entre los qubits del sistema que
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no están involucrados en dicha operación, se atenúe lo más posible, idealmente debe
ser casi nula. Esta atenuación parcial de la interacción inherente del sistema es una
operación “antinatural”, que genera una fuente de ruido relevante. No obstante, cabe
destacar que el enfoque digital en la computación cuántica ha logrado resultados rel-
evantes en varias áreas, como el aprendizaje automático cuántico, finanzas, sistemas
cuánticos abiertos, química cuántica, o teoría cuántica de campos. Sin embargo, dado
que estamos en la era de la computación cuántica de escala casi intermedia (NISQ por
su siglas en inglés), el paradigma de la computación cuántica digital se ve afectado
por las limitaciones experimentales de los dispositivos NISQ. Los dispositivos NISQ
son lo más cercano que estamos hoy a los ordenadores cuánticos. Se dice que son
“ruidosos” porque estos dispositivos no tienen corrección de errores y el ruido limita
su poder de cómputo. Aún así, representan una tecnología puntera que nos permite
explorar los sistemas cuánticos de muchas partículas en un régimen que nunca antes
había sido accesible experimentalmente.

Para superar esta situación e inspirado en el trabajo de Dodd et al., en 2020 se
propone por parte de Parra et al. avanzar en este tipo de dispositivos mediante el uso
de DAQC. Este enfoque combina la robustez de la simulación cuántica analógica con
la flexibilidad de la computación cuántica digital. En el primer artículo, los autores
demuestran de manera elegante que es posible generar cualquier Hamiltoniano en-
trelazado de dos cuerpos usando cualquier otro Hamiltoniano entrelazado arbitrario
como generador. En su trabajo, Parra et al. van un paso más allá y proponen que, a
cambio de fijar el hamiltoniano de origen, es posible simular cualquier hamiltoniano
entrelazado arbitrario de múltiples cuerpos. Además, proveen instrucciones explícitas
sobre cómo usar este paradigma para simular diferentes familias de hamiltonianos.
En base a este trabajo, a lo largo de estos cuatro años, hemos desarrollado propuestas
para la implementación de algoritmos y subrutinas cuánticas ubicuas utilizando el
paradigma DAQC antes mencionado.

La estrategia que seguimos para desarrollar nuestro trabajo fue proponer algorit-
mos en los que pudiéramos apoyarnos para construir los siguientes, como una ma-
trioska. Por lo tanto, comenzamos con la transformada cuántica de Fourier debido
a su relevancia como paso clave en una multitud de algoritmos. El siguiente paso
lógico fue trabajar en la estimación cuántica de fase. Finalmente, uniendo estas dos
subrutinas e incluyendo una adicional, pudimos completar una propuesta para im-
plementar el algoritmo Harrow-Hassidim-Lloyd para resolver sistemas de ecuaciones
lineales. Además, como muchos algoritmos variacionales encajan con el paradigma
DAQC, propusimos una implementación para uno de los algoritmos variacionales que
han despertado interés más allá de las fronteras de la ciencia, permeando en el campo
de la industria debido a sus aplicaciones en logística, estamos hablando del algoritmo
de optimización cuántica aproximada (QAOA por sus siglas en inglés). Finalmente,
inspirados por las limitaciones físicas de los dispositivos NISQ, consideramos proce-
sadores cuánticos de circuitos superconductores y extendimos el efecto de resonancia
cruzada de una interacción de dos qubits a un Hamiltoniano analógico por sí solo. De
esa manera, demostramos que es posible generar una amplia gama de hamiltonianos
al aumentar la dinámica hamiltoniana analógica con puertas de un solo qubit.
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Nuestro trabajo ha tenido un impacto significativo en varios grupos de diferentes
universidades, quienes han adoptado algunas de nuestras propuestas para sus investi-
gaciones en el campo de la computación cuántica. En 2020, Babukhin et al. utilizaron
el efecto de la resonancia cruzada en procesadores cuánticos basados en circuitos su-
perconductores para realizar simulaciones DAQC. Sus resultados demuestran que un
enfoque DA híbrido permite una simulación eficiente de la dinámica de un modelo
Ising de campo transversal sin la necesidad de puertas estándar de dos qubits, que
presentan desafíos importantes en la computación cuántica. Al aprovechar el efecto
de resonancia cruzada en los procesadores cuánticos superconductores de IBM, sim-
ularon con éxito la dinámica Trotterizada de los clústeres de espín y compararon los
resultados con los obtenidos mediante la computación digital convencional basada en
puertas de dos qubits. Sus hallazgos indican que el enfoque DA supera al enfoque dig-
ital estándar, lo que ofrece perspectivas prometedoras para las computadoras NISQ
a corto plazo. Este trabajo destaca el potencial de mejora adicional con procesadores
más especializados y sugiere la viabilidad de una estrategia de digital a analógico
para la computación cuántica.

Otro trabajo destacable es el desarrollado por M. Gong et al. en el que incluyen
una red neuronal cuántica digital-analógica cuya tarea es distinguir la naturaleza de
un conjunto de estados cuánticos. Aquí, los autores presentan una técnica novedosa
para categorizar estados cuánticos de muchos cuerpos, llamada detección neuronal
cuántica. Usando un procesador cuántico superconductor de 61 qubits, demuestran
la efectividad de su método para clasificar dos fases distintas de la materia: ergódica
y localizada. El corazón de su enfoque de detección neuronal cuántica es una red
neuronal cuántica analógica digital (QNN), diseñada para distinguir entre estos esta-
dos cuánticos. El QNN toma como entrada un circuito cuántico variacional analógico
digital de doble capa, y se muestra que es eficiente en términos de hardware y univer-
salmente capaz de computación cuántica, como lo demostraron previamente Parra
et al.. Este nuevo método representa un paso prometedor hacia la comprensión y
caracterización de las propiedades complejas de los sistemas cuánticos de muchos
cuerpos.

También ha habido interesantes propuestas a nivel teórico, una de ellas rela-
cionada con el campo de los algoritmos cuánticos variacionales. En su trabajo, A.
Michel et al. proponen usar DAQC para estimar la energía del estado fundamen-
tal de varias moléculas usando un algoritmo de solución propia cuántica variacional
analógica digital (VQE). El estudio se centra en implementar el algoritmo VQE en
un simulador cuántico de Rydberg para moléculas H2, LiH y BeH2 . Los autores
consideran las limitaciones de la plataforma, como la restricción de la acción local
a la preparación y medición del estado inicial y la implementación de la evolución
temporal hamiltoniana global. A pesar de esto, destacan que la interacción digital-
analógica se puede lograr mediante el uso de una caja de herramientas, como se
demostró en un estudio anterior llevado acabo por S. Notarnicola et al., que enfatiza
el potencial de los dispositivos de átomos neutros de próxima generación.

Adicionalmente, se ha propuesto una arquitectura de circuitos superconductores
para realizar DAQC, lo que nos hace vislumbrar un futuro donde DAQC juega un
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papel importante en el desarrollo del campo de la computación cuántica. En este estu-
dio, los autores se enfocan en el avance de DAQC como un enfoque prometedor hacia
el desarrollo de computadoras cuánticas de próxima generación. Los autores propo-
nen un diseño de circuito superconductor para DAQC, que consta de una cadena de
qubits de carga acoplados a través de dispositivos superconductores de interferencia
cuántica (SQUID por sus siglas en inglés) conectados a tierra. Este diseño permite
la manipulación de interacciones individuales entre qubits vecinos más cercanos, pro-
duciendo interacciones diferentes e independientes, como un término de intercambio o
doble excitación/desexcitación. Mediante el uso de este diseño, los autores pretenden
expandir los mapeos algorítmicos de DAQC y la variedad de geometrías y topologías
de computadoras cuánticas accesibles. La flexibilidad de este diseño proporciona una
gran familia de hamiltonianos multicuerpo analógicos, adecuados para implementa-
ciones eficientes de protocolos DAQC. Este trabajo es un paso significativo hacia el
objetivo de alcanzar computadoras cuánticas tolerantes a fallas y sistemas comple-
jos de computación en plataformas cuánticas. Nos acerca al objetivo de lograr una
ventaja cuántica con menos recursos algorítmicos y de hardware, contribuyendo a los
esfuerzos continuos para avanzar en el paradigma DAQC.

Relacionado con la simulación de sistemas cuánticos de muchos cuerpos, ha habido
una interesante propuesta de la mano de L. C. Céleri et al.. En su trabajo, los
autores presentan un algoritmo cuántico DA que puede simular una amplia gama
de Hamiltonianos fermiónicos, incluido el modelo de Fermi-Hubbard. La simulación
de sistemas cuánticos de muchos cuerpos es una tarea desafiante que requiere una
cantidad significativa de recursos, que aumentan exponencialmente con el tamaño
del sistema. Esto se vuelve aún más difícil con los sistemas fermiónicos debido a
las interacciones no locales causadas por la naturaleza antisimétrica de la función
de onda fermiónica. Sin embargo, los autores demuestran cómo los métodos DA
permiten que los algoritmos cuánticos se ejecuten de manera más eficiente que sus
contrapartes digitales al hacer un mejor uso del tiempo de coherencia. Además, en
su trabajo, los autores proporcionan una implementación práctica de estas técnicas
utilizando una arquitectura de baja conexión para modelos fermiónicos específicos.

Después de cuatro años de intensa investigación, hemos desarrollado un catálogo
completo de algoritmos diseñados específicamente para DAQC. Nuestro trabajo ha
sentado una base sólida para que futuros investigadores amplíen y exploren más este
apasionante campo. Creemos que los algoritmos que hemos desarrollado serán útiles
para aquellos que deseen realizar investigaciones en DAQC, y somos optimistas de
que esta tesis servirá como un recurso valioso para futuros estudios. Confiamos en
haber contribuido al avance del campo y esperamos ver qué progresos adicionales se
pueden lograr.
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1 INTRODUCTION

1 Introduction

O ver the past few decades, quantum computing has evolved from an abstract con-
cept to a technology with the potential to revolutionize computing as we know

it. In this thesis, we explore the digital-analog quantum computational paradigm
and its potential to implement quantum algorithms on currently available devices.
We build upon the extensive research conducted in this field and contribute to it by
proposing novel approaches to solving computational problems using quantum com-
puting. By doing so, we aim to make valuable contributions to the field and advance
our understanding of the potential of quantum computing.

In the 1980s, Benioff [1], Manin [2], and Feynman [3] recognized the need to use a
quantum platform for simulating quantum systems, since that task was unattainable
for classical computers due to the exponential growth of degrees of freedom. This was
triggered by the aim of finding a computation model that could efficiently simulate
any other model of computation. To address this challenge, they proposed to use
fully controllable quantum systems to encode the dynamics of many-body quantum
systems. The complexity of these systems also grows exponentially with the dimen-
sion of the system, making them difficult to simulate classically. By employing a
quantum platform, it is possible to achieve a more efficient and accurate simulation
of quantum systems, which could lead to a better understanding of their behavior
and potential applications.

A decade later, Lloyd showed that if quantum systems evolve through local in-
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teractions, then a quantum computer can efficiently simulate them [4]. He argued
that the application of operations that –approximately– preserve coherence, can be
thought of as turning on and off Hamiltonians. Each experimental operation drives
the system along any time evolution, represented by the unitary operation U = eiAt.
That result implied that a variety of quantum systems, to which a set of simple ex-
perimental operations can be applied, can simulate other quantum systems. With
these results and inspired by the development of classical computing, the idea of
gate-based quantum digital computing was proposed. Fundamental to this was the
concept of the universal gate set, a set of gates to which any possible operation in
a quantum computer can be reduced with arbitrary precision. This, along with the
development of quantum error correction led to gate-based quantum computing.

The gates used in quantum computers are digital pulses that can rotate a single
qubit (single-qubit gate) or activate the interaction between two qubits (two-qubit
gate), depending on their application. By sequencing these gates in different ways,
various quantum algorithms can be executed. The first concrete demonstration that
a quantum computer could outperform a classical one was shown by Deutsch [5].
This was followed by the extension made by Deutsch and Jozsa [6], which showed
for the first time a similar gap for the scaling of the time required to solve a prob-
lem. Shortly after that, other algorithms were proposed that offered speed-up over
their classical counterparts, including Shor’s algorithm for prime number factoriza-
tion [7] and Grover’s algorithm for searching unstructured databases [8]. Since then,
many algorithms have been developed in the search for quantum advantage, greatly
expanding the repertoire of quantum algorithms [9].

There have been several proposals for physical platforms to perform quantum
computing. The first implementation scheme was introduced in 1995 by J. I. Cirac
and P. Zoller, who proposed quantum logic gates using trapped ions [10]. Subse-
quently, other physical methods for achieving quantum computing, such as nuclear
magnetic resonance (NMR) [11, 12, 13], spin qubits [14, 15], and superconduct-
ing qubits [16], were proposed. Since then, there has been significant experimental
progress in the field.

Quantum computing can be carried out on these different physical platforms, as
long as they meet a series of criteria known as the DiVincenzo criteria [17]. These
criteria establish that the platform used must be a scalable physical system with
well-characterized qubits; have the ability to initialize the state of the qubits to a
simple fiducial state; have sufficiently long decoherence times; have a universal set of
quantum gates and a qubit-specific measurement capability.

The first experimental result of a quantum algorithm was achieved in a 2-qubit
NMR quantum computer where J. A. Jones and M. Mosca solved Deutsch’s problem
[18]. Shortly after, I. L. Chuang and collaborators performed the first execution of
Grover’s algorithm also on an NMR quantum computer [19]. An NMR quantum
computer uses the spin states of a molecule nucleus as qubits. These molecules
could be in a liquid sample – liquid state NMR – or in a solid sample – solid-state
NMR –, being the latter a better approach by means of quantum computing. Since
1988, the experimental achievements of NMR quantum computers grew rapidly, with
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1 INTRODUCTION

interesting results in implementing quantum algorithms and creating hybrid NMR
quantum computers [14]. Despite this pace of progress, it was recognized from the
beginning that NMR quantum computers face a poorly scaled signal-to-noise ratio.
Moreover, in 2002, N. C. Menicucci and C. M. Caves [20] showed that all experiments
in liquid state bulk ensemble NMR carried out until then, presented little or no
entanglement, which led to the affirmation that liquid-state NMR experiments could
have been mere classical simulations of a quantum system. This limitation reduces
to liquid-state NMR and it is still possible that solid-state NMR could be used for
quantum computing. These results led research in quantum computing to refocus
more on other technologies, such as trapped ions, quantum dots, photonics, and
superconducting circuits, and the idea of NMR quantum computing was progressively
relegated.

The advances in quantum computing have paved the way for analog quantum
simulations [21, 22], which rely on controllable quantum systems whose dynamics
are similar to those of the systems being simulated. Single-purpose devices known as
analog quantum simulators have been developed to achieve this goal. These simula-
tors have been used to obtain numerous results in a wide range of fields, including the
quantum Rabi Model [23, 24, 25, 26, 27], Casimir physics [28, 29, 30], fluid dynam-
ics [31], quantum chemistry [32], and condensed matter physics [33], among many
others.

Since then, significant progress has been made in the last decade, culminating
in one of the biggest milestones for quantum computing: solving a problem that
is beyond the reach of classical computers. This breakthrough, known as quantum
advantage, was first achieved by Google in 2019 [34]. In their study, F. Arute et al.
used a randomized circuit sampling on their 53-qubit sycamore processor. Subse-
quently, there have been numerous experiments demonstrating quantum advantage
in a variety of systems, including superconducting qubits [35, 36] and photonic qubits
[37, 38, 39]. In this thesis, we have focused on superconducting circuits, but it is im-
portant to keep in mind that what we present along these lines can be applied to
other platforms, such as the ones previously mentioned.

The idea behind digital-analog quantum computation (DAQC) is to exploit the
natural interaction present in the quantum processor and use it together with single-
qubit gates to control the system and simulate a desired dynamic. This computational
paradigm emerged as an alternative of the widespread digital quantum computational
(DQC) one. One of the main differences between DAQC and DQC is that, in the
latter, the dynamic that one wants to simulate is decomposed into single- and two-
qubit gates, rather than in terms of the interaction Hamiltonian of the system. The
two-qubit gates require that the interaction among the qubits of the system that are
not involved in such operation, has to be attenuated as much as possible, ideally, it
has to be almost null. This partial attenuation of the system’s inherent interaction is a
rather “anti-natural” operation, resulting in a relevant noise source. Nevertheless, the
digital approach in quantum computing has achieved relevant results in several areas
such as quantum machine learning [40, 41], finance [42, 43, 44], open quantum systems
[45], quantum chemistry [46], or quantum field theories [47]. However, since we are in
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the near intermediate scale quantum computing (NISQ) era [48], the DQC paradigm
is affected by the experimental limitations of NISQ devices. NISQ devices are the
closest we are today to quantum computers. They are said to be “noisy” because these
devices are not error corrected, and the noise limits their computational power. Still,
they represent an exciting technology that allows us to explore the complex many-
particle quantum systems in a regime that has never been experimentally accessible
before [49].

In order to overcome this situation and inspired by the work of Dodd et al. [50], it
has been proposed by Parra et al. in 2020, to get advantage of such devices by using
DAQC [51]. This approach merges the robustness of analog quantum simulation
with the flexibility of digital quantum computation. In [50], the authors elegantly
prove that it is possible to generate any two-body entangling Hamiltonian using any
arbitrary entangling Hamiltonian as the generator. In their work, Parra et al. go
a step further and propose that, in exchange for fixing the origin Hamiltonian, it is
possible to simulate any arbitrary multi-body entangling Hamiltonian. Furthermore,
they give explicit instructions on how to use this paradigm to simulate different
families of Hamiltonians. Based on this work, throughout these four years, we have
developed proposals for the implementation of algorithms and ubiquitous quantum
subroutines using the aforementioned DAQC paradigm.

The strategy that we followed to develop our work was to propose algorithms on
which we could rely to build the following ones, like a matryoshka doll. Thus, we
start with the quantum Fourier transform [52] due to its relevance as a key step in
a multitude of algorithms. The next logical step was to work on the quantum phase
estimation [53]. Finally, joining these two subroutines and including an additional
one, we were able to complete a proposal to implement the Harrow-Hassidim-Lloyd
(HHL) algorithm to solve linear systems of equations [54]. In addition, as many
variational algorithms fit with the DAQC paradigm, we proposed an implementation
for the quantum approximate optimization algorithm (QAOA) [55]. Finally, inspired
by the physical limitations of NISQ devices, we considered superconducting circuits
quantum processors and extend the cross-resonance effect from a two-qubit interac-
tion to an analog Hamiltonian on its own. That way, we showed that it is possible
to generate a wide range of Hamiltonians by augmenting the analog Hamiltonian
dynamics with single-qubit gates [56].

Our work has had a significant impact on various groups from different universi-
ties, who have adopted some of our proposals for their research in the field of quantum
computing. In 2020, Babukhin et al. [57] showcase the potential of using supercon-
ducting circuit quantum processors for DAQC by utilizing the cross-resonance effect
in transmon qubits. Their results demonstrate that a hybrid digital-analog (DA) ap-
proach allows for efficient simulation of the dynamics of a transverse-field Ising model
without the need for standard two-qubit gates, which present significant challenges
in quantum computing. By leveraging qubit-qubit crosstalks in IBM superconduct-
ing quantum processors, they successfully simulate the Trotterized dynamics of spin
clusters and compare the results with those obtained from conventional digital com-
putation based on two-qubit gates. Their findings indicate that the DA approach
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outperforms the standard digital approach despite the relatively small crosstalks in
IBM quantum processors, offering promising prospects for near-term NISQ comput-
ers. This work highlights the potential for further improvement with more specialized
processors and suggests the feasibility of a digital-to-analog strategy for quantum
computing.

Another remarkable work is the one developed by M. Gong et al. [58] in which
they include a DA quantum neural network whose task was to distinguish the na-
ture of a set of quantum states. Here, the authors introduce a novel technique for
categorizing many-body quantum states, called quantum neuronal sensing. Using a
61-qubit superconducting quantum processor, they demonstrate their method’s ef-
fectiveness in classifying two distinct phases of matter: ergodic and localized. The
heart of their quantum neuronal sensing approach is a DA quantum neural network
(QNN), designed to distinguish between these quantum states. The QNN takes as
input a double-layered DA variational quantum circuit, and is shown to be hardware
efficient and universally capable of quantum computing, as previously demonstrated
by Parra et al. in Ref. [51]. This new method represents a promising step towards
understanding and characterizing the complex properties of many-body quantum
systems.

There have been also interesting proposals at the theoretical level, one of them
related to the field of variational quantum algorithms [59]. In their work, A. Michel
et al. propose to use DAQC to estimate the ground-state energy of several molecules
using a DA variational quantum eigensolver (VQE) algorithm. The study focuses
on implementing the VQE algorithm on a Rydberg quantum simulator for H2, LiH
and BeH2 molecules. The authors consider the platform’s constraints, such as the
restriction of the local action to initial state preparation and measurement and the
implementation of global Hamiltonian time evolution. Despite this, they highlight
that the DA interplay is attainable by using a toolbox, as demonstrated in a prior
study [60], emphasizing the potential for next-generation neutral atom devices.

Additionally, it has been proposed a superconducting circuit architecture for per-
forming DAQC [61], which makes us foresee a future where DAQC plays an important
role in the development of the quantum computing field. In this study, the authors
focus on the advancement of DAQC as a promising approach toward the develop-
ment of next-generation quantum computers. The authors propose a superconduct-
ing circuit design for DAQC, consisting of a chain of charge qubits coupled through
grounded superconducting quantum interference devices (SQUIDs). This design al-
lows for the manipulation of individual interactions between nearest-neighbor (NN)
qubits, producing different and independent interactions such as an exchange or dou-
ble excitation/de-excitation term. By using this design, the authors aim to expand
the DAQC algorithmic mappings and the variety of accessible quantum computer ge-
ometries and topologies. The flexibility of this design provides a large family of analog
multibody Hamiltonians, suitable for efficient implementations of DAQC protocols.
This work is a significant step towards the goal of reaching fault-tolerant quantum
computers and computing complex systems on quantum platforms. It brings us closer
to the goal of achieving a quantum advantage with fewer algorithmic and hardware
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1.1 What you will find in this thesis

resources, contributing to the ongoing efforts to advance the DAQC paradigm.
Related to the simulation of quantum many-body systems, there has been an

interesting proposal by L. C. Céleri et al.. In [62], the authors present a DA quantum
algorithm that can simulate a wide range of fermionic Hamiltonians, including the
Fermi-Hubbard model. Simulating quantum many-body systems is a challenging task
that requires a significant amount of resources, which increase exponentially with the
system’s size. This becomes even more difficult with fermionic systems due to the
nonlocal interactions caused by the fermionic wave function’s antisymmetric nature.
However, the authors demonstrate how DA methods enable quantum algorithms to
run more efficiently than their digital counterparts by making better use of coherence
time. Additionally, they provide a practical implementation of their techniques using
a low-connected architecture for specific fermionic models.

After four years of intensive research, we have developed a comprehensive catalog
of algorithms specifically designed for DAQC. Our work has laid a solid foundation
for future researchers to expand upon and explore this exciting field further. We
believe that the algorithms we have developed will be useful for those who wish
to pursue research in DAQC, and we are optimistic that this thesis will serve as a
valuable resource for future studies. We are confident to have contributed to the
advancement of the field and look forward to seeing what further progress can be
made.

1.1 What you will find in this thesis

In this thesis, we make an in-depth description of the DAQC paradigm and present
several implementations of quantum algorithms, tailored for this computational
paradigm. The performance of these proposals is compared with the one of the usual
digital approach. We discuss its resilience against noise sources, especially those com-
ing from the experimental constraints of NISQ devices. This thesis is structured into
seven chapters, including this introduction and a concluding chapter, and it is de-
voted to the description of several ubiquitous quantum algorithms, using the DAQC
approach.

As we mention, in Chapter 2 we present the fundamentals and main techniques
for DAQC. Although these techniques may be extended to any resource, we propose
to use propagators generated by the ubiquitous Ising Hamiltonian for the analog en-
tangling blocks and provide proof of its universal character. We construct explicit
DAQC protocols for efficient simulations of arbitrary inhomogeneous Ising, two-body,
and M-body spin Hamiltonian dynamics by means of single-qubit gates and a fixed
homogeneous Ising Hamiltonian. Additionally, we compare a sequential approach
where the interactions are switched on and off (step-wise DAQC) with an always-
on analog interaction interspersed by fast single-qubit pulses (banged DAQC). We
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1 INTRODUCTION

also present a DAQC algorithm to enhance the physical connectivity among qubits
coupled by an arbitrary inhomogeneous NN Ising Hamiltonian and generate an arbi-
trary all-to-all (ATA) Ising Hamiltonian by employing single-qubit rotations. Finally,
we introduce the theoretical description of some of the most relevant noise sources
present in current superconducting quantum computers, in order to be able to com-
pare the resilience under those noises of both the DQC and the DAQC methods in
the following chapters.

In Chapter 3 we introduce an efficient DAQC algorithm to compute the quantum
Fourier transform, a subroutine widely employed in several relevant quantum algo-
rithms, such as the quantum phase estimation, which is also presented in this chapter.
We show that, under reasonable assumptions about noise models, the fidelity of the
quantum Fourier transformation improves considerably using this approach when the
number of qubits involved grows. This suggests that, in the NISQ era, hybrid proto-
cols combining digital and analog quantum computing could be a sensible approach
to reaching useful quantum supremacy.

In Chapter 4 we use the quantum subroutines that we have described in the
previous chapter to propose a DA implementation of the Harrow-Hassidim-Lloyd al-
gorithm to solve linear systems of equations. Additionally, a co-designed architecture
is proposed, which allows for a reduction of the number of SWAP gates required for
its implementation. Merging a co-design quantum processor architecture with a DA
implementation contributes to the reduction of noise sources during the experimental
realization of the algorithm.

In Chapter 5 it is shown that the DAQC paradigm is suited to the QAOA due to
the algorithm’s variational resilience against the coherent errors introduced by the
scheme. By performing large-scale simulations and providing analytic bounds for its
performance in devices with finite single-qubit operation time, we observe regimes of
single-qubit operation speed in which the considered variational algorithm provides
a significant improvement over nonvariational counterparts in the DAQC scheme.

In Chapter 6, we examine the feasibility of using superconducting circuit quantum
processors, specifically transmon qubits, for DAQC by exploiting the cross-resonance
effect. Our aim is to assess the potential of this approach as a solution for imple-
menting DAQC in superconducting circuit quantum processors. To achieve it, we
consider superconducting architectures and extend the cross-resonance effect, up to
first order in perturbation theory, from a two-qubit interaction to an analog Hamil-
tonian acting on 1D chains and 2D square lattices which, in an appropriate reference
frame, results in a purely two-local Hamiltonian. By augmenting the analog Hamil-
tonian dynamics with single-qubit gates we show how one may generate a larger
variety of distinct analog Hamiltonians. We then synthesize unitary sequences, in
which we toggle between the various analog Hamiltonians as needed, simulating the
dynamics of Ising, XY , and Heisenberg spin models. Our dynamics simulations are
Trotter error-free for the Ising and XY models in 1D. We also show that the Trotter
errors for 2D XY and 1D Heisenberg chains are reduced, with respect to a digital
decomposition, by a constant factor. In order to realize these important near-term
speedups, we discuss the practical considerations needed to accurately characterize
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1.1 What you will find in this thesis

and calibrate our analog Hamiltonians for use in quantum simulations. We conclude
with a discussion of how the Hamiltonian toggling techniques could be extended to
derive new analog Hamiltonians which may be of use in more complex DA quantum
simulations for various models of interacting spins.

Finally, we dedicate a chapter to discuss the overall conclusions of this thesis,
and we provide an appendix section with additional material that complements the
discussions held during the text. A complete bibliography can be found at the end
of this document.

The main focus of this thesis is the DAQC, which is why the most relevant section
is the second chapter. There, the protocol bases are established and useful tools are
provided so the following chapters are easy to follow. Chapter 2 closely follows
sections of the dedicated work carried out by Parra et al. in 2020 [51] since this
constitutes a foundational piece of the DAQC.
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2 DIGITAL–ANALOG QUANTUM COMPUTATION

2 Digital–analog
quantum computation

I n this chapter, we present an in-depth description of the DAQC paradigm to
simulate any arbitrary Hamiltonian. In the following chapters, these techniques

will be extended to implement quantum algorithms. The DAQC paradigm requires
the implementation of entangling multipartite evolutions and fast single-qubit gates
(SQGs), which universality has already been proven [50, 63, 64, 65, 52]. In this ap-
proach, we make use of a sequence of entangling time slices, called analog blocks,
and fast single-qubit rotations (SQRs), which comprise our class of digital steps. In
this chapter, we also introduce protocols to simulate arbitrary inhomogeneous two-
body and M -body spin Hamiltonians. Then, we present the bang DAQC (bDAQC)
approach, to mitigate the errors that derive from the stepwise DAQC (sDAQC) ver-
sion. Afterwards, we show that it is possible to enhance the connectivity of quantum
hardware on the software level with digital-analog control. Finally, we present a the-
oretical description and models of some of the most relevant noise sources present in
current superconducting quantum computers, since they will be employed to compare
the performance of the DQC and DAQC paradigms when implementing quantum al-
gorithms.

As we mention in the introduction, we want to follow significantly the work carried
out by Parra et al. in 2020 [51]. In their work, the authors established formal
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2.1 Analog, digital, and digital-analog quantum computing. Formal definitions.

definitions for the main pieces of the DAQC paradigms, as well as smart systematic
algorithms to simulate relevant families of Hamiltonians. The rest of the chapter
include part of the work that we developed in [52] and [53].

2.1 Analog, digital, and digital-analog quantum computing.
Formal definitions.

The terms “digital” and “analog” are commonly utilized in the context of quantum
computing, however, it is important to provide precise definitions for these concepts
in a formal manner. In the following, we will present clear definitions for these terms
as they relate to quantum gates, digital, and analog blocks in N -qubit systems. These
definitions are extracted from Ref. [51].

Definition (Quantum gate). A quantum gate is a fixed unitary evolution Un, Un ∈
B((C2)⊗n).

Definition (Digital block). A k-parametric continuous family of unitary operators
Un(ϕ⃗), with ϕl ∈ Il(R) and 1 ≤ l ≤ k, comprises a digital block if it is equivalent
to a fixed unitary evolution Un up to a set of local rotations Wi(ϕ⃗), i.e., Un(ϕ⃗) =(⊗n

i Wi(ϕ⃗)
)
Un.

It is important to note that digital blocks, which include both parameter-fixed
entangling quantum gates and single qubit rotations with arbitrary angles, generate
an entanglement that remains the same for all values of the parameters. On the
other hand, analog blocks generate entanglement that varies with the values of the
parameters.

Definition (Analog block). We call analog block a k-parameter-dependent entangling
unitary evolutions Vn(ϕ⃗) with a semigroup structure Vn(ϕ⃗) = Vn(ϕ⃗1)Vn(ϕ⃗2); ϕ⃗ =
ϕ⃗1 + ϕ⃗2. For k = 0, it obviously reduces to a quantum gate.

Under these definitions, for instance, Un = ei
π
4 σ

1
zσ

2
z is a quantum gate, both

Un(ϕ) = (eiϕ1σ
1
z ⊗eiϕ2σ

2
z )eiπ

4 σ
i
zσ

j
z and Wi(ϕ) = eiϕσ

1
z are digital blocks, while Vn(ϕ) =

eiϕσ
i
zσ

j
z is an analog block.

When a quantum protocol only employs digital blocks, it is referred to as a digital
quantum algorithm. However, if the protocol consists of a single analog block for
different values of the parameters, it is referred to as an analog quantum algorithm.
Additionally, a protocol that contains both digital and analog blocks is referred to
as a digital-analog protocol.
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2 DIGITAL–ANALOG QUANTUM COMPUTATION

In this paper, we have limited the digital blocks to arbitrary single qubit
rotations, which allows us to write the total evolution of the system as∏
j

(
Uj(ϕ⃗j)

[⊗
iW

(j)
i (α⃗ji)

])
.

With these concepts formally defined, we can go deeper into the description of
the DAQC paradigm.

2.2 Digital-analog quantum computation

In this section, our focus will be on two quintessential models found in quantum
computing systems, serving as examples to highlight the DAQC paradigm, though
it can be easily extended to other scenarios. Our focus will be on utilizing either
a homogeneous nearest-neighbor (NN) or a homogeneous all-to-all (ATA) two-body
Ising Hamiltonian as analog blocks. By combining these evolutions with SQRs, we
will demonstrate their universality, meaning that any unitary can be simulated with
arbitrary accuracy using these resources. We show the protocols, sometimes optimal,
to generate increasingly complex families of Hamiltonians.

First, we will detail how to generate arbitrary inhomogeneous two-body Ising
Hamiltonians. The subsequent step will be to create an inhomogeneous two-body
Hamiltonian, where the terms do not commute, requiring the application of Trotter-
ization to the algorithm. Finally, we will show how to generate an arbitrary M -body
Hamiltonian with a polynomial number of resources in terms of the number of spins,
for a fixed value of M .

The foundation of the DAQC algorithms presented in this section lies in three
key components:

1. The ability to accurately evolve for a specific time t with a Hamiltonian H,
while incorporating local rotations to create an evolved Hamiltonian H ′ =
RHR†. The impact of limited precision during the physical implementation of
engineered times will also be considered.

2. The utilization of a Trotter decomposition, e−itH = (e−iH1t/nT e−iH2t/nT )nT +
O(t2/nT ), which is necessary for simulating Hamiltonians with non-commuting
terms, such as H = H1+H2, where [H1, H2] ̸= 0. The error introduced through
this approximation is of second order in the time error ∆t. Advanced decom-
positions, like the symmetrized Trotter decomposition, are also considered and
can reduce the error to O(∆t)3.

3. The ability to evolve with Hamiltonian λH, where λ > 0 is a continuous pos-
itive parameter. This provides the flexibility to adjust the strength of the
Hamiltonian evolution to meet the needs of the simulation.
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Ising model

Let us illustrate the problem of implementing the inhomogeneous all-to-all (ATA)
two-body Ising model, described by the Hamiltonian HZZ =

∑N
j<k gijσ

(j)
z σ

(k)
z . The

matrices σ(n)
x,y,z denote the application of the Pauli matrices x, y, or z on the n-

th qubit. The Hamiltonian describes the interaction between qubits through the
coupling parameters gij . The goal is to simulate the unitary evolution UZZ(t) =
eiHZZt of this Hamiltonian using a combination of digital and analog blocks.

For this example, the analog block that will be used is the unitary evolution,
Uzz(t), of the homogeneous ATA two-body Ising model whose Hamiltonian reads

Hzz = g

N∑
j<k

σ(j)
z σ(k)

z , (2.1)

where g is a fixed coupling strength and the independent time parameter t is used
in the calculation of the unitary evolution. We set ℏ = 1 in the whole chapter (and
thesis).

The digital blocks used will be single qubit rotations around the x-axis, which
can be performed with a continuous range of phases θ ∈ [0, 2π] and are defined as

Rx (θ) = e−iθσx/2. (2.2)

only digital blocks employed are single qubit rotations around the x-axis with the
continuous range of phases θ ∈ [0, 2π]. The protocol can be easily modified to
incorporate a fixed inhomogeneous evolution as an analog block, with Hamiltonian

HZZ =
N∑
j<k

gjkσ
(j)
z σ(k)

z . (2.3)

Such Hamiltonians, which feature scaling of coupling parameters of the form ḡjk ∝
1/|j−k|α with 0 < α < 3, commonly arise in various quantum platforms, such as ion-
trap setups [66]. In effective Hamiltonian models, where qubits are coupled through
linear multi-mode systems [67, 68], even more complex coupling distributions may
arise and can be tailored or designed [69, 70]. A different decomposition into most
entangling Hamiltonians and single qubit gates has been shown to be a universal
quantum machine by Dodd et al. in Ref. [50]. Under the digital-analog paradigm,
the Ising Hamiltonian serves as an example of a universal Hamiltonian, as it enables
the construction of a universal ZZ gate [71] between any two arbitrary qubits. This
is detailed in Appendix A.1.

The target Hamiltonian evolves according to the unitary

UZZ = eitFHZZ , where HZZ =
∑
j<k

gjkσ
j
zσ

k
z , (2.4)

where tF is the final time. The objective is to determine a suitable mapping between
the expressions gjktF and gtnm through the decomposition of the homogeneous time

12
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UZZ

Figure 2.1: Algorithm to simulate the general inhomogeneous Ising model from
a fixed one. Each analog block consisting on a time step evolution of time tα is sandwiched
by a pair of single qubit gates, X, which refers to π rotation arround x-axis, Rx(π)) applied
to qubits (n,m), with α(n,m). It is possible to use optimal sequences of SQRs to simplify
the number of pulses.

evolution into a maximum of N(N − 1)/2 analog blocks with varying durations tnm,
which are bracketed by local rotations σnxσmx ,

HZZ =
N∑
j<k

gjkσ
j
zσ

k
z = g

tF

N∑
j<k

N∑
n<m

tnmσ
(n)
x σ(m)

x σ(j)
z σ(k)

z σ(n)
x σ(m)

x

= g

tF

N∑
j<k

N∑
n<m

tnm(−1)δnj+δnk+δmj+δmkσjzσ
k
z , (2.5)

as depicted in Fig. 2.1. As σ(n)
x σ

(k)
z σ

(n)
x is equal to −σ(n)

z if n = k, and it is equal to
σ

(k)
z otherwise, then,

HZZ = g

tF

N∑
j<k

N∑
n<m

tnm(−1)δnj+δnk+δmj+δmkσ(j)
z σ(k)

z . (2.6)

Thus, the problem of finding the value of each time tnm is a matrix-inversion
problem,

gβ = tαMαβ
g

tF
→ tα = M−1

αβ gβ
tF
g
, (2.7)

where α and β are introduced to vectorize each pair of indices (n,m) and (j, k) as

α = N(n− 1) − n(n+ 1)
2 +m, β = N(j − 1) − j(j + 1)

2 + k, (2.8)

and M is a sign matrix built up by the elements,

Mαβ = (−1)δnj+δnk+δmj+δmk , (2.9)
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where the inverted relations for the indices n and j are

j = 1 +
[
β

N

]
, (2.10)

k = β + 1
2

(
1 +

[
β

N

])(
2 +

[
β

N

])
−N

[
β

N

]
, (2.11)

n = 1 +
[ α
N

]
, (2.12)

m = α+ 1
2

(
1 +

[ α
N

])(
2 +

[ α
N

])
−N

[ α
N

]
. (2.13)

The matrix Mαβ is a non-singular matrix ∀N ∈ Z−{4} since it has three degener-
ate eigenvalues, namely, λ1 = N(N−9)/2+8, λ2 = 2(4−N) and λ3 = 4 with degen-
eracies 1, N − 1, and N(N − 1)/2 −N , respectively. The corner case N = 4 requires
the use of a slightly modified set of SQRs, e.g. single σx-rotations per site is sufficient
for a NN Hamiltonian. The total unitary evolution is UZZ(tF ) = e

itF
∑

β
Hβ

ZZ , where

Hβ
ZZ = gβσ

j(β)
z σk(β)

z , (2.14)

and gβ = tαMαβ(g/tF ).
By solving the linear problem, we determine the durations tα = Mαβ−1gβ(tF /g)

for each analog block, interspersed with pairs of SQRs, as depicted in Figure 2.1.
The uniqueness of the solution is guaranteed by the Rouché-Frobenius theorem, as
the matrix Mαβ is invertible. It is noteworthy that some of the tα may be negative,
indicating the need for inverted coupling signs during the corresponding analog evolu-
tions. However, this issue can be easily resolved by evolving with modified durations
t̃α = tα + |tmin|. In Appendix A.2 we provide further information.

In conclusion, this section presents an optimized DAQC protocol for the con-
struction of an arbitrary inhomogeneous ATA two-body Ising Hamiltonian utilizing
a homogeneous ATA two-body Ising Hamiltonian and x-rotations as resources. The
protocol, which is quadratic in the total number of qubits, is optimal for a generic
Hamiltonian as it utilizes the same number of resources as degrees of freedom are
introduced in the Hamiltonian. In the case of NN Hamiltonian, the protocol is even
simpler and requires only N − 1 SQRs, with one SQR per site. These protocols
demonstrate the universality of the Ising model, as it can be utilized to generate a
ZZ gate between any two arbitrary qubits.

XZ model

As the Ising model is a universal Hamiltonian within the DAQC paradigm, it can
be used to simulate the evolution of any other Hamiltonian. To accomplish this in
a systematic manner, we will utilize a Trotter decomposition in conjunction with
the previous algorithm. As an example, we will demonstrate the construction of an
inhomogeneous general two-body XZ Hamiltonian, as depicted in Figure 2.2.
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UXZ
<latexit sha1_base64="gZPSFJ0MYGAUckzFsQzcNAyIv18=">AAACMnicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLduMREHgYacjsMMGE6HWemxtrwFW71L/wZ3Rm3foQD7ULAk9zk5Jx7c+89vmBUacf5sHIrq2vrG/nNwtb2zu5esbTfVGEkMWngkIWy7YMijHLS0FQz0haSQOAz0vLH11O/9UikoiG/07EgXgBDTgcUgzbSfReEkOFTodArVpyqM4O9TNyMVFCGeq9klbv9EEcB4RozUKrjOkJ7CUhNMSOTQjdSRAAew5B0DOUQEOUls4sn9pFR+vYglKa4tmfq34kEAqXiwDedAeiRWvSm4n9eJ9KDSy+hXESacJwuGkTM1qE9fd/uU0mwZrEhgCU1t9p4BBKwNiHNbRGjWFGs5h5JNB0/p8qUMepLkHHyEAFPHROjuxjaMmmeVN3z6tntaaV2lQWaRwfoEB0jF12gGrpBddRAGAXoBb2iN+vd+rS+rO+0NWdlM2U0B+vnF9W3qwE=</latexit>⇡

<latexit sha1_base64="E3eLYd/sJHPv7TW0h2CuAecJBio=">AAACN3icbZDLTsJAFIaneEO8gSzdTCQmrEhrvC2JblxiIpcEKpkOU5gwndaZU5Pa8B5u9S18FFfujFvfwIGyEPAkk3z5/3NyzvxeJLgG2/6wcmvrG5tb+e3Czu7e/kGxdNjSYawoa9JQhKrjEc0El6wJHATrRIqRwBOs7Y1vpn77iSnNQ3kPScTcgAwl9zklYKSHnmA+VHFP8eEIav1ixa7Zs8Kr4MyhgubV6Jescm8Q0jhgEqggWncdOwI3JQo4FWxS6MWaRYSOyZB1DUoSMO2ms7Mn+MQoA+yHyjwJeKb+nUhJoHUSeKYzIDDSy95U/M/rxuBfuSmXUQxM0myRHwsMIZ5mgAdcMQoiMUCo4uZWTEdEEQomqYUt0SjRnOqFj6TAx8+ZMiXBPUVUkj7GRGaOidFZDm0VWqc156J2fndWqV/PA82jI3SMqshBl6iOblEDNRFFCr2gV/RmvVuf1pf1nbXmrPlMGS2U9fMLDM6tIA==</latexit>

(
<latexit sha1_base64="eZUXEONaFICZ5BoHOxvnObOzWqA=">AAACN3icbZDJTsMwEIadspWytfTIxaJCgkuVILZjBReORaKL1ITKcZ3WquMEe4IUor4HV3gLHoUTN8SVN8BdDrRlJEuf/n9GM/79WHANtv1h5VZW19Y38puFre2d3b1iab+po0RR1qCRiFTbJ5oJLlkDOAjWjhUjoS9Yyx/ejP3WE1OaR/Ie0ph5IelLHnBKwEgPrmABVLGreH8AJ91ixa7ak8LL4MyggmZV75asstuLaBIyCVQQrTuOHYOXEQWcCjYquIlmMaFD0mcdg5KETHvZ5OwRPjJKDweRMk8Cnqh/JzISap2GvukMCQz0ojcW//M6CQRXXsZlnACTdLooSASGCI8zwD2uGAWRGiBUcXMrpgOiCAWT1NyWeJBqTvXcRzLgw+epMibBfUVUmj0mRE4dE6OzGNoyNE+rzkX1/O6sUrueBZpHB+gQHSMHXaIaukV11EAUKfSCXtGb9W59Wl/W97Q1Z81mymiurJ9fDsStIQ==</latexit>

)
<latexit sha1_base64="gdXBqi3qhZgn6ogMllvENH+WQ/c=">AAACLHicbVDLTsMwELTLq5RXS49cLCokTlWCeB0ruHAsoi+pjSrHdVqrjhNsBylE/QSu8Bd8DReEuPIdOE0OtGWklUYzu9rdcUPOlLasT1hYW9/Y3Cpul3Z29/YPypXDjgoiSWibBDyQPRcrypmgbc00p71QUuy7nHbd6W3qd5+oVCwQLR2H1PHxWDCPEayN9CCGrWG5ZtWtOdAqsXNSAzmawwqsDkYBiXwqNOFYqb5thdpJsNSMcDorDSJFQ0ymeEz7hgrsU+Uk81tn6MQoI+QF0pTQaK7+nUiwr1Tsu6bTx3qilr1U/M/rR9q7dhImwkhTQbJFXsSRDlD6OBoxSYnmsSGYSGZuRWSCJSbaxLOwJZzEihG18Eii2fQ5U1LGmSuxjJPHCIvMMTHay6Gtks5Z3b6sX9yf1xo3eaBFcASOwSmwwRVogDvQBG1AwBi8gFfwBt/hB/yC31lrAeYzVbAA+PMLhgCo3A==</latexit>nT

<latexit sha1_base64="Mksx70Og93FNI+C3S101TUNalnY="></latexit>

e
i

tT
nT

HXZ

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=
<latexit sha1_base64="Mksx70Og93FNI+C3S101TUNalnY="></latexit>

e
i

tT
nT

HXZ

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>
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Figure 2.2: Algorithm to simulate the inhomogeneous XZ model from an Ising
model. The combination of four different general Ising evolutions and rotations handles
the minimum degrees of freedom for each term gµν

jk . Rθ rotations can be combined with
inner σn

xσ
m
x rotations required to implement the inhomogeneous ZZ Ising model into unique

blocks of SQRs.

We want to simulate the unitary evolution

UXZ = eitFHXZ , with HXZ =
N∑
j<k

∑
µ,ν={x,z}

gµνjk σ
(j)
µ σ(k)

ν . (2.15)

To do so, we start performing a Trotter decomposition UXZ ≈ (ei
tF
nT

HXZ )nT , with
nT the number of Trotter steps,

HXZ =
N∑
j<k

∑
µ,ν

gµνjk σ
(j)
µ σ(k)

ν =
N∑
j<k

∑
µ,ν,s

g
[s]
jkα

(µ,s)
j α

(ν,s)
k σ(j)

µ σ(k)
ν

=
N∑
j<k

4∑
s=1

g
[s]
jk

(
cos
(
θ

[s]
j

)
σ(j)
z + sin

(
θ

[s]
j

)
σ(j)
x

)
×

(
cos
(
θ

[s]
k

)
σ(k)
z + sin

(
θ

[s]
k

)
σ(k)
x

)
, (2.16)

with s running from {1, . . . , 4}, which are the number of combinations of the two
types of couplings (for instance, for the XYZ Hamiltonian, it would run from 1 to
9). The parameters of the above formula are defined as

α
(x,s)
j = sin

(
θ

[s]
j

)
and α

(z,s)
j = cos

(
θ

[s]
j

)
. (2.17)

The pairs of operators are decomposed with their coefficients in homogeneous σ(j)
z σ

(k)
z

operators with local rotations

R
θ

[s]
j

=
(

cos
(
θ

[s]
j /2

)
σ(j)
z + sin

(
θ

[s]
j /2

)
σ(j)
x

)
, (2.18)
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thus
R
θ

[s]
j

σ(j)
z R

θ
[s]
j

=
(

cos
(
θ

[s]
j

)
σ(j)
z + sin

(
θ

[s]
j

)
σ(j)
x

)
, (2.19)

for all pairs of qubits. This rotation is produced by the Hamiltonian

H
θ

[s]
j

= (π/2)
(

−1+ cos
(
θ

[s]
j

)
σ(j)
z + sin

(
θ

[s]
j

)
σ(j)
x

)
. (2.20)

The SQRs have to be performed in all qubits Rθ[s] = ⊗N
wRθ[s]

w
. The total Hamiltonian

is reconstructed as

HXZ =
4∑
s=1

Rθ[s]

(
g

[s]
jkσ

(j)
z σ(k)

z

)
R†
θ[s] . (2.21)

This equality is only valid in the Hamiltonian and not in the total unitary evolution.
This means that, in each Trotter time step tT = (tF /nT ), we must evolve according
to H [s]

ZZ = g
[s]
jkσ

(j)
z σ

(k)
z between a pair of sets of SQRs Rθ[s]

UXZ ≈

( 4∏
s=1

Rθ[s]e
i

tT
nT

(HZZ)[s]
Rθ[s]

)nT

. (2.22)

The objective then, is to find a set of phases θ[s]
w that satisfy the equation gµνjk =

g
[s]
jkα

(µ,s)
j α

(ν,s)
k . A suitable set of phases is given by θ[s]

w = sπw
2(w+1) , with a polynomially-

scaled distance between nearest-neighbor qubit phases of d(s, w) = sπ
2(w2+3w+2) . Fur-

ther details can be found in Appendix A.3.
Thus, we have presented a protocol for constructing an arbitrary two-body Hamil-

tonian using the freedom in the phases of SQRs and Trotterization. This protocol
requires 4N(N − 1) (4(N − 1)) analog blocks per Trotter step for the ATA (NN) XZ
model, making it optimal in terms of the number of free coefficients. Additionally,
it can be shown that extending the protocol to the general two-body XY Z model
would require even more angles per rotation, summing up to 9N(N − 1) (9(N − 1))
blocks per Trotter step for the ATA (NN) model.

M-body Hamiltonian

By utilizing similar methods, one can systematically build the evolution of any com-
pletely general Hamiltonian with interactions of up to M bodies. The procedure can
be visualized in the diagram shown in Fig. 2.3. For the sake of clarity, we present a
clear outline of the steps necessary to simulate an arbitrary 4-body nearest-neighbor
Hamiltonian and provide a detailed explanation on how to extend the protocol to
Hamiltonians with up to M bodies in the appendix (see Appendix A.4 for further
details). The 4-body Hamiltonan would be defined as

H4b =
∑
jχη

gχη(2,j)σ
(j)
χ σ(j+1)

η +
∑
jχηγ

gχηγ(3,j)σ
(j
χ )σ(j+1)

η σ(j+2)
γ

+
∑
jχηγρ

gχηγρ(4,j) σ
(j)
χ σ(j+1)

η σ(j+2)
γ σ(j+3)

ρ , (2.23)
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Figure 2.3: Algorithm to implement the M-body evolution. The time-evolution
of H [l]

0 =
∑4

k=1(H [k]
1 )[l] + (H [k]

2 )[l] is sandwiched by the generalized rotations R[l] =
⊗N

j r
[l]
j σ

(j)
x + s

[l]
j σ

(j)
y + t

[l]
j σ

(j)
z . The Hamiltonians H [k]

1 and H
[k]
2 are defined in Eqs. (2.24)

and (2.25). For an example with M = 4, we refer the reader to Appendix A.4.

where the indices run over {χ, η, γ, ρ} ∈ {x, y, z} and j ∈ {1, ..., N}. First, an inho-
mogeneous ZZ-Ising Hamiltonian is sandwitched between rotated XX-Ising evolutions
and their conjugate transposes,

H
[k]
1 = e−iO1[k]

XXH
1[k]
ZZ e

iO
1[k]
XX , (2.24)

H
[k]
2 = e−iO2[k]

XXH
2[k]
ZZ e

iO
2[k]
XX , (2.25)

with

O
1[k]
XX = Φ[k]

1 σ(1)
x σ(2)

x + Φ[k]
3 σ(3)

x σ(4)
x + Φ[k]

5 σ(5)
x σ(6)

x + ... (2.26)

O
2[k]
XX = Φ[k]

2 σ(2)
x σ(3)

x + Φ[k]
4 σ(4)

x σ(5)
x + Φ[k]

6 σ(6)
x σ(7)

x + ... (2.27)

built from evolutions of ZZ-Ising models rotated with the single qubit gates R in all
qubits, defined as

R = ⊗j

(
cos(π/4)σjz + sin(π/4)σjx

)
. (2.28)
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2.2 Digital-analog quantum computation

It is important to note that the operators O1[k]
XX and O

2[k]
XX contain interactions that

are separated by an interaction length L = M/2 = 2. For example, O1[k]
XX includes a

term σ
(1)
x σ

(2)
x , but not σ(2)

x σ
(3)
x . To simulate a three-body (five-body) Hamiltonian,

a different decomposition with 3 (5) translationally invariant sets of blocks would be
required.

In other words, H [k]
1 and H

[k]
2 together form a complete representation of the

arbitrary Hamiltonian with up to four-body interactions. To further extend this idea
to simulate Hamiltonians with M -body interactions, it is necessary to decompose
the Hamiltonian into M/2 translationally invariant sets of blocks, similar to the
procedure described for the 4-body Hamiltonian. The detailed explanation on how
to achieve this generalization can be found in the appendix section A.4.

The coefficients of the hij... operators are interrelated. To simulate an arbitrary
four-body nearest-neighbor Hamiltonian, it is sufficient to sum four copies each of
the blocks H0 =

∑4
k=1 H

[k]
1 +H

[k]
2 , in order to separate the parameters and generate

at least one term that operates on each support. To obtain all XYZ operators, it is
necessary to concatenate 3M = 81 H0 blocks, interleaved by SQRs described by

R[l] = ⊗N
j (r[l]

j σ
(j)
x + s

[l]
j σ

(j)
y + t

[l]
j σ

(j)
z ). (2.29)

In other words,
H4b =

∑
l

R[l]H
[l]
0 R

[l], (2.30)

with (r[l]
j , s

[l]
j , t

[l]
j ) fulfilling the constraint |r[l]

j |2 + |s[l]
j |2 + |t[l]j |2 = 1. It is important

to note that the above construction is applied to a single Trotter step, meaning
that it must be repeated nT times to approximate the evolution of the Hamiltonian,
which can be expressed as U4b = e−iH4bt ≈ (e−iH4bt/nT )nT . The total number of
analog blocks, or engineered time slices, required for the simulation of an arbitrary
Hamiltonian with up to M -body interactions and N qubits is given by a(M)N+b(M)
with,

a(M) = 9
4
(
3M−1 − 3

)
, (2.31)

b(M) = 3M−1

2
( 3

2 −M
)
. (2.32)

Then, it can be stated that the computational cost of simulating NN Hamiltonians
grows linearly with the number of qubits and exponentially with the number of
bodies. For a specific example of a four-body system, the total number of required
analog blocks is 117N − 306. For a more in-depth understanding of the simulation
algorithm for general M -body interactions, readers can refer to the appendix section
(Appendix A.4).
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4

<latexit sha1_base64="61LeSrtu/LIQJqJ2dQ5MXQ3Kn5g=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIwRdUnixiUkDpDAhHRKBxo6nbHtmIwTEvdu9S/8GnfErR9ih2Eh4ElucnLObe69p17EmdKWNYeFre2d3b3ifung8Oj4pFw57agwloQ6JOSh7HlYUc4EdTTTnPYiSXHgcdr1pveZ332mUrFQPOokom6Ax4L5jGBtpHZjWK5ZdWsBtEnsJamBJVrDCqwORiGJAyo04Vipvm1F2k2x1IxwOisNYkUjTKZ4TPuGChxQ5aaLTWfowigj5IfSlNBoof59keJAqSTwTGeA9USte5n4n9ePtX/npkxEsaaC5IP8mCMdouxsNGKSEs0TQzCRzOyKyARLTLQJZ2VKNEkUI2rlkFSz6UuuZIwzT2KZpE8xFrljYrTXQ9sknau6fVNvtK9rTec1D7QIzsA5uAQ2uAVN8ABawAEEUPAG3sEH/IRfcA6/89YCXH5CFawA/vwCw4iobw==</latexit>

5

<latexit sha1_base64="AduTP44pZcgIrgJuaUorvuZ3qEQ=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIxRdEnixiUkDpDAhHRKBxo6nbHtmIwTEvdu9S/8GnfErR9ih2Eh4ElucnLObe69p17EmdKWNYeFre2d3b3ifung8Oj4pFw57agwloQ6JOSh7HlYUc4EdTTTnPYiSXHgcdr1pveZ332mUrFQPOokom6Ax4L5jGBtpHZjWK5ZdWsBtEnsJamBJVrDCqwORiGJAyo04Vipvm1F2k2x1IxwOisNYkUjTKZ4TPuGChxQ5aaLTWfowigj5IfSlNBoof59keJAqSTwTGeA9USte5n4n9ePtX/npkxEsaaC5IP8mCMdouxsNGKSEs0TQzCRzOyKyARLTLQJZ2VKNEkUI2rlkFSz6UuuZIwzT2KZpE8xFrljYrTXQ9sknau63ajftK9rTec1D7QIzsA5uAQ2uAVN8ABawAEEUPAG3sEH/IRfcA6/89YCXH5CFawA/vwCxU6ocA==</latexit>

6
<latexit sha1_base64="UML1Ou1/B8yB07sivY7wNMMFNYo=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QcOOyBfuQNpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO71P/e4LlYoF4lHHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNZ7yQIvgBJyCc2CDG9AAD6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKs7Kf7</latexit>=

<latexit sha1_base64="iSg7xktqFsJrN0U5g3T5KqsqDdc=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCIJREfC0Lbly2YB/ShjKZTtqhk0mcmQgx9Avc6l/4Ne6KWz/ESZOFbT1w4XDOvdx7jxtyprRlzWFhY3Nre6e4W9rbPzg8KleOOyqIJKFtEvBA9lysKGeCtjXTnPZCSbHvctp1p/ep332hUrFAPOo4pI6Px4J5jGBtpNbFsFyz6tYCaJ3YOamBHM1hBVYHo4BEPhWacKxU37ZC7SRYakY4nZUGkaIhJlM8pn1DBfapcpLFpTN0ZpQR8gJpSmi0UP9OJNhXKvZd0+ljPVGrXir+5/Uj7d05CRNhpKkg2SIv4kgHKH0bjZikRPPYEEwkM7ciMsESE23CWdoSTmLFiFp6JNFs+popKePMlVjGyXOEReaYGO3V0NZJ57Ju39SvW1e1xlMeaBGcgFNwDmxwCxrgATRBGxBAwRt4Bx/wE37BOfzOWgswn6mCJcCfX40Ap+k=</latexit>

+

<latexit sha1_base64="PSubjLi6V7JTmA3ezLKoEMzfs2Q=">AAACKnicbVHLTsJAFJ36RHyBLN1MJCauSGt8LUncuITEAgk0ZDrcwoTptM5MTWpD4t6t/oVf44649UMcKAsBT3KTk3Pu5N57xo85U9q2p9bG5tb2zm5hr7h/cHh0XCqftFSUSAoujXgkOz5RwJkAVzPNoRNLIKHPoe2P72d++xmkYpF41GkMXkiGggWMEm2kptMvVe2aPQdeJ86CVNECjX7ZqvQGEU1CEJpyolTXsWPtZURqRjlMir1EQUzomAyha6ggISgvm286wedGGeAgkqaExnP174uMhEqloW86Q6JHatWbif953UQHd17GRJxoEDQfFCQc6wjPzsYDJoFqnhpCqGRmV0xHRBKqTThLU+JRqhhVS4dkmo1fcmXGOPMlkWn2lBCROyZGZzW0ddK6rDk3tevmVbXuvuaBFtApOkMXyEG3qI4eUAO5iCJAb+gdfVif1pc1tb7z1g1r8QkVtATr5xe8cKhr</latexit>

1
<latexit sha1_base64="K39xlgmiuhg3k+PPEPQI8MGqHuw=">AAACKnicbVHLagIxFE3sy9qX1mU3oVLoSmakr6XQTZcKHRV0kEzMaDCTmSaZwnQQuu+2/Yt+TXfSbT+kGcdF1R64cDjnhnvviRdxprRlzWFha3tnd6+4Xzo4PDo+KVdOOyqMJaEOCXkoex5WlDNBHc00p71IUhx4nHa96X3md5+pVCwUjzqJqBvgsWA+I1gbqd0YlmtW3VoAbRJ7SWpgidawAquDUUjigApNOFaqb1uRdlMsNSOczkqDWNEIkyke076hAgdUueli0xm6MMoI+aE0JTRaqH9fpDhQKgk80xlgPVHrXib+5/Vj7d+5KRNRrKkg+SA/5kiHKDsbjZikRPPEEEwkM7siMsESE23CWZkSTRLFiFo5JNVs+pIrGePMk1gm6VOMRe6YGO310DZJp1G3b+rX7ata03nNAy2CM3AOLoENbkETPIAWcAABFLyBd/ABP+EXnMPvvLUAl59QBSuAP7++Nqhs</latexit>

2

<latexit sha1_base64="u0mwwPxZTppbgcKbsVBkInmYG4s=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIzvJYkbl5A4QAIT0ikdaOh0xrZjMk5I3LvVv/Br3BG3fogdhoWAJ7nJyTm3ufeeehFnSlvWDBY2Nre2d4q7pb39g8OjcuW4rcJYEuqQkIey62FFORPU0Uxz2o0kxYHHaceb3Gd+55lKxULxqJOIugEeCeYzgrWRWpeDcs2qW3OgdWIvSA0s0BxUYLU/DEkcUKEJx0r1bCvSboqlZoTTaakfKxphMsEj2jNU4IAqN51vOkVnRhkiP5SmhEZz9e+LFAdKJYFnOgOsx2rVy8T/vF6s/Ts3ZSKKNRUkH+THHOkQZWejIZOUaJ4YgolkZldExlhiok04S1OicaIYUUuHpJpNXnIlY5x5EsskfYqxyB0To70a2jppX9Ttm/p166rWcF7zQIvgBJyCc2CDW9AAD6AJHEAABW/gHXzAT/gFZ/A7by3AxSdUwRLgzy+//Kht</latexit>

3
<latexit sha1_base64="F+f9fSUrpG3vtPIZvvsmxZ8syE0=">AAACJnicbVHLTsJAFL3FF+ILdOlmIjFxRVrja0nixiUmFkigIdNhChOm0zozNakNiXu3+hd+jTu2folTykLAk9zk5Jw7ufee8WPOlLbtmVXa2Nza3invVvb2Dw6PqpVaW0WJJNQlEY9k18eKciaoq5nmtBtLikOf044/uc/9zguVikXiSacx9UI8EixgBGsjPV4NqnW7Yc+B1omzIHVYoDWoWSf9YUSSkApNOFaq59ix9jIsNSOcTiv9RNEYkwke0Z6hAodUedl80yk6N8oQBZE0JTSaq39fZDhUKg190xliPVarXi7+5/USHdx5GRNxoqkgxaAg4UhHKD8bDZmkRPPUEEwkM7siMsYSE23CWZoSj1PFiFo6JNNs8looOePMl1im2XOCReGYGJ3V0NZJ+7Lh3DSu6033rYizDKdwBhfgwC004QFa4AIBCu/wAZ/Wl/VtzYrGkrX4gGNYgvXzC+K1pwI=</latexit>

4

<latexit sha1_base64="61LeSrtu/LIQJqJ2dQ5MXQ3Kn5g=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIwRdUnixiUkDpDAhHRKBxo6nbHtmIwTEvdu9S/8GnfErR9ih2Eh4ElucnLObe69p17EmdKWNYeFre2d3b3ifung8Oj4pFw57agwloQ6JOSh7HlYUc4EdTTTnPYiSXHgcdr1pveZ332mUrFQPOokom6Ax4L5jGBtpHZjWK5ZdWsBtEnsJamBJVrDCqwORiGJAyo04Vipvm1F2k2x1IxwOisNYkUjTKZ4TPuGChxQ5aaLTWfowigj5IfSlNBoof59keJAqSTwTGeA9USte5n4n9ePtX/npkxEsaaC5IP8mCMdouxsNGKSEs0TQzCRzOyKyARLTLQJZ2VKNEkUI2rlkFSz6UuuZIwzT2KZpE8xFrljYrTXQ9sknau6fVNvtK9rTec1D7QIzsA5uAQ2uAVN8ABawAEEUPAG3sEH/IRfcA6/89YCXH5CFawA/vwCw4iobw==</latexit>

5

<latexit sha1_base64="AduTP44pZcgIrgJuaUorvuZ3qEQ=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIxRdEnixiUkDpDAhHRKBxo6nbHtmIwTEvdu9S/8GnfErR9ih2Eh4ElucnLObe69p17EmdKWNYeFre2d3b3ifung8Oj4pFw57agwloQ6JOSh7HlYUc4EdTTTnPYiSXHgcdr1pveZ332mUrFQPOokom6Ax4L5jGBtpHZjWK5ZdWsBtEnsJamBJVrDCqwORiGJAyo04Vipvm1F2k2x1IxwOisNYkUjTKZ4TPuGChxQ5aaLTWfowigj5IfSlNBoof59keJAqSTwTGeA9USte5n4n9ePtX/npkxEsaaC5IP8mCMdouxsNGKSEs0TQzCRzOyKyARLTLQJZ2VKNEkUI2rlkFSz6UuuZIwzT2KZpE8xFrljYrTXQ9sknau63ajftK9rTec1D7QIzsA5uAQ2uAVN8ABawAEEUPAG3sEH/IRfcA6/89YCXH5CFawA/vwCxU6ocA==</latexit>

6

<latexit sha1_base64="PSubjLi6V7JTmA3ezLKoEMzfs2Q=">AAACKnicbVHLTsJAFJ36RHyBLN1MJCauSGt8LUncuITEAgk0ZDrcwoTptM5MTWpD4t6t/oVf44649UMcKAsBT3KTk3Pu5N57xo85U9q2p9bG5tb2zm5hr7h/cHh0XCqftFSUSAoujXgkOz5RwJkAVzPNoRNLIKHPoe2P72d++xmkYpF41GkMXkiGggWMEm2kptMvVe2aPQdeJ86CVNECjX7ZqvQGEU1CEJpyolTXsWPtZURqRjlMir1EQUzomAyha6ggISgvm286wedGGeAgkqaExnP174uMhEqloW86Q6JHatWbif953UQHd17GRJxoEDQfFCQc6wjPzsYDJoFqnhpCqGRmV0xHRBKqTThLU+JRqhhVS4dkmo1fcmXGOPMlkWn2lBCROyZGZzW0ddK6rDk3tevmVbXuvuaBFtApOkMXyEG3qI4eUAO5iCJAb+gdfVif1pc1tb7z1g1r8QkVtATr5xe8cKhr</latexit>

1
<latexit sha1_base64="K39xlgmiuhg3k+PPEPQI8MGqHuw=">AAACKnicbVHLagIxFE3sy9qX1mU3oVLoSmakr6XQTZcKHRV0kEzMaDCTmSaZwnQQuu+2/Yt+TXfSbT+kGcdF1R64cDjnhnvviRdxprRlzWFha3tnd6+4Xzo4PDo+KVdOOyqMJaEOCXkoex5WlDNBHc00p71IUhx4nHa96X3md5+pVCwUjzqJqBvgsWA+I1gbqd0YlmtW3VoAbRJ7SWpgidawAquDUUjigApNOFaqb1uRdlMsNSOczkqDWNEIkyke076hAgdUueli0xm6MMoI+aE0JTRaqH9fpDhQKgk80xlgPVHrXib+5/Vj7d+5KRNRrKkg+SA/5kiHKDsbjZikRPPEEEwkM7siMsESE23CWZkSTRLFiFo5JNVs+pIrGePMk1gm6VOMRe6YGO310DZJp1G3b+rX7ata03nNAy2CM3AOLoENbkETPIAWcAABFLyBd/ABP+EXnMPvvLUAl59QBSuAP7++Nqhs</latexit>

2

<latexit sha1_base64="u0mwwPxZTppbgcKbsVBkInmYG4s=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIzvJYkbl5A4QAIT0ikdaOh0xrZjMk5I3LvVv/Br3BG3fogdhoWAJ7nJyTm3ufeeehFnSlvWDBY2Nre2d4q7pb39g8OjcuW4rcJYEuqQkIey62FFORPU0Uxz2o0kxYHHaceb3Gd+55lKxULxqJOIugEeCeYzgrWRWpeDcs2qW3OgdWIvSA0s0BxUYLU/DEkcUKEJx0r1bCvSboqlZoTTaakfKxphMsEj2jNU4IAqN51vOkVnRhkiP5SmhEZz9e+LFAdKJYFnOgOsx2rVy8T/vF6s/Ts3ZSKKNRUkH+THHOkQZWejIZOUaJ4YgolkZldExlhiok04S1OicaIYUUuHpJpNXnIlY5x5EsskfYqxyB0To70a2jppX9Ttm/p166rWcF7zQIvgBJyCc2CDW9AAD6AJHEAABW/gHXzAT/gFZ/A7by3AxSdUwRLgzy+//Kht</latexit>

3
<latexit sha1_base64="F+f9fSUrpG3vtPIZvvsmxZ8syE0=">AAACJnicbVHLTsJAFL3FF+ILdOlmIjFxRVrja0nixiUmFkigIdNhChOm0zozNakNiXu3+hd+jTu2folTykLAk9zk5Jw7ufee8WPOlLbtmVXa2Nza3invVvb2Dw6PqpVaW0WJJNQlEY9k18eKciaoq5nmtBtLikOf044/uc/9zguVikXiSacx9UI8EixgBGsjPV4NqnW7Yc+B1omzIHVYoDWoWSf9YUSSkApNOFaq59ix9jIsNSOcTiv9RNEYkwke0Z6hAodUedl80yk6N8oQBZE0JTSaq39fZDhUKg190xliPVarXi7+5/USHdx5GRNxoqkgxaAg4UhHKD8bDZmkRPPUEEwkM7siMsYSE23CWZoSj1PFiFo6JNNs8looOePMl1im2XOCReGYGJ3V0NZJ+7Lh3DSu6033rYizDKdwBhfgwC004QFa4AIBCu/wAZ/Wl/VtzYrGkrX4gGNYgvXzC+K1pwI=</latexit>

4

<latexit sha1_base64="61LeSrtu/LIQJqJ2dQ5MXQ3Kn5g=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIwRdUnixiUkDpDAhHRKBxo6nbHtmIwTEvdu9S/8GnfErR9ih2Eh4ElucnLObe69p17EmdKWNYeFre2d3b3ifung8Oj4pFw57agwloQ6JOSh7HlYUc4EdTTTnPYiSXHgcdr1pveZ332mUrFQPOokom6Ax4L5jGBtpHZjWK5ZdWsBtEnsJamBJVrDCqwORiGJAyo04Vipvm1F2k2x1IxwOisNYkUjTKZ4TPuGChxQ5aaLTWfowigj5IfSlNBoof59keJAqSTwTGeA9USte5n4n9ePtX/npkxEsaaC5IP8mCMdouxsNGKSEs0TQzCRzOyKyARLTLQJZ2VKNEkUI2rlkFSz6UuuZIwzT2KZpE8xFrljYrTXQ9sknau6fVNvtK9rTec1D7QIzsA5uAQ2uAVN8ABawAEEUPAG3sEH/IRfcA6/89YCXH5CFawA/vwCw4iobw==</latexit>

5

<latexit sha1_base64="AduTP44pZcgIrgJuaUorvuZ3qEQ=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIxRdEnixiUkDpDAhHRKBxo6nbHtmIwTEvdu9S/8GnfErR9ih2Eh4ElucnLObe69p17EmdKWNYeFre2d3b3ifung8Oj4pFw57agwloQ6JOSh7HlYUc4EdTTTnPYiSXHgcdr1pveZ332mUrFQPOokom6Ax4L5jGBtpHZjWK5ZdWsBtEnsJamBJVrDCqwORiGJAyo04Vipvm1F2k2x1IxwOisNYkUjTKZ4TPuGChxQ5aaLTWfowigj5IfSlNBoof59keJAqSTwTGeA9USte5n4n9ePtX/npkxEsaaC5IP8mCMdouxsNGKSEs0TQzCRzOyKyARLTLQJZ2VKNEkUI2rlkFSz6UuuZIwzT2KZpE8xFrljYrTXQ9sknau63ajftK9rTec1D7QIzsA5uAQ2uAVN8ABawAEEUPAG3sEH/IRfcA6/89YCXH5CFawA/vwCxU6ocA==</latexit>

6

<latexit sha1_base64="PSubjLi6V7JTmA3ezLKoEMzfs2Q=">AAACKnicbVHLTsJAFJ36RHyBLN1MJCauSGt8LUncuITEAgk0ZDrcwoTptM5MTWpD4t6t/oVf44649UMcKAsBT3KTk3Pu5N57xo85U9q2p9bG5tb2zm5hr7h/cHh0XCqftFSUSAoujXgkOz5RwJkAVzPNoRNLIKHPoe2P72d++xmkYpF41GkMXkiGggWMEm2kptMvVe2aPQdeJ86CVNECjX7ZqvQGEU1CEJpyolTXsWPtZURqRjlMir1EQUzomAyha6ggISgvm286wedGGeAgkqaExnP174uMhEqloW86Q6JHatWbif953UQHd17GRJxoEDQfFCQc6wjPzsYDJoFqnhpCqGRmV0xHRBKqTThLU+JRqhhVS4dkmo1fcmXGOPMlkWn2lBCROyZGZzW0ddK6rDk3tevmVbXuvuaBFtApOkMXyEG3qI4eUAO5iCJAb+gdfVif1pc1tb7z1g1r8QkVtATr5xe8cKhr</latexit>

1
<latexit sha1_base64="K39xlgmiuhg3k+PPEPQI8MGqHuw=">AAACKnicbVHLagIxFE3sy9qX1mU3oVLoSmakr6XQTZcKHRV0kEzMaDCTmSaZwnQQuu+2/Yt+TXfSbT+kGcdF1R64cDjnhnvviRdxprRlzWFha3tnd6+4Xzo4PDo+KVdOOyqMJaEOCXkoex5WlDNBHc00p71IUhx4nHa96X3md5+pVCwUjzqJqBvgsWA+I1gbqd0YlmtW3VoAbRJ7SWpgidawAquDUUjigApNOFaqb1uRdlMsNSOczkqDWNEIkyke076hAgdUueli0xm6MMoI+aE0JTRaqH9fpDhQKgk80xlgPVHrXib+5/Vj7d+5KRNRrKkg+SA/5kiHKDsbjZikRPPEEEwkM7siMsESE23CWZkSTRLFiFo5JNVs+pIrGePMk1gm6VOMRe6YGO310DZJp1G3b+rX7ata03nNAy2CM3AOLoENbkETPIAWcAABFLyBd/ABP+EXnMPvvLUAl59QBSuAP7++Nqhs</latexit>

2

<latexit sha1_base64="u0mwwPxZTppbgcKbsVBkInmYG4s=">AAACKnicbVHLTgIxFG3xhfgCWbppJCauyIzvJYkbl5A4QAIT0ikdaOh0xrZjMk5I3LvVv/Br3BG3fogdhoWAJ7nJyTm3ufeeehFnSlvWDBY2Nre2d4q7pb39g8OjcuW4rcJYEuqQkIey62FFORPU0Uxz2o0kxYHHaceb3Gd+55lKxULxqJOIugEeCeYzgrWRWpeDcs2qW3OgdWIvSA0s0BxUYLU/DEkcUKEJx0r1bCvSboqlZoTTaakfKxphMsEj2jNU4IAqN51vOkVnRhkiP5SmhEZz9e+LFAdKJYFnOgOsx2rVy8T/vF6s/Ts3ZSKKNRUkH+THHOkQZWejIZOUaJ4YgolkZldExlhiok04S1OicaIYUUuHpJpNXnIlY5x5EsskfYqxyB0To70a2jppX9Ttm/p166rWcF7zQIvgBJyCc2CDW9AAD6AJHEAABW/gHXzAT/gFZ/A7by3AxSdUwRLgzy+//Kht</latexit>

3
<latexit sha1_base64="F+f9fSUrpG3vtPIZvvsmxZ8syE0=">AAACJnicbVHLTsJAFL3FF+ILdOlmIjFxRVrja0nixiUmFkigIdNhChOm0zozNakNiXu3+hd+jTu2folTykLAk9zk5Jw7ufee8WPOlLbtmVXa2Nza3invVvb2Dw6PqpVaW0WJJNQlEY9k18eKciaoq5nmtBtLikOf044/uc/9zguVikXiSacx9UI8EixgBGsjPV4NqnW7Yc+B1omzIHVYoDWoWSf9YUSSkApNOFaq59ix9jIsNSOcTiv9RNEYkwke0Z6hAodUedl80yk6N8oQBZE0JTSaq39fZDhUKg190xliPVarXi7+5/USHdx5GRNxoqkgxaAg4UhHKD8bDZmkRPPUEEwkM7siMsYSE23CWZoSj1PFiFo6JNNs8looOePMl1im2XOCReGYGJ3V0NZJ+7Lh3DSu6033rYizDKdwBhfgwC004QFa4AIBCu/wAZ/Wl/VtzYrGkrX4gGNYgvXzC+K1pwI=</latexit>

4
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(d)

Figure 2.4: Decomposition of a 6-qubit system with ATA connectivity into 3 NN
6-qubit system. (a) Complete graph that one wants to simulate. (b - d) Hamiltonian
paths that are used as the resource. Figure (b) is built by starting in the first node, going
forward to the next node, then 2 nodes backward, 3 forward... The other two Hamiltonian
paths are obtained rotating the first one.

2.2.1 Enhancing the connectivity of quantum hardware using DAQC

Throughout the entire section, we are assuming that the quantum hardware that we
are employing presents an ATA connectivity. But it does not necessarily has to be like
this, in fact, a realistic quantum processor is expected to present lower connectivity.
This is given by the fact that ATA connections are extremely demanding in the
amount of wiring among qubits.

In Ref. [72], the authors design an algorithm that simulated an arbitrary ATA
Ising Hamiltonian employing as a resource a given inhomogeneous NN Ising model
and SQRs, in an optimal manner. They do so using O(5N2) analog block, where N
stands for the number of qubits of the system. The algorithm is based in two main
ideas:

1. The Ising Hamiltonian for N qubits can be represented as a weighted graph
with N vertices, where the weight of the edge connecting vertex i to vertex j is
the coupling constant between qubits i and j, denoted as gij . If two qubits are
not connected, the vertices i and j representing them are also not connected,
resulting in a null coupling constant (gij = 0).

2. In this representation, an ATA Ising Hamiltonian for N qubits can be expressed
as a complete graph KN , with edges between every possible vertex without
repetition. On the other hand, the NN Ising Hamiltonian is represented as a
Hamiltonian path that visits all possible vertices only once.

Figure 2.4 shows an example of an ATA 6-qubit system represented as a complete
K6 graph and its path decomposition into 3 NN 6-qubit systems.

The algorithm first splits the complete graph, representing the ATA Hamiltonian,
into a set of Hamiltonian paths that can be efficiently decomposed into NN resources.
Next, the algorithm obtains each of the Hamiltonian path connections using a SWAP-
like gate U , which changes the connections between the qubits of the system. The
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2.3 Stepwise and banged DAQC

SWAP gate is defined as

USWAP = ei
π
4 (σi

xσ
j
x+σi

yσ
j
y+σi

zσ
j
z), (2.33)

where the superscripts refer to the qubit on which the gate acts.
Partitioning a complete graph into a set of paths, allow to simulate an ATA

Hamiltonian by using only NN-connected resources. This result extends the DAQC
paradigm to a wide range of quantum platforms that require low connectivity. For a
more detailed explanation of the algorithm, we refer the reader to the main article.

2.3 Stepwise and banged DAQC

The method we have described to simulate different families of Hamiltonians using
the DAQC paradigm is the sDAQC. Under ideal circumstances, i. e. without taking
into account noise sources, would lead to the same result as the DQC method. But
this noiseless situation is just an illusion. The reality is that turning on and off mul-
tiqubit quantum gates introduce an important source of errors in realistic quantum
algorithms. In the interest of reducing its effect, we introduce the concept of bDAQC
as a different way to perform quantum algorithms.

The term “bang bang” is a well-established concept in classical control theory, as
seen in references [73, 74]. It was later introduced into the field of quantum physics
to serve as a means of dynamically decoupling controlled quantum systems from
their environment [75, 76]. In this work, we use the term “banged” to describe the
situation in which the analog evolution is not interrupted while fast SQRs pulses are
being applied. Compared to sDAQC, the bDAQC introduces an additional digital
error, which could be of the third order in the duration of the pulse, at best. However,
we argue that this error is in competition with the experimental error produced by
the switch of multi-qubit gates and may, in certain cases, prove to be less harmful to
the overall algorithm.

Stepwise DAQC

In a sDAQC scenario, a total unitary evolution is constructed by alternating an
evolution under a fixed entangling Hamiltonian HInt with sequences of SQRs

UT = . . . UR2e
−iHIntt2UR1e

−iHIntt1UR0 , (2.34)

with URn a general digital rotation operator acting on any subset of the Hilbert
space –in this case, two qubits. In Fig. 2.4(a), we show a schematic representation
of the procedure. According to the sudden approximation, we can implement such
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(b)

Figure 2.5: Schematic representation of the sDAQC and the bDAQC protocol.
(a) sDAQC: digital evolutions with Hamiltonian HRk , and analog blocks ones evolving
with Hamiltonians HI are well separated in time under the sudden approximation. (b)
bDAQC: the adiabatic evolution HI is on during the whole time and fast rotations are
added (HRk +HI). The sudden approximation is employed.

evolution U(t) ≈ e−itFH(t) with a time-dependent Hamiltonian,

H(t) =
∑
n=0

HRnΠ∆t(t− [Tn + n∆t]) +HIΠTn+1(t− [Tn + (n+ 1)∆t]), (2.35)

where HRn gives rise to the digital unitary evolution URn = e−iHRn ∆t. We have
defined Tn =

∑n
r=0 tr, assuming t0 = 0, and the rectangular window function

ΠT (t− ts) = θ(t− ts) − θ(t− (ts + T )), (2.36)

with θ(t) = 1 for t ≥ 0 and 0 otherwise.

Banged DAQC

The bDAQC approach involves continuously evolving the system with the entangling
Hamiltonian HI , while applying short, intense pulses to implement the SQRs HRn

.
In contrast, the stepwise protocol involves switching the Hamiltonians HI and HRn

on and off, an unrealistic assumption due to the finite speed of operation in physical
systems.

By utilizing the symmetrized exponential decomposition for all the SQRs blocks,
the ideal evolution of the system described in Eq. (2.34) can be accomplished without
having to turn off the entangling Hamiltonian

H(t) = HI +
∑N−1
n HRn

Π∆t(t− [Tn − ∆t/2])
+HRN

Π∆t(t− [TN − ∆t]), (2.37)

where Tn =
∑n
r=0 tr. In Fig. 2.4(b), we show an schematic representation of the

bDAQC approach.

2.3.1 Error estimation

The error-per-step introduced can be estimated using the Schatten norm by calcu-
lating the difference between the evolution of the system using the sDAQC protocol
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and the bDAQC. The error would then be defined as

en = ||1 − e−iHI ∆t/2e−iHRn ∆te−iHI ∆t/2ei(HI +HRn )∆t||

= (∆t)3

4 ||[[HI , HRn
], HI + 2HRn

]|| +O((∆t)4), (2.38)

where we have made use of the Zassenhaus formula. The first and last blocks at the
boundaries result in second-order errors, e0,N , which are proportional to (∆t)2 due to
the lack of symmetry in their evolution. The overall error in the banged protocol is
calculated as the sum of these errors, E =

∑
n en = Aen, where the proportionality

constant A is proportional to either O(N) or O(N2), depending on whether the
coupling configuration is NN or ATA, respectively. This is because the total number
of analog blocks increases either linearly or quadratically with the number of qubits,
N .

Naturally, the bDAQC does not generate the same result as the sDAQC or the
DQC method, since there is an intrinsic error on the bDAQC which does not depend
on either the experimental conditions or the noise sources. This error is due to the
superposition between the Hamiltonians of the SQRs and the analog Hamiltonian.
However, if SQRs are performed in a time ∆t much smaller than the intrinsic time
scale of the analog block, the error will be smaller than the one coming from switching
on and off the analog Hamiltonian. Indeed, we have just shown that the additional
error per SQR introduced by not turning off the evolution of the Hamiltonian is on
the order O[(∆t)3]. The reason why we aim at using the bDAQC protocol despite
its intrinsic error is that, it accumulates less experimental error. Experimentally,
switching on and off the Hamiltonian is not an exact step function, it takes some time
to stabilize. Quantum control tries to suppress these errors, but it turns cumbersome
when the system scales up and cannot be solved in a classical computer. If we keep
the analog block on during the evolution, we will avoid these errors. This will be
of great importance when we explore a more realistic implementation of the DAQC
protocol in the following chapters.

In this section, we presented systematic techniques to simulate different families of
Hamiltonians using the DAQC paradigm. At some point, these Hamiltonians would
represent certain quantum algorithms, such as the quantum Fourier transform or the
Harrow-Hassidim-Lloyd. What we want to do next, is to compare the performance
of these quantum algorithms when we implement them in a real quantum computer
using either the DAQC or the DQC paradigm. For that, we first need to model the
noisy environment that nowadays quantum computers represent. Afterward, we will
be able to compare the results of each method in a realistic simulation.
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2 DIGITAL–ANALOG QUANTUM COMPUTATION

2.4 Performance of the DAQC compared to other paradigms

In this section, we describe the noise model that we use to compare the performance
of a quantum algorithm when it is implemented in a noisy quantum computer using
either the DQC or the DAQC model. We begin by briefly describing the formalism
that we will use to model the effect of the main noise sources of a NISQ device.
Afterward, we will show how, using the aforementioned formalism, it is possible to
simulate the implementation of a given quantum algorithm with experimental errors.

2.4.1 Theoretical description of the effect of noise sources in quantum
systems.

Quantum operation formalism and Operator-sum representation
Quantum computers are open quantum systems, meaning that they cannot be

isolated from the environment, and thus, they are susceptible to the noise caused by
the control and the interaction with the environment. We can say that, in general, the
noise sources depend on the experimental setup used to run the quantum experiments.
As the field develops, these sources tend to be less significant, but in the context of
the NISQ era, we cannot obviate the experimental constraints.

We will employ the quantum operation formalism as a general tool for describing
the evolution of a quantum system in different scenarios. A deeper description of
this formalism can be found in chapter 8 of Ref. [77], but here we will describe the
main aspect of it.

The quantum states are well described by the density operator ρ, thus, they
transform as

ρ′ = E (ρ) , (2.39)

where the map E is a quantum operation. By using this formalism, we can describe
any unitary transformation U as E (ρ) = UρU†, and, similarly, the measurement
process as εm (ρ) = MmρM

†
m. Thus, the quantum operation tells us about the

dynamic change of a state as a result of a physical process, where the initial state is
ρ and the final state is E (ρ).

Unitary transformations can describe the dynamics of a closed quantum system,
where we have an input state ρ, and an output one UρU . We can see the unitary
transform U as a black box whose internal details do not concern us. But quantum
computers do not behave as closed quantum systems but rather like open quantum
systems, whose dynamics can be described as an interaction between a principal
system, which is the one that we want to study, and an environment. Together, they
form a closed quantum system. This way, when we send the initial state ρ into a
box that is coupled to the environment, the final state E(ρ) may not be related to
the initial state by a unitary transformation. After the unitary transformation U ,
the system no longer interacts with the environment and we can perform the partial
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U

Figure 2.6: Schematic representation of a unitary operation U in two different
quantum systems. (a) Closed quantum system. (b) Open quantum system, composed
of the principal system and the environment.

trace over the environment top obtain the reduced state of the system, i.e.

E (ρ) = Trenv
[
U (ρ⊗ ρenv)U†] , (2.40)

assuming that the system-environment input state can be described as a product
state, ρ⊗ρenv. Fig. 2.6 shows a schematic picture of a unitary transformation taking
place on a closed (Fig. 2.6(a)) and an open (Fig. 2.6(b)) quantum system. A useful
manner to represent quantum operations is the operator-sum representation, which
we will introduce below.

Let us suppose that we have an open quantum system that includes our system of
interest S and the environment E, with Hilbert spaces HS and HE respectively, and
being |ek⟩ an orthonormal basis for the finite-dimensional Hilbert space corresponding
to the environment. Let us assume that the initial state of the environment is ρenv =
|e0⟩⟨e0|. Then, for a unitary transformation U , the quantum operation can be written
as

E(ρ) =
∑
k

|ek⟩U (ρ⊗ |e0⟩⟨e0|)U†|ek⟩ (2.41)

=
∑
k

EkρE
†
k, (2.42)

where Ek ≡ ⟨ek|U |e0⟩ is an operator which acts on the state space of the principal
system. The operators Ek are the operation elements of the quantum operation
E , also known as Kraus operators [78] and they play a key role in the description
of the effect of noise sources in quantum systems. We will use these operators to
characterize the quantum channel for each noise source. In the case where the initial
state of the environment is not a pure state, we can always introduce an extra system
to purify the environment. This extra system can be used as an intermediate step
in calculations since it does not interfere with the dynamics of the principal system,
and thus there is no loss of generality in assuming that the environment starts in a
pure state.

The Kraus operators Ek satisfy the completeness relation∑
k

E†
kEk = 1. (2.43)
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This arises from the condition that the trace of E must be preserved and hence equal
to one, i.e.

1 = Tr (E (ρ))

= Tr
(∑

k

EkρE
†
k

)

= Tr
(∑

k

EkE
†
kρ

)
,

and, since this condition has to be fulfilled for all ρ, then we must have
∑
k E

†
kEk = 1.

The power of the operator-sum representation is that it allows us to characterize
the principal system without having to consider the properties of the environment.
We just need the Kraus operators Ek that act on the principal system. In the
following, we will specify the form of these operators for the different incoherent
noise sources that can arise during the implementation of a quantum algorithm into
a NISQ device.

Incoherent noise sources: noise channels

Noise channels are non-unitary quantum channels that reproduce the effect of noise
in the state of the system of interest, in our case the qubits comprising a quantum
computer. Let us first focus on single-qubit quantum channels, which are those that
only act on one qubit. More concretely, we study the noise channels that account
for the three most common noise sources in superconducting quantum processors.
These are bit-flip, decoherence, and measurement error.

1. Bit-flip and measurement channel. It is a model for errors in which the
state of the qubit is randomly switched with a probability p and it is also
present in classical computers. The energy to cause the flip of the qubit can
be accidentally provided by pulses used to control the qubits or by thermal
fluctuations. The Kraus operators of the bit-flip channel are

E0 =
√

1 − p

(
1 0
0 1

)
=

√
1 − p I, (2.44)

E1 = √
p

(
0 1
1 0

)
= √

p X, (2.45)

where p is the bit-flip probability, I is the 2 × 2 identity matrix and X is the σx
Pauli matrix. When the measurement of the system is performed, the qubits
might be affected by a bit-flip error. Based on this idea, we will introduce the
measurement error as a bit-flip error preceding a perfect measurement opera-
tion.

2. Amplitude-damping channel. Decoherence is represented by means of the
generalized amplitude-damping channel. This quantum channel accounts for
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the de-excitation of a two-level system, i.e., the loss of amplitude of the excited
state |1⟩ that will decay into the ground state |0⟩ with probability p. It can
describe different physical phenomena related to energy dissipation such as the
spontaneous emission of a photon and the scattering and attenuation of the
state of a photon in a cavity, among others [77]. The Kraus operators of the
generalized amplitude-damping channel are

E0 = √
p

(
1 0
0

√
1 − γ

)
, (2.46)

E1 = √
p

(
0 √

γ
0 0

)
, (2.47)

E2 =
√

1 − p

(√
1 − γ 0
0 1

)
, (2.48)

E3 =
√

1 − p

(
0 0√
γ 0

)
, (2.49)

where the stationary state of the environment is

ρenv =
(
p 0
0 1 − p

)
, (2.50)

with p the thermal population of the ground state.
The damping process can be understood as a time-accumulative problem, in
which the probability grows with time [79]. It can be shown that γ can be
written as γ = 1 − e−t/T1 , where t is the time and T1 is the thermal relaxation
time, and it describes processes due to the coupling of the qubit to its neighbors,
which is a large system in thermal equilibrium at a temperature much higher
than the one of the qubit [77].

Coherent noise sources: quantum trajectories

For the noise model, we also took into account coherent control-related experimental
errors. In this case, instead of the quantum-channel approach, we employed quantum
trajectories. These errors include those that might appear when we apply a SQG in
both the DQC and the DAQC paradigm, the two-qubit gate (TQG) exclusive for the
DQC, and the analog block noise exclusive for the DAQC.

1. Single-qubit gate error. For this, we have included a magnetic-field noise
∆B added to the phases of the SQGs. This parameter ∆B is taken from a
uniform probability distribution U(−rD∆t/2, rD∆t/2), where U(a, b) stands
for a uniform noise distribution with range boundaries (a, b). The deviation
ratio is given by rD. This can be modeled as

eiHSQG → ei∆BHSQG , (2.51)

where HSQG is the corresponding Hamiltonian for the applied SQG.
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2. Two-qubit gate control error. As the CZ gate can be written in terms of
SQG’s and σzσz interactions, the effects of noise in any TQG can be modeled
using the magnetic field noise for SQG’s and a Gaussian phase noise for the two-
qubit σzσz interaction. This Gaussian phase noise is represented by a random
parameter ε ∈ N (0, σD) affecting the phase of the interaction, where N (µ, σ)
stands for a Gaussian distribution with mean µ and standard deviation σ. Its
effect on a fixed π/4 phase interaction, which is usually the interaction of a
digital quantum computer, is described by the change

ei
π
4 σzσz → ei

π
4 (1+ε)σzσz . (2.52)

3. Analog block control error. To model this error, we include a Gaussian
coherent noise to the time that the analog blocks are applied. It produces a
switch in the time from tα → tα + δ, where δ ∈ N (0, rb∆t), with rb the
deviation ratio of the time ∆t required for a SQR. This can be implemented as

eitαHint → ei(tα+δ)Hint , (2.53)

where Hint is the natural interacting Hamiltonian of the quantum processor.
The Gaussian coherent phase noise has a greater value for sDAQC than for
bDAQC, as a result of the effect of switching on and off the interaction in
sDAQC. The value of these parameters changes each time a gate is applied to
the circuit, as the effects of the noise described can vary in each application.

2.4.2 Error mitigation in DAQC

As the NISQ era progresses, new methods for mitigating errors in quantum comput-
ing have emerged [80, 81, 82]. One approach is the use of quasi-probability methods
on analog, DAQC, or DQC platforms [83, 84]. These techniques have been shown to
effectively eliminate or suppress errors, such as Trotter error [85]. In order to demon-
strate the true performance of DAQC, it is important to apply these error mitigation
techniques. In chapter 3, we demonstrate this by incorporating these techniques in
the implementation of the quantum Fourier transform on a superconductive circuit
quantum computer. For more detailed information on the results, we refer the reader
to that chapter.

In this chapter, we have described the DAQC paradigm and presented the main
tools that will allow us to work within this framework. In the following, we will show
the different quantum algorithms we have proposed that emanate from the DAQC
method.
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3 DA QUANTUM FOURIER TRANSFORM AND PHASE ESTIMATION

3 Digital-analog quantum Fourier
transform and phase estimation

T he algorithms that we presented in chapter 2 allow us to describe relevant quan-
tum algorithms in terms of the DAQC framework. In this chapter, we present a

DA implementation of both the quantum Fourier transform (QFT) and the quantum
phase estimation (QPE). We chose the QFT as the first quantum subroutine since it
is a key ingredient for both more elaborated quantum subroutines, such as the QPE,
and relevant quantum algorithms, such as Shor’s algorithm for factorization [7]. The
content of this chapter include the work developed in [52] and [53].

In section 3.1, we introduce the QFT, describing it in both the DQC and the
DAQC paradigms. We compare the performance of both paradigms in a NISQ device,
for which we have included the noise sources listed in section 2.4 in our simulations.
We also included an analysis of how error mitigation techniques would improve the
DAQC implementation. Afterward, in section 3.2, we study the QPE algorithm in a
similar manner as we did for the QFT. We first find its description using DAQC and
then show its performance in a realistic noisy scenario. The DAQC description of
these two quantum algorithms will allow us to face more complex algorithms, such
as the HHL, in future chapters.
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3.1 Quantum Fourier transform

3.1 Quantum Fourier transform

3.1.1 Description of the QFT algorithm and its DAQC implementation

The discrete Fourier transform (DFT) is a mathematical tool that is widely used in
signal processing, image processing, and physics. In classical computing, the DFT is
used to transform a discrete signal from the time domain to the frequency domain,
which can be useful for analyzing the frequency components of a signal. It is a
computationally expensive task, and it can take a significant amount of time to
perform on a classical computer.

In quantum computing, the DFT is performed by the QFT algorithm. The QFT
is a quantum algorithm that performs the Fourier transform on a quantum state.
It is a key building block in many quantum algorithms, such as Shor’s algorithm
for factoring integers and the QPE. The QFT can be implemented using a series of
quantum gates and can be applied to a system of qubits. The main advantage of the
QFT over classical algorithms is that it can be performed exponentially faster on a
quantum computer.

The classical DFT takes a complex vector of length N , (x0, x1, ..., xN−1) and
transforms it into another complex vector of the same length (y0, y1, ...yn−1) whose
k-th element is defined as

yk ≡ 1√
N

N−1∑
j=0

xje
2πij . (3.1)

QFT, its quantum counterpart, is a linear operator F with the following action
on the basis states:

F|j⟩ ≡ 1√
N

N−1∑
k=0

e2πijk/N |k⟩, (3.2)

where N = 2n and n is the number of qubits of the system. In Fig. 3.1 we show
the implementation of the QFT using single- and two-qubit gates. The only single-
qubit gates applied are Hadamard gates H, whose unitary matrix and Hamiltonian
expressions are

H = eiHH = 1√
2

(
1 1
1 −1

)
, HH = π

2

[
1− 1√

2
(Z +X)

]
, (3.3)

respectively. The entangling two-qubit gates of the circuit implementation are the
controlled-Rk (cRk) rotations with

Rk =
(

1 0
0 e2πi/2k

)
, (3.4)
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3 DA QUANTUM FOURIER TRANSFORM AND PHASE ESTIMATION

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H … …

… …<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H …

…

… … …

… … <latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="O0j+9BRclJlylcVAD2H3QPD1ejE=">AAACLHicbVDLTsJAFJ3BF+ILZOlmIjFxRVria0l04xIfCAk0ZDpMYcJ0WmemJrXhE9zqX/g1boxx63c4pV0IeJKbnJxzb+69xw05U9qyPmFhZXVtfaO4Wdra3tndK1f2H1QQSULbJOCB7LpYUc4EbWumOe2GkmLf5bTjTq5Sv/NEpWKBuNdxSB0fjwTzGMHaSHe3g8agXLPq1gxomdg5qYEcrUEFVvvDgEQ+FZpwrFTPtkLtJFhqRjidlvqRoiEmEzyiPUMF9qlyktmtU3RklCHyAmlKaDRT/04k2Fcq9l3T6WM9VoteKv7n9SLtXTgJE2GkqSDZIi/iSAcofRwNmaRE89gQTCQztyIyxhITbeKZ2xKOY8WImnsk0WzynCkp48yVWMbJY4RF5pgY7cXQlslDo26f1U9vTmrNyzzQIjgAh+AY2OAcNME1aIE2IGAEXsAreIPv8AN+we+stQDzmSqYA/z5BRfUqJ4=</latexit>

R2

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

…

<latexit sha1_base64="4/7OQyNWyiiNX2dIdkw7kTBhFXs=">AAACMHicbVDLTsMwELTLq5RXS49cLCokLlQJ4nWs4MKxIPqQ2qhyXKe16jjBdpBC1I/gCn/B18AJceUrcJocaMtIK41mdrW744acKW1Zn7Cwsrq2vlHcLG1t7+zulSv7bRVEktAWCXgguy5WlDNBW5ppTruhpNh3Oe24k5vU7zxRqVggHnQcUsfHI8E8RrA2Uud+kIgTezoo16y6NQNaJnZOaiBHc1CB1f4wIJFPhSYcK9WzrVA7CZaaEU6npX6kaIjJBI9oz1CBfaqcZHbvFB0ZZYi8QJoSGs3UvxMJ9pWKfdd0+liP1aKXiv95vUh7V07CRBhpKki2yIs40gFKn0dDJinRPDYEE8nMrYiMscREm4jmtoTjWDGi5h5JNJs8Z0rKOHMllnHyGGGROSZGezG0ZdI+rdsX9fO7s1rjOg+0CA7AITgGNrgEDXALmqAFCJiAF/AK3uA7/IBf8DtrLcB8pgrmAH9+AXwmqlg=</latexit>

Rn�1
<latexit sha1_base64="9eE9StVm/TViRl0FJkQAUZAk+oU=">AAACMHicbVDLTsJAFJ3BF+ILZOlmIjFxI2mJryXRjUs0IiTQkOkwhQnTaZ2ZmtSGj3Crf+HX6Mq49Suc0i4EPMlNTs65N/fe44acKW1Zn7Cwsrq2vlHcLG1t7+zulSv7DyqIJKFtEvBAdl2sKGeCtjXTnHZDSbHvctpxJ9ep33miUrFA3Os4pI6PR4J5jGBtpM7dIBEnjemgXLPq1gxomdg5qYEcrUEFVvvDgEQ+FZpwrFTPtkLtJFhqRjidlvqRoiEmEzyiPUMF9qlyktm9U3RklCHyAmlKaDRT/04k2Fcq9l3T6WM9VoteKv7n9SLtXToJE2GkqSDZIi/iSAcofR4NmaRE89gQTCQztyIyxhITbSKa2xKOY8WImnsk0WzynCkp48yVWMbJY4RF5pgY7cXQlslDo26f189uT2vNqzzQIjgAh+AY2OACNMENaIE2IGACXsAreIPv8AN+we+stQDzmSqYA/z5BX3tqlk=</latexit>

Rn�2

<latexit sha1_base64="06Iuw09QHp1JFUrB3DXmcXX3Xcs=">AAACLnicbVDLSsNAFJ3xWeurtUs3g0VwVRLxtSy6cVnFtIU2lMl00g6dTOLMRIih3+BW/8KvEVyIWz/DSZOFbT1w4XDOvdx7jxdxprRlfcKV1bX1jc3SVnl7Z3dvv1I9aKswloQ6JOSh7HpYUc4EdTTTnHYjSXHgcdrxJjeZ33miUrFQPOgkom6AR4L5jGBtJOd+kIrpoFK3GtYMaJnYBamDAq1BFdb6w5DEARWacKxUz7Yi7aZYakY4nZb7saIRJhM8oj1DBQ6octPZtVN0bJQh8kNpSmg0U/9OpDhQKgk80xlgPVaLXib+5/Vi7V+5KRNRrKkg+SI/5kiHKHsdDZmkRPPEEEwkM7ciMsYSE20CmtsSjRPFiJp7JNVs8pwrGePMk1gm6WOMRe6YGO3F0JZJ+7RhXzTO787qzesi0BI4BEfgBNjgEjTBLWgBBxDAwAt4BW/wHX7AL/idt67AYqYG5gB/fgGHRqnm</latexit>

Rn
<latexit sha1_base64="4/7OQyNWyiiNX2dIdkw7kTBhFXs=">AAACMHicbVDLTsMwELTLq5RXS49cLCokLlQJ4nWs4MKxIPqQ2qhyXKe16jjBdpBC1I/gCn/B18AJceUrcJocaMtIK41mdrW744acKW1Zn7Cwsrq2vlHcLG1t7+zulSv7bRVEktAWCXgguy5WlDNBW5ppTruhpNh3Oe24k5vU7zxRqVggHnQcUsfHI8E8RrA2Uud+kIgTezoo16y6NQNaJnZOaiBHc1CB1f4wIJFPhSYcK9WzrVA7CZaaEU6npX6kaIjJBI9oz1CBfaqcZHbvFB0ZZYi8QJoSGs3UvxMJ9pWKfdd0+liP1aKXiv95vUh7V07CRBhpKki2yIs40gFKn0dDJinRPDYEE8nMrYiMscREm4jmtoTjWDGi5h5JNJs8Z0rKOHMllnHyGGGROSZGezG0ZdI+rdsX9fO7s1rjOg+0CA7AITgGNrgEDXALmqAFCJiAF/AK3uA7/IBf8DtrLcB8pgrmAH9+AXwmqlg=</latexit>

Rn�1
<latexit sha1_base64="O0j+9BRclJlylcVAD2H3QPD1ejE=">AAACLHicbVDLTsJAFJ3BF+ILZOlmIjFxRVria0l04xIfCAk0ZDpMYcJ0WmemJrXhE9zqX/g1boxx63c4pV0IeJKbnJxzb+69xw05U9qyPmFhZXVtfaO4Wdra3tndK1f2H1QQSULbJOCB7LpYUc4EbWumOe2GkmLf5bTjTq5Sv/NEpWKBuNdxSB0fjwTzGMHaSHe3g8agXLPq1gxomdg5qYEcrUEFVvvDgEQ+FZpwrFTPtkLtJFhqRjidlvqRoiEmEzyiPUMF9qlyktmtU3RklCHyAmlKaDRT/04k2Fcq9l3T6WM9VoteKv7n9SLtXTgJE2GkqSDZIi/iSAcofRwNmaRE89gQTCQztyIyxhITbeKZ2xKOY8WImnsk0WzynCkp48yVWMbJY4RF5pgY7cXQlslDo26f1U9vTmrNyzzQIjgAh+AY2OAcNME1aIE2IGAEXsAreIPv8AN+we+stQDzmSqYA/z5BRfUqJ4=</latexit>

R2

<latexit sha1_base64="W+bVKe1lWN2oQ1ViiKeiJdVPLe4="></latexit>

|0i + e2⇡i0.jn |1i
<latexit sha1_base64="Gkunw8iujnq24284o4OGMpnRZIQ="></latexit>

|0i + e2⇡i0.jn�1jn |1i

<latexit sha1_base64="+bgA8Af0kit+GL/XwCGHD+Dmp8k="></latexit>

|0i + e2⇡i0.j2...jn |1i
<latexit sha1_base64="Z8fkIVOF9BixFqjuMVWGtYvxvfg="></latexit>

|0i + e2⇡i0.j1...jn |1i

<latexit sha1_base64="En0lG8JB/4MzS9TlBg0YJ+zFhkY=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsW3bisYC+QhnIynbRjJ5M4MxFi7GO41bfwXQR34tZncNJ0YVsPDHz8/zmcM78XMSqVZX0YhZXVtfWN4mZpa3tnd69c2W/LMBaYtHDIQtH1QBJGOWkpqhjpRoJA4DHS8cbXmd95JELSkN+pJCJuAENOfYpBacl5vu/bPQF8yEi/XLPq1rTMZbBnUEOzavYrRrU3CHEcEK4wAykd24qUm4JQFDMyKfViSSLAYxgSRyOHgEg3nd48MY+0MjD9UOjHlTlV/06kEEiZBJ7uDECN5KKXif95Tqz8SzelPIoV4Thf5MfMVKGZBWAOqCBYsUQDYEH1rSYegQCsdExzW6JRIimWcx9JFR0/5UpGjHoCRJI+xMBzR8doL4a2DO2Tun1eP7s9rTWuZoEW0QE6RMfIRheogW5QE7UQRiF6Qa/ozXg3Po0v4ztvLRizmSqaK+PnF2B9rFY=</latexit>|j1i
<latexit sha1_base64="UdNVrXowUkll4nDmZNzhjlekPTY=">AAACNHicbZDLSsNAFIYnXmu9tXbpJlgEVyUp3pZFNy4r2AukoZxMp+3YySTOTIQY+xhu9S18F8GduPUZnDRZ2NYDAx//fw7nzO+FjEplWR/Gyura+sZmYau4vbO7t18qH7RlEAlMWjhggeh6IAmjnLQUVYx0Q0HA9xjpeJPr1O88EiFpwO9UHBLXhxGnQ4pBacl5vu/XewL4iJF+qWrVrFmZy2DnUEV5Nftlo9IbBDjyCVeYgZSObYXKTUAoihmZFnuRJCHgCYyIo5GDT6SbzG6emsdaGZjDQOjHlTlT/04k4EsZ+57u9EGN5aKXiv95TqSGl25CeRgpwnG2aBgxUwVmGoA5oIJgxWINgAXVt5p4DAKw0jHNbQnHsaRYzn0kUXTylCkpMeoJEHHyEAHPHB2jvRjaMrTrNfu8dnZ7Wm1c5YEW0CE6QifIRheogW5QE7UQRgF6Qa/ozXg3Po0v4ztrXTHymQqaK+PnF2JKrFc=</latexit>|j2i

<latexit sha1_base64="hZx+l4/0s4SB0hmXWtyubxo/uKI=">AAACOnicbZDLTsJAFIaneEO8ALJ000hM3Eha421JdOMSE7kkQMjpMIWR6bTOxaRWnsStvoUv4tadcesDOEAXAp5kki//f07Omd+LGJXKcT6szMrq2vpGdjO3tb2zmy8U9xoy1AKTOg5ZKFoeSMIoJ3VFFSOtSBAIPEaa3uh64jcfiZA05Hcqjkg3gAGnPsWgjNQr5J/vewk/dscdAXzASK9QdirOtOxlcFMoo7RqvaJV6vRDrAPCFWYgZdt1ItVNQCiKGRnnOlqSCPAIBqRtkENAZDeZXj62D43St/1QmMeVPVX/TiQQSBkHnukMQA3lojcR//PaWvmX3YTySCvC8WyRr5mtQnsSg92ngmDFYgOABTW32ngIArAyYc1tiYaxpFjOfSRRdPQ0UybEqCdAxMmDBj5zTIzuYmjL0DipuOeVs9vTcvUqDTSL9tEBOkIuukBVdINqqI4w0ugFvaI36936tL6s71lrxkpnSmiurJ9fU+yuQg==</latexit>|jn�1i
<latexit sha1_base64="tSWuCRkn8a1PpeUvOG6RflnUQP0=">AAACNnicbZC7TsMwFIYdrqXcWjqyRFRITFWCuI0VLIxFohepjaoT12lNHSe1HaQQ+hys8Ba8CgsbYuURcJoMtOVIlj79/zk6x78bMiqVZX0YK6tr6xubha3i9s7u3n6pfNCSQSQwaeKABaLjgiSMctJUVDHSCQUB32Wk7Y5vUr/9SISkAb9XcUgcH4acehSD0pLz/NBP+LQngA8Z6ZeqVs2albkMdg5VlFejXzYqvUGAI59whRlI2bWtUDkJCEUxI9NiL5IkBDyGIelq5OAT6SSzq6fmsVYGphcI/bgyZ+rfiQR8KWPf1Z0+qJFc9FLxP68bKe/KSSgPI0U4zhZ5ETNVYKYRmAMqCFYs1gBYUH2riUcgACsd1NyWcBRLiuXcRxJFx0+ZkhKjrgARJ5MIeOboGO3F0JahdVqzL2rnd2fV+nUeaAEdoiN0gmx0ieroFjVQE2E0QS/oFb0Z78an8WV8Z60rRj5TQXNl/PwC23Ctnw==</latexit>|jni

Figure 3.1: Digital implementation of the QFT for an n−qubit system. Each set
of controlled operations cRk is preceded by a Hadamard gate, H. The family of controlled
rotations cRk is defined as cRk = |0⟩⟨0| ⊗ 1 + |1⟩⟨1| ⊗ Rk, with Rk = |0⟩⟨0| + e2πi/2k

|1⟩⟨1|.
The final state is written using the binary representation for |j⟩, where j = j1j2...jn =∑n

l=1 jl2n−l, and 0.jljl+1...jm, refers to the binary fraction jl/2 + jl+1/4 + ...+ jm/2m−l+1.

cRk = |0⟩⟨0| ⊗ 1+ |1⟩⟨1| ⊗Rk =


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 e2πi/2k

. (3.5)

They appear in (n− 1) different blocks of controlled rotations, all of them preceded
by a Hadamard gate as shown in Fig. 3.1.

In order to apply the DAQC protocol to implement the QFT, we first have to
describe the complete QFT as one unitary operation whose Hamiltonian we can sim-
ulate using the DAQC algorithms presented in section 2.1. To do that, we express
the unitary matrices involved in the algorithm in terms of the resource Hamiltonian.
Without loss of generality, we will assume that the interaction in the quantum pro-
cessor can be described by an ATA two-body Ising Hamiltonian. Thus, s complete
quantum subroutine can be defined as

UQFT =
[
n−1∏
m=1

USQG,mUTQG,m

]
UH,m, (3.6)

where

USQG,m = exp

i n−(m−1)∑
k=2

θk

(
1N×N − σ(k+m−1)

z − σ(m)
z

)
× exp

[
iπ

2

(
1− σ

(m)
z + σ

(m)
x√

2

)]
, (3.7)

UTQG = exp
(
i

n∑
c<k

αc,k,mσ
(c)
z ⊗ σ(k)

z

)
, (3.8)

UH,m = exp
(
iπ

2

[
1

(m) − (σ(m)
z + σ

(m)
x )√

2

])
, (3.9)

θk = π

2k+1 , and αc,k,m = δc,m
π

2k−m+2 . (3.10)
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3.1 Quantum Fourier transform

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="O0j+9BRclJlylcVAD2H3QPD1ejE=">AAACLHicbVDLTsJAFJ3BF+ILZOlmIjFxRVria0l04xIfCAk0ZDpMYcJ0WmemJrXhE9zqX/g1boxx63c4pV0IeJKbnJxzb+69xw05U9qyPmFhZXVtfaO4Wdra3tndK1f2H1QQSULbJOCB7LpYUc4EbWumOe2GkmLf5bTjTq5Sv/NEpWKBuNdxSB0fjwTzGMHaSHe3g8agXLPq1gxomdg5qYEcrUEFVvvDgEQ+FZpwrFTPtkLtJFhqRjidlvqRoiEmEzyiPUMF9qlyktmtU3RklCHyAmlKaDRT/04k2Fcq9l3T6WM9VoteKv7n9SLtXTgJE2GkqSDZIi/iSAcofRwNmaRE89gQTCQztyIyxhITbeKZ2xKOY8WImnsk0WzynCkp48yVWMbJY4RF5pgY7cXQlslDo26f1U9vTmrNyzzQIjgAh+AY2OAcNME1aIE2IGAEXsAreIPv8AN+we+stQDzmSqYA/z5BRfUqJ4=</latexit>

R2

<latexit sha1_base64="O0j+9BRclJlylcVAD2H3QPD1ejE=">AAACLHicbVDLTsJAFJ3BF+ILZOlmIjFxRVria0l04xIfCAk0ZDpMYcJ0WmemJrXhE9zqX/g1boxx63c4pV0IeJKbnJxzb+69xw05U9qyPmFhZXVtfaO4Wdra3tndK1f2H1QQSULbJOCB7LpYUc4EbWumOe2GkmLf5bTjTq5Sv/NEpWKBuNdxSB0fjwTzGMHaSHe3g8agXLPq1gxomdg5qYEcrUEFVvvDgEQ+FZpwrFTPtkLtJFhqRjidlvqRoiEmEzyiPUMF9qlyktmtU3RklCHyAmlKaDRT/04k2Fcq9l3T6WM9VoteKv7n9SLtXTgJE2GkqSDZIi/iSAcofRwNmaRE89gQTCQztyIyxhITbeKZ2xKOY8WImnsk0WzynCkp48yVWMbJY4RF5pgY7cXQlslDo26f1U9vTmrNyzzQIjgAh+AY2OAcNME1aIE2IGAEXsAreIPv8AN+we+stQDzmSqYA/z5BRfUqJ4=</latexit>

R2

<latexit sha1_base64="En0lG8JB/4MzS9TlBg0YJ+zFhkY=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsW3bisYC+QhnIynbRjJ5M4MxFi7GO41bfwXQR34tZncNJ0YVsPDHz8/zmcM78XMSqVZX0YhZXVtfWN4mZpa3tnd69c2W/LMBaYtHDIQtH1QBJGOWkpqhjpRoJA4DHS8cbXmd95JELSkN+pJCJuAENOfYpBacl5vu/bPQF8yEi/XLPq1rTMZbBnUEOzavYrRrU3CHEcEK4wAykd24qUm4JQFDMyKfViSSLAYxgSRyOHgEg3nd48MY+0MjD9UOjHlTlV/06kEEiZBJ7uDECN5KKXif95Tqz8SzelPIoV4Thf5MfMVKGZBWAOqCBYsUQDYEH1rSYegQCsdExzW6JRIimWcx9JFR0/5UpGjHoCRJI+xMBzR8doL4a2DO2Tun1eP7s9rTWuZoEW0QE6RMfIRheogW5QE7UQRiF6Qa/ozXg3Po0v4ztvLRizmSqaK+PnF2B9rFY=</latexit>|j1i
<latexit sha1_base64="UdNVrXowUkll4nDmZNzhjlekPTY=">AAACNHicbZDLSsNAFIYnXmu9tXbpJlgEVyUp3pZFNy4r2AukoZxMp+3YySTOTIQY+xhu9S18F8GduPUZnDRZ2NYDAx//fw7nzO+FjEplWR/Gyura+sZmYau4vbO7t18qH7RlEAlMWjhggeh6IAmjnLQUVYx0Q0HA9xjpeJPr1O88EiFpwO9UHBLXhxGnQ4pBacl5vu/XewL4iJF+qWrVrFmZy2DnUEV5Nftlo9IbBDjyCVeYgZSObYXKTUAoihmZFnuRJCHgCYyIo5GDT6SbzG6emsdaGZjDQOjHlTlT/04k4EsZ+57u9EGN5aKXiv95TqSGl25CeRgpwnG2aBgxUwVmGoA5oIJgxWINgAXVt5p4DAKw0jHNbQnHsaRYzn0kUXTylCkpMeoJEHHyEAHPHB2jvRjaMrTrNfu8dnZ7Wm1c5YEW0CE6QifIRheogW5QE7UQRgF6Qa/ozXg3Po0v4ztrXTHymQqaK+PnF2JKrFc=</latexit>|j2i
<latexit sha1_base64="rjFq+kUm9zE1YYzSXfLTtp2Gv5M=">AAACNnicbZDLTsJAFIaneEO8gSzdNBITV6T1viS6cYmJXBJoyOkwhZHptMxMTWrlOdzqW/gqbtwZtz6CU8pCwJNM8uX/z8k587sho1JZ1oeRW1ldW9/Ibxa2tnd294ql/aYMIoFJAwcsEG0XJGGUk4aiipF2KAj4LiMtd3ST+q1HIiQN+L2KQ+L4MODUoxiUlpznh15yOukK4ANGesWKVbWmZS6DPYMKmlW9VzLK3X6AI59whRlI2bGtUDkJCEUxI5NCN5IkBDyCAelo5OAT6STTqyfmkVb6phcI/bgyp+rfiQR8KWPf1Z0+qKFc9FLxP68TKe/KSSgPI0U4zhZ5ETNVYKYRmH0qCFYs1gBYUH2riYcgACsd1NyWcBhLiuXcRxJFR0+ZkhKjrgARJ+MIeOboGO3F0JaheVK1L6rnd2eV2vUs0Dw6QIfoGNnoEtXQLaqjBsJojF7QK3oz3o1P48v4zlpzxmymjObK+PkFcPatZA==</latexit>|j3i

<latexit sha1_base64="G697XrNBPkXW8megmCWcY1FWNjs=">AAACLHicbVDJTsMwELXLVsrW0iMXiwqJU5WwHyu4cCxLF6mNKsd1WquOE2wHKUT9BK7wF3wNF4S48h04TQ608KSRnt6b0cw8N+RMacv6gIWl5ZXVteJ6aWNza3unXNltqyCShLZIwAPZdbGinAna0kxz2g0lxb7LacedXKV+55FKxQJxr+OQOj4eCeYxgrWR7m4Hx4NyzapbM6C/xM5JDeRoDiqw2h8GJPKp0IRjpXq2FWonwVIzwum01I8UDTGZ4BHtGSqwT5WTzG6dogOjDJEXSFNCo5n6eyLBvlKx75pOH+uxWvRS8T+vF2nvwkmYCCNNBckWeRFHOkDp42jIJCWax4ZgIpm5FZExlphoE8/clnAcK0bU3COJZpOnTEkZZ67EMk4eIiwyx8RoL4b2l7SP6vZZ/fTmpNa4zAMtgj2wDw6BDc5BA1yDJmgBAkbgGbyAV/gG3+En/MpaCzCfqYI5wO8fGZqonw==</latexit>

R3

<latexit sha1_base64="X+hI9A6lNLCEaFBiVgv+ASQrwIo="></latexit>

|0i + e2⇡i0.j1j2j3 |1i
<latexit sha1_base64="k1qP995XKDH4JvgC0rYNYjJDtOU="></latexit>

|0i + e2⇡i0.j2j3 |1i
<latexit sha1_base64="oOOAGZrQJEsPR7zg7WlbKCeflj0="></latexit>

|0i + e2⇡i0.j3 |1i

<latexit sha1_base64="UV37uNF6t612jjjkxr0X/vDzcWA=">AAACN3icbZDLTgIxFIY7XhFvIEs3jcTEFZkx3pYksHAJiVwSQNIpHWjodMb2jHGc8B5u9S18FFfujFvfwAKzEPAkTb78/zk5p78bCq7Btj+stfWNza3tzE52d2//4DCXP2rqIFKUNWggAtV2iWaCS9YADoK1Q8WI7wrWcseVqd96ZErzQN5BHLKeT4aSe5wSMNJ9F9gTJF3Xw9V6ZdLPFe2SPSu8Ck4KRZRWrZ+3Ct1BQCOfSaCCaN1x7BB6CVHAqWCTbDfSLCR0TIasY1ASn+leMjt7gk+NMsBeoMyTgGfq34mE+FrHvms6fQIjvexNxf+8TgTeTS/hMoyASTpf5EUCQ4CnGeABV4yCiA0Qqri5FdMRUYSCSWphSziKNad64SMJ8PHzXJmS4K4iKk4eIiLnjonRWQ5tFZrnJeeqdFm/KJaraaAZdIxO0Bly0DUqo1tUQw1EkUIv6BW9We/Wp/Vlfc9b16x0poAWyvr5BX6orWA=</latexit>

DQC

<latexit sha1_base64="njNDQifSsQhCUL4BwxjwXfrcy2o=">AAACO3icbZDLTgIxFIY7eEO8gSzdNBITV2TGeFtiYOESErkkQEindKCh0xnbM8Rxwpu41bfwQVy7M27dWy4LAU/S5Mv/n5Nz+ruh4Bps+8NKbWxube+kdzN7+weHR9nccUMHkaKsTgMRqJZLNBNcsjpwEKwVKkZ8V7CmOypP/eaYKc0D+QBxyLo+GUjucUrASL1stgPsCZKO62FduauVJ71swS7as8Lr4CyggBZV7eWsfKcf0MhnEqggWrcdO4RuQhRwKtgk04k0CwkdkQFrG5TEZ7qbzE6f4DOj9LEXKPMk4Jn6dyIhvtax75pOn8BQr3pT8T+vHYF32024DCNgks4XeZHAEOBpDrjPFaMgYgOEKm5uxXRIFKFg0lraEg5jzale+kgCfPQ8V6YkuKuIipPHiMi5Y2J0VkNbh8ZF0bkuXtUuC6XKItA0OkGn6Bw56AaV0D2qojqiaIxe0Ct6s96tT+vL+p63pqzFTB4tlfXzC5NYrlk=</latexit>

sDAQC

<latexit sha1_base64="48nYTp8RoJkOAqhJ2j3xelDufY0=">AAACO3icbZDLTgIxFIY7eEO8gSzdNBITV2TGeFtiYOESErkkQEindKCh0xnbM8Rxwpu41bfwQVy7M27dWy4LAU/S5Mv/n5Nz+ruh4Bps+8NKbWxube+kdzN7+weHR9nccUMHkaKsTgMRqJZLNBNcsjpwEKwVKkZ8V7CmOypP/eaYKc0D+QBxyLo+GUjucUrASL1stgPsCZKO62G3clcrT3rZgl20Z4XXwVlAAS2q2stZ+U4/oJHPJFBBtG47dgjdhCjgVLBJphNpFhI6IgPWNiiJz3Q3mZ0+wWdG6WMvUOZJwDP170RCfK1j3zWdPoGhXvWm4n9eOwLvtptwGUbAJJ0v8iKBIcDTHHCfK0ZBxAYIVdzciumQKELBpLW0JRzGmlO99JEE+Oh5rkxJcFcRFSePEZFzx8TorIa2Do2LonNdvKpdFkqVRaBpdIJO0Tly0A0qoXtURXVE0Ri9oFf0Zr1bn9aX9T1vTVmLmTxaKuvnF3Tdrkg=</latexit>

bDAQC

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="KF2IrWh3CMXsjINdc0PQQoiE22A=">AAACPHicbVBNT8JAEN3iF+IXyNFLIzHBC2mNX0eiF4+YWCAB0myXBTZst3V3qtaGn+JV/4X/w7s349WzW8pBwJdM8vLeTGbmeSFnCizrw8itrK6tb+Q3C1vbO7t7xdJ+UwWRJNQhAQ9k28OKciaoAww4bYeSYt/jtOWNr1O/9UClYoG4gzikPR8PBRswgkFLbrHkuF2gT5AwAZMquPaxW6xYNWsKc5nYM1JBMzTcklHu9gMS+VQA4Vipjm2F0EuwBEY4nRS6kaIhJmM8pB1NBfap6iXT2yfmkVb65iCQugSYU/XvRIJ9pWLf050+hpFa9FLxP68TweCyp98KI6CCZIsGETchMNMgzD6TlACPNcFEMn2rSUZYYgI6rrkt4ShWjKi5RxJg4+dMSRlnnsQyTu4jLDJHx2gvhrZMmic1+7x2dntaqV/NAs2jA3SIqshGF6iOblADOYigR/SCXtGb8W58Gl/Gd9aaM2YzZTQH4+cXqh6u5Q==</latexit>

Uint(t1)
<latexit sha1_base64="BjvXtQuHYjoH7T+XIkqmEnNTuNQ=">AAACPHicbVBNT8JAEN36ifgFcvTSSEzwQlri15HoxSMmFkiANNtlgQ3bbd2dqrXhp3jVf+H/8O7NePXslnIQ8CWTvLw3k5l5XsiZAsv6MFZW19Y3NnNb+e2d3b39QvGgqYJIEuqQgAey7WFFORPUAQactkNJse9x2vLG16nfeqBSsUDcQRzSno+Hgg0YwaAlt1B03C7QJ0iYgEkF3NqJWyhbVWsKc5nYM1JGMzTcolHq9gMS+VQA4Vipjm2F0EuwBEY4neS7kaIhJmM8pB1NBfap6iXT2yfmsVb65iCQugSYU/XvRIJ9pWLf050+hpFa9FLxP68TweCyp98KI6CCZIsGETchMNMgzD6TlACPNcFEMn2rSUZYYgI6rrkt4ShWjKi5RxJg4+dMSRlnnsQyTu4jLDJHx2gvhrZMmrWqfV49uz0t169mgebQITpCFWSjC1RHN6iBHETQI3pBr+jNeDc+jS/jO2tdMWYzJTQH4+cXq+Wu5g==</latexit>

Uint(t2)
<latexit sha1_base64="womAKTtDXcmNZuBg559g9p1l9CQ=">AAACPHicbVBNT8JAEN36ifgFcvTSSEzwQlq/j0QvHjGxQAKk2S4LbNhu6+5UrQ0/xav+C/+Hd2/Gq2e30IOAL5nk5b2ZzMzzQs4UWNaHsbS8srq2ntvIb25t7+wWinsNFUSSUIcEPJAtDyvKmaAOMOC0FUqKfY/Tpje6Tv3mA5WKBeIO4pB2fTwQrM8IBi25haLjdoA+QcIEjCvgnhy5hbJVtSYwF4mdkTLKUHeLRqnTC0jkUwGEY6XathVCN8ESGOF0nO9EioaYjPCAtjUV2Keqm0xuH5uHWumZ/UDqEmBO1L8TCfaVin1Pd/oYhmreS8X/vHYE/cuufiuMgAoyXdSPuAmBmQZh9pikBHisCSaS6VtNMsQSE9BxzWwJh7FiRM08kgAbPU+VlHHmSSzj5D7CYuroGO350BZJ47hqn1fPbk/Ltass0BzaRweogmx0gWroBtWRgwh6RC/oFb0Z78an8WV8T1uXjGymhGZg/PwCrayu5w==</latexit>

Uint(t3)
<latexit sha1_base64="dZhWr7vaCnP/Biuwx0d4GllDk9M=">AAACPHicbVBNT8JAEN36ifgFcvTSSEzwQlqDH0eiF4+YWCAB0myXBTZst3V3qtaGn+JV/4X/w7s349WzW8pBwJdM8vLeTGbmeSFnCizrw1hZXVvf2Mxt5bd3dvf2C8WDpgoiSahDAh7ItocV5UxQBxhw2g4lxb7HacsbX6d+64FKxQJxB3FIez4eCjZgBIOW3ELRcbtAnyBhAiYVcGsnbqFsVa0pzGViz0gZzdBwi0ap2w9I5FMBhGOlOrYVQi/BEhjhdJLvRoqGmIzxkHY0FdinqpdMb5+Yx1rpm4NA6hJgTtW/Ewn2lYp9T3f6GEZq0UvF/7xOBIPLnn4rjIAKki0aRNyEwEyDMPtMUgI81gQTyfStJhlhiQnouOa2hKNYMaLmHkmAjZ8zJWWceRLLOLmPsMgcHaO9GNoyaZ5W7fPq2W2tXL+aBZpDh+gIVZCNLlAd3aAGchBBj+gFvaI34934NL6M76x1xZjNlNAcjJ9fr3Ou6A==</latexit>

Uint(t4)
<latexit sha1_base64="P0Fg3RlMPS1J4kcygzv91GQxtSI=">AAACPHicbVBNT8JAEN36ifgFcvTSSEzwQloj6pHoxSMmFkiANNtlgQ3bbd2dqrXhp3jVf+H/8O7NePXslnIQ8CWTvLw3k5l5XsiZAsv6MFZW19Y3NnNb+e2d3b39QvGgqYJIEuqQgAey7WFFORPUAQactkNJse9x2vLG16nfeqBSsUDcQRzSno+Hgg0YwaAlt1B03C7QJ0iYgEkF3NqJWyhbVWsKc5nYM1JGMzTcolHq9gMS+VQA4Vipjm2F0EuwBEY4neS7kaIhJmM8pB1NBfap6iXT2yfmsVb65iCQugSYU/XvRIJ9pWLf050+hpFa9FLxP68TweCyp98KI6CCZIsGETchMNMgzD6TlACPNcFEMn2rSUZYYgI6rrkt4ShWjKi5RxJg4+dMSRlnnsQyTu4jLDJHx2gvhrZMmqdV+7xauz0r169mgebQITpCFWSjC1RHN6iBHETQI3pBr+jNeDc+jS/jO2tdMWYzJTQH4+cXsTqu6Q==</latexit>

Uint(t5)
<latexit sha1_base64="TSc4Z6ByuyRjsidPS+tj9MCcO/A=">AAACPHicbVBNT8JAEN36ifgFcvTSSEzwQlqj6JHoxSMmFkiANNtlgQ3bbd2dqrXhp3jVf+H/8O7NePXslnIQ8CWTvLw3k5l5XsiZAsv6MFZW19Y3NnNb+e2d3b39QvGgqYJIEuqQgAey7WFFORPUAQactkNJse9x2vLG16nfeqBSsUDcQRzSno+Hgg0YwaAlt1B03C7QJ0iYgEkF3NqJWyhbVWsKc5nYM1JGMzTcolHq9gMS+VQA4Vipjm2F0EuwBEY4neS7kaIhJmM8pB1NBfap6iXT2yfmsVb65iCQugSYU/XvRIJ9pWLf050+hpFa9FLxP68TweCyp98KI6CCZIsGETchMNMgzD6TlACPNcFEMn2rSUZYYgI6rrkt4ShWjKi5RxJg4+dMSRlnnsQyTu4jLDJHx2gvhrZMmqdVu1Y9vz0r169mgebQITpCFWSjC1RHN6iBHETQI3pBr+jNeDc+jS/jO2tdMWYzJTQH4+cXswGu6g==</latexit>

Uint(t6)

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="X+hI9A6lNLCEaFBiVgv+ASQrwIo="></latexit>

|0i + e2⇡i0.j1j2j3 |1i
<latexit sha1_base64="k1qP995XKDH4JvgC0rYNYjJDtOU="></latexit>

|0i + e2⇡i0.j2j3 |1i
<latexit sha1_base64="oOOAGZrQJEsPR7zg7WlbKCeflj0="></latexit>

|0i + e2⇡i0.j3 |1i

<latexit sha1_base64="En0lG8JB/4MzS9TlBg0YJ+zFhkY=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsW3bisYC+QhnIynbRjJ5M4MxFi7GO41bfwXQR34tZncNJ0YVsPDHz8/zmcM78XMSqVZX0YhZXVtfWN4mZpa3tnd69c2W/LMBaYtHDIQtH1QBJGOWkpqhjpRoJA4DHS8cbXmd95JELSkN+pJCJuAENOfYpBacl5vu/bPQF8yEi/XLPq1rTMZbBnUEOzavYrRrU3CHEcEK4wAykd24qUm4JQFDMyKfViSSLAYxgSRyOHgEg3nd48MY+0MjD9UOjHlTlV/06kEEiZBJ7uDECN5KKXif95Tqz8SzelPIoV4Thf5MfMVKGZBWAOqCBYsUQDYEH1rSYegQCsdExzW6JRIimWcx9JFR0/5UpGjHoCRJI+xMBzR8doL4a2DO2Tun1eP7s9rTWuZoEW0QE6RMfIRheogW5QE7UQRiF6Qa/ozXg3Po0v4ztvLRizmSqaK+PnF2B9rFY=</latexit>|j1i
<latexit sha1_base64="UdNVrXowUkll4nDmZNzhjlekPTY=">AAACNHicbZDLSsNAFIYnXmu9tXbpJlgEVyUp3pZFNy4r2AukoZxMp+3YySTOTIQY+xhu9S18F8GduPUZnDRZ2NYDAx//fw7nzO+FjEplWR/Gyura+sZmYau4vbO7t18qH7RlEAlMWjhggeh6IAmjnLQUVYx0Q0HA9xjpeJPr1O88EiFpwO9UHBLXhxGnQ4pBacl5vu/XewL4iJF+qWrVrFmZy2DnUEV5Nftlo9IbBDjyCVeYgZSObYXKTUAoihmZFnuRJCHgCYyIo5GDT6SbzG6emsdaGZjDQOjHlTlT/04k4EsZ+57u9EGN5aKXiv95TqSGl25CeRgpwnG2aBgxUwVmGoA5oIJgxWINgAXVt5p4DAKw0jHNbQnHsaRYzn0kUXTylCkpMeoJEHHyEAHPHB2jvRjaMrTrNfu8dnZ7Wm1c5YEW0CE6QifIRheogW5QE7UQRgF6Qa/ozXg3Po0v4ztrXTHymQqaK+PnF2JKrFc=</latexit>|j2i
<latexit sha1_base64="rjFq+kUm9zE1YYzSXfLTtp2Gv5M=">AAACNnicbZDLTsJAFIaneEO8gSzdNBITV6T1viS6cYmJXBJoyOkwhZHptMxMTWrlOdzqW/gqbtwZtz6CU8pCwJNM8uX/z8k587sho1JZ1oeRW1ldW9/Ibxa2tnd294ql/aYMIoFJAwcsEG0XJGGUk4aiipF2KAj4LiMtd3ST+q1HIiQN+L2KQ+L4MODUoxiUlpznh15yOukK4ANGesWKVbWmZS6DPYMKmlW9VzLK3X6AI59whRlI2bGtUDkJCEUxI5NCN5IkBDyCAelo5OAT6STTqyfmkVb6phcI/bgyp+rfiQR8KWPf1Z0+qKFc9FLxP68TKe/KSSgPI0U4zhZ5ETNVYKYRmH0qCFYs1gBYUH2riYcgACsd1NyWcBhLiuXcRxJFR0+ZkhKjrgARJ+MIeOboGO3F0JaheVK1L6rnd2eV2vUs0Dw6QIfoGNnoEtXQLaqjBsJojF7QK3oz3o1P48v4zlpzxmymjObK+PkFcPatZA==</latexit>|j3i

<latexit sha1_base64="SEtwHlvLu8Djsxa3Q/zIgDPFJeQ=">AAACLHicbVDLSsNAFJ34rPXV2qWbwSK4Kon4WknBjcuK9gFtKJPptB06mcSZGyGGfoJb/Qu/xo2IW7/DSZOFbT1w4XDOvdx7jxcKrsG2P62V1bX1jc3CVnF7Z3dvv1Q+aOkgUpQ1aSAC1fGIZoJL1gQOgnVCxYjvCdb2Jjep335iSvNAPkAcMtcnI8mHnBIw0j30nX6patfsGfAycXJSRTka/bJV6Q0CGvlMAhVE665jh+AmRAGngk2LvUizkNAJGbGuoZL4TLvJ7NYpPjbKAA8DZUoCnql/JxLiax37nun0CYz1opeK/3ndCIZXbsJlGAGTNFs0jASGAKeP4wFXjIKIDSFUcXMrpmOiCAUTz9yWcBxrTvXcIwnwyXOmpExwTxEVJ48RkZljYnQWQ1smrdOac1E7vzur1q/zQAvoEB2hE+SgS1RHt6iBmoiiEXpBr+jNerc+rC/rO2tdsfKZCpqD9fMLUWqouw==</latexit>

t1
<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t
<latexit sha1_base64="N2Y0ogR7rkv6tgonIMGoWya9/yw=">AAACLHicbVDLSsNAFJ3UV62v1i7dBIvgqiTF10oKblxWtA9oQ5lMJ+3QySTO3Agx9BPc6l/4NW5E3PodTposbOuBC4dz7uXee9yQMwWW9WkU1tY3NreK26Wd3b39g3LlsKOCSBLaJgEPZM/FinImaBsYcNoLJcW+y2nXnd6kfveJSsUC8QBxSB0fjwXzGMGgpXsYNoblmlW35jBXiZ2TGsrRGlaM6mAUkMinAgjHSvVtKwQnwRIY4XRWGkSKhphM8Zj2NRXYp8pJ5rfOzBOtjEwvkLoEmHP170SCfaVi39WdPoaJWvZS8T+vH4F35SRMhBFQQbJFXsRNCMz0cXPEJCXAY00wkUzfapIJlpiAjmdhSziJFSNq4ZEE2PQ5U1LGmSuxjJPHCIvM0THay6Gtkk6jbl/Uz+/Oas3rPNAiOkLH6BTZ6BI10S1qoTYiaIxe0Ct6M96ND+PL+M5aC0Y+U0ULMH5+AVMwqLw=</latexit>

t2
<latexit sha1_base64="EHwFF73FV7EUsJmu4LuGvipA2tI=">AAACLHicbVDLSsNAFJ3UV62v1i7dBIvgqiS+V1Jw47KifUAbymQ6aYdOJnHmRoihn+BW/8KvcSPi1u9w0mRhWw9cOJxzL/fe44acKbCsT6Owsrq2vlHcLG1t7+zulSv7bRVEktAWCXgguy5WlDNBW8CA024oKfZdTjvu5Cb1O09UKhaIB4hD6vh4JJjHCAYt3cPgdFCuWXVrBnOZ2DmpoRzNQcWo9ocBiXwqgHCsVM+2QnASLIERTqelfqRoiMkEj2hPU4F9qpxkduvUPNLK0PQCqUuAOVP/TiTYVyr2Xd3pYxirRS8V//N6EXhXTsJEGAEVJFvkRdyEwEwfN4dMUgI81gQTyfStJhljiQnoeOa2hONYMaLmHkmATZ4zJWWcuRLLOHmMsMgcHaO9GNoyaZ/U7Yv6+d1ZrXGdB1pEB+gQHSMbXaIGukVN1EIEjdALekVvxrvxYXwZ31lrwchnqmgOxs8vVPaovQ==</latexit>

t3
<latexit sha1_base64="TCEsJrtllX23X8T08nozXYe9EbI=">AAACLHicbVDLSsNAFJ3UV62v1i7dBIvgqiRSHyspuHFZ0T6gDWUynbRDJ5M4cyPE0E9wq3/h17gRcet3OGmysK0HLhzOuZd773FDzhRY1qdRWFvf2Nwqbpd2dvf2D8qVw44KIklomwQ8kD0XK8qZoG1gwGkvlBT7Lqddd3qT+t0nKhULxAPEIXV8PBbMYwSDlu5h2BiWa1bdmsNcJXZOaihHa1gxqoNRQCKfCiAcK9W3rRCcBEtghNNZaRApGmIyxWPa11Rgnyonmd86M0+0MjK9QOoSYM7VvxMJ9pWKfVd3+hgmatlLxf+8fgTelZMwEUZABckWeRE3ITDTx80Rk5QAjzXBRDJ9q0kmWGICOp6FLeEkVoyohUcSYNPnTEkZZ67EMk4eIywyR8doL4e2Sjpndfuifn7XqDWv80CL6Agdo1Nko0vURLeohdqIoDF6Qa/ozXg3Powv4ztrLRj5TBUtwPj5BVa8qL4=</latexit>

t4
<latexit sha1_base64="D8Qj33QQDFlR6kVqQz0fLrGc8+M=">AAACLHicbVDLSsNAFJ3UV62v1i7dBIvgqiRi1ZUU3LisaB/QhjKZTtqhk0mcuRFi6Ce41b/wa9yIuPU7nDRZ2NYDFw7n3Mu997ghZwos69MorK1vbG4Vt0s7u3v7B+XKYUcFkSS0TQIeyJ6LFeVM0DYw4LQXSop9l9OuO71J/e4TlYoF4gHikDo+HgvmMYJBS/cwbAzLNatuzWGuEjsnNZSjNawY1cEoIJFPBRCOlerbVghOgiUwwumsNIgUDTGZ4jHtayqwT5WTzG+dmSdaGZleIHUJMOfq34kE+0rFvqs7fQwTteyl4n9ePwLvykmYCCOggmSLvIibEJjp4+aISUqAx5pgIpm+1SQTLDEBHc/ClnASK0bUwiMJsOlzpqSMM1diGSePERaZo2O0l0NbJZ2zun1Rb9yd15rXeaBFdISO0Smy0SVqolvUQm1E0Bi9oFf0ZrwbH8aX8Z21Fox8pooWYPz8AliCqL8=</latexit>

t5
<latexit sha1_base64="ZyaTJv4xR4YotoEoIr/pCU5BMxQ=">AAACLHicbVDLSsNAFJ3UV62v1i7dBIvgqiSi1ZUU3LisaB/QhjKZTtqhk0mcuRFi6Ce41b/wa9yIuPU7nDRZ2NYDFw7n3Mu997ghZwos69MorK1vbG4Vt0s7u3v7B+XKYUcFkSS0TQIeyJ6LFeVM0DYw4LQXSop9l9OuO71J/e4TlYoF4gHikDo+HgvmMYJBS/cwbAzLNatuzWGuEjsnNZSjNawY1cEoIJFPBRCOlerbVghOgiUwwumsNIgUDTGZ4jHtayqwT5WTzG+dmSdaGZleIHUJMOfq34kE+0rFvqs7fQwTteyl4n9ePwLvykmYCCOggmSLvIibEJjp4+aISUqAx5pgIpm+1SQTLDEBHc/ClnASK0bUwiMJsOlzpqSMM1diGSePERaZo2O0l0NbJZ2zut2oX9yd15rXeaBFdISO0Smy0SVqolvUQm1E0Bi9oFf0ZrwbH8aX8Z21Fox8pooWYPz8AlpIqMA=</latexit>

t6
<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t
<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t
<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="En0lG8JB/4MzS9TlBg0YJ+zFhkY=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsW3bisYC+QhnIynbRjJ5M4MxFi7GO41bfwXQR34tZncNJ0YVsPDHz8/zmcM78XMSqVZX0YhZXVtfWN4mZpa3tnd69c2W/LMBaYtHDIQtH1QBJGOWkpqhjpRoJA4DHS8cbXmd95JELSkN+pJCJuAENOfYpBacl5vu/bPQF8yEi/XLPq1rTMZbBnUEOzavYrRrU3CHEcEK4wAykd24qUm4JQFDMyKfViSSLAYxgSRyOHgEg3nd48MY+0MjD9UOjHlTlV/06kEEiZBJ7uDECN5KKXif95Tqz8SzelPIoV4Thf5MfMVKGZBWAOqCBYsUQDYEH1rSYegQCsdExzW6JRIimWcx9JFR0/5UpGjHoCRJI+xMBzR8doL4a2DO2Tun1eP7s9rTWuZoEW0QE6RMfIRheogW5QE7UQRiF6Qa/ozXg3Po0v4ztvLRizmSqaK+PnF2B9rFY=</latexit>|j1i
<latexit sha1_base64="UdNVrXowUkll4nDmZNzhjlekPTY=">AAACNHicbZDLSsNAFIYnXmu9tXbpJlgEVyUp3pZFNy4r2AukoZxMp+3YySTOTIQY+xhu9S18F8GduPUZnDRZ2NYDAx//fw7nzO+FjEplWR/Gyura+sZmYau4vbO7t18qH7RlEAlMWjhggeh6IAmjnLQUVYx0Q0HA9xjpeJPr1O88EiFpwO9UHBLXhxGnQ4pBacl5vu/XewL4iJF+qWrVrFmZy2DnUEV5Nftlo9IbBDjyCVeYgZSObYXKTUAoihmZFnuRJCHgCYyIo5GDT6SbzG6emsdaGZjDQOjHlTlT/04k4EsZ+57u9EGN5aKXiv95TqSGl25CeRgpwnG2aBgxUwVmGoA5oIJgxWINgAXVt5p4DAKw0jHNbQnHsaRYzn0kUXTylCkpMeoJEHHyEAHPHB2jvRjaMrTrNfu8dnZ7Wm1c5YEW0CE6QifIRheogW5QE7UQRgF6Qa/ozXg3Po0v4ztrXTHymQqaK+PnF2JKrFc=</latexit>|j2i
<latexit sha1_base64="rjFq+kUm9zE1YYzSXfLTtp2Gv5M=">AAACNnicbZDLTsJAFIaneEO8gSzdNBITV6T1viS6cYmJXBJoyOkwhZHptMxMTWrlOdzqW/gqbtwZtz6CU8pCwJNM8uX/z8k587sho1JZ1oeRW1ldW9/Ibxa2tnd294ql/aYMIoFJAwcsEG0XJGGUk4aiipF2KAj4LiMtd3ST+q1HIiQN+L2KQ+L4MODUoxiUlpznh15yOukK4ANGesWKVbWmZS6DPYMKmlW9VzLK3X6AI59whRlI2bGtUDkJCEUxI5NCN5IkBDyCAelo5OAT6STTqyfmkVb6phcI/bgyp+rfiQR8KWPf1Z0+qKFc9FLxP68TKe/KSSgPI0U4zhZ5ETNVYKYRmH0qCFYs1gBYUH2riYcgACsd1NyWcBhLiuXcRxJFR0+ZkhKjrgARJ+MIeOboGO3F0JaheVK1L6rnd2eV2vUs0Dw6QIfoGNnoEtXQLaqjBsJojF7QK3oz3o1P48v4zlpzxmymjObK+PkFcPatZA==</latexit>|j3i

<latexit sha1_base64="BABeQbQ34RCmrGssHMakSYsaLHc="></latexit>

t1 �
3

2
�t

<latexit sha1_base64="FC/z8E3nTvLQfwIuU50LAMKaJis="></latexit>

t6 �
3

2
�t

<latexit sha1_base64="vnMNtHmtWEtpdMLQc/L+zC1bCNo=">AAACNXicbZDLSgMxFIYz9VbrrbVLN8EiuLHMFG8rKejCZQVrC20pZ9LUhmYyY3JGGIe+hlt9C5/FhTtx6yuYXha2eiDw8f/ncE5+P5LCoOu+O5ml5ZXVtex6bmNza3snX9i9M2GsGa+zUIa66YPhUiheR4GSNyPNIfAlb/jDy7HfeOTaiFDdYhLxTgD3SvQFA7RSG7uVo/YVlwgUu/mSW3YnRf+CN4MSmVWtW3CK7V7I4oArZBKMaXluhJ0UNAom+SjXjg2PgA3hnrcsKgi46aSTo0f0wCo92g+1fQrpRP09kUJgTBL4tjMAHJhFbyz+57Vi7J93UqGiGLli00X9WFIM6TgB2hOaM5SJBWBa2FspG4AGhjanuS3RIDGCmbmPpCiGT1NlTFL4GnSSPsSgpo6N0VsM7S/cVcreafnk5rhUvZgFmiV7ZJ8cEo+ckSq5JjVSJ4xE5Jm8kFfnzflwPp2vaWvGmc0UyVw53z8VXawd</latexit>

t2 ��t
<latexit sha1_base64="4Yy4EKM1ZPlRec58UUEH9QQuwuI=">AAACNXicbZDLSsNAFIYn3u+2unQzWAQ3lsT7SgRduFSwWmhCOZlO26GTSZw5EWLwNdzqW/gsLtyJW1/BaZuFbT0w8PH/53DO/GEihUHX/XCmpmdm5+YXFpeWV1bX1kvljTsTp5rxGotlrOshGC6F4jUUKHk90RyiUPL7sHfR9+8fuTYiVreYJTyIoKNEWzBAK/nYPNjzL7lEoNgsVdyqOyg6CV4BFVLUdbPsbPqtmKURV8gkGNPw3ASDHDQKJvnzkp8angDrQYc3LCqIuAnywdHPdMcqLdqOtX0K6UD9O5FDZEwWhbYzAuyaca8v/uc1UmyfBrlQSYpcseGidiopxrSfAG0JzRnKzAIwLeytlHVBA0Ob08iWpJsZwczIR3IUvaeh0icpQg06yx9SUEPHxuiNhzYJd/tV77h6dHNYOT8rAl0gW2Sb7BKPnJBzckWuSY0wkpAX8krenHfn0/lyvoetU04xs0lGyvn5BRcsrB4=</latexit>

t3 ��t
<latexit sha1_base64="BU0rl4UDoHWMCSNCJohS3A6TXok=">AAACNXicbZDLSsNAFIYnXuu9tUs3g0VwY0mkXlZS0IVLBauFtpST6cQOnUzizIkQQ1/Drb6Fz+LCnbj1FZw2XVjrgYGP/z+Hc+b3YykMuu67Mze/sLi0XFhZXVvf2NwqlrZvTZRoxhsskpFu+mC4FIo3UKDkzVhzCH3J7/zB+ci/e+TaiEjdYBrzTgj3SgSCAVqpjd3aQfuCSwSK3WLFrbrjorPgTaBCJnXVLTnldi9iScgVMgnGtDw3xk4GGgWTfLjaTgyPgQ3gnrcsKgi56WTjo4d0zyo9GkTaPoV0rP6eyCA0Jg192xkC9s1fbyT+57USDE47mVBxglyxfFGQSIoRHSVAe0JzhjK1AEwLeytlfdDA0OY0tSXup0YwM/WRDMXgKVdGJIWvQafZQwIqd2yM3t/QZuH2sOodV4+ua5X62STQAtkhu2SfeOSE1MkluSINwkhMnskLeXXenA/n0/nKW+ecyUyZTJXz/QMY+6wf</latexit>

t4 ��t
<latexit sha1_base64="4pHBPTm/UiBwvU8PnoS89yDAkKo=">AAACNXicbZDPSsNAEMY3/q3/W3v0slgEL5ZErHqSgh48KlgttKVMthu7dLOJuxMhhr6GV30Ln8WDN/HqK7hterDWgYUf3zfDzH5+LIVB13135uYXFpeWCyura+sbm1vF0vatiRLNeINFMtJNHwyXQvEGCpS8GWsOoS/5nT84H/l3j1wbEakbTGPeCeFeiUAwQCu1sVs7aF9wiUCxW6y4VXdcdBa8CVTIpK66Jafc7kUsCblCJsGYlufG2MlAo2CSD1fbieExsAHc85ZFBSE3nWx89JDuWaVHg0jbp5CO1d8TGYTGpKFvO0PAvvnrjcT/vFaCwWknEypOkCuWLwoSSTGiowRoT2jOUKYWgGlhb6WsDxoY2pymtsT91Ahmpj6SoRg85cqIpPA16DR7SEDljo3R+xvaLNweVr3jau36qFI/mwRaIDtkl+wTj5yQOrkkV6RBGInJM3khr86b8+F8Ol9565wzmSmTqXK+fwAayqwg</latexit>

t5 ��t

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG

<latexit sha1_base64="FJaTvNQWZh425E6B4kAGsYzSpI8=">AAACNXicbZDLTsJAFIaneEO8gSzdNBITV6Q13pZEF7qEaIGEEjIdBpgwndaZU2NteA23+hY+iwt3xq2v4EC7EPAkk3z5/3NyzvxeyJkCy/owciura+sb+c3C1vbO7l6xtN9UQSQJdUjAA9n2sKKcCeoAA07boaTY9zhteePrqd96pFKxQNxDHNKuj4eCDRjBoCXX6blAnyC5a9xMesWKVbVmZS6DnUEFZVXvlYyy2w9I5FMBhGOlOrYVQjfBEhjhdFJwI0VDTMZ4SDsaBfap6iazoyfmkVb65iCQ+gkwZ+rfiQT7SsW+pzt9DCO16E3F/7xOBIPLbsJEGAEVJF00iLgJgTlNwOwzSQnwWAMmkulbTTLCEhPQOc1tCUexYkTNfSQBNn5OlSlx5kks4+QhwiJ1dIz2YmjL0Dyp2ufVs8ZppXaVBZpHB+gQHSMbXaAaukV15CCCQvSCXtGb8W58Gl/Gd9qaM7KZMpor4+cXS6eszQ==</latexit>

USQG
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="X+hI9A6lNLCEaFBiVgv+ASQrwIo="></latexit>

|0i + e2⇡i0.j1j2j3 |1i
<latexit sha1_base64="k1qP995XKDH4JvgC0rYNYjJDtOU="></latexit>

|0i + e2⇡i0.j2j3 |1i
<latexit sha1_base64="oOOAGZrQJEsPR7zg7WlbKCeflj0="></latexit>

|0i + e2⇡i0.j3 |1i

<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t
<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t
<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t
<latexit sha1_base64="2rFQ5XNJlxDTVWpNECo97C04EV8=">AAACMXicbVDJSgNBEO1xjXFLzNFLYxA8hRlxO0lADx4jmAWSEGo6naRJT8/YXSOMQ37Cq/6FX5ObePUn7CwHk/ig4PFeFVX1/EgKg647dtbWNza3tjM72d29/YPDXP6oZsJYM15loQx1wwfDpVC8igIlb0SaQ+BLXveHdxO//sK1EaF6wiTi7QD6SvQEA7RSo3XPJQLFTq7oltwp6Crx5qRI5qh08k6h1Q1ZHHCFTIIxTc+NsJ2CRsEkH2VbseERsCH0edNSBQE37XR68IieWqVLe6G2pZBO1b8TKQTGJIFvOwPAgVn2JuJ/XjPG3k07FSqKkSs2W9SLJcWQTr6nXaE5Q5lYAkwLeytlA9DA0Ga0sCUaJEYws/BIimL4OlMmTApfg07S5xjUzLExesuhrZLaecm7Kl0+XhTLt/NAM+SYnJAz4pFrUiYPpEKqhBFJ3sg7+XA+nbHz5XzPWtec+UyBLMD5+QVVzKrD</latexit>

�t

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>
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Figure 3.2: Implementation of the QFT for a 3− qubit system using three different
protocols: DQC, sDAQC and bDAQC. The blue blocks Uint(tk) represent the analog
blocks, and each of them is applied during different times tk. The single-qubit rotations
Rx(π), which correspond to an X gate, act for a time ∆t. We apply the DAQC protocol for
each block of controlled rotations of the DQC implementation, which is detailed by the red
line over each of those blocks. The sDAQC switches on and off the analog evolution before
applying the single-qubit rotations X. In contrast, in the bDAQC protocol, the single-qubit
rotations are performed on top of the analog evolution. The total analog interaction time
in the bDAQC must equal the sum of each individual analog block in the sDAQC.

The superindices in parenthesis specify the qubit in which the unitary operation is
performed and the operators σj refers to the Pauli matrices.

In Fig. 3.2, we depict the DQC implementation of the QFT using Eqs. (3.7)-(3.9).
As one can see, each controlled-rotation block can be implemented by applying first a
set of single-qubit gates, and then a set of two-qubit gates. This is why we decompose
the complete unitary transformation into three different operations. The subindices
SQG and TQG stand for single-qubit gates and two-qubit gates, respectively. The
inhomogeneous ATA two-body Ising Hamiltonian we want to write in the DAQC
framework [see Eq. (3.8)] represents a complete block of controlled rotations, and it
is different for each block. This means that we need to apply the DAQC protocol
(n− 1) times, one time per controlled-rotation block.

Every two-qubit gate is applied following the ATA DQC protocol and using a
fixed π/4 phase

eiφ
µν
jk
σ(j)

µ σ(k)
ν = ei(π/4)σ(j)

y ei(π/4)σ(j)
µ σ(k)

ν eiφ
µν
jk
σ(j)

y e−i(π/4)σ(j)
µ σ(k)

ν e−i(π/4)σ(j)
y . (3.11)

In our case, µ = ν = Z and the phase φµνjk correspond to the coefficient αc,k,m, given
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in Eq. (3.10),

eiαc,k,mσ
(c)
z σ(k)

z = ei(π/4)σ(c)
y ei(π/4)σ(c)

z σ(k)
z eiαc,k,mσ

(c)
y Rx(π)(k)

ei(π/4)σ(c)
z σ(k)

z Rx(π)(k)e−i(π/4)σ(c)
y , (3.12)

where the rotation Rx(θ)(k) is applied to the k−th qubit and its defined as Rx(θ) =
e−iθσx/2. We could also have decomposed the single- and two-qubit gates involved
in the circuit into a base gate-set that forms a universal set of gates, such as
{Rz(θ), Rx(θ),CNOT}. In this case, we decided to go this way so we could be
as close as possible to the work of Parra et. al [51]. In the following works, we
decided to go the other way, so we could include in our simulations the same kind
of experimental errors that companies like IBM specify about their devices. These
specifications were not available when we first presented our work on the QFT, so
we took as reference the state-of-art resonators that were known at that time.

3.1.2 Realistic implementation with experimental errors

Now we will compare the performance of the QFT using two different paradigms, the
DQC and the DAQC. To do so, we will compute the Fourier transform of a family of
initial states |ψ0⟩ = sin β|WN ⟩ + cosβ|GHZN ⟩, with β ∈ [0, π]. We apply the QFT
for a 3-, 5-, and 6-qubit system to gasp the effect of the noise sources as the number
of qubits increases. As a figure of merit we have used the quantum fidelity,

F (ρideal, ρnoisy) =
[
tr
(√√

ρidealρnoisy
√
ρideal

)]2
, (3.13)

where ρideal is the ideal state after the application of the QFT, while ρnoisy is
the resulting state when the noise model is implemented. The fidelity verifies
0 ≤ F (ρideal, ρnoisy) ≤ 1, thus the larger the values the more similar are ρideal and
ρnoisy, meaning that the noise sources has less effect on the performance of the ex-
periment.

The noise model that we consider encloses the most relevant noise sources in
superconducting quantum computers: bit-flip, decoherence, and measurement error,
as well as control-related errors such as magnetic field fluctuations. However, the
difference in the implementation of the entangling blocks in DQC and DAQC leads to
a different experimental error associated with them, which is modeled as a Gaussian
phase noise on the application time of the TQG’s in DQC and the analog blocks in
DAQC, as we discussed in section 2.4.1, chapter 2.

The values of the parameters used to simulate the different noise sources are
chosen to model realistic NISQ superconducting devices. In single-qubit gates, we
have introduced a magnetic-field noise ∆Bγ by adding to the Hamiltonian of the
single-qubit gate a random variable taken from a uniform probability distribution
centered in 1, i.e., U(1 − SQGN, 1 + SQGN). We have chosen SQGN = 0.0005. For
the two-qubit gates, we add a Gaussian phase noise ϵ ∈ N (0,TQGN), with variance
TQGN = 0.2000, to the π/4 phases in the DQC protocol. Finally, to model the
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Figure 3.3: Comparison of the fidelity of the QFT algorithm for 3-, 5-, and 6-qubit
systems using the DQC, sDAQC, and bDAQC protocols. The highest fidelity is
obtained using the bDAQC protocol, which demonstrates better tolerance to decoherence
and reduced bit-flip errors compared to the other protocols. The study was conducted using
the state |ψ0⟩ = sin β |WN ⟩ + cosβ |GHZN ⟩.

experimental control error on the analog blocks, we include a Gaussian coherent
noise to the time those blocks are applied, this is t → t + δ, where δ ∈ N (0,ABN).
The value of the variance ABN depends on which DAQC protocol we are using. The
value used on the sDAQC is double the value used for the bDAQC case. The values
we have considered are ABNs = 0.0200 for the sDAQC case and ABNb = 0.0100 for
the bDAQC case. Thus, each ideal gate transforms as

eiθkZ → eiθk∆BZ , (3.14)
ei(π/4)ZZ → ei(π/4)(1+ϵ)ZZ , (3.15)
eitαHint → ei(tα+δ)Hint . (3.16)

On the other hand, for the incoherent noise sources introduced in section 2.4.1,
we have a bit-flip error with probability pb-f = 0.005 and a measurement error
with probability pmeas = 0.01. Notice that measurement error is currently the
technological limiting factor for quantum algorithms run in superconducting quan-
tum processors. Finally, for the decoherence channel, the relaxation time T1 is
50 µs, with the thermal population of the ground state p = 0.35. The length
of the SQGs is ∆tSQG = 1/(100g0), while for the two-qubit interaction, it is
∆tTQG = (1 + ε)100∆tSQGπ/4 for TQG’s, and for the analog blocks, it is the one
obtained from the decomposition of the interaction.

In Fig. 3.3, we present the results of our realistic implementation of the QFT,
which were obtained by averaging over 1000 repetitions to ensure a reliable statistical
sample. The results indicate that the bDAQC protocol outperforms the others when
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noise sources are taken into account. This is because the error caused by turning
the interaction on and off is less significant than the inherent error of having the
interaction always on. Additionally, the fact that the interaction is never switched
off also means that bDAQC is only affected by bit-flip errors for the SQGs, as opposed
to DQC and sDAQC, which are affected by bit-flip errors due to the entangling blocks.
For the parameters used in our simulations, the total time of application of the QFT
algorithm using the DAQC paradigm is shorter than the total time using DQC, thus
making DAQC less susceptible to decoherence. The measurement error is common
for all three paradigms, and its effect on fidelity is reflected as a shift in all values.
However, it should be noted that as the number of qubits increases, the performance
of the QFT algorithm decreases rapidly due to the increase in depth of the algorithm,
which scales as O(N2), where N is the number of qubits.

It is important to note that the results shown in Fig. 3.3 should not be taken as
definitive, as the actual fidelity obtained in an experiment will depend on factors such
as fabrication, architecture, and materials. However, the simulation results suggest
that under fair comparison and considering the same noise sources, bDAQC obtains
the highest value of fidelity. The distance between the fidelities of bDAQC and DQC
is always remarkable in favor of bDAQC. Even though we have used a sensible choice
for the noise model of the DAQC implementation, this model will not be accurate
until it is compared against experimental data.

Our simulations indicate that bDAQC is a viable alternative to NISQ proces-
sors. With 3 qubits, bDAQC has a fidelity of approximately 90%, compared to 85%
for sDAQC, and 80% for DQC. As the number of qubits increases, we have found
that bDAQC’s fidelity values continue to surpass those of DQC, although sDAQC’s
performance deteriorates due to the increasing number of analog blocks affected by
bit-flip errors. With a larger number of qubits, the impact of noise sources results in
fidelity values that are too low to yield meaningful results from the experiments.

We would like to point out that, while most quantum systems do not have ATA
connectivity, with the notable exceptions of trapped ions and NMR, we have chosen
to use ATA for the purpose of simplicity. Using the DAQC paradigm, it can be
demonstrated that it is possible to simulate an N -qubit ATA Ising Hamiltonian with
no more than 1

2N(N−1) NN Hamiltonians. This quadratic overhead is the worst-case
scenario, but it can be significantly reduced if a pattern exists in our couplings [72].
However, this overhead (or worse) also applies to the DQC paradigm. Therefore, the
fidelity values may differ when considering NN Hamiltonians, but the comparison
between DQC and DAQC is fair, and the conclusion that bDAQC outperforms DQC
remains valid.

3.1.3 Error mitigation in DA-QFT

To show the actual performance of DAQC, it is necessary to show how to adapt
quantum error mitigation techniques to this paradigm. Specifically, we will prove
that these techniques can effectively eliminate the inherent error that arises from
bDAQC.
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Figure 3.4: Results of the error mitigation. (a) Fidelity. (b) ⟨Z0⟩. Both fidelity and
⟨Z0⟩ attain accurate approximations of the ideal values. The simulations were made for the
8-qubit QFT circuit with T1 = 50 µs, p = 0.35 and g0 = 1 MHz.

We utilized the zero noise extrapolation technique [86, 87] to demonstrate the
impact of decoherence on the bDAQC QFT circuit. Specifically, we applied the
circuit to an initial state of |ψ0⟩ = sin π/4 |W8⟩+cosπ/4 |GHZ8⟩ for varying coupling
constants gj , j = 0, . . . , ng. By modifying the total circuit time as tjα ∝ g−1

j , we
could vary the effect of decoherence. However, changes in gj also affected the intrinsic
error of the bDAQC paradigm. To address this issue, we selected ∆tSQGi,j

= bi/gj ,
such that the digital block time was inversely proportional to the coupling constant
for a given gj . By extrapolating the fidelity results for several values of gj to the
limit of zero decoherence and total time, we could eliminate the error caused by
decoherence.

Furthermore, it is feasible to expand this method to eradicate the inherent error
brought about by bDAQC. To achieve this, we iterate the prior approach for i =
0, ..., nt values of ∆tSQGi,j = bi/gj , utilizing the zero decoherence values to carry
out the extrapolation to the zero ∆tSQG limit. We select an 8-qubit QFT circuit to
implement this method as the number of qubits and quantum gates pose a significant
challenge for cutting-edge quantum devices. We determine the fidelity of the ideal
circuit, both without the error due to decoherence and bDAQC. The optimal fidelity
is given by the linear extrapolation, which is approximately 0.97, indicating that the
error-mitigated state is an excellent approximation of the ideal one. These results are
depicted in Fig. 3.4(a). The same result is obtained for Richardson extrapolation,
as in this case, the best outcome is obtained for the first-order approximation.

However, obtaining the quantum state after applying a quantum circuit is not
always feasible as it can be a costly operation due to the use of tomography. There-
fore, to assess the effectiveness of error mitigation for bDAQC, we need to select
a second figure of merit that can be easily computed from the measurements of a
quantum circuit. In this regard, we choose the expectation value of the observ-
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Figure 3.5: Scaling of the error mitigation results with the number of qubits n
for n = 5, 6, 7, 8. (a) Infidelity. (b) |⟨Z0⟩ − ⟨Z0⟩approx|. The simulations were made with
T1 = 50 µs, p = 0.35 and g0 = 1 MHz.

able Z0 = Z ⊗ I ⊗ · · · ⊗ I. The results of the expectation value approximation are
presented in Fig. 3.4b. It can be observed that the best approximation of ⟨Z0⟩ is
approximately 0.25, which is computed using Richardson extrapolation. The error
ε = |⟨Z0⟩ − ⟨Z0⟩approx| = 0.0016 indicates that we can obtain an extremely accurate
approximation of the ideal expectation value from the noisy one.

The scaling behavior of the infidelity and the error in the estimation of ⟨Z0⟩ can
also be studied as a function of the number of qubits. As depicted in Fig. 3.5(a),
we can observe a decrease in fidelity as the number of qubits increases. However,
by applying linear regression, we can still achieve fidelities of approximately 0.85 for
up to 11 qubits. On the other hand, for the computation of ⟨Z0⟩ (Fig. 3.5(b)), the
value to be approximated changes with each number of qubits, since the quantum
circuit is modified accordingly. Therefore, we cannot observe a similar scaling as for
the infidelity. Nonetheless, we obtain errors of a similar order of magnitude for the
different number of qubits.

The figures presented in Fig. 3.4 demonstrate the effectiveness of using an adapted
zero noise extrapolation to recover the ideal results from the bDAQC paradigm. This
approach can be extended to sDAQC by solely studying the zero decoherence limit.
Although other error mitigation techniques, such as an adaptation of Clifford Data
Regression [88], have been considered, they result in a suboptimal outcome as they
do not allow for independent error correction of the bDAQC extra interaction.
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3.2 Quantum phase estimation

3.2 Quantum phase estimation

We studied the implementation of the QFT using the DAQC framework. Our findings
prompted us to propose further investigation into the QPE algorithm. The QFT
transforms the system state to reveal the phase information of eigenvalues, which
can be estimated with high precision. In our previous research, we found that the
DAQC paradigm outperforms the digital approach for larger numbers of qubits. As
the inverse QFT is a part of the QPE algorithm, we expect similar performance. Our
goal is to test the limits of these paradigms by obtaining concrete eigenvalues through
the QPE algorithm. This poses a greater challenge for DQC, as it involves more
two-qubit operations which are a major source of noise in current superconducting
devices. We believe that using the analog evolution of DAQC will result in higher
fidelity compared to a digital approach.

3.2.1 Description of the QPE algorithm and its DAQC implementation

The QPE algorithm estimates the phase φ that corresponds to the eigenvalue e2πiφ

of the eigenvector |u⟩ of a unitary operator U , where φ is unknown. This algorithm
utilizes two quantum registers. The first register consists of t qubits, which determine
the precision of the φ approximation. The second register encodes the eigenvector
|u⟩. The first register is initialized by applying a Hadamard gate to each qubit,
followed by a series of controlled rotations on the second register using increasingly
powers of two exponentiated by U . Finally, the inverse Fourier transform is applied
to the first register, yielding an approximation of φ and the desired eigenvalue.

Given the unitary operator P (φ),

P (φ) =
(

1 0
0 ei2πφ

)
, (3.17)

we aim at obtaining φ such that P (φ)|u⟩ = ei2πφ|u⟩. We choose a 4-qubit register to
estimate the phase φ that corresponds to the eigenvector |u⟩ = |1⟩ = (0 1)T . The
complete QPE circuit is depicted in Fig. 3.6(a).

For the implementation of the QPE circuit, we took a different approach compared
to the one used for the QFT. Rather than directly simulating the complete QPE al-
gorithm Hamiltonian using the DAQC toolkit described in Chapter 2, we first decom-
posed the QPE quantum circuit into a universal set of gates, {Rx(θ), Rz(θ),CNOT},
which are commonly used in real superconducting quantum computers. Then, we
translated each two-qubit gate (which, after the previous decomposition, would only
be CNOT gates) into the DAQC paradigm by representing it as an analog block sur-
rounded by single-qubit rotations. This approach allows us to explore different and
more systematic alternatives to build DAQC quantum algorithms. In Fig. 3.6(b) we
show both the decomposition of the QPE single- and two-qubit gates in terms of the
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Figure 3.6: QPE algorithm and its decomposition into a universal set of gates. (a)
QPE algorithm for P (φ) (3.17), such that P (φ)|u⟩ = ei2πφ|u⟩. Hence, the final value of φ
should be φ = 1/3. (b) Decomposition of the single- and two-qubit rotations in terms of the
universal set of gates {Rx(θ), Rz(θ),CNOT}, as well as the decomposition of the CNOT gate
using the DAQC method. Using this universal set of gate, the controlled rotations involved
in the QPE algorithm are defined as Pm(φ) ≡ Rm

z (θ = φ) and R†
k ≡ Rm=1

z (θ = 1/2k)

aforementioned set of gates, and the DAQC decomposition of the entangling CNOT
gate.

3.2.2 Realistic implementation with experimental errors

Our developed tool simulates noise sources in quantum computers similarly to the
QFT simulation in Sec. 3.1, but with a more versatile approach for implementing
different algorithms. It takes into account the residual signals in neighboring qubits
during SQG pulses (cross-talk), leading to a bit-flip error on all qubits after each
digital block.

Simulations were conducted using noise parameters based on current state-of-the-
art quantum computers. Approximate values of execution times for IBM quantum
computer’s basis gates were used, with tRx

= 10ns, tRz
= 1ns, and tCNOT = 300ns.
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3.2 Quantum phase estimation

Figure 3.7: QPE results for DQC, sDAQC and bDAQC. Probability amplitudes of
the final states generated by the QPE algorithm for various paradigms and sources of noise,
with φ = 1/3 and the unitary operator specified in equation (3.17)

These values indicate that TQG execution times are one to two orders of magni-
tude larger than SQGs, consistent with increased noise from decoherence. The ap-
proximated error for these gates is TQGN = 0.08, with CNOT = e−isHCNOT and
s ∈ N (π/2,TQGN). The error was also estimated from real IBM devices. A 0.0001
bit-flip probability was chosen for SQGs and pmeas = 0.01 for error measurement.
Decoherence was considered with a T1 time of 50µs and thermal ground state pop-
ulation of p = 0.35. Experimental errors defined in Ref. [?] were simulated using
SQGN = 0.0005, sABN = 0.002, and bABN = 0.001. The coupling strength was set
to g0 = 1 MHz.

Using these parameters, we estimate the phase φ such that P (φ)|u⟩ = ei2πφ|u⟩,
choosing |u⟩ = |1⟩ = (0 1)T . In ideal circumstances, Fig. 3.7 shows the high-
est probabilities belong to the 0101 and 0110 states, leading to the approximations
φ0101 = 5/16 = 0.3125 and φ0110 = 6/16 = 0.375 with relative errors of 4.16% and
8.3% respectively, compared to the exact result φ = 1/3. Results show that under
noisy conditions, both DQC and DAQC can still recover the maximum probability
states. Fidelity was calculated with F (ρideal, ρDQC) = 0.88, F (ρideal, ρbDAQC) = 0.87,
and F (ρideal, ρsDAQC) = 0.79. DQC and bDAQC lead to similar fidelity values, but
bDAQC shows better approximation of the solution, as maximum probability peaks
are closer to the ideal.

If we calculate the weighted mean of the estimated phase, we obtain an estimate
of phase of φbDAQC = 0.348 ± 0.119 for bDAQC, φsDAQC = 0.360 ± 0.107 for sDAQC
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and φDQC = 0.347 ± 0.111 for DQC. Using this figure of merit we conclude that
the results for bDAQC and DQC are practically the same. However, if we use the
majority voting as the estimation strategy, we can see that bDAQC outperforms the
rest of circuits as we reach the closest approximation (φ = 5/16) faster than with
the other approaches. This aligns with the results obtained when implementing the
QFT in the previous section.

The results of our simulations of DAQC quantum algorithms, which included
realistic noise sources in quantum computers and residual signals during SQG pulses,
are highly promising. These findings demonstrate the significant potential of the
DAQC paradigm for quantum computation. In the following chapter, we outline the
implementation of a quantum algorithm to solve linear system of equations, that
leverages the QPE subroutine and the QFT.
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4 DA QUANTUM ALGORITHM FOR SOLVING LINEAR SYSTEMS

4 Digital-analog algorithm for solving
linear systems of equations

I n this chapter, we will discuss the Harrow-Hassidim-Lloyd (HHL) quantum al-
gorithm for solving linear systems of equations using the QPE as a subroutine.

Similar to our approach for the QFT, we will first describe the algorithm as a Hamil-
tonian, which can then be simulated using the DAQC paradigm. We will mainly focus
on the proposal for the DQC implementation of this algorithm since the DAQC sim-
ulations become trivial by using the toolkit presented in chapter 2. The content of
this chapter is based on the work developed in [54].

In Section 4.1, we will provide a theoretical overview of the HHL algorithm, dis-
cussing how it works and its theoretical underpinnings. In Section 4.2, we will focus
on the implementation of the HHL algorithm using the DQC paradigm, describing
the specific steps involved and discussing potential issues that may arise during im-
plementation. In Section 4.3, we will present an extension of the HHL algorithm
to the DAQC framework, which allows for even more efficient simulations of the
algorithm. Finally, in Section 4.4, we will use the HHL algorithm as an example
to demonstrate how experimental noise can be mitigated through the co-design of
quantum processor architecture.
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4.1 Quantum algorithm for solving linear systems of equations

QPE
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Figure 4.1: Quantum circuit for the digital implementation of the HHL. The im-
plementation of the HHL algorithm can be divided into three subroutines: QPE to compute
the eigenvalues of the problem matrix A, AQE to store the inverse of the eigenvalues in the
amplitude of the ancilla qubit, and inverse QPE to reset the registers back to the ground
state |0⟩⊗nR

R .

4.1 Quantum algorithm for solving linear systems of equa-
tions

The Harrow-Hassidim-Lloyd (HHL) quantum algorithm was proposed in 2009 [89]
to solve linear systems of equations: given a matrix A and a vector b⃗, find a vector
x⃗ such that Ax⃗ = b⃗. Due to the significance of linear systems of equations in several
fields of science and engineering, this algorithm has attracted significant attention.
For a s-sparse system matrix of size N ×N with condition number κ, which is given
by the ratio of the maximal and minimal singular values of A, the HHL algorithm
achieves a desired accuracy ϵ in a running time of O(log(N)s2κ2ϵ), compared to the
best known classical algorithm with a running time of O(Nsκ/ log ϵ) [90].

The HHL algorithm requires three sets of qubits: an ancilla qubit to store the
inverse of the eigenvalues of the matrix problem in its amplitude, a register of nR
qubits to encode the binary representation of the eigenvalues of the problem ma-
trix, and nM = log2(dim |b⟩) memory qubits to load |b⟩ and store the output |x⟩.
The number of qubits needed depends on the size of the matrix A and the desired
precision.

Additionally, the algorithm consists of three steps: QPE to compute the eigen-
values of A, ancilla quantum encoding (AQE) to map the inverse of the eigenvalues
to the amplitude of the ancilla qubit, and inverse QPE to reset the registers back to
the ground state |0⟩⊗nR

R . Fig. 4.1 shows a schematic representation of the algorithm,
with the qubits divided into three sets and the steps delimited in colored boxes.

Since the HHL can be employed as a subroutine of a larger algorithm, the memory
qubits might be initialized in the state |b⟩M =

∑N
i=1 bi|i⟩ as an outcome of the

previous operations in the algorithm. If this is not the case, it is possible to prepare
|b⟩ using the procedure in Ref. [91] if bi and

∑
i |bi|2 are efficiently computable. In
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any case, the system is initially in the state |0⟩A ⊗ |0⟩⊗nR

R ⊗ |b⟩M.
The first step of the algorithm employs the QPE to calculate the eigenvalues λj

of A and encode them in binary form into the state of the register qubits. Given
|b⟩ =

∑N
j=1 αj |uj⟩, where |uj⟩ is the eigenvector basis of matrix A, the state of the

system after QPE is

|0⟩A ⊗
N∑
j=1

2nR −1∑
k=0

αjβk|j |k⟩R ⊗ |uj⟩M , (4.1)

with the coefficient βk|j defined as

βk|j = 1
2nR

2nR −1∑
y=0

e2πiy(λj−k/2nR ). (4.2)

If the eigenvalues λj are perfectly nR-estimated, they can be relabeled as λ̃k ≡ k/2nR

such that βk|j = δλk,λj
and the final state of the system is

|0⟩A ⊗
N∑
j=1

2nR −1∑
k=0

αj |λ̃k⟩R ⊗ |uj⟩M. (4.3)

After encoding the estimated eigenvalues in the register qubits, the AQE maps
them into the amplitude of the ancilla qubit. The resulting state of the ancilla is

N∑
j=1

2nR −1∑
k=0

(√
1 − C2

λ̃2
k

|0⟩A + C

λ̃k
|1⟩A

)
αj |λ̃k⟩|uj⟩, (4.4)

with normalization constant C ⩽ 1 chosen to be O (1/κ).
Finally, the inverse QPE must be performed to uncompute the estimated eigen-

values |λj⟩ on the register qubits and reset them to their initial state of |0⟩⊗nR . After
this step, the resulting state of the system is given by

N∑
j=1

2nR −1∑
k=0

(√
1 − C2

λ̃2
k

|0⟩A + C

λ̃k
|1⟩A

)
⊗ |0⟩R ⊗ αj |uj⟩M (4.5)

The ancillary qubit must be measured in the Z-basis to obtain the normalized
solution of the linear equation. A successful measurement outcome of |1⟩A results in
the state

1
C

N∑
j=1

αj

λ̃k
|uj⟩M, (4.6)

representing the solution of the linear equation, up to a normalization factor C. The
solution is a pure state when the matrix A is perfectly nR-estimated. However, if
there is an eigenvalue of A that is not perfectly estimated, the total state in Eq.(4.5)
is an entangled state, causing the solution state in Eq. (4.6) to be a mixed state.
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4.2 Proposal for digital implementation: the ancilla quantum
encoding

The digital implementation of the direct and inverse QPE in this algorithm is rela-
tively simple, but, to our knowledge, there is no known explicit implementation for
the AQE subroutine. In this section, we propose a systematic method for imple-
menting the AQE that is independent of the problem matrix A and does not require
classical hybridization, as found in the HHL algorithm. Due to its relevance, we focus
on computing f(λ) = 1/λ, but this subroutine can perform any function f(A) that
satisfies the conditions outlined in Ref. [89].

In the literature, the AQE routine has been circumvented by employing different
tricks. For instance, by using previous knowledge about the eigenvalues of the matrix
A. Then, it is straightforward to tailor the best set of rotations to map those values
into the amplitude of the ancilla qubit. Several experimental implementations in
different experimental platforms [92, 93, 94, 95] have followed this approach to solve
2 × 2 linear system of equations. There is an alternative implementation of the
HHL for which no spectral information of the matrix A is required. In Ref. [96]
a quantum-classical hybridization of the algorithm is proposed. They repeatedly
perform the QPE to obtain a nR-bit description of the eigenvalues of A. Then,
they determine the simplest circuit implementation to perform the AQE, tailored
for those eigenvalues. Once the AQE is determined, it is possible to perform the
complete HHL algorithm. However, this alternative fails if the vector |b⟩ is not
efficiently prepared. Despite the intrinsic interest of these approaches, both of them
jeopardize the advantage of the algorithm, since they presume previous knowledge
about the eigenvalues of the matrix A.

The AQE maps the superposition state of the registers into the amplitude of the
ancilla qubit by means of the application of different controlled rotations. These
rotation operations control each register qubit and act on the ancilla. To perform
the AQE step, we will first rotate the system by applying the unitary gate V , which
is defined as

V = 1√
2

(
−i i
1 1

)
, (4.7)

and then, apply a series of rotations around the Z-axis in the ancilla qubit controlled
by the state of the register qubits. This operation is defined as

UAQE =
2nR −1∑
p=0

Rz (−ϕ(p))A ⊗ |⃗bp⟩⟨⃗bp|R, (4.8)
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<latexit sha1_base64="ZUbmUvCLk7xddSVvraSxMOpXxU4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eI5gHJEmYns8mQ2dlhZlZYlhz8AK/6Cd7Eq5/iF/gbTpI9mMSChqKqm+6uQHKmjet+O2vrG5tb24Wd4u7e/sFh6ei4peNEEdokMY9VJ8CaciZo0zDDaUcqiqOA03Ywvp367SeqNIvFo0kl9SM8FCxkBBsrPYh+tV8quxV3BrRKvJyUIUejX/rpDWKSRFQYwrHWXc+Vxs+wMoxwOin2Ek0lJmM8pF1LBY6o9rPZqRN0bpUBCmNlSxg0U/9OZDjSOo0C2xlhM9LL3lT8z+smJrz2MyZkYqgg80VhwpGJ0fRvNGCKEsNTSzBRzN6KyAgrTIxNZ2GLHKWaET0p2mS85RxWSata8S4rtftauX6TZ1SAUziDC/DgCupwBw1oAoEhvMArvDnPzrvz4XzOW9ecfOYEFuB8/QLuiJaY</latexit>n2

<latexit sha1_base64="Yt4RObMWEXRHVLk1h6e/h31xuF4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hV0N6jHoxWNE84BkCbOT2WTI7MwyMyssSw5+gFf9BG/i1U/xC/wNJ8keTGJBQ1HVTXdXEHOmjet+Oyura+sbm4Wt4vbO7t5+6eCwqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMbid+64kqzaR4NGlM/QgPBAsZwcZKD6J30SuV3Yo7BVomXk7KkKPeK/10+5IkERWGcKx1x3Nj42dYGUY4HRe7iaYxJiM8oB1LBY6o9rPpqWN0apU+CqWyJQyaqn8nMhxpnUaB7YywGepFbyL+53USE177GRNxYqggs0VhwpGRaPI36jNFieGpJZgoZm9FZIgVJsamM7clHqaaET0u2mS8xRyWSfO84l1WqvfVcu0mz6gAx3ACZ+DBFdTgDurQAAIDeIFXeHOenXfnw/mcta44+cwRzMH5+gXwIZaZ</latexit>n3

<latexit sha1_base64="Fpqs8XI7yNubjdI6AkobrNI4zG0=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmgckS5idzCZDZmeHmVlhWXLwA7zqJ3gTr36KX+BvOEn2YBILGoqqbrq7AsmZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8eJIrRJYh6rToA15UzQpmGG045UFEcBp+1gfDv1209UaRaLR5NK6kd4KFjICDZWehD9Wr9ccavuDGiVeDmpQI5Gv/zTG8QkiagwhGOtu54rjZ9hZRjhdFLqJZpKTMZ4SLuWChxR7WezUyfozCoDFMbKljBopv6dyHCkdRoFtjPCZqSXvan4n9dNTHjtZ0zIxFBB5ovChCMTo+nfaMAUJYanlmCimL0VkRFWmBibzsIWOUo1I3pSssl4yzmsktZF1bus1u5rlfpNnlERTuAUzsGDK6jDHTSgCQSG8AKv8OY8O+/Oh/M5by04+cwxLMD5+gXxupaa</latexit>n4

<latexit sha1_base64="ZtUA45XceT/KSmtyfPmnOGAmJug=">AAACM3icbVDLTsJAFJ3iC/EFsnTTSExwQ1rja0miC5eYyCNCQ6bDABOm0zpza6wNf+FW/8KPMe6MW//BKe1CwJPc5OSce3PvPW7AmQLL+jByK6tr6xv5zcLW9s7uXrG031J+KAltEp/7suNiRTkTtAkMOO0EkmLP5bTtTq4Sv/1IpWK+uIMooI6HR4INGcGgpfse0CeIq+7xtF+sWDVrBnOZ2BmpoAyNfsko9wY+CT0qgHCsVNe2AnBiLIERTqeFXqhogMkEj2hXU4E9qpx4dvLUPNLKwBz6UpcAc6b+nYixp1TkubrTwzBWi14i/ud1QxheOjETQQhUkHTRMOQm+GbyvzlgkhLgkSaYSKZvNckYS0xApzS3JRhHihE190gMbPKcKgnjzJVYRvFDiEXq6BjtxdCWSeukZp/Xzm5PK/XrLNA8OkCHqIpsdIHq6AY1UBMRJNALekVvxrvxaXwZ32lrzshmymgOxs8vV0+rzw==</latexit>

(b)

<latexit sha1_base64="h5lj9L0vIDdEWU+M12WZrnt76eE=">AAACM3icbVDLTsJAFJ3iC/EFsnTTSExwQ1rja0miC5eYyCNCQ6bDABOm0zpza6wNf+FW/8KPMe6MW//BKe1CwJPc5OSce3PvPW7AmQLL+jByK6tr6xv5zcLW9s7uXrG031J+KAltEp/7suNiRTkTtAkMOO0EkmLP5bTtTq4Sv/1IpWK+uIMooI6HR4INGcGgpfse0CeIq+R42i9WrJo1g7lM7IxUUIZGv2SUewOfhB4VQDhWqmtbATgxlsAIp9NCL1Q0wGSCR7SrqcAeVU48O3lqHmllYA59qUuAOVP/TsTYUyryXN3pYRirRS8R//O6IQwvnZiJIAQqSLpoGHITfDP53xwwSQnwSBNMJNO3mmSMJSagU5rbEowjxYiaeyQGNnlOlYRx5koso/ghxCJ1dIz2YmjLpHVSs89rZ7enlfp1FmgeHaBDVEU2ukB1dIMaqIkIEugFvaI34934NL6M77Q1Z2QzZTQH4+cXWRer0A==</latexit>

(c)
AQE

<latexit sha1_base64="UdIC7K3hhT2jRz6/da7W1+OEihQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl147KCfUBTymR62w6dPJi5KYaQf/AD3OonuBO3/oJf4G84bbOwrQcuHM65l3M5XiS4Qtv+Ngpr6xubW8Xt0s7u3v6BeXjUVGEsGTRYKELZ9qgCwQNoIEcB7UgC9T0BLW98N/VbE5CKh8EjJhF0fToM+IAzilrqmaY7BkztrOciPGF6k/XMsl2xZ7BWiZOTMslR75k/bj9ksQ8BMkGV6jh2hN2USuRMQFZyYwURZWM6hI6mAfVBddPZ55l1ppW+NQilngCtmfr3IqW+Uonv6U2f4kgte1PxP68T4+C6m/IgihECNg8axMLC0JrWYPW5BIYi0YQyyfWvFhtRSRnqshZSolGiOFNZSTfjLPewSpoXFeeyUn2olmu3eUdFckJOyTlxyBWpkXtSJw3CyIS8kFfyZjwb78aH8TlfLRj5zTFZgPH1C0aEnM0=</latexit>|0iA

<latexit sha1_base64="45Rrx+i686ik4HUNpBeyyJgBatQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl040aoYB/QlDKZ3rZDJw9mbooh5B/8ALf6Ce7Erb/gF/gbTtssbOuBC4dz7uVcjhcJrtC2v43C2vrG5lZxu7Szu7d/YB4eNVUYSwYNFopQtj2qQPAAGshRQDuSQH1PQMsb30791gSk4mHwiEkEXZ8OAz7gjKKWeqbpjgFTL+u5CE+Y3mc9s2xX7BmsVeLkpExy1Hvmj9sPWexDgExQpTqOHWE3pRI5E5CV3FhBRNmYDqGjaUB9UN109nlmnWmlbw1CqSdAa6b+vUipr1Tie3rTpzhSy95U/M/rxDi47qY8iGKEgM2DBrGwMLSmNVh9LoGhSDShTHL9q8VGVFKGuqyFlGiUKM5UVtLNOMs9rJLmRcW5rFQfquXaTd5RkZyQU3JOHHJFauSO1EmDMDIhL+SVvBnPxrvxYXzOVwtGfnNMFmB8/QKrkp0L</latexit>|biM

<latexit sha1_base64="Ugn0zjFFY7gKhu/U4E5uMfHRVnQ=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmgckS5idzCZDZmeWmVlhWXLwA7zqJ3gTr36KX+BvOEn2YBILGoqqbrq7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvp367SeqNJPi0aQx9SM8FCxkBBsrPYi+1y9X3Ko7A1olXk4qkKPRL//0BpIkERWGcKx113Nj42dYGUY4nZR6iaYxJmM8pF1LBY6o9rPZqRN0ZpUBCqWyJQyaqX8nMhxpnUaB7YywGellbyr+53UTE177GRNxYqgg80VhwpGRaPo3GjBFieGpJZgoZm9FZIQVJsams7AlHqWaET0p2WS85RxWSeui6l1Wa/e1Sv0mz6gIJ3AK5+DBFdThDhrQBAJDeIFXeHOenXfnw/mctxacfOYYFuB8/QLs75aX</latexit>n1
<latexit sha1_base64="ZUbmUvCLk7xddSVvraSxMOpXxU4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eI5gHJEmYns8mQ2dlhZlZYlhz8AK/6Cd7Eq5/iF/gbTpI9mMSChqKqm+6uQHKmjet+O2vrG5tb24Wd4u7e/sFh6ei4peNEEdokMY9VJ8CaciZo0zDDaUcqiqOA03Ywvp367SeqNIvFo0kl9SM8FCxkBBsrPYh+tV8quxV3BrRKvJyUIUejX/rpDWKSRFQYwrHWXc+Vxs+wMoxwOin2Ek0lJmM8pF1LBY6o9rPZqRN0bpUBCmNlSxg0U/9OZDjSOo0C2xlhM9LL3lT8z+smJrz2MyZkYqgg80VhwpGJ0fRvNGCKEsNTSzBRzN6KyAgrTIxNZ2GLHKWaET0p2mS85RxWSata8S4rtftauX6TZ1SAUziDC/DgCupwBw1oAoEhvMArvDnPzrvz4XzOW9ecfOYEFuB8/QLuiJaY</latexit>n2
<latexit sha1_base64="Yt4RObMWEXRHVLk1h6e/h31xuF4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hV0N6jHoxWNE84BkCbOT2WTI7MwyMyssSw5+gFf9BG/i1U/xC/wNJ8keTGJBQ1HVTXdXEHOmjet+Oyura+sbm4Wt4vbO7t5+6eCwqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMbid+64kqzaR4NGlM/QgPBAsZwcZKD6J30SuV3Yo7BVomXk7KkKPeK/10+5IkERWGcKx1x3Nj42dYGUY4HRe7iaYxJiM8oB1LBY6o9rPpqWN0apU+CqWyJQyaqn8nMhxpnUaB7YywGepFbyL+53USE177GRNxYqggs0VhwpGRaPI36jNFieGpJZgoZm9FZIgVJsamM7clHqaaET0u2mS8xRyWSfO84l1WqvfVcu0mz6gAx3ACZ+DBFdTgDurQAAIDeIFXeHOenXfnw/mcta44+cwRzMH5+gXwIZaZ</latexit>n3

<latexit sha1_base64="Fpqs8XI7yNubjdI6AkobrNI4zG0=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmgckS5idzCZDZmeHmVlhWXLwA7zqJ3gTr36KX+BvOEn2YBILGoqqbrq7AsmZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8eJIrRJYh6rToA15UzQpmGG045UFEcBp+1gfDv1209UaRaLR5NK6kd4KFjICDZWehD9Wr9ccavuDGiVeDmpQI5Gv/zTG8QkiagwhGOtu54rjZ9hZRjhdFLqJZpKTMZ4SLuWChxR7WezUyfozCoDFMbKljBopv6dyHCkdRoFtjPCZqSXvan4n9dNTHjtZ0zIxFBB5ovChCMTo+nfaMAUJYanlmCimL0VkRFWmBibzsIWOUo1I3pSssl4yzmsktZF1bus1u5rlfpNnlERTuAUzsGDK6jDHTSgCQSG8AKv8OY8O+/Oh/M5by04+cwxLMD5+gXxupaa</latexit>n4

<latexit sha1_base64="fENCGszsfWhp/dK4XYCM9TfmQKw=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+5A2lslkkg6dTMLMRAihaz/ArX6CO3Hrd/gF/obTNgvbeuDC4Zx7ufceL+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEtoiMY9l18OKciZoSzPNaTeRFEcepx1vdDPxO09UKhaLe50l1I1wKFjACNZGemg/9n0chlQOqjW7bk+BlolTkBoUaA6qP30/JmlEhSYcK9Vz7ES7OZaaEU7HlX6qaILJCIe0Z6jAEVVuPj14jE6M4qMglqaERlP170SOI6WyyDOdEdZDtehNxP+8XqqDKzdnIkk1FWS2KEg50jGafI98JinRPDMEE8nMrYgMscREm4zmtiTDTDGixhWTjLOYwzJpn9Wdi/r53XmtcV1kVIYjOIZTcOASGnALTWgBgQhe4BXerGfr3fqwPmetJauYOYQ5WF+/z3GZTw==</latexit>

V †
<latexit sha1_base64="0GBvI9nJVIrPs2d85fL+s593BV8=">AAACCXicbVDLSsNAFJ3UV62vqks3g0Wom5KIr4WLghuXVewD2hAm00kzdPJw5kaIoV/gB7jVT3Anbv0Kv8DfcNpmYVsPXDiccy/nctxYcAWm+W0UlpZXVteK66WNza3tnfLuXktFiaSsSSMRyY5LFBM8ZE3gIFgnlowErmBtd3g99tuPTCoehfeQxswOyCDkHqcEtGTfOU/VHvgMiGMeO+WKWTMnwIvEykkF5Wg45Z9eP6JJwEKggijVtcwY7IxI4FSwUamXKBYTOiQD1tU0JAFTdjZ5eoSPtNLHXiT1hIAn6t+LjARKpYGrNwMCvpr3xuJ/XjcB79LOeBgnwEI6DfISgSHC4wZwn0tGQaSaECq5/hVTn0hCQfc0kxL7qeJUjUq6GWu+h0XSOqlZ57Wz29NK/SrvqIgO0CGqIgtdoDq6QQ3URBQ9oBf0it6MZ+Pd+DA+p6sFI7/ZRzMwvn4BD0KadQ==</latexit>

Rz(✓0)
<latexit sha1_base64="WK5slVcQBtbO4WiGQxMRKTJu/Hk=">AAACCXicbVDLSsNAFJ3UV62vqks3g0Wom5KIr4WLghuXVewD2hAm00kzdPJw5kaIoV/gB7jVT3Anbv0Kv8DfcNpmYVsPXDiccy/nctxYcAWm+W0UlpZXVteK66WNza3tnfLuXktFiaSsSSMRyY5LFBM8ZE3gIFgnlowErmBtd3g99tuPTCoehfeQxswOyCDkHqcEtGTfOU/VHvgMiGMdO+WKWTMnwIvEykkF5Wg45Z9eP6JJwEKggijVtcwY7IxI4FSwUamXKBYTOiQD1tU0JAFTdjZ5eoSPtNLHXiT1hIAn6t+LjARKpYGrNwMCvpr3xuJ/XjcB79LOeBgnwEI6DfISgSHC4wZwn0tGQaSaECq5/hVTn0hCQfc0kxL7qeJUjUq6GWu+h0XSOqlZ57Wz29NK/SrvqIgO0CGqIgtdoDq6QQ3URBQ9oBf0it6MZ+Pd+DA+p6sFI7/ZRzMwvn4BENyadg==</latexit>

Rz(✓1)
<latexit sha1_base64="m0iRCIGZ3h2u7lEPTv7CTQkXZxI=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1U5Lia+Gi4MZlFfuANoTJdNIMnTycuRFi6Bf4AW71E9yJW7/CL/A3nLZZ2NYDFw7n3Mu5HDcWXIFpfhtLyyura+uFjeLm1vbObmlvv6WiRFLWpJGIZMcligkesiZwEKwTS0YCV7C2O7we++1HJhWPwntIY2YHZBByj1MCWrLvnKdKD3wGxKmdOKWyWTUnwIvEykkZ5Wg4pZ9eP6JJwEKggijVtcwY7IxI4FSwUbGXKBYTOiQD1tU0JAFTdjZ5eoSPtdLHXiT1hIAn6t+LjARKpYGrNwMCvpr3xuJ/XjcB79LOeBgnwEI6DfISgSHC4wZwn0tGQaSaECq5/hVTn0hCQfc0kxL7qeJUjYq6GWu+h0XSqlWt8+rZ7Wm5fpV3VECH6AhVkIUuUB3doAZqIooe0At6RW/Gs/FufBif09UlI785QDMwvn4BEnaadw==</latexit>

Rz(✓2)
<latexit sha1_base64="0fibluHa4NuzVx1KVpwqrxx4XeI=">AAACCXicbVDLSsNAFJ34rPVVdekmWIS6KYnvhYuCG5dV7APaECbTSTN0MokzN0IM/QI/wK1+gjtx61f4Bf6G0zYL23rgwuGcezmX48WcKbCsb2NhcWl5ZbWwVlzf2NzaLu3sNlWUSEIbJOKRbHtYUc4EbQADTtuxpDj0OG15g+uR33qkUrFI3EMaUyfEfcF8RjBoyblznypdCChg9+TILZWtqjWGOU/snJRRjrpb+un2IpKEVADhWKmObcXgZFgCI5wOi91E0RiTAe7TjqYCh1Q52fjpoXmolZ7pR1KPAHOs/r3IcKhUGnp6M8QQqFlvJP7ndRLwL52MiTgBKsgkyE+4CZE5asDsMUkJ8FQTTCTTv5okwBIT0D1NpcRBqhhRw6Juxp7tYZ40j6v2efXs9rRcu8o7KqB9dIAqyEYXqIZuUB01EEEP6AW9ojfj2Xg3PozPyeqCkd/soSkYX78UEJp4</latexit>

Rz(✓3)
<latexit sha1_base64="ZXvAivey7yH4vko01P1LGw8QiXs=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKpj4WLghuXVewD2hAm00kzdPJw5kaIoV/gB7jVT3Anbv0Kv8DfcNpmYVsPXDiccy/nctxYcAWm+W0sLa+srq0XNoqbW9s7u6W9/ZaKEklZk0Yikh2XKCZ4yJrAQbBOLBkJXMHa7vB67LcfmVQ8Cu8hjZkdkEHIPU4JaMm+c54qPfAZEKd24pTKZtWcAC8SKydllKPhlH56/YgmAQuBCqJU1zJjsDMigVPBRsVeolhM6JAMWFfTkARM2dnk6RE+1kofe5HUEwKeqH8vMhIolQau3gwI+GreG4v/ed0EvEs742GcAAvpNMhLBIYIjxvAfS4ZBZFqQqjk+ldMfSIJBd3TTErsp4pTNSrqZqz5HhZJ67RqnVfPbmvl+lXeUQEdoiNUQRa6QHV0gxqoiSh6QC/oFb0Zz8a78WF8TleXjPzmAM3A+PoFFaqaeQ==</latexit>

Rz(✓4)
<latexit sha1_base64="XrK/7u0xiunASiRV0bp5B3SCVFc=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxKx6sJFwY3LKvYBbQiT6aQZOnk4cyPE0C/wA9zqJ7gTt36FX+BvOG2zsK0HLhzOuZdzOW4suALT/DaWlldW19YLG8XNre2d3dLefktFiaSsSSMRyY5LFBM8ZE3gIFgnlowErmBtd3g99tuPTCoehfeQxswOyCDkHqcEtGTfOU+VHvgMiFM7cUpls2pOgBeJlZMyytFwSj+9fkSTgIVABVGqa5kx2BmRwKlgo2IvUSwmdEgGrKtpSAKm7Gzy9Agfa6WPvUjqCQFP1L8XGQmUSgNXbwYEfDXvjcX/vG4C3qWd8TBOgIV0GuQlAkOExw3gPpeMgkg1IVRy/SumPpGEgu5pJiX2U8WpGhV1M9Z8D4ukdVq1zqu127Ny/SrvqIAO0RGqIAtdoDq6QQ3URBQ9oBf0it6MZ+Pd+DA+p6tLRn5zgGZgfP0CF0Saeg==</latexit>

Rz(✓5)
<latexit sha1_base64="iFlCv+wsO+4GSWXePK/Ex5YdcQ8=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxLR6sJFwY3LKvYBbQiT6aQZOnk4cyPE0C/wA9zqJ7gTt36FX+BvOG2zsK0HLhzOuZdzOW4suALT/DaWlldW19YLG8XNre2d3dLefktFiaSsSSMRyY5LFBM8ZE3gIFgnlowErmBtd3g99tuPTCoehfeQxswOyCDkHqcEtGTfOU+VHvgMiFM7cUpls2pOgBeJlZMyytFwSj+9fkSTgIVABVGqa5kx2BmRwKlgo2IvUSwmdEgGrKtpSAKm7Gzy9Agfa6WPvUjqCQFP1L8XGQmUSgNXbwYEfDXvjcX/vG4C3qWd8TBOgIV0GuQlAkOExw3gPpeMgkg1IVRy/SumPpGEgu5pJiX2U8WpGhV1M9Z8D4ukdVq1atXz27Ny/SrvqIAO0RGqIAtdoDq6QQ3URBQ9oBf0it6MZ+Pd+DA+p6tLRn5zgGZgfP0CGN6aew==</latexit>

Rz(✓6)
<latexit sha1_base64="nQEWPs+V5JC1sbXfzsLPsmROMzo=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxJR68JFwY3LKvYBbQiT6aQZOnk4cyPE0C/wA9zqJ7gTt36FX+BvOG2zsK0HLhzOuZdzOW4suALT/DaWlldW19YLG8XNre2d3dLefktFiaSsSSMRyY5LFBM8ZE3gIFgnlowErmBtd3g99tuPTCoehfeQxswOyCDkHqcEtGTfOU+VHvgMiFM7cUpls2pOgBeJlZMyytFwSj+9fkSTgIVABVGqa5kx2BmRwKlgo2IvUSwmdEgGrKtpSAKm7Gzy9Agfa6WPvUjqCQFP1L8XGQmUSgNXbwYEfDXvjcX/vG4C3qWd8TBOgIV0GuQlAkOExw3gPpeMgkg1IVRy/SumPpGEgu5pJiX2U8WpGhV1M9Z8D4ukdVq1Lqrnt2fl+lXeUQEdoiNUQRaqoTq6QQ3URBQ9oBf0it6MZ+Pd+DA+p6tLRn5zgGZgfP0CGniafA==</latexit>

Rz(✓7)
<latexit sha1_base64="8Hm9fnKkOTNGt3UbmqT9AONGX2A=">AAACCXicbVDLSsNAFJ34rPVVdelmsAh1UxLx0YWLghuXVewD2hAm00kzdPJw5kaIoV/gB7jVT3Anbv0Kv8DfcNpmYVsPXDiccy/nctxYcAWm+W0sLa+srq0XNoqbW9s7u6W9/ZaKEklZk0Yikh2XKCZ4yJrAQbBOLBkJXMHa7vB67LcfmVQ8Cu8hjZkdkEHIPU4JaMm+c54qPfAZEKd24pTKZtWcAC8SKydllKPhlH56/YgmAQuBCqJU1zJjsDMigVPBRsVeolhM6JAMWFfTkARM2dnk6RE+1kofe5HUEwKeqH8vMhIolQau3gwI+GreG4v/ed0EvJqd8TBOgIV0GuQlAkOExw3gPpeMgkg1IVRy/SumPpGEgu5pJiX2U8WpGhV1M9Z8D4ukdVq1Lqrnt2fl+lXeUQEdoiNUQRa6RHV0gxqoiSh6QC/oFb0Zz8a78WF8TleXjPzmAM3A+PoFHBKafQ==</latexit>

Rz(✓8)
<latexit sha1_base64="t7eBDNOdHjloRKqIaBZrrGdEt58=">AAACH3icbVDJSgNBEO1xjXGLevTSGoR4CTPiCh4CXjxGMQskYejp9GSa9PQM3TVCDDn7HX6AV/0Eb+I1X+Bv2EnmYJYHBY/3qqiq58WCa7DtobW0vLK6tp7ZyG5ube/s5vb2qzpKFGUVGolI1T2imeCSVYCDYPVYMRJ6gtW87t3Irz0zpXkkn6AXs1ZIOpL7nBIwkps7enRfCk0IGBD35hQvgJvL20V7DDxPnJTkUYqym/tttiOahEwCFUTrhmPH0OoTBZwKNsg2E81iQrukwxqGShIy3eqPXxngE6O0sR8pUxLwWP0/0Seh1r3QM50hgUDPeiNxkddIwL9u9bmME2CSThb5icAQ4VEuuM0VoyB6hhCquLkV04AoQsGkN7UlDnqaUz3ImmSc2RzmSfWs6FwWLx7O86XbNKMMOkTHqIAcdIVK6B6VUQVR9Ire0Qf6tN6sL+vb+pm0LlnpzAGagjX8A/ILnfc=</latexit>

Rz(✓9)
<latexit sha1_base64="XUtz4dpGEl+hXBje8jHYdWfaESs=">AAACDnicbVDLSsNAFJ3UV62vqEs3wSLUTUnEF64KblxWsQ9oQ5hMJ83QyYOZm0IM+Qc/wK1+gjtx6y/4Bf6G0zYL23rgwuGcezmX48acSTDNb620srq2vlHerGxt7+zu6fsHbRklgtAWiXgkui6WlLOQtoABp91YUBy4nHbc0e3E74ypkCwKHyGNqR3gYcg8RjAoydH1B+ep1gefAnYyy8xPHb1q1s0pjGViFaSKCjQd/ac/iEgS0BAIx1L2LDMGO8MCGOE0r/QTSWNMRnhIe4qGOKDSzqaf58aJUgaGFwk1IRhT9e9FhgMp08BVmwEGXy56E/E/r5eAd21nLIwToCGZBXkJNyAyJjUYAyYoAZ4qgolg6leD+FhgAqqsuZTYTyUjMq+oZqzFHpZJ+6xuXdYv7s+rjZuiozI6Qseohix0hRroDjVRCxE0Ri/oFb1pz9q79qF9zlZLWnFziOagff0C4neb6w==</latexit>

Rz(✓10)
<latexit sha1_base64="kHul3s50K7p08xAooSwQcN/ik6c=">AAACDnicbVDLSsNAFJ3UV62vqEs3wSLUTUnEF64KblxWsQ9oQ5hMJ83QyYOZm0IM+Qc/wK1+gjtx6y/4Bf6G0zYL23rgwuGcezmX48acSTDNb620srq2vlHerGxt7+zu6fsHbRklgtAWiXgkui6WlLOQtoABp91YUBy4nHbc0e3E74ypkCwKHyGNqR3gYcg8RjAoydH1B+ep1gefAnYyy8pPHb1q1s0pjGViFaSKCjQd/ac/iEgS0BAIx1L2LDMGO8MCGOE0r/QTSWNMRnhIe4qGOKDSzqaf58aJUgaGFwk1IRhT9e9FhgMp08BVmwEGXy56E/E/r5eAd21nLIwToCGZBXkJNyAyJjUYAyYoAZ4qgolg6leD+FhgAqqsuZTYTyUjMq+oZqzFHpZJ+6xuXdYv7s+rjZuiozI6Qseohix0hRroDjVRCxE0Ri/oFb1pz9q79qF9zlZLWnFziOagff0C5BKb7A==</latexit>

Rz(✓11)
<latexit sha1_base64="adcyQYlpAy1BlGfwKAnH3T1JN+I=">AAACDnicbVDLSsNAFJ34rPUVdekmWIS6KUnxhauCG5dV7APaECbTSTN08mDmphBD/sEPcKuf4E7c+gt+gb/htM3Cth64cDjnXs7luDFnEkzzW1tZXVvf2Cxtlbd3dvf29YPDtowSQWiLRDwSXRdLyllIW8CA024sKA5cTjvu6Hbid8ZUSBaFj5DG1A7wMGQeIxiU5Oj6g/NU7YNPATuZVc/PHL1i1swpjGViFaSCCjQd/ac/iEgS0BAIx1L2LDMGO8MCGOE0L/cTSWNMRnhIe4qGOKDSzqaf58apUgaGFwk1IRhT9e9FhgMp08BVmwEGXy56E/E/r5eAd21nLIwToCGZBXkJNyAyJjUYAyYoAZ4qgolg6leD+FhgAqqsuZTYTyUjMi+rZqzFHpZJu16zLmsX9+eVxk3RUQkdoxNURRa6Qg10h5qohQgaoxf0it60Z+1d+9A+Z6srWnFzhOagff0C5a2b7Q==</latexit>

Rz(✓12)
<latexit sha1_base64="BHRziToRlNo6ue3TptwCgi0aQew=">AAACDnicbVDLSsNAFJ34rPUVdekmWIS6KYlvXBXcuKxiH9CGMJlOmqGTBzM3hRjyD36AW/0Ed+LWX/AL/A2nbRa29cCFwzn3ci7HjTmTYJrf2tLyyuraemmjvLm1vbOr7+23ZJQIQpsk4pHouFhSzkLaBAacdmJBceBy2naHt2O/PaJCsih8hDSmdoAHIfMYwaAkR9cfnKdqD3wK2Mmss/zE0StmzZzAWCRWQSqoQMPRf3r9iCQBDYFwLGXXMmOwMyyAEU7zci+RNMZkiAe0q2iIAyrtbPJ5bhwrpW94kVATgjFR/15kOJAyDVy1GWDw5bw3Fv/zugl413bGwjgBGpJpkJdwAyJjXIPRZ4IS4KkimAimfjWIjwUmoMqaSYn9VDIi87JqxprvYZG0TmvWZe3i/rxSvyk6KqFDdISqyEJXqI7uUAM1EUEj9IJe0Zv2rL1rH9rndHVJK24O0Ay0r1/nSJvu</latexit>

Rz(✓13)
<latexit sha1_base64="DijgYUOPNDmtvBeXdo/TVD/AksA=">AAACDnicbVDLSsNAFJ34rPUVdekmWIS6KYnUB64KblxWsQ9oQ5hMJ83QyYOZm0IM+Qc/wK1+gjtx6y/4Bf6G0zYL23rgwuGcezmX48acSTDNb21ldW19Y7O0Vd7e2d3b1w8O2zJKBKEtEvFIdF0sKWchbQEDTruxoDhwOe24o9uJ3xlTIVkUPkIaUzvAw5B5jGBQkqPrD85TtQ8+BexkVj0/c/SKWTOnMJaJVZAKKtB09J/+ICJJQEMgHEvZs8wY7AwLYITTvNxPJI0xGeEh7Ska4oBKO5t+nhunShkYXiTUhGBM1b8XGQ6kTANXbQYYfLnoTcT/vF4C3rWdsTBOgIZkFuQl3IDImNRgDJigBHiqCCaCqV8N4mOBCaiy5lJiP5WMyLysmrEWe1gm7fOadVm7uK9XGjdFRyV0jE5QFVnoCjXQHWqiFiJojF7QK3rTnrV37UP7nK2uaMXNEZqD9vUL6OOb7w==</latexit>

Rz(✓14)
<latexit sha1_base64="HgLjxt4xVp6ve1G4HalfVkKRUvY=">AAACDnicbVDLSsNAFJ34rPUVdekmWIS6KYlYFVcFNy6r2Ae0IUymk2bo5MHMTSGG/IMf4FY/wZ249Rf8An/DaZuFbT1w4XDOvZzLcWPOJJjmt7ayura+sVnaKm/v7O7t6weHbRklgtAWiXgkui6WlLOQtoABp91YUBy4nHbc0e3E74ypkCwKHyGNqR3gYcg8RjAoydH1B+ep2gefAnYyq56fOXrFrJlTGMvEKkgFFWg6+k9/EJEkoCEQjqXsWWYMdoYFMMJpXu4nksaYjPCQ9hQNcUClnU0/z41TpQwMLxJqQjCm6t+LDAdSpoGrNgMMvlz0JuJ/Xi8B79rOWBgnQEMyC/ISbkBkTGowBkxQAjxVBBPB1K8G8bHABFRZcymxn0pGZF5WzViLPSyT9nnNuqzV7y8qjZuioxI6Rieoiix0hRroDjVRCxE0Ri/oFb1pz9q79qF9zlZXtOLmCM1B+/oF6n6b8A==</latexit>

Rz(✓15)
<latexit sha1_base64="ibNNHRf09FHqVZe/aprV2STAN+4=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA76U2GzD6YmRWWJfgBXvUTvIlXv8Uv8DecJHswiQUNRVU33V1eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3M7/zhFLxKHzUaYxuQEch9zmj2kjN9qBcsav2HGSdODmpQI7GoPzTH0YsCTDUTFCleo4dazejUnMmcFrqJwpjyiZ0hD1DQxqgcrP5oVNyYZQh8SNpKtRkrv6dyGigVBp4pjOgeqxWvZn4n9dLtH/rZjyME40hWyzyE0F0RGZfkyGXyLRIDaFMcnMrYWMqKdMmm6Ut8ThVnKlpySTjrOawTtpXVee6WmvWKvW7PKMinME5XIIDN1CHB2hACxggvMArvFnP1rv1YX0uWgtWPnMKS7C+fgGVSZXb</latexit>

V

<latexit sha1_base64="3OxUg02YneMOkicgxXEVZVtEb4I=">AAACM3icbVDJTgJBEO3BDXEDOXqZSEzwQmaM25FEDx4xkSUCITVNAx16esbuGuM44S+86l/4Mcab8eo/2CwHAV9Syct7Vamq54WCa3ScDyu1srq2vpHezGxt7+zuZXP7NR1EirIqDUSgGh5oJrhkVeQoWCNUDHxPsLo3vBr79UemNA/kHcYha/vQl7zHKaCR7lvInjApwvGoky04JWcCe5m4M1IgM1Q6OSvf6gY08plEKkDrpuuE2E5AIaeCjTKtSLMQ6BD6rGmoBJ/pdjI5eWQfGaVr9wJlSqI9Uf9OJOBrHfue6fQBB3rRG4v/ec0Ie5fthMswQibpdFEvEjYG9vh/u8sVoyhiQ4Aqbm616QAUUDQpzW0JB7HmVM89kiAfPk+VMRPcU6Di5CECOXVMjO5iaMukdlJyz0tnt6eF8vUs0DQ5IIekSFxyQcrkhlRIlVAiyQt5JW/Wu/VpfVnf09aUNZvJkzlYP79Vh6vO</latexit>

(a)

<latexit sha1_base64="fENCGszsfWhp/dK4XYCM9TfmQKw=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+5A2lslkkg6dTMLMRAihaz/ArX6CO3Hrd/gF/obTNgvbeuDC4Zx7ufceL+FMadv+tkorq2vrG+XNytb2zu5edf+greJUEtoiMY9l18OKciZoSzPNaTeRFEcepx1vdDPxO09UKhaLe50l1I1wKFjACNZGemg/9n0chlQOqjW7bk+BlolTkBoUaA6qP30/JmlEhSYcK9Vz7ES7OZaaEU7HlX6qaILJCIe0Z6jAEVVuPj14jE6M4qMglqaERlP170SOI6WyyDOdEdZDtehNxP+8XqqDKzdnIkk1FWS2KEg50jGafI98JinRPDMEE8nMrYgMscREm4zmtiTDTDGixhWTjLOYwzJpn9Wdi/r53XmtcV1kVIYjOIZTcOASGnALTWgBgQhe4BXerGfr3fqwPmetJauYOYQ5WF+/z3GZTw==</latexit>

V † <latexit sha1_base64="4DsC/HhGj8rTXdQardkJBsBi6dw=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VoNyWRoi4rblxWsQ9oQplMJ83QyWSYmQgx9Af8ALf6Ce7ErX/hF/gbTtssbOuBC4dz7uVcji8YVdq2v63C2vrG5lZxu7Szu7d/UD486qg4kZi0ccxi2fORIoxy0tZUM9ITkqDIZ6Trj2+mfveRSEVj/qBTQbwIjTgNKEbaSO794KnqipBWnVptUK7YdXsGuEqcnFRAjtag/OMOY5xEhGvMkFJ9xxbay5DUFDMyKbmJIgLhMRqRvqEcRUR52eznCTwzyhAGsTTDNZypfy8yFCmVRr7ZjJAO1bI3Ff/z+okOrryMcpFowvE8KEgY1DGcFgCHVBKsWWoIwpKaXyEOkURYm5oWUkSYKorVpGSacZZ7WCWd87pzUW/cNSrN67yjIjgBp6AKHHAJmuAWtEAbYCDAC3gFb9az9W59WJ/z1YKV3xyDBVhfv3xcmY0=</latexit>

Rz(�(1))
<latexit sha1_base64="ibNNHRf09FHqVZe/aprV2STAN+4=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TMA9IljA76U2GzD6YmRWWJfgBXvUTvIlXv8Uv8DecJHswiQUNRVU33V1eLLjStv1tFTY2t7Z3irulvf2Dw6Py8UlbRYlk2GKRiGTXowoFD7GluRbYjSXSwBPY8Sb3M7/zhFLxKHzUaYxuQEch9zmj2kjN9qBcsav2HGSdODmpQI7GoPzTH0YsCTDUTFCleo4dazejUnMmcFrqJwpjyiZ0hD1DQxqgcrP5oVNyYZQh8SNpKtRkrv6dyGigVBp4pjOgeqxWvZn4n9dLtH/rZjyME40hWyzyE0F0RGZfkyGXyLRIDaFMcnMrYWMqKdMmm6Ut8ThVnKlpySTjrOawTtpXVee6WmvWKvW7PKMinME5XIIDN1CHB2hACxggvMArvFnP1rv1YX0uWgtWPnMKS7C+fgGVSZXb</latexit>

V
<latexit sha1_base64="iqHNTTc0FC+gvWBHT6nmnQCbfhM=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VoNyWRoi4rblxWsQ9oQplMJ83QyWSYmQgx9Af8ALf6Ce7ErX/hF/gbTtssbOuBC4dz7uVcji8YVdq2v63C2vrG5lZxu7Szu7d/UD486qg4kZi0ccxi2fORIoxy0tZUM9ITkqDIZ6Trj2+mfveRSEVj/qBTQbwIjTgNKEbaSO794KnqipBWG7XaoFyx6/YMcJU4OamAHK1B+ccdxjiJCNeYIaX6ji20lyGpKWZkUnITRQTCYzQifUM5iojystnPE3hmlCEMYmmGazhT/15kKFIqjXyzGSEdqmVvKv7n9RMdXHkZ5SLRhON5UJAwqGM4LQAOqSRYs9QQhCU1v0IcIomwNjUtpIgwVRSrSck04yz3sEo653Xnot64a1Sa13lHRXACTkEVOOASNMEtaIE2wECAF/AK3qxn6936sD7nqwUrvzkGC7C+fgGBLZmQ</latexit>

Rz(�(4))
<latexit sha1_base64="avX4as5eBVoaLsm1ZZWOqwioXyI=">AAACCHicbVDLSsNAFJ34rPVVdelmsAjtpiSlqMuKG5dV7AOaUCbTSTN0MhlmJkIM/QE/wK1+gjtx61/4Bf6G0zYL23rgwuGcezmX4wtGlbbtb2ttfWNza7uwU9zd2z84LB0dd1ScSEzaOGax7PlIEUY5aWuqGekJSVDkM9L1xzdTv/tIpKIxf9CpIF6ERpwGFCNtJPd+8FRxRUgr9Wp1UCrbNXsGuEqcnJRBjtag9OMOY5xEhGvMkFJ9xxbay5DUFDMyKbqJIgLhMRqRvqEcRUR52eznCTw3yhAGsTTDNZypfy8yFCmVRr7ZjJAO1bI3Ff/z+okOrryMcpFowvE8KEgY1DGcFgCHVBKsWWoIwpKaXyEOkURYm5oWUkSYKorVpGiacZZ7WCWdes25qDXuGuXmdd5RAZyCM1ABDrgETXALWqANMBDgBbyCN+vZerc+rM/56pqV35yABVhfv333mY4=</latexit>

Rz(�(2))
<latexit sha1_base64="rjZjDoHcDUHr+7U511flGQ/ZmNo=">AAACCHicbVBLTsMwFHT4lvIrsGRjUSG1myqBClgWsWFZEP1ITVQ5rtNYdRzLdpBC1AtwALZwBHaILbfgBFwDt82Ctoz0pNHMe5qn8QWjStv2t7Wyura+sVnYKm7v7O7tlw4O2ypOJCYtHLNYdn2kCKOctDTVjHSFJCjyGen4o5uJ33kkUtGYP+hUEC9CQ04DipE2knvff6q4IqSV82q1XyrbNXsKuEycnJRBjma/9OMOYpxEhGvMkFI9xxbay5DUFDMyLrqJIgLhERqSnqEcRUR52fTnMTw1ygAGsTTDNZyqfy8yFCmVRr7ZjJAO1aI3Ef/zeokOrryMcpFowvEsKEgY1DGcFAAHVBKsWWoIwpKaXyEOkURYm5rmUkSYKorVuGiacRZ7WCbts5pzUavf1cuN67yjAjgGJ6ACHHAJGuAWNEELYCDAC3gFb9az9W59WJ+z1RUrvzkCc7C+fgF/kpmP</latexit>

Rz(�(3))
<latexit sha1_base64="2sH5Y7M/cEXTzyAhdYMfhAzQ/+8=">AAACCHicbVBLTsMwFHT4lvIrsGRjUSG1mypB5bMsYsOyIPqRmqhyXKex6jiW7SCFqBfgAGzhCOwQW27BCbgGbpsFbRnpSaOZ9zRP4wtGlbbtb2tldW19Y7OwVdze2d3bLx0ctlWcSExaOGax7PpIEUY5aWmqGekKSVDkM9LxRzcTv/NIpKIxf9CpIF6EhpwGFCNtJPe+/1RxRUgr59Vqv1S2a/YUcJk4OSmDHM1+6ccdxDiJCNeYIaV6ji20lyGpKWZkXHQTRQTCIzQkPUM5iojysunPY3hqlAEMYmmGazhV/15kKFIqjXyzGSEdqkVvIv7n9RIdXHkZ5SLRhONZUJAwqGM4KQAOqCRYs9QQhCU1v0IcIomwNjXNpYgwVRSrcdE04yz2sEzaZzXnola/q5cb13lHBXAMTkAFOOASNMAtaIIWwECAF/AK3qxn6936sD5nqytWfnME5mB9/QKCyJmR</latexit>

Rz(�(5))
<latexit sha1_base64="pWghRhsOSIDTiP5WxSg3vFSTvPg=">AAACCHicbVDLSsNAFJ34rPVVdelmsAjtpiRSqsuKG5dV7AOaUCbTSTN0MhlmJkIM/QE/wK1+gjtx61/4Bf6G0zYL23rgwuGcezmX4wtGlbbtb2ttfWNza7uwU9zd2z84LB0dd1ScSEzaOGax7PlIEUY5aWuqGekJSVDkM9L1xzdTv/tIpKIxf9CpIF6ERpwGFCNtJPd+8FRxRUgrjWp1UCrbNXsGuEqcnJRBjtag9OMOY5xEhGvMkFJ9xxbay5DUFDMyKbqJIgLhMRqRvqEcRUR52eznCTw3yhAGsTTDNZypfy8yFCmVRr7ZjJAO1bI3Ff/z+okOrryMcpFowvE8KEgY1DGcFgCHVBKsWWoIwpKaXyEOkURYm5oWUkSYKorVpGiacZZ7WCWdi5rTqNXv6uXmdd5RAZyCM1ABDrgETXALWqANMBDgBbyCN+vZerc+rM/56pqV35yABVhfv4RjmZI=</latexit>

Rz(�(6))
<latexit sha1_base64="UwXhP634fQ1t196nHEX2ciNNccY=">AAACCHicbVDLSsNAFJ34rPVVdelmsAjtpiRSrMuKG5dV7AOaUCbTSTN0MhlmJkIM/QE/wK1+gjtx61/4Bf6G0zYL23rgwuGcezmX4wtGlbbtb2ttfWNza7uwU9zd2z84LB0dd1ScSEzaOGax7PlIEUY5aWuqGekJSVDkM9L1xzdTv/tIpKIxf9CpIF6ERpwGFCNtJPd+8FRxRUgrjWp1UCrbNXsGuEqcnJRBjtag9OMOY5xEhGvMkFJ9xxbay5DUFDMyKbqJIgLhMRqRvqEcRUR52eznCTw3yhAGsTTDNZypfy8yFCmVRr7ZjJAO1bI3Ff/z+okOrryMcpFowvE8KEgY1DGcFgCHVBKsWWoIwpKaXyEOkURYm5oWUkSYKorVpGiacZZ7WCWdi5pzWavf1cvN67yjAjgFZ6ACHNAATXALWqANMBDgBbyCN+vZerc+rM/56pqV35yABVhfv4X+mZM=</latexit>

Rz(�(7))
<latexit sha1_base64="m4eCviIBrjeFOkaO/3PHfBiu1EA=">AAACCHicbVDLSsNAFJ34rPVVdelmsAjtpiRStMuKG5dV7AOaUCbTSTN0MhlmJkIM/QE/wK1+gjtx61/4Bf6G0zYL23rgwuGcezmX4wtGlbbtb2ttfWNza7uwU9zd2z84LB0dd1ScSEzaOGax7PlIEUY5aWuqGekJSVDkM9L1xzdTv/tIpKIxf9CpIF6ERpwGFCNtJPd+8FRxRUgrjWp1UCrbNXsGuEqcnJRBjtag9OMOY5xEhGvMkFJ9xxbay5DUFDMyKbqJIgLhMRqRvqEcRUR52eznCTw3yhAGsTTDNZypfy8yFCmVRr7ZjJAO1bI3Ff/z+okOGl5GuUg04XgeFCQM6hhOC4BDKgnWLDUEYUnNrxCHSCKsTU0LKSJMFcVqUjTNOMs9rJLORc25rNXv6uXmdd5RAZyCM1ABDrgCTXALWqANMBDgBbyCN+vZerc+rM/56pqV35yABVhfv4eZmZQ=</latexit>

Rz(�(8))
<latexit sha1_base64="pbt4ZtUiF/y4sZMDKOd2BbmjC7E=">AAACCXicbVBLTsMwFHTKr5RfgSUbiwqp3VQJKp9lERuWBdGP1EaV4zqNVccxtoMUop6AA7CFI7BDbDkFJ+AauG0WtGWkJ41m3tM8jScYVdq2v63cyura+kZ+s7C1vbO7V9w/aKkolpg0ccQi2fGQIoxy0tRUM9IRkqDQY6Ttja4nfvuRSEUjfq8TQdwQDTn1KUbaSO5d/6ncEwEtO2eVSr9Ysqv2FHCZOBkpgQyNfvGnN4hwHBKuMUNKdR1baDdFUlPMyLjQixURCI/QkHQN5Sgkyk2nT4/hiVEG0I+kGa7hVP17kaJQqST0zGaIdKAWvYn4n9eNtX/pppSLWBOOZ0F+zKCO4KQBOKCSYM0SQxCW1PwKcYAkwtr0NJcigkRRrMYF04yz2MMyaZ1WnfNq7bZWql9lHeXBETgGZeCAC1AHN6ABmgCDB/ACXsGb9Wy9Wx/W52w1Z2U3h2AO1tcv+cuZzA==</latexit>

Rz(�(15))
<latexit sha1_base64="9BYuHd1NmmKk/GaxXta83oSr1vQ=">AAACCHicbVDLSsNAFJ34rPVVdelmsAjtpiRSfOwqblxWsQ9oQplMJ83QyWSYmQgx9Af8ALf6Ce7ErX/hF/gbTtssbOuBC4dz7uVcji8YVdq2v62V1bX1jc3CVnF7Z3dvv3Rw2FZxIjFp4ZjFsusjRRjlpKWpZqQrJEGRz0jHH91M/M4jkYrG/EGngngRGnIaUIy0kdz7/lPFFSGtXFWr/VLZrtlTwGXi5KQMcjT7pR93EOMkIlxjhpTqObbQXoakppiRcdFNFBEIj9CQ9AzlKCLKy6Y/j+GpUQYwiKUZruFU/XuRoUipNPLNZoR0qBa9ifif10t0cOlllItEE45nQUHCoI7hpAA4oJJgzVJDEJbU/ApxiCTC2tQ0lyLCVFGsxkXTjLPYwzJpn9Wc81r9rl5uXOcdFcAxOAEV4IAL0AC3oAlaAAMBXsAreLOerXfrw/qcra5Y+c0RmIP19QuJNJmV</latexit>

Rz(�(9))
<latexit sha1_base64="eEpj1ig2NRUc43tsaLSDVDHHSEI=">AAACCXicbVDLTsJAFL31ifhCXbppJCawIa0h6hLjxiUaeSTQkOkwhQnT6TgzNakNX+AHuNVPcGfc+hV+gb/hAF0IeJKbnJxzb87N8QWjSjvOt7Wyura+sZnbym/v7O7tFw4OmyqKJSYNHLFItn2kCKOcNDTVjLSFJCj0GWn5o+uJ33okUtGI3+tEEC9EA04DipE2knfXeyp1xZCWXKdc7hWKTsWZwl4mbkaKkKHeK/x0+xGOQ8I1ZkipjusI7aVIaooZGee7sSIC4REakI6hHIVEeen06bF9apS+HUTSDNf2VP17kaJQqST0zWaI9FAtehPxP68T6+DSSykXsSYcz4KCmNk6sicN2H0qCdYsMQRhSc2vNh4iibA2Pc2liGGiKFbjvGnGXexhmTTPKu55pXpbLdauso5ycAwnUAIXLqAGN1CHBmB4gBd4hTfr2Xq3PqzP2eqKld0cwRysr1/xxJnH</latexit>

Rz(�(10))
<latexit sha1_base64="zMQHt2HDGNfdxgIu/caFRycDZVg=">AAACCXicbZDLSsNAFIZPvNZ6q7p0EyxCuymJFHVZcOOyir1AG8pkOmmGTibjzESIoeDeB3Crj+BO3PoUPoGv4fSysK0/DPz8/xnO4fMFo0o7zre1srq2vrGZ28pv7+zu7RcODpsqTiQmDRyzWLZ9pAijnDQ01Yy0hSQo8hlp+cOrcd96IFLRmN/pVBAvQgNOA4qRNpF323ssdUVIS65bLvcKRafiTGQvG3dmijBTvVf46fZjnESEa8yQUh3XEdrLkNQUMzLKdxNFBMJDNCAdYzmKiPKyydEj+9QkfTuIpXlc25P0748MRUqlkW8mI6RDtdiNw/+6TqKDSy+jXCSacDxdFCTM1rE9JmD3qSRYs9QYhCU1t9o4RBJhbTjNbRFhqihWo7wh4y5yWDbNs4p7XqneVIu12tOUUQ6O4QRK4MIF1OAa6tAADPfwAq/wZj1b79aH9TkdXbFmXI9gTtbXLxkhmkc=</latexit>

Rz(�(11))
<latexit sha1_base64="VTMvqUnsjItEqqJ9dUus4p6D3JQ=">AAACCXicbVDLTgIxFO3gC/GFunTTSExgQ2YIUZcYNy7RyCOBCemUDtPQ6dS2YzJO+AI/wK1+gjvj1q/wC/wNC8xCwJPc5OSce3NujicYVdq2v63c2vrG5lZ+u7Czu7d/UDw8aqsolpi0cMQi2fWQIoxy0tJUM9IVkqDQY6Tjja+nfueRSEUjfq8TQdwQjTj1KUbaSO7d4KncFwEtO7VKZVAs2VV7BrhKnIyUQIbmoPjTH0Y4DgnXmCGleo4ttJsiqSlmZFLox4oIhMdoRHqGchQS5aazpyfwzChD6EfSDNdwpv69SFGoVBJ6ZjNEOlDL3lT8z+vF2r90U8pFrAnH8yA/ZlBHcNoAHFJJsGaJIQhLan6FOEASYW16WkgRQaIoVpOCacZZ7mGVtGtV57xav62XGldZR3lwAk5BGTjgAjTADWiCFsDgAbyAV/BmPVvv1of1OV/NWdnNMViA9fUL9PqZyQ==</latexit>

Rz(�(12))
<latexit sha1_base64="iYExEvKf0a6m53tZt+MEMDBg1M0=">AAACCXicbVBLTsMwFHTKr5RfgSUbiwqp3VQJVMCyiA3LguhHaqPKcZ3GquMY20EKUU/AAdjCEdghtpyCE3AN3DYL2jLSk0Yz72mexhOMKm3b31ZuZXVtfSO/Wdja3tndK+4ftFQUS0yaOGKR7HhIEUY5aWqqGekISVDoMdL2RtcTv/1IpKIRv9eJIG6Ihpz6FCNtJPeu/1TuiYCWnbNKpV8s2VV7CrhMnIyUQIZGv/jTG0Q4DgnXmCGluo4ttJsiqSlmZFzoxYoIhEdoSLqGchQS5abTp8fwxCgD6EfSDNdwqv69SFGoVBJ6ZjNEOlCL3kT8z+vG2r90U8pFrAnHsyA/ZlBHcNIAHFBJsGaJIQhLan6FOEASYW16mksRQaIoVuOCacZZ7GGZtE6rznm1dlsr1a+yjvLgCByDMnDABaiDG9AATYDBA3gBr+DNerberQ/rc7aas7KbQzAH6+sX9pWZyg==</latexit>
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<latexit sha1_base64="IskUF2m446NTH82SQr8jxkb9MZU=">AAACCXicbVDLTsJAFL31ifhCXbppJCawIa0h6hLjxiUaeSTQkOkwhQnT6TgzNakNX+AHuNVPcGfc+hV+gb/hAF0IeJKbnJxzb87N8QWjSjvOt7Wyura+sZnbym/v7O7tFw4OmyqKJSYNHLFItn2kCKOcNDTVjLSFJCj0GWn5o+uJ33okUtGI3+tEEC9EA04DipE2knfXeyp1xZCW3Gq53CsUnYozhb1M3IwUIUO9V/jp9iMch4RrzJBSHdcR2kuR1BQzMs53Y0UEwiM0IB1DOQqJ8tLp02P71Ch9O4ikGa7tqfr3IkWhUknom80Q6aFa9Cbif14n1sGll1IuYk04ngUFMbN1ZE8asPtUEqxZYgjCkppfbTxEEmFteppLEcNEUazGedOMu9jDMmmeVdzzSvW2WqxdZR3l4BhOoAQuXEANbqAODcDwAC/wCm/Ws/VufVifs9UVK7s5gjlYX7/4MJnL</latexit>

Rz(�(14))
<latexit sha1_base64="Jv2cgoFEjUfLk5va/LwBTtFT3jM=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VoNyWRoi4rblxWsQ9oQplMJ83QyWSYmQgx9Af8ALf6Ce7ErX/hF/gbTtssbOuBC4dz7uVcji8YVdq2v63C2vrG5lZxu7Szu7d/UD486qg4kZi0ccxi2fORIoxy0tZUM9ITkqDIZ6Trj2+mfveRSEVj/qBTQbwIjTgNKEbaSO794KnqipBW7VptUK7YdXsGuEqcnFRAjtag/OMOY5xEhGvMkFJ9xxbay5DUFDMyKbmJIgLhMRqRvqEcRUR52eznCTwzyhAGsTTDNZypfy8yFCmVRr7ZjJAO1bI3Ff/z+okOrryMcpFowvE8KEgY1DGcFgCHVBKsWWoIwpKaXyEOkURYm5oWUkSYKorVpGSacZZ7WCWd87pzUW/cNSrN67yjIjgBp6AKHHAJmuAWtEAbYCDAC3gFb9az9W59WJ/z1YKV3xyDBVhfv3rBmYw=</latexit>

Rz(�(0))
<latexit sha1_base64="UdIC7K3hhT2jRz6/da7W1+OEihQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl147KCfUBTymR62w6dPJi5KYaQf/AD3OonuBO3/oJf4G84bbOwrQcuHM65l3M5XiS4Qtv+Ngpr6xubW8Xt0s7u3v6BeXjUVGEsGTRYKELZ9qgCwQNoIEcB7UgC9T0BLW98N/VbE5CKh8EjJhF0fToM+IAzilrqmaY7BkztrOciPGF6k/XMsl2xZ7BWiZOTMslR75k/bj9ksQ8BMkGV6jh2hN2USuRMQFZyYwURZWM6hI6mAfVBddPZ55l1ppW+NQilngCtmfr3IqW+Uonv6U2f4kgte1PxP68T4+C6m/IgihECNg8axMLC0JrWYPW5BIYi0YQyyfWvFhtRSRnqshZSolGiOFNZSTfjLPewSpoXFeeyUn2olmu3eUdFckJOyTlxyBWpkXtSJw3CyIS8kFfyZjwb78aH8TlfLRj5zTFZgPH1C0aEnM0=</latexit>|0iA

<latexit sha1_base64="45Rrx+i686ik4HUNpBeyyJgBatQ=">AAACDnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl040aoYB/QlDKZ3rZDJw9mbooh5B/8ALf6Ce7Erb/gF/gbTtssbOuBC4dz7uVcjhcJrtC2v43C2vrG5lZxu7Szu7d/YB4eNVUYSwYNFopQtj2qQPAAGshRQDuSQH1PQMsb30791gSk4mHwiEkEXZ8OAz7gjKKWeqbpjgFTL+u5CE+Y3mc9s2xX7BmsVeLkpExy1Hvmj9sPWexDgExQpTqOHWE3pRI5E5CV3FhBRNmYDqGjaUB9UN109nlmnWmlbw1CqSdAa6b+vUipr1Tie3rTpzhSy95U/M/rxDi47qY8iGKEgM2DBrGwMLSmNVh9LoGhSDShTHL9q8VGVFKGuqyFlGiUKM5UVtLNOMs9rJLmRcW5rFQfquXaTd5RkZyQU3JOHHJFauSO1EmDMDIhL+SVvBnPxrvxYXzOVwtGfnNMFmB8/QKrkp0L</latexit>|biM

<latexit sha1_base64="Ugn0zjFFY7gKhu/U4E5uMfHRVnQ=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmgckS5idzCZDZmeWmVlhWXLwA7zqJ3gTr36KX+BvOEn2YBILGoqqbrq7gpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvp367SeqNJPi0aQx9SM8FCxkBBsrPYi+1y9X3Ko7A1olXk4qkKPRL//0BpIkERWGcKx113Nj42dYGUY4nZR6iaYxJmM8pF1LBY6o9rPZqRN0ZpUBCqWyJQyaqX8nMhxpnUaB7YywGellbyr+53UTE177GRNxYqgg80VhwpGRaPo3GjBFieGpJZgoZm9FZIQVJsams7AlHqWaET0p2WS85RxWSeui6l1Wa/e1Sv0mz6gIJ3AK5+DBFdThDhrQBAJDeIFXeHOenXfnw/mctxacfOYYFuB8/QLs75aX</latexit>n1
<latexit sha1_base64="ZUbmUvCLk7xddSVvraSxMOpXxU4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eI5gHJEmYns8mQ2dlhZlZYlhz8AK/6Cd7Eq5/iF/gbTpI9mMSChqKqm+6uQHKmjet+O2vrG5tb24Wd4u7e/sFh6ei4peNEEdokMY9VJ8CaciZo0zDDaUcqiqOA03Ywvp367SeqNIvFo0kl9SM8FCxkBBsrPYh+tV8quxV3BrRKvJyUIUejX/rpDWKSRFQYwrHWXc+Vxs+wMoxwOin2Ek0lJmM8pF1LBY6o9rPZqRN0bpUBCmNlSxg0U/9OZDjSOo0C2xlhM9LL3lT8z+smJrz2MyZkYqgg80VhwpGJ0fRvNGCKEsNTSzBRzN6KyAgrTIxNZ2GLHKWaET0p2mS85RxWSata8S4rtftauX6TZ1SAUziDC/DgCupwBw1oAoEhvMArvDnPzrvz4XzOW9ecfOYEFuB8/QLuiJaY</latexit>n2
<latexit sha1_base64="Yt4RObMWEXRHVLk1h6e/h31xuF4=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYBA8hV0N6jHoxWNE84BkCbOT2WTI7MwyMyssSw5+gFf9BG/i1U/xC/wNJ8keTGJBQ1HVTXdXEHOmjet+Oyura+sbm4Wt4vbO7t5+6eCwqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMbid+64kqzaR4NGlM/QgPBAsZwcZKD6J30SuV3Yo7BVomXk7KkKPeK/10+5IkERWGcKx1x3Nj42dYGUY4HRe7iaYxJiM8oB1LBY6o9rPpqWN0apU+CqWyJQyaqn8nMhxpnUaB7YywGepFbyL+53USE177GRNxYqggs0VhwpGRaPI36jNFieGpJZgoZm9FZIgVJsamM7clHqaaET0u2mS8xRyWSfO84l1WqvfVcu0mz6gAx3ACZ+DBFdTgDurQAAIDeIFXeHOenXfnw/mcta44+cwRzMH5+gXwIZaZ</latexit>n3
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AQE

Figure 4.2: (a) Multi-qubit decomposition of the AQE step for a nR = 4 qubits
example. The rotations V and Rz (ϕ (p)) performed on the ancilla qubit are defined in
Eqs. (4.7) and (4.9), respectively. (b) Binary reflected 4-bit Gray code to define the
positions of the control nodes. The black and white rectangles refer to bit values one
and zero, respectively. (c) AQE implementation using only single- and two-qubit
gates. Using the 4-bit Gray code and following Ref. [97], it is possible to decompose the
multi-qubit AQE implementation into single-qubit rotations around the z-axis and CNOTs.
The value of each θi follows from Eq. (4.13).

where,

Rz (ϕ(p)) =
(
e−iϕ(p)/2 0

0 eiϕ(p)/2

)
, (4.9)

ϕ(p) =
{

0 if p = 0
2 arcsin 1

p otherwise . (4.10)

The bit-string b⃗p is the binary representation of the decimal number p, in other words,
p =

∑nR

i=0(⃗bp)i2nR−i. In Fig. 4.2(a), we show an example of the AQE routine for a
nR = 4 qubits case.

The AQE involves the application of several multi-controlled gates, leading to an
exponential increase in the number of gates required for its implementation. Accord-
ing to Ref. [97], it can be decomposed into 4nR single-qubit gates and 4nR − 2nR+1

CNOT gates, making it a challenging task for NISQ devices. The depth of the AQE
step increases with the number of register qubits, which also determines the precision
and accuracy of the HHL algorithm.

In order to implement the multi-controlled operations using only single- and two-
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4.2 Proposal for digital implementation: the ancilla quantum encoding

qubit gates acting on the ancilla, we adopt the approach from Ref.[97]. They provide
an equivalent circuit that performs subsequent rotations with modified angles, al-
ternating with CNOT gates between control and target qubits. As a result, the
operation can be implemented with the circuit depicted in Fig. 4.2(c). Here, the
angles θi are the modified angles of the single-qubit rotations, related to the original
angles by 

θ1
θ2
...

θ2nR

 = M−1


ϕ(0)
ϕ(1)

...
ϕ(2nR − 1)

, (4.11)

where M and M−1 are defined as:

Mij = (−1)bin(i−1)·g(j−1) and M−1 = 1
2nR

MT . (4.12)

Here, bin(i) is the nR-bit binary representation of the integer i, g(j) is the j-th
string of the binary reflected Gray code (counting from 0), and the dot represents
the bit-wise product. By substituting the expression for ϕ(b), then

θi = 1
2nR

2nR −1∑
j=1

(−1)bin(j)·g(i−1) arcsin 1
j
. (4.13)

The accuracy of the algorithm’s output in comparison with the actual solution
|x⟩ of the equation A|x⟩ = |b⟩ is expressed as |||x⟩ − |x̃⟩|| = O(κ/2nR), where |x̃⟩ is
the solution obtained by the algorithm and κ is the condition number of the problem
matrix A. To estimate the expected value of an observable Ω with a limited number
of samples Ns, the error of the estimation scales as O(1/

√
Ns). Therefore, the overall

expected error, ϵ, of estimating Ω in |x⟩ by measuring |x̃⟩ is

ϵ = O
(

1√
Ns

+ η

2nR

)
, (4.14)

where η is a constant of O(κ). To determine the optimal number of register qubits
nR, we must ensure that no term in Eq. (4.14) is dominant. This implies that the
sensible amount of register qubits nR is of O

(
log
[
κ

√
Ns
])

, which only depends on
the number of samples, but not on the size of the problem matrix A.

The generalized-HHL (gHHL) algorithm aims to compute x⃗ = f(A)⃗b, where f(A)
is a matrix function. The method can be easily adapted to perform this task. The
AQE is used to perform the following operation on the ancilla qubit,

|0⟩A|λ̃k⟩R
AQE−−−→

(√
1 − f(λ2)|0⟩A + f(λ)|1⟩A

)
|λ̃k⟩R. (4.15)

To accomplish this, we set the rotation angles of the multi-controlled operations to
ϕ(p) = 2 arcsin f(p/2nR). However, the error bounds are only met if the function
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4 DA QUANTUM ALGORITHM FOR SOLVING LINEAR SYSTEMS

f(λ) satisfies the condition∣∣∣∣∣
(

df
dx

)2(
1 + 1

1 − f(x)2

)∣∣∣∣∣ < η2 in the interval x ∈ [0, 1), (4.16)

which can be derived from Lemma 2 in the supplementary material of Ref. [89].
Here, η is an arbitrary constant of order O(1). This implies that, in practice, one
would need to construct an auxiliary function F that satisfies the bound and behaves
similarly to f(λ) in a given interval, similar to normalizing a vector for its use as a
quantum state.

4.3 Digital-analog implementation

As previously mentioned, the HHL algorithm can be broken down into three steps
(QPE, AQE, and inverse QPE). QPE itself can be further divided into two sub-
routines: controlled-Hamiltonian evolution and inverse quantum Fourier transform.
Dividing each step into smaller subroutines makes it easier to describe the HHL algo-
rithm within the DAQC framework, as some of these subroutines have already been
thoroughly discussed in previous chapters.

To perform the controlled-Hamiltonian evolution, which is the first part of the
QPE, we assume that the problem matrix A has an M -body decomposition, where
M << log2 dim(A). This allows the matrix to be efficiently uploaded using the
DAQC protocol, as described in Ref. [51]. The next step in the QPE subroutine is
the implementation of the inverse quantum Fourier transform on the register qubits,
which was discussed in detail in chapter 3.

To implement the AQE step under the DAQC paradigm, we first decompose it
into single-qubit rotations (Hadamard gates and rotations around the X-axis) and
controlled-Z (cZ) gates, as shown in Fig. 4.3(a). To obtain a sDAQC decomposition,
we construct the Hamiltonian of the cZ gates, which takes the form of a two-body
Ising Hamiltonian:

HcZ = −1
2σz ⊗ I + 1

4σz ⊗ σz. (4.17)

The cZ gate can be implemented using either the step-wise or the bang approach of
the DAQC framework. Fig. 4.3(b) shows a scheme of both protocols for the cZ gate.

Without loss of generality, we assume that the interaction between the qubits of
our quantum processor is a homogeneous two-body Ising Hamiltonian, Hint. Each
cZ gate performed between the ancilla and one of the register qubits can then be
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4.3 Digital-analog implementation

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>
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(b)

Figure 4.3: (a) Decomposition of a CNOT gate in terms of Hadamard and cZ
gates. (b) DAQC decomposition of a cZ gate. To perform a cZ gate using sDAQC,
two analog blocks with duration t = π/8 are necessary. For the digital blocks, all qubits
except those in the cZ-gate must undergo a π-radian rotation around the x-axis before and
after the first analog blocks. In the case of the cZ-gate qubits, a rotation around the z-axis
should be applied either before or after the analog block, as the interaction Hamiltonian
commutes with the Rz(π) gate. In bDAQC, the single-qubit rotations are performed after
the interaction.

decomposed into two analog blocks as

UcZ = ei
π
4 ZA⊗ZR =

 nR⊗
k=1
k ̸=i

Xk

 ei
π
8HI

 nR⊗
k=1
k ̸=i

Xk

 ei
π
8HI . (4.18)

This decomposition is illustrated in Fig. 4.3(b) with the sDAQC implementation of
a cZ gate.

To implement the complete AQE in the DAQC paradigm, we decompose every
cZ into digital and analog blocks, as previously described. The analog blocks take
the same amount of time t to act, and the digital steps take a fixed time ∆t to
be applied, as illustrated in Fig. 4.3(b). As it has been repeatedly mentioned in
this thesis, in terms of scalability it is preferable to follow the bDAQC approach.
The explicit DAQC description of the AQE step includes at most 2nR analog blocks
and (nR + 1)2nR + 1 single-qubit gates, which can be improved with optimization
techniques.
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4 DA QUANTUM ALGORITHM FOR SOLVING LINEAR SYSTEMS

Registers

AncillaMemory

Figure 4.4: Kite-like connectivity of the quantum processor. The register qubits must
be interconnected with each other, the ancilla qubit, and the memory qubits. However, the
ancilla and memory qubits do not require a direct connection.

4.4 Co-designed processor architecture for the HHL algo-
rithm

The concept of co-design in quantum computing involves the simultaneous design
of a quantum processor together with the implementation of a specific algorithm.
This approach leverages the unique features and limitations of a quantum platform
to optimize both the architecture and implementation of the algorithm, resulting in
a more efficient and effective system. In particular, for the implementation of the
HHL algorithm on NISQ devices, in Ref. [54] we propose a co-designed “kite-like"
architecture that reduces the number of required SWAP gates.

The HHL algorithm requires specific connections between its three sets of qubits:
the register, ancilla, and memory qubits. This co-designed architecture, shown in
Fig. 4.4, takes into account these connections and implements a kite-like structure
that satisfies the requirements of the different steps in the HHL algorithm: the
register qubits are connected among them and, simultaneously, to the ancilla and
memory qubits, whereas the ancilla and the memory sets need not be connected
directly. This optimization of the architecture leads to improved performance and
reduced computational overhead.

It is important to note that the term “qubits” in this context refer to logical
qubits, which may be constituted by a group of physical qubits that work together
to perform the necessary operations and connectivity. By customizing both the
architecture and implementation of the HHL algorithm for the specific features of
the quantum platform, the co-design approach aims to maximize the performance
and efficiency of the system.
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4.4 Co-designed processor architecture for the HHL algorithm

With the conclusion of this chapter, we bring to an end the matryoshka construc-
tion of algorithms that we started with the QFT in chapter 3. In the next chapter,
we will examine the application of the DAQC framework to variational quantum
algorithms.
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5 DA QUANTUM APPROXIMATE OPTIMIZATION ALGORITHM

5 Digital-analog quantum
approximate optimization algorithm

I n this chapter, we will show how the DAQC paradigm can also be used with
variational algorithms. These algorithms utilize classical optimization techniques

and parametrized quantum circuits to increase the applicability of noisy quantum
processors that have few qubits. One such algorithm that is most likely to prove
useful in the near term is the quantum approximate optimization algorithm (QAOA)
[98]. This chapter contains the work developed in Ref. [55], in which we show that
the QAOA is a natural algorithm for the DAQC paradigm.

In Section 5.1, we introduce and thoroughly explain the QAOA. In Section 5.2, we
expand the algorithm to the DAQC framework. Finally, in Section 5.3, we compare
the performance of the QAOA algorithm under both the DQC and DAQC paradigms.
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5.1 The Quantum Approximate Optimization Algorithm

5.1 The Quantum Approximate Optimization Algorithm

The QAOA algorithm is a hybrid quantum-classical algorithm that operates in dis-
crete time and is utilized for computing solutions to combinatorial optimization prob-
lems. Originally, the algorithm was found to produce superior approximation ratios
compared to the best classical algorithm for solving MAX-E3LIN2 problems [99].
However, this result was later surpassed by a quantum-inspired classical algorithm
[100]. Furthermore, research by Jiang et al. [101] has demonstrated that QAOA can
replicate the square root scaling of Grover’s search algorithm, achieving the same
speed-up without the need for the Grover mixing operator. Additionally, Hadfield et
al. have discovered that QAOA driving operators can be adjusted in such a way that
a diverse range of problems can be solved without resorting to high-order penalty
terms, which are typically utilized in annealing- or adiabatic-based approaches [102].

QAOA is a discrete-time hybrid quantum-classical algorithm for computing solu-
tions to problems in combinatorial optimization. The classical optimizer tunes the 2p
parameters γ⃗, β⃗ of a quantum circuit to maximize an objective function correspond-
ing to high-quality solutions of a combinatorial optimization problem. In QAOA, an
ansatz state ∣∣∣β⃗, γ⃗〉 =

p∏
p′=1

eiβp′HDeiγp′HP |+⟩⊗n (5.1)

is generated on a quantum processor using p repetitions of two Hamiltonians: a
problem Hamiltonian HP and a driver Hamiltonian HD. A schematic quantum circuit
of the algorithm is shown in Fig. 5.1. The problem and the driver Hamiltonians are
defined as

HP =
2n−1∑
z=0

C(z)|z⟩⟨z|, and HD =
n∑
i=1

σ(i)
x , (5.2)

where C is the objective function value for input strings z, and σ(i)
x refers to the Pauli

matrix applied to the i-th qubit of the system. HP is chosen for its simplicity since
it is a non-interacting Hamiltonian, while still enabling population transfer between
any two given states.

To find a solution, the QAOA circuit is repeatedly executed, and the output string
is measured to calculate the expectation value of HP under the QAOA ansatz state
for the current parameters, as shown in Figure 5.1. This value is handed to a classical
optimizer, with the goal of producing new parameters through a classical black-box
optimization strategy. The expectation value of the problem Hamiltonian,

⟨HP⟩β⃗,γ⃗ = ⟨β⃗, γ⃗|HP|β⃗, γ⃗⟩, (5.3)

is then recomputed, and the process is repeated until a satisfactory solution to the
problem is found. The success of QAOA is measured by the mean approximation
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Figure 5.1: QAOA state preparation circuit. The algorithm alternates the application
of HP and HD Hamiltonians to an equal superposition of qubits. The resulting qubit states
are then measured and a cost is calculated. A classical optimization algorithm is utilized to
minimize this cost by varying the angles γ and β.

ratio, defined as
⟨HP⟩β⃗,γ⃗

maxψ⟨ψ|HP|ψ⟩
. (5.4)

Combinatorial optimization problems with clauses encompassing at most two bits
can be expressed in terms of two-qubit ZZ interactions and single-qubit-Z rotations.
Problems in which the clauses are local to more bits require higher order terms and
are therefore generally out of reach of NISQ quantum computers. In the literature,
there are two well-studied optimization problems, namely MAX-CUT and MAX-2-
SAT, that involve only terms of order up to 2. MAX-CUT is defined on a problem
graph whose vertices are binary variables, and the goal is to partition the graph in
a way that maximizes the number of edges between different parts of the partition.
The clauses of the problem or edges of the equivalent graph are of the type XOR
between problem variables. XOR admits the truth table 00, 01, 10, 11 → 0, 1, 1, 0
which can be decomposed into a Z-based Hamiltonian following theorem 10 of Ref.
[103]. A MAX-CUT clause, therefore, manifests in the problem Hamiltonian as

HC,jk = 1
2

(
I − σ(j)

z σ(k)
z

)
=


0 0 0 0
0 1 0 0
0 0 1 0
0 0 0 0

 . (5.5)

The identity in this expression has no effect other than to keep the Hamiltonian non-
negative such that the diagonal corresponds to the number of edges a given allocation
cuts.
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5.2 Digital-Analog Quantum Approximate Optimization Al-
gorithm

Let us assume that the interaction Hamiltonian of the quantum processor of interest
is as follows

Hint(t) = f(t)Hresource + α

n∑
i=1

(
xi(t)σ(i)

x + zi(t)σ(i)
z

)
, (5.6)

with

Hresource =
n∑
j<k

rjkσ
(j)
z σ(k)

z . (5.7)

In the sDAQC scheme, we assume control over the parameters f , xi, and zi, each
of them taking values from {0, 1}. In the bDAQC scheme, f is always set to 1 and only
the single-qubit parameters may be altered. The single-qubit terms are stronger than
the resource Hamiltonian Hresource by the factor α ≥ 1 and, in typical applications,
α is expected to fall between 10−1000 depending on architecture [104, 105]. Though
current devices tend to exhibit a ratio of single-qubit rotation speed to interaction
strength at the lowest end of this range, they have little to gain from faster single-
qubit operations, since they are typically limited by two-qubit interaction times and
fidelity. We, therefore, expect that a device optimizing for DA applications could be
engineered for greatly higher ratios α. During the driving in bDAQC, all single-qubit
xi operations are set to 1, zi terms to 0, giving a driver Hamiltonian of

HbDAQC-Driver =
∑
j<k

rjkσ
(j)
z σ(k)

z + α

n∑
i=0

σ(i)
x (5.8)

applied for device time given by the variational parameter β divided by the driver
strength α with β ∈ [0, π]. During the analog block steering operations, we use a
similar Hamiltonian in which only a specific set of single-qubit xi terms are active.
As described in chapter 2, we wish to implement a full X-gate before and after each
resource block. The time to apply this gate will be ∆t = π

α . Applying the digital-
analog QAOA (DA-QAOA) device Hamiltonian for a single QAOA layer thus affects
the following unitary

UDA−QAOA = T exp
(

−i
∫ ttotal

t=0
Hint(t) dt

)
, (5.9)

with x⃗(t) defined by the matrix inversion procedure described in chapter 2, T is
the time-ordering meta-operator and z⃗(t) used in the case that we are solving a
SAT problem. ttotal is the sum of all times in the non-negative DAQC time vector
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<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="h8X9UTTs0hlJIj2DQ0ew61DE0nk="></latexit>

tint

4

<latexit sha1_base64="4pJwDWZ2I+EgtnbsD8fc7bo9x3c=">AAACMXicbVDJTgJBEO1xRdxAjl46EhNPZMa4HUnk4BETWRIgpKZpoENPz9hdYzJO+Amv+hd+DTfj1Z+wWQ4CvqSSl/eqUlXPj6Qw6LoTZ2Nza3tnN7OX3T84PDrO5U/qJow14zUWylA3fTBcCsVrKFDyZqQ5BL7kDX90P/UbL1wbEaonTCLeCWCgRF8wQCs12xUuESh2c0W35M5A14m3IEWyQLWbdwrtXsjigCtkEoxpeW6EnRQ0Cib5ONuODY+AjWDAW5YqCLjppLODx/TcKj3aD7UthXSm/p1IITAmCXzbGQAOzao3Ff/zWjH27zqpUFGMXLH5on4sKYZ0+j3tCc0ZysQSYFrYWykbggaGNqOlLdEwMYKZpUdSFKPXuTJlUvgadJI+x6Dmjo3RWw1tndQvS95N6frxqliuLALNkFNyRi6IR25JmTyQKqkRRiR5I+/kw/l0Js6X8z1v3XAWMwWyBOfnF1eaqsk=</latexit>

�t

<latexit sha1_base64="ljQ0zD5+aorjTQjxHDOgFeUoOuE="></latexit>

5tint + 21�t

<latexit sha1_base64="AhmdhflQvMiV8PPa82CdMbR30Vc=">AAACO3icbZDLTgIxFIY7eEO8gSzdNBITV2TGeFtiMNElJHJJgJBO6UBDpzO2Z4jjhDdxq2/hg7h2Z9y6t1wWAp6kyZf/Pyfn9HdDwTXY9oeVWlvf2NxKb2d2dvf2D7K5w7oOIkVZjQYiUE2XaCa4ZDXgIFgzVIz4rmANd1ie+I0RU5oH8gHikHV80pfc45SAkbrZbBvYEyRt18P69qZaHnezBbtoTwuvgjOHAppXpZuz8u1eQCOfSaCCaN1y7BA6CVHAqWDjTDvSLCR0SPqsZVASn+lOMj19jE+M0sNeoMyTgKfq34mE+FrHvms6fQIDvexNxP+8VgTedSfhMoyASTpb5EUCQ4AnOeAeV4yCiA0Qqri5FdMBUYSCSWthSziINad64SMJ8OHzTJmQ4K4iKk4eIyJnjonRWQ5tFepnReeyeFE9L5Tu5oGm0RE6RqfIQVeohO5RBdUQRSP0gl7Rm/VufVpf1vesNWXNZ/JooayfX5Q/rlw=</latexit>

sDAQC
<latexit sha1_base64="sa/FV+c8BJ8Hrbtt85zuX5e4Qew=">AAACM3icbVDLTsJAFJ3iC/EFsnTTSExwQ1rja0niRneYyCNCQ6bDABOm0zpza6wNf+FW/8KPMe6MW//BKe1CwJPc5OSce3PvPW7AmQLL+jByK6tr6xv5zcLW9s7uXrG031J+KAltEp/7suNiRTkTtAkMOO0EkmLP5bTtTq4Sv/1IpWK+uIMooI6HR4INGcGgpfse0CeIq+7xtF+sWDVrBnOZ2BmpoAyNfsko9wY+CT0qgHCsVNe2AnBiLIERTqeFXqhogMkEj2hXU4E9qpx4dvLUPNLKwBz6UpcAc6b+nYixp1TkubrTwzBWi14i/ud1QxheOjETQQhUkHTRMOQm+GbyvzlgkhLgkSaYSKZvNckYS0xApzS3JRhHihE190gMbPKcKgnjzJVYRvFDiEXq6BjtxdCWSeukZp/Xzm5PK/WbLNA8OkCHqIpsdIHq6Bo1UBMRJNALekVvxrvxaXwZ32lrzshmymgOxs8vWNCr1A==</latexit>

(b)
<latexit sha1_base64="/KpCtYX7C20VwNUqvzRWKmRc4Mo="></latexit>

Uresource (tint/4)<latexit sha1_base64="6HW28+CJ/YcFvqtZIJcUR3OdLJ8=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QcKO7FuwD2lAm00k7dDKJMxMhhn6BW/0Lv8ZdceuHOGmysK0HLhzOuZd773FDzpS2rDksbGxube8Ud0t7+weHR+XKcUcFkSS0TQIeyJ6LFeVM0LZmmtNeKCn2XU677vQ+9bsvVCoWiCcdh9Tx8VgwjxGsjdS6G5ZrVt1aAK0TOyc1kKM5rMDqYBSQyKdCE46V6ttWqJ0ES80Ip7PSIFI0xGSKx7RvqMA+VU6yuHSGzowyQl4gTQmNFurfiQT7SsW+azp9rCdq1UvF/7x+pL1bJ2EijDQVJFvkRRzpAKVvoxGTlGgeG4KJZOZWRCZYYqJNOEtbwkmsGFFLjySaTV8zJWWcuRLLOHmOsMgcE6O9Gto66VzU7ev6Veuy1njMAy2CE3AKzoENbkADPIAmaAMCKHgD7+ADfsIvOIffWWsB5jNVsAT48wuoHKfr</latexit>=

<latexit sha1_base64="3SDR5MGDhv7RdM/jNTOj/ezVHM0=">AAACMHicbVDLTgJBEJz1ifgCOXqZSEw8kV3j60iiB4+YyCMBQnqHASbMzo4zs8Z1w0d41b/wa/RkvPoVDuweBKykk0pVd7q7fMmZNq776aysrq1vbOa28ts7u3v7heJBQ4eRIrROQh6qlg+aciZo3TDDaUsqCoHPadMfX0/95iNVmoXi3sSSdgMYCjZgBIyVmh2QUoVPvULZrbgz4GXiZaSMMtR6RafU6YckCqgwhIPWbc+VppuAMoxwOsl3Ik0lkDEMadtSAQHV3WR27wQfW6WPB6GyJQyeqX8nEgi0jgPfdgZgRnrRm4r/ee3IDK66CRMyMlSQdNEg4tiEePo87jNFieGxJUAUs7diMgIFxNiI5rbIUawZ0XOPJIaNn1NlyjjzFag4eYhApI6N0VsMbZk0TiveReX87qxcvckCzaFDdIROkIcuURXdohqqI4LG6AW9ojfn3flwvpzvtHXFyWZKaA7Ozy9ifarb</latexit>⇡

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X
<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="F/mdjt66GYCwE5Qg4CT5sHL3KLg=">AAACKnicbVDLTsJAFL3jE/EFsnTTSExckdb4WhLduIREHgk0ZDpMYcJ0WmemJrXhC9zqX/g17ohbP8SBdiHgSW5ycs69ufceL+JMadueoY3Nre2d3cJecf/g8Oi4VD5pqzCWhLZIyEPZ9bCinAna0kxz2o0kxYHHacebPMz9zguVioXiSScRdQM8EsxnBGsjNbuDUtWu2QtY68TJSRVyNAZlVOkPQxIHVGjCsVI9x460m2KpGeF0WuzHikaYTPCI9gwVOKDKTReXTq1zowwtP5SmhLYW6t+JFAdKJYFnOgOsx2rVm4v/eb1Y+3duykQUaypItsiPuaVDa/62NWSSEs0TQzCRzNxqkTGWmGgTztKWaJwoRtTSI6lmk9dMmTPOPIllkj7HWGSOidFZDW2dtC9rzk3tunlVrd/ngRbgFM7gAhy4hTo8QgNaQIDCG7zDB/pEX2iGvrPWDZTPVGAJ6OcX1eOn/w==</latexit>

X

<latexit sha1_base64="w2FirxfpJQYLG7CzMofySWyJp5I=">AAACNnicbVDLSsNAFJ34rPXV2qWbYBFclUSsuizowmUF+4A2lMl00g6dTNKZGzGGfodb/Qt/xY07cesnOGmysK0HLhzOuZd773FDzhRY1oextr6xubVd2Cnu7u0fHJbKR20VRJLQFgl4ILsuVpQzQVvAgNNuKCn2XU477uQm9TuPVCoWiAeIQ+r4eCSYxwgGLTl1GPSBPkHCBMwGpapVs+YwV4mdkyrK0RyUjUp/GJDIpwIIx0r1bCsEJ8ESGOF0VuxHioaYTPCI9jQV2KfKSeZXz8xTrQxNL5C6BJhz9e9Egn2lYt/VnT6GsVr2UvE/rxeBd+3oj8IIqCDZIi/iJgRmGoE5ZJIS4LEmmEimbzXJGEtMQAe1sCUcx4oRtfBIAmzynCkp48yVWMbJNMIic3SM9nJoq6R9XrMva/X7i2rjNg+0gI7RCTpDNrpCDXSHmqiFCJqiF/SK3ox349P4Mr6z1jUjn6mgBRg/v7U+rY0=</latexit>
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Figure 5.2: Circuit compilations for an 8-qubit MAX-CUT problem on a 5-regular
graph. (a) DQC decomposition of the MAX-CUT problem Hamiltonian into
σxσx interactions. The lines connected to two open circles represent those interactions
applied for time tint. On the right-hand side, we show how to parallelize the circuit into six
time steps, each of which sees one qubit interact with only one other qubit at a time. Six time
steps correspond to the maximum degree of a vertex plus one. (b) sDAQC decomposition
of the same circuit. A resource all-to-all homogeneous Ising Hamiltonian is turned on
and off, punctuated by single-qubit gates. The X gate corresponds to a rotation of π
radians around the x-axis and taxes ∆t time to be applied. This decomposition requires 20
uses of the resource Hamiltonian and 50 single-qubit operations. The time taken to apply
the problem Hamiltonian is 5tint + 21∆t. (c) Decomposition of the same problem
into the bDAQC scheme. The resource Hamiltonian is turned on throughout the entire
procedure. This circuit only approximates the time evolution invoked by the QAOA problem
Hamiltonian but can be carried out in time 5tint and also with 49 single-qubit X operations.
In the limit of infinitely fast X gates, (c) is equivalent to (a) and (b).
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multiplied by the variational parameter γ in addition to the driving time β/α. A
depiction of this device Hamiltonian used to apply a MAX-CUT problem Hamiltonian
is presented in Fig. 5.2.

5.3 Performance of the QAOA under different computational
paradigms

In this section, we present the main computational results of the work in Ref. [55].
In section 5.3.1, we compare the performance of bDA-QAOA in comparison with the
standard QAOA circuit for a set of chosen randomly generated problems. Afterward,
in section 5.3.2 we analyze this further and show the benefits of the DAQC framework
in the application of variational quantum algorithms. Finally, in section 5.3.3, we
examine the impact of experimental errors inherent to NISQ computing on the DAQC
framework when utilizing variational algorithms such as the QAOA.

5.3.1 Performance of the bDA-QAOA

In bDA-QAOA, we perform QAOA using the ansatz state prepared by applying
QAOA layers of the form described in equation (5.9) as

|β⃗, γ⃗⟩α,DA = Uα-DA-QAOA|+⟩⊗n. (5.10)

The bDA-QAOA algorithm introduces errors through the misspecification of the
problem and driver Hamiltonians. Among these two, the misspecification of the prob-
lem Hamiltonian is likely to cause more significant error, as it requires a longer time
to perform on the device and it is not tailored to a specific problem. This problem is
not unique to quantum optimization and is known in quantum annealing literature
as “J chaos” where key aspects of the problem are not accurately represented in the
dynamics of the annealing device. Without error mitigation strategies, these issues
can severely impact the performance of adiabatic quantum computing [106].

bDA-QAOA is related to quantum random walk algorithms [107] and adiabatic
quantum computing in that both the problem Hamiltonian and single-qubit driving
operators are executed simultaneously. Therefore, one might expect that running the
problem Hamiltonian alongside the driver in QAOA would not have a negative effect,
as quantum random walks and diabatic quantum computing are active research areas
[108, 109]. Simulations of bDA-QAOA, where the resource Hamiltonian is identical to
the problem Hamiltonian, showed no significant detrimental impact when compared
to error-free QAOA, as no DA steering single-qubit operations were required.

However, coherent errors in the bDA-QAOA algorithm, which utilizes a non-
problem-specific resource Hamiltonian, are expected to be more detrimental than
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Figure 5.3: Average percentage difference between the mean approximation ratio
of bDA-QAOA and error-free QAOA. We have calculated it by averaging over 50
randomly generated MAX-CUT problems with a constant filling factor of pclause = 0.7.
Blue (dark region on the far left side of the figure) colors indicate that the bDA-QAOA
ansatz state is worse than that provided by error-free QAOA, whereas shades of brown (the
light gray region immediately left of the white region of zero error) indicate an improvement
of the bDAQC over error-free QAOA. On the x-axis, the ratio α of single-qubit to problem
Hamiltonian term strength is seen where error-free QAOA exists in the limit as this ratio
becomes infinite.

errors in QAOA with an always-on active problem Hamiltonian. These errors will
result in a less problem-specific QAOA ansatz state, leading to a lower expected
approximation ratio at a given depth. Figure 5.3 displays the mean approximation
ratio achieved by the bDA-QAOA ansatz state. For high values of α, bDA-QAOA
performs similarly to error-free QAOA, as expected. In the intermediate regime,
minor increases in the mean approximation ratio are observed. Conversely, in the
case of low α, we observe consistently worse results for bDA-QAOA, due to problem
misspecification induced by coherent DAQC errors.

5.3.2 Variational resilience of DA-QAOA to digital-analog errors

Variational quantum algorithms, like QAOA, are considered to have better error
tolerance compared to non-variational algorithms. This is because the classical op-
timizer can compensate for systematic coherent over- or under-rotations and other
errors [110], making variational algorithms a suitable choice for NISQ quantum com-
puting. QAOA finds the optimal parameters β⃗∗, γ⃗∗ by maximizing ⟨HP⟩β⃗,γ⃗ . How-
ever, when the QAOA ansatz operators are changed to those of bDAQC, the pa-
rameters β⃗∗, γ⃗∗ that maximize ⟨HP⟩β⃗,γ⃗ may not necessarily maximize ⟨HP⟩α,DA

β⃗,γ⃗
,
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Figure 5.4: Percentage difference in mean approximation ratio attained by bDA-
QAOA at parameters maximizing error-free QAOA and bDA-QAOA with opti-
mized parameters. We have computed it over 50 randomly generated MAX-CUT prob-
lems with a constant filling factor pclause = 0.7. On the x-axis, the ratio α of single-qubit to
problem Hamiltonian term strength is displayed, with error-free QAOA existing in the limit
as this ratio approaches infinity. Darker colors imply that for the concerned speed ratio and
qubit number, the variational nature of QAOA can account for differences between bDA-
QAOA and the ideal algorithm. The plot highlights the advantage of using a variational
algorithm like QAOA compared to a non-variational algorithm in the presence of coherent
errors in the DAQC framework.

where
⟨HP⟩α,DA

β⃗,γ⃗
= ⟨β⃗, γ⃗|α,DAHP|β⃗, γ⃗⟩α,DA. (5.11)

In fact, Fig. 5.4 suggests that this is not the case and shows that a significant in-
crease in the success probability of QAOA results from the variational freedom of the
algorithm. Figure 5.4 should be understood to demonstrate the parameter regimes
for which it makes more sense to perform a variational algorithm such as QAOA
rather than a fixed gate sequence algorithm such as the quantum Fourier transform.
For high α, the error introduced by the scheme is negligible, and both variational
algorithms and fixed sequence algorithms will perform similarly. In the middle of
the plot, a dark turquoise band can be seen implying that, while a non-variational
algorithm will have low fidelity due to the presence of DA-induced coherent errors,
the variational algorithm still functions. For sufficiently low α, we enter a regime in
which even the variational algorithm fails to recover any performance through alter-
ing parameters. We interpret that this lack of ability of DA-QAOA to absorb error in
the low α regime is a manifestation of barren plateaus in the objective function [111].
Barren plateaus are a feature discovered to occur in the optimization landscapes of
quantum neural networks. When parameterized random circuits are used as ansatze
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in variational algorithms, the gradient of the objective function with respect to the
variational parameters is observed to become exponentially small in the number of
qubits used. When α reduces to a certain value, we interpret that the DA-QAOA
ansatz loses specificity to the problem Hamiltonian of interest. The variational form
used for optimization no longer bears similarity to the objective function used and is,
consequently, no better an ansatz than a random quantum circuit. At this point of
low α, we observe that the gradient of our objective function with respect to the vari-
ational parameters γ⃗, β⃗ tends to become prohibitively small and the approximation
ratio attained therefore varies little with differing parameters.

5.3.3 Sensitivity to other errors

Next to the errors discussed in the previous sections that are imminent to the hard-
ware simplification provided by our digital-analog approach, the algorithm is exposed
to other sources of errors common to NISQ computing. As detailed error budgets
of concrete hardware are currently hard to determine, we would like to qualitatively
evaluate their impact on our technique.

On the one hand, single-qubit gate errors induced by decoherence measured by
T1/2 will have a full impact on this algorithm as these are repeatedly executed. Small
errors in the rotation axis will also have a full impact as they can be mistaken for
a modified problem Hamiltonian. Errors in the rotation angle can be expected to
be less critical as some of them can be accommodated in the classical optimization
process. So all in all, single-qubit errors have the same if somewhat smaller impact
than in a compiled gate model QAOA.

Two-qubit gates do not appear directly in our scheme thus avoiding two-qubit
gate control errors as well as the additional entry points for noise through fast two-
qubit control ports. However, the interaction mediated by the problem Hamiltonian
can still create entangled states, which decay faster than non-entangled states. No-
tably, an n-qubit GHZ state dephases in a time T2/n [112]. The precise degree of
entanglement needed for a specific problem instance is currently unknown for any
quantum optimization algorithms. Yet, we can summarize that the sensitivity of
digital-analog QAOA to two-qubit errors is lower than the compiled version. Given
a single qubit error rate, alongside the total execution time of the algorithm relative
to T2, the depth at which this algorithm can be faithfully executed could be inferred.

In this estimate, we need to keep in mind whether coherent over-rotation errors
have an effect different from incoherent errors. This case could occur if they interfered
in a structured way. Given the randomization effect of the problem Hamiltonian to
any state, this is unlikely and we expect that their impact is faithfully represented
by the measured fidelity.

In this chapter, we have highlighted the advantages of applying the DAQC
paradigm for performing the QAOA algorithm. Our findings show that the DAQC
setting allows for efficient implementation of the problem Hamiltonian, with minimal
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overhead for swapping resources. Additionally, we have shown that QAOA in the
digital-analog setting is more resilient to errors compared to pre-programmed algo-
rithms, making it a promising approach for near-term quantum devices designed for
combinatorial optimization. This research offers a new avenue for the development of
NISQ-era devices and brings us closer to realizing a quantum advantage for solving
real-world problems.
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6 Digital-analog simulations
using the cross–resonance effect

A t the moment, superconducting circuits have been established as a leading quan-
tum platform in terms of controllability and scalability, mainly caused by the

introduction of the transmon qubit [113]. Implementations controlled by microwave
pulses have achieved very low errors on single-qubit gates [114], and the most com-
mon two-qubit gate for fixed frequency transmons is based on the cross-resonance
(CR) interaction [115, 116, 117]. In this chapter, we explore the potential use of the
CR effect as an interaction Hamiltonian between transmon qubits, that would allow
us to implement the DAQC paradigm in superconducting circuit quantum processors.

In section 6.1, we derive the effective interaction Hamiltonian of the CR effect.
First, in section 6.1.1, we consider a CR gate interaction between two superconducting
qubits in order to obtain a purely non-local, in a particular frame, effective interaction
Hamiltonian. Further, in section 6.1.2, we consider a multi-qubit extension and
derive the generalized effective multi-qubit two-local Hamiltonian. Next, in section
6.2, we consider how the multi-qubit Hamiltonian may be toggled into a variety
of forms using digital single-qubit gates. Employing this set of Hamiltonians, we
design DAQC protocols to simulate Ising (section 6.3.1), σxσy (section 6.3.2), and
Heisenberg (section 6.3.3) spin models. The resulting DAQC sequences are in some
cases Trotter-error-free in 1D. We compute the Trotter error when it is present and
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Figure 6.1: Graphical representation of the cross-resonance effect: (a) Two qubits,
the first one being the control qubit with resonance frequency ωc and the second one the
target qubit with resonance frequency ωt, are interacting with strength g. The control
qubit is driven at the resonance frequency of the target qubit, with driving amplitude Ω(t).
(b) State space representation of the transitions between levels of the control and target
qubits, in the presence of a driving of amplitude Ω(t) on the control qubit. The effective CR
interaction is described by strength J(g,Ω). (c) N qubits with nearest neighbor interaction,
all of them are driven at the resonance frequency of their neighbor to the right, illustrating
the scenario we describe in section 6.1.2

find that it is reduced by a constant factor with respect to a DQC decomposition of
the same model. In section 6.4, we discuss some practical implementations of our
findings, and in section 6.5, we conclude the chapter with a discussion and a summary
of the extensive work that we present. The content of this chapter is based on the
work developed in [56].

6.1 Deriving the effective cross-resonance Hamiltonian

In this section, we present the effective CR Hamiltonian, following the derivation
introduced in Ref. [116]. We first introduce the two-qubit scenario, in order to
develop an intuition for the effective coupling, and then generalize the results to the
case of N qubits. Further details of the calculations, supporting the main text, can
be found in Appendix B.1. Note that, in this manuscript, we are working with ℏ = 1.
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6 DA SIMULATIONS USING THE CROSS-RESONANCE EFFECT

6.1.1 Two qubits

Our starting point is the laboratory frame Hamiltonian, written as

HLAB = 1
2(ωq1σ(1)

z + ωq2σ
(2)
z ) + Ω1σ

(1)
x cos(ω1t+ ϕ1)

+Ω2σ
(2)
x cos(ω2t+ ϕ2) + g

2σ
(1)
x σ(2)

x , (6.1)

where σ(i)
x , σ

(i)
y , σ

(i)
z are the Pauli matrices supported on site i, and ωqk and ωk are

the resonance and the driving frequencies of qubit k, respectively. Ωk represents the
amplitude of the driving field, while g denotes the strength of the interaction between
the qubits.

The effective Hamiltonian is derived by applying a series of unitary transfor-
mations — described in detail in Appendix B.1.1 — to Eq. 6.1. First, we ap-
ply a double rotation into the frame co-rotating at the driving frequency of the
qubits (ω1, ω2). After this, we apply the rotating wave approximation (RWA),
valid for ω1, ω2 ≫ δi = ωq1 − ω1,Ωi, g, to drop fast terms rotating with frequency
±2ω1,±2ω2,±(ω1 +ω2). We then proceed by applying two new rotations in order to
express the Hamiltonian in a more convenient frame, named the quad frame (QF). In
this frame, all local terms are eliminated and the result is a purely two-local Hamil-
tonian. The next step is to consider the case in which we drive the first qubit at the
resonance frequency of the second qubit, ω1 = ωq2, while the second one is not driven,
as can be seen in Fig. 6.1(a). After a final RWA, valid for Ω1 ≫ g or δ ≫ g, we end
up with the effective Hamiltonian

HQF = gΩ1

4δ (cosϕ1σ
(1)
x σ(2)

x + sinϕ1σ
(1)
x σ(2)

y ). (6.2)

As ϕ1 is a controllable phase, we can set ϕ1 = 0, resulting in

HQF = gΩ1

4δ σ
(1)
x σ(2)

x . (6.3)

6.1.2 N qubits

The N -qubit Hamiltonian, in the laboratory frame, is given by

HLAB =
N∑
k=1

[
ωqk
2 σ(k)

z + Ωkσ(k)
x cos(ωkt+ ϕk)

]
+
N−1∑
k=1

gk
2 σ

(k)
x σ(k+1)

x (6.4)

We proceed by moving to the QF by means of appropriate rotations (see Ap-
pendix B.1.2 for details). The driving field is then applied to all qubits at the
resonance frequency of their neighbor to the right, as shown in Fig. 6.1(c), except for
case of open boundary conditions in which the last qubit is not driven. Similar to
the two-qubit case, the frame transformations re-express the Hamiltonian in a purely
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6.2 Digital-analog dynamics from the CR Hamiltonian

two-local form. Keeping only terms linear in Ωi/δi, and neglecting fast oscillating
terms δ ≫ g by RWA, we arrive at the effective Hamiltonian

HQF =
N−1∑
k=1

gkΩk
4δk

σ(k)
x

(
σ(k+1)
y sin(ϕk − ϕk+1) − σ(k+1)

z cos(ϕk − ϕk+1)
)
. (6.5)

Once again, we have the freedom to set ϕk = ϕ for all k. The Hamiltonian then
reduces to

HQF =
N−1∑
k=1

Jkσ
(k)
x σ(k+1)

z , (6.6)

where we have defined Jk = −gkΩk/4δk. As seen in the two-qubit case, the Hamilto-
nian only contains two-qubit interaction terms. In the next sections, we will discuss
the use of this Hamiltonian to generate the analog dynamics of a DA computation.

6.2 Digital-analog dynamics from the CR Hamiltonian

We take Eq. 6.6 as a starting point, and consider Ωk = Ω, δk = δ, gk = g, Jk = J ,
for simplicity. Then, we write the effective Hamiltonian in the QF as

HA = J

N−1∑
k=1

σ(k)
x σ(k+1)

z . (6.7)

6.2.1 Synthesis Error

Given that the effective Hamiltonian is the centerpiece of the simulation protocols,
we need to estimate the synthesis error associated with the fact that it is an ap-
proximation of the original Hamiltonian. In the weak-driving regime Ωk ≪ δk, the
original Hamiltonian without the QF RWA is

Horg = g

4

N−1∑
k=1

{(
σ(k)
z σ(k+1)

z + σ(k)
y σ(k+1)

y

)
cos δt

+
(
σ(k)
y σ(k+1)

z − σ(k)
z σ(k+1)

y

)
sin δt

−Ω
δ

[
σ(k)
x σ(k+1)

z +
(
σ(k)
z cos 2δt+ σ(k)

y sin 2δt
)
σ(k+1)
x

]}
. (6.8)

In order to compute the synthesis error, we focus on the Frobenius norm,

||A||F =
√

tr(A†A), (6.9)
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6 DA SIMULATIONS USING THE CROSS-RESONANCE EFFECT

which provides an upper bound for the spectral norm. Let us compute the norm for
the difference between the two Hamiltonians, ∆H = Horg −HA,

∆H = g

4

N−1∑
k=1

{(
σ(k)
z σ(k+1)

z + σ(k)
y σ(k+1)

y

)
cos δt

+
(
σ(k)
y σ(k+1)

z − σ(k)
z σ(k+1)

y

)
sin δt

−Ω
δ

(
σ(k)
z cos 2δt+ σ(k)

y sin 2δt
)
σ(k+1)
x

}
. (6.10)

The latter part of this operator contributes with Ω2/δ2 to the Frobenius norm, so we
will neglect that part in the approximation Ω/δ ≪ 1. The rest can be written as

∆H = g

4

N−1∑
k=1

{(
σ(k)
z cos δt+ σ(k)

y sin δt
)
σ(k+1)
z

+
(
σ(k)
y cos δt− σ(k)

z sin δt
)
σ(k+1)
y

}
, (6.11)

which corresponds to the result of a rotation given by Uk = e−iδtσ(k)
x /2. This norm

can be computed analytically by rewriting the last expression as

∆H = g

4

N−1∑
k=1

U†
k

(
σ(k)
z σ(k+1)

z + σ(k)
y σ(k+1)

y

)
Uk. (6.12)

Then, we see that the only terms that survive the trace of (∆H)†∆H, which is
computed as

g2

16

N−1∑
k,k′=1

U†
k

(
σ(k)
z σ(k+1)

z + σ(k)
y σ(k+1)

y

)
UkU

†
k′

(
σ(k′)
z σ(k′+1)

z + σ(k′)
y σ(k′+1)

y

)
Uk′ ,

(6.13)
are those which satisfy k = k′. Consequently, we obtain

tr
[
(∆H)†∆H

]
= g2

16 tr
(

2
N−1∑
k=1

I

)
= g2

8 (N − 1) tr(I), (6.14)

where I actually represents
⊗N

k=1 Ik. We want to set the normalization to tr(I) = 1,
which corresponds to a factor of 2−N/2 on the Frobenius norm, since∣∣∣∣∣

∣∣∣∣∣
N⊗
k=1

Ik

∣∣∣∣∣
∣∣∣∣∣
F

= 2N/2. (6.15)

Then, we find the Frobenius norm for N qubits (N ≥ 2) to be

||∆H||F = g

2
√

2
√
N − 1. (6.16)
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6.2 Digital-analog dynamics from the CR Hamiltonian

See that this norm diverges with the square root of the number of qubits. Notice
however that the Frobenius norm per qubit decreases with N . Furthermore, we have
computed the norm of the difference between the propagators, ∆U = Uorg − UA,

||∆U||F = g

δ
√

2

∣∣∣∣sin δt2
∣∣∣∣√N − 1. (6.17)

Here, the propagators are computed up to the first order in the Dyson series. Again,
the norm of the difference of propagators per qubit decreases with N . Note that, for
δt ≪ 1,

||∆U||F ≈ t · ||∆H||F . (6.18)

The synthesis errors corresponding to the Hamiltonians derived in further sections
can be found in Appendix B.2.

6.2.2 Hamiltonian toggling

Let us now consider DA quantum simulations of the spin-1/2 Ising, XY , and Heisen-
berg models in 1 and 2 dimensions. We designate the effective Hamiltonian in the
QF, given in Eq. 6.6, as our fundamental DAQC Hamiltonian from which all oth-
ers will be generated. By rotating to the reference frame in which the Hadamard
transformation is applied to all even qubits, i.e. V even

H =
⊗

i H(2i), the Hamiltonian
transforms into

Heven = J

N
2∑

k=1
σ(2k−1)
x σ(2k)

x + J

N−1
2∑

k=1
σ(2k)
z σ(2k+1)

z . (6.19)

From this reference frame, Hadamard transforming all qubits will toggle the Hamil-
tonian into its odd form, i.e. translating the Hamiltonian by one site,

Hodd = J

N
2∑

k=1
σ(2k−1)
z σ(2k)

z + J

N−1
2∑

k=1
σ(2k)
x σx(2k + 1). (6.20)

6.2.3 Two-dimensional generalization

Let us also consider the extension of the Hamiltonian to two dimensions. Consider a
single target qubit in a two-dimensional lattice that is driven at the frequencies of its
neighbors in the +î and +ĵ directions. This realizes a σ(c)

x σ
(t)
z -interaction between

the control qubit located at (i, j) and target qubits at sites (i + 1, j) and (i, j + 1).
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HII
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Unit cell

Figure 6.2: Illustration of analog Hamiltonian interactions on a 2-dimensional
lattice. The green (red) lattice represents the Hamiltonian given by Eq. 6.22 (6.23). Ver-
tices correspond to qubits in a 2D lattice and the solid and dashed edges correspond to the
σxσx and σyσy interactions, respectively.

The extension of Hodd in Eq. 6.20 is

Hodd
2D = J

[ N
2∑

i,j=1
σ(2i−1,2j−1)
z

(
σ(2i−1,2j)
z + σ(2i,2j−1)

z

)

+
N−1

2∑
i,j=1

σ(2i,2j)
z

(
σ(2i,2j+1)
z + σ(2i+1,2j)

z

)

+
N
2∑
i=1

N−1
2∑
j=1

σ(2i−1,2j)
x

(
σ(2i−1,2j+1)
x + σ(2i,2j)

x

)

+
N−1

2∑
i=1

N
2∑
j=1

σ(2i,2j−1)
x

(
σ(2i,2j)
x + σ(2i+1,2j−1)

x

)]
, (6.21)

where summations run over repetitions of the unit cell illustrated in Fig. 6.2. Like-
wise, the extension of Heven in Eq. 6.19 is Heven

2D = Hodd
2D (x ↔ z), which is easily

realized by applying a Hadamard on every site of the lattice. Applying a global
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Rx(π/2) = e−iπσx/4 transformation on Hamiltonian Heven
2D , we obtain

HI = J

N
2∑

i,j=1

(
σ(2i−1,2j−1)
x σ(2i,2j−1)

x + σ(2i,2j−1)
y σ(2i+1,2j−1)

y

+σ(2i−1,2j)
y σ(2i,2j)

y + σ(2i,2j)
x σ(2i+1,2j)

x

+σ(2i−1,2j−1)
x σ(2i−1,2j)

x + σ(2i,2j−1)
y σ(2i,2j)

y

+σ(2i−1,2j)
y σ(2i−1,2j+1)

y + σ(2i,2j)
x σ(2i,2j+1)

x

)
, (6.22)

where we have simplified the summation limits by considering that the Hamiltonian
acts on a system with periodic boundary conditions. If we rotate Hodd

2D by Rx(π/2),
we have

HII = J

N
2∑

i,j=1

(
σ(2i−1,2j−1)
y σ(2i,2j−1)

y + σ(2i,2j−1)
x σ(2i+1,2j−1)

x

+ σ(2i−1,2j)
x σ(2i,2j)

x + σ(2i,2j)
y σ(2i+1,2j)

y

+ σ(2i−1,2j−1)
y σ(2i−1,2j)

y + σ(2i,2j−1)
x σ(2i,2j)

x

+ σ(2i−1,2j)
x σ(2i−1,2j+1)

x + σ(2i,2j)
y σ(2i,2j+1)

y

)
. (6.23)

Note that HII is just a translation of HI by the vector (1, 1). The interactions
described by these Hamiltonians are represented in Fig. 6.2, where HI’s and HII’s
interactions are illustrated by the green and red edges, respectively. In both cases,
the solid (dashed) edges correspond to σxσx (σyσy) interactions between adjacent
qubits, and the summations in Eqs. 6.22, and 6.23 correspond to a tiling of the 2D
lattice using the unit cell, highlighted in blue in Fig. 6.2.

6.3 Many-body compilation

We now discuss how to simulate a variety of paradigmatic spin models with the
Hamiltonians discussed above.

6.3.1 Ising model

So far we have considered a multi-qubit framework in which we drive all qubits at
the resonance frequency of their neighbors to the right. For this particular case, let
us now explore a scenario in which we drive only odd or even qubits, which can be
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achieved by tuning the system’s parameters in the following way:

k control → {ωk = ωqk+1, φk(t) = δk+1t+ ϕk − ϕk+1,

ηk ≈ δk, sin ξk ≈ 1, cos ξk ≈ Ωk
δk

},

k target → {φk(t) = (ωk − ωk+1)t− ϕk+1,Ωk = 0, δk = 0,
ηk = 0, ϕk = 0, sin ξk = 0, cos ξk = 1}, (6.24)

where the qubit we drive is the control qubit and its neighbor to the right is the corre-
sponding target qubit. Assuming we drive only odd qubits, the choice of parameters
leads to a particular QF transformation, represented by

V odd
QF =

⊗
k odd

V
(k)

QF V
(k+1)
I , (6.25)

where V (k)
QF is the QF transformation applied on qubit k (this transformation is dis-

cussed in Appendix B.3), and V
(k+1)
I = e− it

2 ω
q
k+1σ

(k+1)
z is the transformation to the

interaction picture of qubit k+1. After applying a RWA, by keeping the static terms,
we write the Hamiltonian in the QF as

Hodd
QF = J

N
2∑

k=1
σ(2k−1)
x

(
σ(2k)
x cosϕ+ σ(2k)

y sinϕ
)
, (6.26)

after setting δ2k−1 = δ, Ω2k−1 = Ω, g2k−1 = g, ϕ2k−1 = ϕ, and defining J = gΩ/4δ.
See that this is a straightforward multi-qubit extension of the Hamiltonian in Eq. 6.2.
If we do the same, in the case in which we drive only even qubits, the transformation
is

V even
QF =

⊗
k even

V
(k)

QF V
(k+1)
I , (6.27)

and we obtain

Heven
QF = J

N−1
2∑

k=1
σ(2k)
x

(
σ(2k+1)
x cosϕ+ σ(2k+1)

y sinϕ
)
. (6.28)

Considering ϕ = 0, these Hamiltonians transform into

Hodd
QF = J

N
2∑

k=1
σ(2k−1)
x σ(2k)

x , and Heven
QF = J

N−1
2∑

k=1
σ(2k)
x σ(2k+1)

x , (6.29)
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and we see that [Hodd
QF , H

even
QF ] = 0. If we rotate all qubits by a Hadamard gate, we

obtain

V †
HH

odd
QF VH = J

N
2∑

k=1
σ(2k−1)
z σ(2k)

z ≡ H1,

V †
HH

even
QF VH = J

N−1
2∑

k=1
σ(2k)
z σ(2k+1)

z ≡ H2, (6.30)

which leads to

HZZ = H1 +H2 = J

N−1∑
k=1

σ(k)
z σ(k+1)

z . (6.31)

This sequence for simulating the evolution of HZZ can be interpreted as the
combination of two blocks: the first one represents the evolution given by U1(t) =
e−iH1t, where we only drive odd qubits, and the second one represents the evolution
given by U2(t) = e−iH2t, where we only drive even qubits, both in a frame rotated
by Hadamard gates. The integrity of these simulation blocks relies on the fact that
[H1, H2] = 0, meaning that the pairwise combination of propagators is exact. Then,
the propagators corresponding to the two blocks can exactly describe the evolution
of the whole,

UZZ(t) = e−iHZZt = e−i(H1+H2)t = U1(t) U2(t). (6.32)

The propagator corresponding to HZZ is computed as

UZZ(t)|ψ⟩ = U1(t) U2(t)|ψ⟩ = V †
H Uodd

QF (t)VH V
†

H Ueven
QF (t)VH|ψ⟩ (6.33)

where Uodd
QF (t) and Ueven

QF (t) are the propagators generated by Hodd
QF and Heven

QF , re-
spectively. The former is achieved by rotating all qubits by V odd

QF , and the latter
is achieved by rotating all qubits by V even

QF . Furthermore, VH =
⊗

k H(k), where
H(k) = eiπ/2e−iπσ(k)

y /4e−iπσ(k)
z /2 represents the application of a Hadamard gate on

qubit k. The simulation protocol comprises the following steps:

1. Prepare an initial product state ⊗k|ψk⟩.

2. Apply Hadamard gates, H, on all qubits.

3. Let the states evolve according to the underlying analog Hamiltonian with
analog propagator Ueven

QF (τ) for time τ .

4. Let the states evolve according to the underlying analog Hamiltonian with
analog propagator Uodd

QF (τ) for time τ .

5. Apply Hadamard gates, H, on all qubits.
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<latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit>

P̂ even
QF (⌧)

<latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit>

P̂ odd
QF (⌧)

<latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂1
<latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit>

P̂2
<latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit>

P̂ even
QF (⌧)

<latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit>

P̂ odd
QF (⌧)

<latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂1
<latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit>

P̂2
<latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit>

P̂ even
QF (⌧)

<latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit>

P̂ odd
QF (⌧)

<latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂1
<latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit>

P̂2
<latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit>

P̂ even
QF (⌧)

<latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit>

P̂ odd
QF (⌧)

<latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂1
<latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit>

P̂2
<latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit>

P̂ even
QF (⌧)

<latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit>

P̂ odd
QF (⌧)

<latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit>

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=
<latexit sha1_base64="TBdt+xoQBzHHkZUvmZIALYRg29o="></latexit>

e
i

tT
nT

H
[1]
0

<latexit sha1_base64="RJ54sVo7s8sBwxYk9vKag4sqQ8A="></latexit>

e
i

tT
nT

H
[3M ]
0

<latexit sha1_base64="A/NjTiA0psl6AintD/PEJezdTkE="></latexit>

e
i

tT
nT

HM-body

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="re8qW3+PMC3OJByBvTxTyrqL51M="></latexit>

R[3M ]

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="11FvIFY7sr5RKdVgMska1OF/ZMw="></latexit>

R[1]

<latexit sha1_base64="S31VuPEP/mShjLyDs1YP/BCA/mM="></latexit>

e
i

tT
nT

H
[l]
0

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=
<latexit sha1_base64="lVJfe4XOAvCMJ6weqDKbcl8S/Jo="></latexit>

H
[k]
1 = e�iO

1[k]
XX H

1[k]
ZZ eiO

1[k]
XX

<latexit sha1_base64="jbT2kbLfghsZHC14OTLIQvDhTTg="></latexit>

H
[k]
2 = e�iO

2[k]
XX H

2[k]
ZZ eiO

2[k]
XX

<latexit sha1_base64="UKFEzqIrogsTQtoYzXxNGSTGhsA="></latexit>

e
i

tT
nT

P4
k=1

⇣
H

[k]
1

⌘[l]
+
⇣

H
[k]
2

⌘[l]

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=
<latexit sha1_base64="Mksx70Og93FNI+C3S101TUNalnY="></latexit>

e
i

tT
nT

HXZ

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="DYDNykDOHlseWU7CLOzW4LdU8WM=">AAACO3icbZC5TsNAEIbXnCFcCSlpLCIkqshGXGUEDWVA5JASE403m2SV9drsjiMZK29CC2/Bg1DTIVp6NkdBEkZa6dP/z2hmfz8SXKPjfFgrq2vrG5uZrez2zu7efi5/UNNhrCir0lCEquGDZoJLVkWOgjUixSDwBav7g5uxXx8ypXkoHzCJmBdAT/Iup4BGaudy9+20hX2G8Jg2XW80aueKTsmZlL0M7gyKZFaVdt4qtDohjQMmkQrQuuk6EXopKORUsFG2FWsWAR1AjzUNSgiY9tLJ6SP72Cgduxsq8yTaE/XvRAqB1kngm84AsK8XvbH4n9eMsXvlpVxGMTJJp4u6sbAxtMc52B2uGEWRGACquLnVpn1QQNGkNbcl6ieaUz33kRT54HmqjElwX4FK0qcY5NQxMbqLoS1D7bTkXpTO786K5etZoBlySI7ICXHJJSmTW1IhVULJkLyQV/JmvVuf1pf1PW1dsWYzBTJX1s8vW1+uyA==</latexit>

R✓[1]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="e72IuwAHxi5VIde8346ahyrc5C8=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nz0B+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DXSiuyQ==</latexit>

R✓[2]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="8g1mF7KUR1RfutdHwcyOfG2dxrc=">AAACO3icbZC7TsNAEEXXPEN4GVLSWERIVJHNu4ygoQyIPKTEROPNhqyyXpvdMZKx8ie08Bd8CDUdoqVnnaQgwEgrHd07o5m9QSy4Rtd9s+bmFxaXlgsrxdW19Y1Ne2u7oaNEUVankYhUKwDNBJesjhwFa8WKQRgI1gyGF7nffGBK80jeYBozP4Q7yfucAhqpa9vX3ayDA4Zwm7UP/dGoa5fdijsu5y94UyiTadW6W1ap04toEjKJVIDWbc+N0c9AIaeCjYqdRLMY6BDuWNughJBpPxufPnL2jNJz+pEyT6IzVn9OZBBqnYaB6QwBB/q3l4v/ee0E+2d+xmWcIJN0sqifCAcjJ8/B6XHFKIrUAFDFza0OHYACiiatmS3xINWc6pmPZMiHjxMlJ8EDBSrN7hOQE8fE6P0O7S80DireSeX46qhcPZ8GWiA7ZJfsE4+ckiq5JDVSJ5Q8kCfyTF6sV+vd+rA+J61z1nSmRGbK+voGXvGuyg==</latexit>

R✓[3]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="3+kbprDG+aUta2vH11EFw+cnEVU=">AAACO3icbZA9T8MwEIYdvilfKYwsERUSU5UgvsYKFkZAlCK1obq4bmvVcYJ9qRSi/hNW+Bf8EGY2xMqO02aghZMsPXrfO935DWLBNbruuzU3v7C4tLyyWlpb39jcssvbdzpKFGV1GolI3QegmeCS1ZGjYPexYhAGgjWCwUXuN4ZMaR7JW0xj5ofQk7zLKaCR2rZ9085a2GcID1nzyB+N2nbFrbrjcv6CV0CFFHXVLls7rU5Ek5BJpAK0bnpujH4GCjkVbFRqJZrFQAfQY02DEkKm/Wx8+sjZN0rH6UbKPInOWP09kUGodRoGpjME7OtZLxf/85oJds/8jMs4QSbpZFE3EQ5GTp6D0+GKURSpAaCKm1sd2gcFFE1aU1vifqo51VMfyZAPniZKToIHClSaPSYgJ46J0ZsN7S/cHVa9k+rx9VGldl4EukJ2yR45IB45JTVySa5InVAyJM/khbxab9aH9Wl9TVrnrGJmh0yV9f0DYLquyw==</latexit>

R✓[4]

<latexit sha1_base64="2Oj8ND0tTfLn4Alnar/0jHH2k90="></latexit>

e
i

tT
nT

H
[s=1]
ZZ

<latexit sha1_base64="WBMxbDjVH+3Z4lN6nLtUSC3mtJw="></latexit>

e
i

tT
nT

H
[s=2]
ZZ

<latexit sha1_base64="noFx893iIXhKCGxKqbQY7K6hb6A="></latexit>

e
i

tT
nT

H
[s=3]
ZZ

<latexit sha1_base64="whf2lVbPQYvdt6rrk7O9oMpf/UQ="></latexit>

e
i

tT
nT

H
[s=4]
ZZ

<latexit sha1_base64="lVJfe4XOAvCMJ6weqDKbcl8S/Jo="></latexit>

H
[k]
1 = e�iO

1[k]
XX H

1[k]
ZZ eiO

1[k]
XX

<latexit sha1_base64="jbT2kbLfghsZHC14OTLIQvDhTTg="></latexit>

H
[k]
2 = e�iO

2[k]
XX H

2[k]
ZZ eiO

2[k]
XX

<latexit sha1_base64="UKFEzqIrogsTQtoYzXxNGSTGhsA="></latexit>

e
i

tT
nT

P4
k=1

⇣
H

[k]
1

⌘[l]
+
⇣

H
[k]
2

⌘[l]

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=
<latexit sha1_base64="H3r7GmDHL5xeSIIeYbAOoG1c3xc=">AAACO3icbZC5TgMxEIa94QrhSkhJsyJCoiHaRVxlBE3KIJFDOYhmHSex4vUu9mykZZU3oYW34EGo6RAtPc5REGAkS5/+f0Yz/r1QcI2O82alVlbX1jfSm5mt7Z3dvWxuv6aDSFFWpYEIVMMDzQSXrIocBWuEioHvCVb3RjdTvz5mSvNA3mEcso4PA8n7nAIaqZvNsvvkhJe7SbM5aSNEk2624BSdWdl/wV1AgSyq0s1Z+XYvoJHPJFIBWrdcJ8ROAgo5FWySaUeahUBHMGAtgxJ8pjvJ7PSJfWSUnt0PlHkS7Zn6cyIBX+vY90ynDzjUv72p+J/XirB/1Um4DCNkks4X9SNhY2BPc7B7XDGKIjYAVHFzq02HoICiSWtpSziMNad66SMJ8tHjXJmS4J4CFScPEci5Y2J0f4f2F2qnRfeieH57VihdLwJNkwNySI6JSy5JiZRJhVQJJWPyRJ7Ji/VqvVsf1ue8NWUtZvJkqayvbzyxrrg=</latexit>

e�iHZZ⌧

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="t2WUBQt5MJEWKVJmCc2xvlpN0NE="></latexit>

e�iHodd
QF ⌧

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="1oTgDM2snb8/Vr7dSb+mOCwLMJY="></latexit>⌦k| ki

<latexit sha1_base64="Vm3XDqsl7b98W/W7Wl4+CfPzx2s="></latexit>

Uodd
QF (⌧)

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>
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Figure 6.3: Digital-analog quantum circuit to simulate the evolution under Hamil-
tonian HZZ for a time τ . This simulation is carried out by transforming all qubits by
V even

QF , which entails transforming even qubits to the QF (VQF) and odd qubits to the interac-
tion picture (VI), in a setup in which only even qubits are being driven. In this scenario, the
analog propagator Ueven

QF – which describes the evolution under analog Hamiltonian Heven
QF

– is then conjugated by Hadamard gates (H) on all qubits. This segment of the circuit
simulates the evolution given by U2(τ). The circuit is repeated with the QF transforma-
tion being applied to odd qubits and the interaction picture transformation to even qubits
(V odd

QF ), while only odd qubits are driven. This segment simulates the evolution given by
U1(τ).

Note that operations that consist of the application of a unitary U , followed by their
inverse U†, render the identity as the result, and thus are not mentioned in the
simulation protocol steps. However, these operations are included in the figures for
illustrative purposes. Due to the idiosyncrasies of the Hamiltonians derived in this
protocol, we benefit from the absence of Trotter error, which implies no limits on
application time, τ , of the block. This block is represented in Fig. 6.3. To evolve
a state |ψ⟩ with Hamiltonian Hσzσz , one must re-apply the block M times where
the total evolution time is T = Mτ . Gate-based quantum circuits describe the
application of quantum gates following the usual flow of time. That is, from left
to right, following the order in which the operators are applied on a quantum state
represented by a ket.

6.3.2 XY model

Let us now describe a protocol to simulate a XY model in which all adjacent spins
interact by σxσx + σyσy terms.
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6.3 Many-body compilation

1D Simulation

In the 1D case, we start from the Hamiltonians in Eqs. 6.19, and 6.20. By performing
the same Rx(π/2) ≡ R about each qubit, we find

Hodd′
= R†HoddR = J

N
2∑

k=1
σ(2k−1)
y σ(2k)

y + J

N−1
2∑

k=1
σ(2k)
x σ(2k+1)

x ,

Heven′
= R†HevenR = J

N
2∑

k=1
σ(2k−1)
x σ(2k)

x + J

N−1
2∑

k=1
σ(2k)
y σ(2k+1)

y , (6.34)

which, upon summing, realize the 1D XY chain Hamiltonian

HXY = Heven′
+Hodd′

= J

N−1∑
k=1

(
σ(k)
x σ(k+1)

x + σ(k)
y σ(k+1)

y

)
. (6.35)

The key to this protocol is that [Heven′
, Hodd′ ] = R†[Heven, Hodd]R = 0, which

implies
UXY (t) = e−iHXY t = e−i(Hodd′

+Heven′
)t = Uodd′

(t) Ueven′
(t). (6.36)

This allows us to decompose the total XY propagator into the product of two toggled
Hamiltonians which results in a Trotter-error-free dynamics simulation protocol. The
propagator UXY (t) is further decomposed as

UXY (t)|ψ⟩ = Uodd′
Ueven′

|ψ⟩ = W odd† UA(t)W odd W even†UA(t)W even|ψ⟩, (6.37)

where UA(t) is the original analog propagator generated by HA, of Eq. 6.7, and

W odd =
⊗
k odd

H(k)R(k)R(k+1), (6.38)

W even =
⊗
k even

H(k)R(k−1)R(k), (6.39)

where H(k) and R(k) represent the application of a Hadamard gate and a π/2 x-
rotation, respectively, on qubit k. The simulation protocol consists of the following
steps:

1. Prepare an initial product state ⊗k|ψk⟩.

2. Apply a x-π/2 rotation on all qubits with Rx(π/2).

3. Apply Hadamard gates, H, on even qubits.

4. Let the states evolve according to the underlying analog Hamiltonian with
analog propagator UA(τ) for time τ .

5. Apply Hadamard gates, H, on all qubits.

74



6 DA SIMULATIONS USING THE CROSS-RESONANCE EFFECT
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P̂ o0
<latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit>

P̂ e0
<latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

Rx

⇣⇡
2

⌘
<latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit>

R†
x

⇣⇡
2

⌘
<latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂ o0
<latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit>

P̂ e0
<latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

Rx

⇣⇡
2

⌘
<latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit>

R†
x

⇣⇡
2

⌘
<latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂ o0
<latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit>

P̂ e0
<latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

Rx

⇣⇡
2

⌘
<latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit><latexit sha1_base64="L8L764Ab9LKHjQToSZm8lLRznJE=">AAACAnicbVC7TsNAEDyHVwgvAyUFFhFSaCI7QoIygoYyIPKQYis6X9bJKeeH7taIyHIHPwMVAjo+gR/gb7iEFJAw1ezOrLQzfiK4Qtv+MgpLyyura8X10sbm1vaOubvXUnEqGTRZLGLZ8akCwSNoIkcBnUQCDX0BbX90OdHbdyAVj6NbHCfghXQQ8YAzinrVMw9vetl97goIsOIGkrLMTXie1XJX8sEQT3pm2a7aU1iLxJmRMpmh0TM/3X7M0hAiZIIq1XXsBL2MSuRMQF5yUwUJZSM6gK6mEQ1Bedk0SG4dB7G0cAjWdP7tzWio1Dj0tSekOFTz2mT5n9ZNMTj3Mh4lKULEtEVrQSosjK1JH1afS2AoxppQJrn+0mJDqotA3VpJx3fmwy6SVq3q2FXn+rRcv5gVUSQH5IhUiEPOSJ1ckQZpEkYeyTN5I+/Gg/FkvBivP9aCMbvZJ39gfHwD/F6XuA==</latexit>

R†
x

⇣⇡
2

⌘
<latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit><latexit sha1_base64="NucMynxlYkAAXS7Ngqa5g2w8tdE=">AAACDHicbVC7TsNAEDzzDOFloKSxiJCSJrIjJCgjaCgDIg8pDtH5snZOOT90t0ZEln8BfgYqBHRU/AB/wyWkgISpZndmpZ3xEsEV2vaXsbS8srq2Xtgobm5t7+yae/stFaeSQZPFIpYdjyoQPIImchTQSSTQ0BPQ9kYXE719B1LxOLrBcQK9kAYR9zmjqFd9s3Ldz+7z28wd0CAAmbsCfCy7vqQscxOeZ7XclTwYYqVvluyqPYW1SJwZKZEZGn3z0x3ELA0hQiaoUl3HTrCXUYmcCciLbqogoWxEA+hqGtEQVC+bRsqtYz+WFg7Bms6/vRkNlRqHnvaEFIdqXpss/9O6KfpnvYxHSYoQMW3Rmp8KC2Nr0ow14BIYirEmlEmuv7TYkOoiUPdX1PGd+bCLpFWrOnbVuTop1c9nRRTIITkiZeKQU1Inl6RBmoSRR/JM3si78WA8GS/G6491yZjdHJA/MD6+ASVXnDg=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂ o0
<latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit><latexit sha1_base64="3LN/ly4l/0ny9K1l+Nr2RHF2mck=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPuTgthvWG03TmspfBLaEBpdrD+qc3EjSLMdGUE6UGrpNqPydSM8qxqHmZwpTQCRnjwGBCYlR+Pt+5sE9CIW0doT1//87mJFZqGgcmExMdqUVvNvzPG2Q6vPJzlqSZxoSaiPHCjNta2LPq9ohJpJpPDRAqmdnSphGRhGpzoJqp7y6WXYbuedN1mu7dRaN1XR6iCkdwDGfgwiW04Bba0AEKKTzDG7xbwnqyXqzXn2jFKv8cwh9ZH98DN49U</latexit>

P̂ e0
<latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit><latexit sha1_base64="RddG00u/CgFDlae5lIAU99ToyVs=">AAAB7XicbZDNSsNAFIVv6l+tf1WXboJFdFUSEXRZdOOygv2BJpbJ9KYZOsmEmYlQQh5DV6LufBlfwLdxWrPQ1rP65p4zcM8NUs6Udpwvq7Kyura+Ud2sbW3v7O7V9w+6SmSSYocKLmQ/IAo5S7CjmebYTyWSOODYCyY3M7/3iFIxkdzraYp+TMYJCxkl2ow8LyI6bxcPOZ4Ww3rDaTpz2cvgltCAUu1h/dMbCZrFmGjKiVID10m1nxOpGeVY1LxMYUrohIxxYDAhMSo/n+9c2CehkLaO0J6/f2dzEis1jQOTiYmO1KI3G/7nDTIdXvk5S9JMY0JNxHhhxm0t7Fl1e8QkUs2nBgiVzGxp04hIQrU5UM3UdxfLLkP3vOk6TffuotG6Lg9RhSM4hjNw4RJacAtt6ACFFJ7hDd4tYT1ZL9brT7RilX8O4Y+sj2/0KI9K</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂1
<latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit>

P̂2
<latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit>

P̂ even
QF (⌧)

<latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit>

P̂ odd
QF (⌧)

<latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit>

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=
<latexit sha1_base64="1oTgDM2snb8/Vr7dSb+mOCwLMJY="></latexit>⌦k| ki

<latexit sha1_base64="1Jncsm3zk5GFTlzvM4FzCLoQBy4="></latexit>

Uodd0
(⌧)

<latexit sha1_base64="2B5ebQNcoN+IfbGhkvXlgJmND14="></latexit>

Ueven0
(⌧)

<latexit sha1_base64="IhiIRWbbD4F3NP5FIgRrC6ZJuzs=">AAACOnicbZDLTsMwEEUdnuXdwpJNRIXEhipBvJY8NiyLREulNlQT16VWHSfYY6QQ9UvYwl/wI2zZIbZ8AG7TBS2MZOno3hnN+IaJ4Bo9792ZmZ2bX1gsLC2vrK6tbxRLm3UdG0VZjcYiVo0QNBNcshpyFKyRKAZRKNht2L8c+rePTGkeyxtMExZEcC95l1NAK7WLG+wu2+dX7ex80EIwg3ax7FW8Ubl/wR9DmYyr2i45W61OTE3EJFIBWjd9L8EgA4WcCjZYbhnNEqB9uGdNixIipoNsdPnA3bVKx+3Gyj6J7kj9PZFBpHUahbYzAuzpaW8o/uc1DXZPg4zLxCCTNF/UNcLF2B3G4Ha4YhRFagGo4vZWl/ZAAUUb1sSWpJdqTvXERzLk/adcGZLgoQKVZg8GZO7YGP3p0P5C/aDiH1eOrg/LZxfjQAtkm+yQPeKTE3JGrkiV1AglhjyTF/LqvDkfzqfzlbfOOOOZLTJRzvcPRU2uOw==</latexit>

e�iHA⌧

<latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R

<latexit sha1_base64="iqDUNyDxNCeJzXLbTeeeaEjl4yg=">AAACMnicbVDLTsMwEHTKq5RXS49cIiokTlWCeB0ruHAsiD5QG6qN66RWHSfYDlKI+hVc4S/4GbghrnwETtMDLYy00mhmV7s7bsSoVJb1bhSWlldW14rrpY3Nre2dcmW3LcNYYNLCIQtF1wVJGOWkpahipBsJAoHLSMcdX2Z+55EISUN+q5KIOAH4nHoUg9LS3c19fwi+T8SgXLPq1hTmX2LPSA3N0BxUjGp/GOI4IFxhBlL2bCtSTgpCUczIpNSPJYkAj8EnPU05BEQ66fTiiXmglaHphUIXV+ZU/T2RQiBlEri6MwA1koteJv7n9WLlnTsp5VGsCMf5Ii9mpgrN7H1zSAXBiiWaABZU32riEQjASoc0tyUaJZJiOfdIquj4KVcyxqgrQCTpQww8d3SM9mJof0n7qG6f1k+uj2uNi1mgRbSH9tEhstEZaqAr1EQthFGAntELejXejA/j0/jKWwvGbKaK5mB8/wCUEqtt</latexit>

R†

<latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R

<latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R
<latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="iqDUNyDxNCeJzXLbTeeeaEjl4yg=">AAACMnicbVDLTsMwEHTKq5RXS49cIiokTlWCeB0ruHAsiD5QG6qN66RWHSfYDlKI+hVc4S/4GbghrnwETtMDLYy00mhmV7s7bsSoVJb1bhSWlldW14rrpY3Nre2dcmW3LcNYYNLCIQtF1wVJGOWkpahipBsJAoHLSMcdX2Z+55EISUN+q5KIOAH4nHoUg9LS3c19fwi+T8SgXLPq1hTmX2LPSA3N0BxUjGp/GOI4IFxhBlL2bCtSTgpCUczIpNSPJYkAj8EnPU05BEQ66fTiiXmglaHphUIXV+ZU/T2RQiBlEri6MwA1koteJv7n9WLlnTsp5VGsCMf5Ii9mpgrN7H1zSAXBiiWaABZU32riEQjASoc0tyUaJZJiOfdIquj4KVcyxqgrQCTpQww8d3SM9mJof0n7qG6f1k+uj2uNi1mgRbSH9tEhstEZaqAr1EQthFGAntELejXejA/j0/jKWwvGbKaK5mB8/wCUEqtt</latexit>

R†

<latexit sha1_base64="iqDUNyDxNCeJzXLbTeeeaEjl4yg=">AAACMnicbVDLTsMwEHTKq5RXS49cIiokTlWCeB0ruHAsiD5QG6qN66RWHSfYDlKI+hVc4S/4GbghrnwETtMDLYy00mhmV7s7bsSoVJb1bhSWlldW14rrpY3Nre2dcmW3LcNYYNLCIQtF1wVJGOWkpahipBsJAoHLSMcdX2Z+55EISUN+q5KIOAH4nHoUg9LS3c19fwi+T8SgXLPq1hTmX2LPSA3N0BxUjGp/GOI4IFxhBlL2bCtSTgpCUczIpNSPJYkAj8EnPU05BEQ66fTiiXmglaHphUIXV+ZU/T2RQiBlEri6MwA1koteJv7n9WLlnTsp5VGsCMf5Ii9mpgrN7H1zSAXBiiWaABZU32riEQjASoc0tyUaJZJiOfdIquj4KVcyxqgrQCTpQww8d3SM9mJof0n7qG6f1k+uj2uNi1mgRbSH9tEhstEZaqAr1EQthFGAntELejXejA/j0/jKWwvGbKaK5mB8/wCUEqtt</latexit>

R†

<latexit sha1_base64="iqDUNyDxNCeJzXLbTeeeaEjl4yg=">AAACMnicbVDLTsMwEHTKq5RXS49cIiokTlWCeB0ruHAsiD5QG6qN66RWHSfYDlKI+hVc4S/4GbghrnwETtMDLYy00mhmV7s7bsSoVJb1bhSWlldW14rrpY3Nre2dcmW3LcNYYNLCIQtF1wVJGOWkpahipBsJAoHLSMcdX2Z+55EISUN+q5KIOAH4nHoUg9LS3c19fwi+T8SgXLPq1hTmX2LPSA3N0BxUjGp/GOI4IFxhBlL2bCtSTgpCUczIpNSPJYkAj8EnPU05BEQ66fTiiXmglaHphUIXV+ZU/T2RQiBlEri6MwA1koteJv7n9WLlnTsp5VGsCMf5Ii9mpgrN7H1zSAXBiiWaABZU32riEQjASoc0tyUaJZJiOfdIquj4KVcyxqgrQCTpQww8d3SM9mJof0n7qG6f1k+uj2uNi1mgRbSH9tEhstEZaqAr1EQthFGAntELejXejA/j0/jKWwvGbKaK5mB8/wCUEqtt</latexit>

R† <latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R
<latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R

<latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R
<latexit sha1_base64="x/ertuq8C/D2QjBNorpKOE/a+Mo=">AAACKnicbVDLTsJAFJ3BF+ILZOlmIjFxRVrja0l04xKMPBJoyHSYwoTptM5MTWrDF7jVv/Br3BG3fohT2oWAJ7nJyTn35t573JAzpS1rDgsbm1vbO8Xd0t7+weFRuXLcUUEkCW2TgAey52JFORO0rZnmtBdKin2X0647vU/97guVigXiScchdXw8FsxjBGsjtR6H5ZpVtxZA68TOSQ3kaA4rsDoYBSTyqdCEY6X6thVqJ8FSM8LprDSIFA0xmeIx7RsqsE+VkywunaEzo4yQF0hTQqOF+nciwb5Sse+aTh/riVr1UvE/rx9p79ZJmAgjTQXJFnkRRzpA6dtoxCQlmseGYCKZuRWRCZaYaBPO0pZwEitG1NIjiWbT10xJGWeuxDJOniMsMsfEaK+Gtk46F3X7un7Vuqw17vJAi+AEnIJzYIMb0AAPoAnagAAK3sA7+ICf8AvO4XfWWoD5TBUsAf78Ass/p/k=</latexit>

R

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="IhiIRWbbD4F3NP5FIgRrC6ZJuzs=">AAACOnicbZDLTsMwEEUdnuXdwpJNRIXEhipBvJY8NiyLREulNlQT16VWHSfYY6QQ9UvYwl/wI2zZIbZ8AG7TBS2MZOno3hnN+IaJ4Bo9792ZmZ2bX1gsLC2vrK6tbxRLm3UdG0VZjcYiVo0QNBNcshpyFKyRKAZRKNht2L8c+rePTGkeyxtMExZEcC95l1NAK7WLG+wu2+dX7ex80EIwg3ax7FW8Ubl/wR9DmYyr2i45W61OTE3EJFIBWjd9L8EgA4WcCjZYbhnNEqB9uGdNixIipoNsdPnA3bVKx+3Gyj6J7kj9PZFBpHUahbYzAuzpaW8o/uc1DXZPg4zLxCCTNF/UNcLF2B3G4Ha4YhRFagGo4vZWl/ZAAUUb1sSWpJdqTvXERzLk/adcGZLgoQKVZg8GZO7YGP3p0P5C/aDiH1eOrg/LZxfjQAtkm+yQPeKTE3JGrkiV1AglhjyTF/LqvDkfzqfzlbfOOOOZLTJRzvcPRU2uOw==</latexit>

e�iHA⌧

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="iqDUNyDxNCeJzXLbTeeeaEjl4yg=">AAACMnicbVDLTsMwEHTKq5RXS49cIiokTlWCeB0ruHAsiD5QG6qN66RWHSfYDlKI+hVc4S/4GbghrnwETtMDLYy00mhmV7s7bsSoVJb1bhSWlldW14rrpY3Nre2dcmW3LcNYYNLCIQtF1wVJGOWkpahipBsJAoHLSMcdX2Z+55EISUN+q5KIOAH4nHoUg9LS3c19fwi+T8SgXLPq1hTmX2LPSA3N0BxUjGp/GOI4IFxhBlL2bCtSTgpCUczIpNSPJYkAj8EnPU05BEQ66fTiiXmglaHphUIXV+ZU/T2RQiBlEri6MwA1koteJv7n9WLlnTsp5VGsCMf5Ii9mpgrN7H1zSAXBiiWaABZU32riEQjASoc0tyUaJZJiOfdIquj4KVcyxqgrQCTpQww8d3SM9mJof0n7qG6f1k+uj2uNi1mgRbSH9tEhstEZaqAr1EQthFGAntELejXejA/j0/jKWwvGbKaK5mB8/wCUEqtt</latexit>

R†
<latexit sha1_base64="iqDUNyDxNCeJzXLbTeeeaEjl4yg=">AAACMnicbVDLTsMwEHTKq5RXS49cIiokTlWCeB0ruHAsiD5QG6qN66RWHSfYDlKI+hVc4S/4GbghrnwETtMDLYy00mhmV7s7bsSoVJb1bhSWlldW14rrpY3Nre2dcmW3LcNYYNLCIQtF1wVJGOWkpahipBsJAoHLSMcdX2Z+55EISUN+q5KIOAH4nHoUg9LS3c19fwi+T8SgXLPq1hTmX2LPSA3N0BxUjGp/GOI4IFxhBlL2bCtSTgpCUczIpNSPJYkAj8EnPU05BEQ66fTiiXmglaHphUIXV+ZU/T2RQiBlEri6MwA1koteJv7n9WLlnTsp5VGsCMf5Ii9mpgrN7H1zSAXBiiWaABZU32riEQjASoc0tyUaJZJiOfdIquj4KVcyxqgrQCTpQww8d3SM9mJof0n7qG6f1k+uj2uNi1mgRbSH9tEhstEZaqAr1EQthFGAntELejXejA/j0/jKWwvGbKaK5mB8/wCUEqtt</latexit>

R†
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Figure 6.4: Digital-analog quantum circuit to simulate the evolution of an initial
quantum state under Hamiltonian HXY for a time τ . This simulation is carried
out by conjugating the analog propagator UA – which describes the evolution under analog
Hamiltonian HA – by Hadamard gates (H) on even qubits, combined with rotations R on
all qubits, which are x rotations by Rx(π/2). This segment of the circuitsimulates the
evolution given by Ueven′

(τ). The circuit is then repeated with Hadamard gates applied to
odd qubits, and this segment simulates the evolution given by Uodd′

(τ).

6. Let the states evolve according to the underlying analog Hamiltonian with
analog propagator UA(τ) for time τ .

7. Apply Hadamard gates, H, on odd qubits.

8. Undo the x-π/2 rotation on all qubits by R†
x(π/2).

The entire sequence of operations needed to evolve by the XY Hamiltonian is de-
picted in Fig. 6.4. To evolve for a total time T with Hamiltonian HXY , one must
re-apply the block M = T/τ times. Note that the three layers of single qubit ro-
tations in between evolution by the analog propagators simplify into the product of
single-qubit gates, which in this case simplifies to R†HR = (x+ y)/

√
2.

2D Simulation and Digital vs. Digital-Analog Trotter Errors

The same two-Hamiltonian decomposition may be performed in two dimensions,
taking the Hamiltonians in Eqs. 6.22, and 6.23, such that H2D

XY = HI+HII . However,
since [HI , HII ] ̸= 0 in two dimensions, we must resort to an approximate Trotter
decomposition of the 2D XY propagator. If we compute [HI , HII ] we find 16 non-
commuting terms.

Let us now compare the errors arising from a first order Trotter decomposition of
our target evolution unitary. Overall, our goal is to determine the gate complexity
of an approximate product decomposition Ũ2D

XY such that ||U2D
XY (τ) − Ũ2D

XY (τ)|| ≤ ϵ
for an ϵ of our choosing. Here the target propagator is generated by exponentiating
the target Hamiltonian H2D

XY , while Ũ2D
XY is generated by a first order Trotter decom-
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Figure 6.5: Lattice representation of the interactions featured on HI (green) and
HII (red). The blue arrows indicate the non-commuting terms between HI and HII . These
Hamiltonians are split into xx and yy - supported operators, Hi = HXX

i + HY Y
i , in order

to identify the two non-commuting operators: (a) Non-zero terms of [HY Y
I , HXX

II ], (b)
Non-zero terms of [HXX

I , HY Y
II ]. Jointly, these terms estimate the total Trotter error of the

DAQC decomposition.

position which may be implemented through our DAQC Hamiltonians or through a
digitized decomposition.

A first order Trotterization approximates an operator exponential of two generally
non-commuting operators, α and β, as e∆tαe∆tβ = e∆t(α+β) + O(∆t2[α, β]) by dis-
carding the ∆t2 terms in the small ∆t regime. This quantity can be made arbitrarily
small by breaking up the total evolution time into sufficiently small pieces ∆t = τ/N .
Bounding the error in the DAQC case reduces to computing ||[HI , HII ]||. Breaking
down each Hamiltonian into its X and Y components, such that Hi = HXX

i +HY Y
i ,

simplifies the commutator norm to ||[HY Y
I , HXX

II ]+[HXX
I , HY Y

II ]|| = ||A+B||. These
operators are

A = J2
∑

i,j,i′,j′

[
σ(2i,2j−1)
y σ(2i+1,2j−1)

y + σ(2i−1,2j)
y σ(2i,2j)

y (6.40)

+σ(2i,2j−1)
y σ(2i,2j)

y + σ(2i−1,2j)
y σ(2i−1,2j+1)

y ,

σ(2i′,2j′−1)
x σ(2i′+1,2j′−1)

x + σ(2i′−1,2j′)
x σ(2i′,2j′)

x

+σ(2i′,2j′−1)
x σ(2i′,2j′)

x + σ(2i′−1,2j′)
x σ(2i′−1,2j′+1)

x

]
= −2iJ2

∑
i,j

[
σ(2i,2j+1)
x σ(2i+1,2j)

y σ(2i+1,2j+1)
z + σ(2i+1,2j−1

x σ(2i,2j)
y σ(2i,2j−1)

z

+σ(2i,2j
x σ(2i−1,2j+1)

y σ(2i−1,2j)
z + σ(2i,2j−1)

x σ(2i−1,2j)
y σ(2i,2j)

z + (y ↔ x)
]
,
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B = J2
∑

i,j,i′,j′

[
σ(2i−1,2j−1)
x σ(2i−1,2j)

x + σ(2i−1,2j−1)
x σ(2i,2j−1)

x (6.41)

+σ(2i,2j)
x σ(2i,2j+1)

x + σ(2i,2j)
x σ(2i+1,2j)

x ,

σ(2i′−1,2j′−1)
y σ(2i′−1,2j′)

y + σ(2i′−1,2j′−1)
y σ(2i′,2j′−1)

y

+σ(2i′,2j′)
y σ(2i′,2j′+1)

y + σ(2i′,2j′)
y σ(2i′+1,2j′)

y

]
= 2iJ2

∑
i,j

[
σ(2i,2j)
x σ(2i−1,2j+1)

y σ(2i,2j+1)
z + σ(2i+1,2j)

x σ(2i,2j+1)
y σ(2i,2j)

z

+σ(2i,2j)
x σ(2i+1,2j−1)

y σ(2i+1,2j)
z + σ(2i,2j−1)

x σ(2i−1,2j)
y σ(2i−1,2j−1)

z + (y ↔ x)
]
.

Alternatively, from visually inspecting supports and Pauli character of the Hamil-
tonians HI and HII denoted in red and green in Fig. 6.5, we can see that there are 8
terms per unit cell in A and that there are likewise 8 similar, but differently supported
terms in B. Summing over the two sets of terms in the bulk, we obtain

||[HI , HII ]|| = ||2iJ2
∑
i,j

(−1)i+jσ
(i,j)
z [(σ(i−1,j)

x σ
(i,j−1)
y − σ

(i,j+1)
x σ

(i+1,j)
y ) + (x ↔ y)]||

≤ 2J2
∑
i,j

||(−1)i+jσ
(i,j)
z [(σ(i−1,j)

x σ
(i,j−1)
y − σ

(i,j+1)
x σ

(i+1,j)
y ) + (x ↔ y)]||

= 2J2N2||σ(i,j)
z [(σ(i−1,j)

x σ
(i,j−1)
y − σ

(i,j+1)
x σ

(i+1,j)
y ) + (x ↔ y)]|| ≤ 8J2N2,

where we have used the triangle inequality on the spectral norms of the operators.
In order to get a better insight into the performance of the DA computation of

the two-dimensional XY model, we need to compare the Trotter error of both DQC
and DAQC approaches. This error is proportional to the commutator of [HI , HII ]
given in Eq. 6.42 in the DAQC case. In the purely digital case, the commutator that
we need to compute is [Hxx, Hyy], where Hxx contains all σxσx qubit interactions
and Hyy all the σyσy interactions. Independent of the order in which the gates are
implemented, the digital error is bounded by

||[Hxx, Hyy]|| = ||J2
∑
i,j

[(σ(i,j)
x σ(i+1,j)

x + σ(i,j)
x σ(i,j+1)

x ), (x ↔ y)]||

≤ 24J2N2 (6.42)

where the final factor arises from a product of the factor of two for the N2 vertical
and horizontal edges, a factor of 6 counting all the non-commuting σyσy neighbors of
each σxσx interaction, and a final factor of two arising from the Pauli commutation
relations. Alternatively, by analyzing the form of Eqs. 6.40 and 6.41 we note that the
A and B components of the commutator can be identified with free fermions hopping
along the diagonal loops of the two-dimensional lattice as defined by the blue arrows
in Fig. 6.5. Next, we Jordan-Wigner transform to a Majorana representation, take
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periodic boundary conditions, and Fourier transform along the loops. As a result,
the spectral norm of A and B is tightened from O((NJ)2) → O((J)2) which removes
the extensive factor. This tighter bound is proved in Appendix B.4. Likewise, we
may use similar techniques to decompose the Digital commutator of Eq. 6.42 into
a sum of three times as many free fermion Hamiltonians. The resulting ratio of
purely DQC to DAQC commutator norms is still a factor of three. In either case,
the DAQC protocol improves the Trotter error bound by a constant factor of three.
This constant factor speedup can be used to extend the simulation time by the same
factor.

6.3.3 Heisenberg model

We now consider the task of simulating the more complex Heisenberg spin model. The
Hamiltonian describing the Heisenberg chain in 1 dimension is HHeis =

∑
i Si ·Si+1,

with S = (σx, σy, σz). Consider the general Bloch sphere rotation Rn̂(2θ) = e−iθ(n̂·σ⃗).
We can set the angle θ such that this rotation is cyclic; that is, θ = π/(3

√
3) leads

to a cyclic permutation σx → σz, σy → σx and σz → σy. This transformation is
realized by

RE ≡ Rn̂

(
2 π

3
√

3

)
= e

−i π

3
√

3
(σx+σy+σz) = 1

2 [I − i(σx + σy + σz)] (6.43)

which can easily be implemented on individual qubits by the Euler decomposition
RE = e−iσy

π
4 e−iσz

π
4 . The cyclic nature of this transformation is manifested through

the property R3
E = −I. Applying this transformation on all qubits of the Hamiltonian

in Eq. 6.19 zero, one, and two times, leads to the following Hamiltonians,

HE = Heven = J

N
2∑

k=1
σ(2k−1)
x σ(2k)

x + J

N−1
2∑

k=1
σ(2k)
z σ(2k+1)

z , (6.44)

H ′
E = R†

EH
evenRE = J

N
2∑

k=1
σ(2k−1)
z σ(2k)

z + J

N−1
2∑

k=1
σ(2k)
y σ(2k+1)

y ,

H ′′
E = R2†

EH
evenR2

E = J

N
2∑

k=1
σ(2k−1)
y σ(2k)

y + J

N−1
2∑

k=1
σ(2k)
x σ(2k+1)

x .

Summing them together, we obtain the Heisenberg Hamiltonian,

HHeis = HE +H ′
E +H ′′

E = J

N−1∑
k=1

(σ(k)
x σ(k+1)

x + σ(k)
y σ(k+1)

y + σ(k)
z σ(k+1)

z ). (6.45)

In this case, the Hamiltonians do not commute with each other, which means that
the construction of the propagator will include Trotter error (analyzed below),

UHeis(t) = e−iHHeist = e−i(HE+H′
E+H′′

E)t

= UE(t) U ′
E(t) U ′′

E(t) + O(J2t2). (6.46)
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6 DA SIMULATIONS USING THE CROSS-RESONANCE EFFECT

The propagator UHeis(t) is constructed as

UHeis(t)|ψ⟩ ≈ UE(t) U ′
E(t) U ′′

E(t)|ψ⟩ (6.47)
= V even †

H UA(t) V even
H

R†
E V

even†
H UA(t)V even

H RE

R2 †
E V even †

H UA(t)V even
H R2

E |ψ⟩, (6.48)

where UA(t) is the analog propagator generated by HA, and V even
H =

⊗
i H(2i). H(k)

represents the application of a Hadamard gate on qubit k. This protocol comprises
the following steps:

1. Prepare an initial product state ⊗k|ψk⟩.

2. Apply the cyclic transformation twice with R2
E , which is equivalent to R†

E , on
all qubits.

3. Apply Hadamard gates, H, on even qubits.

4. Let the states evolve according to the underlying analog Hamiltonian with
analog propagator UA(τ) for time τ .

5. Apply Hadamard gates, H, on even qubits.

6. Undo the double cyclic transformation by applying RE on all qubits.

7. Apply the cyclic transformation with RE on all qubits.

8. Apply Hadamard gates, H, on even qubits.

9. Let the states evolve according to the underlying analog Hamiltonian with
analog propagator UA(τ) for time τ .

10. Apply Hadamard gates, H, on even qubits.

11. Undo the cyclic transformation with R†
E on all qubits.

12. Apply Hadamard gates, H, on even qubits.

13. Let the states evolve according to the underlying analog Hamiltonian with
analog propagator UA(τ) for time τ .

14. Apply Hadamard gates, H, on even qubits.

This sequence of quantum gates constitutes a block, which can be seen in Fig. 6.6.
To evolve with Hamiltonian HHeis for a total time T , one must re-apply the block
M = T/τ times.
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6.3 Many-body compilation

U†
E<latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

UE
<latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit>

P̂E
<latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit>

P̂
0
E

<latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit>

P̂
00
E

<latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

P̂1
<latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit><latexit sha1_base64="7XSPAO07XF66sfBInevRVwQNpWc=">AAAB7HicbZDNSsNAFIUn9a/Wv6pLN8EiuCqJCLosunFZwf5AG8pketMMncyEmRuhhLyFrkTd+TS+gG/jtGahrWf1zT1n4J4bpoIb9Lwvp7K2vrG5Vd2u7ezu7R/UD4+6RmWaQYcpoXQ/pAYEl9BBjgL6qQaahAJ64fR27vceQRuu5APOUggSOpE84oyiHQ2GMcW8XYxyvxjVG17TW8hdBb+EBinVHtU/h2PFsgQkMkGNGfheikFONXImoKgNMwMpZVM6gYFFSRMwQb5YuXDPIqVdjMFdvH9nc5oYM0tCm0koxmbZmw//8wYZRtdBzmWaIUhmI9aLMuGicufN3THXwFDMLFCmud3SZTHVlKG9T83W95fLrkL3oul7Tf/+stG6KQ9RJSfklJwTn1yRFrkjbdIhjCjyTN7IuyOdJ+fFef2JVpzyzzH5I+fjG0RzjuY=</latexit>

P̂2
<latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit><latexit sha1_base64="nVsyJvXAWJY4UivenZVkCo3x7rM=">AAAB7HicbZDNSsNAFIVv/K31r+rSTbAIrkpSBF0W3bisYH8gDWUyvWmGTmbCzEQooW+hK1F3Po0v4Ns4rVlo61l9c88ZuOdGGWfaeN6Xs7a+sbm1Xdmp7u7tHxzWjo67WuaKYodKLlU/Iho5E9gxzHDsZwpJGnHsRZPbud97RKWZFA9mmmGYkrFgMaPE2FEwSIgp2rNh0ZwNa3Wv4S3kroJfQh1KtYe1z8FI0jxFYSgnWge+l5mwIMowynFWHeQaM0InZIyBRUFS1GGxWHnmnsdSuSZBd/H+nS1IqvU0jWwmJSbRy958+J8X5Ca+DgsmstygoDZivTjnrpHuvLk7Ygqp4VMLhCpmt3RpQhShxt6nauv7y2VXodts+F7Dv7+st27KQ1TgFM7gAny4ghbcQRs6QEHCM7zBuyOcJ+fFef2JrjnlnxP4I+fjG0Xyjuc=</latexit>

P̂ even
QF (⌧)

<latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit><latexit sha1_base64="YMrWwCEt1Uut7aPHVU8XLN4L2+s=">AAACA3icbVDLSgNBEJz1GeNr1aOXwSDES9gVQY9BQTwmYB6QjWF20kmGzD6Y6Q2GZY/6M3oS9eYf+AP+jZOYgybWqbqrGrrKj6XQ6Dhf1tLyyuraem4jv7m1vbNr7+3XdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9eTfTGCJQWUXiL4xjaAeuHoic4Q7Pq2NQbMEwrWSetXmd3qYdwjymMIMyyoocsOenYBafkTEEXiTsjBTJDpWN/et2IJwGEyCXTuuU6MbZTplBwCVneSzTEjA9ZH1qGhiwA3U6nSTJ63IsUxQHQ6fzbm7JA63HgG0/AcKDntcnyP62VYO+inYowThBCbixG6yWSYkQnhdCuUMBRjg1hXAnzJeUDphhHU1vexHfnwy6S+mnJdUpu9axQvpwVkSOH5IgUiUvOSZnckAqpEU4eyTN5I+/Wg/VkvVivP9Yla3ZzQP7A+vgGIteYYw==</latexit>

P̂ odd
QF (⌧)

<latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit><latexit sha1_base64="Zdgr3jNJ/h3Zj8h4nPhUf0tNJ2I=">AAACAnicbVDLSsNAFJ34rPUVdenCYBHqpiQi6LIoiMsW7AOaWCbT23bo5MHMjVhCdvozuhJ15yf4A/6N05qFtp7VufecC/ccPxZcoW1/GQuLS8srq4W14vrG5ta2ubPbVFEiGTRYJCLZ9qkCwUNoIEcB7VgCDXwBLX90OdFbdyAVj8IbHMfgBXQQ8j5nFPWqax64Q4ppLeum9avsNnUR7jGNer0sK7tIk+OuWbIr9hTWPHFyUiI5al3z0+1FLAkgRCaoUh3HjtFLqUTOBGRFN1EQUzaiA+hoGtIAlJdOg2TWUT+SFg7Bms6/vSkNlBoHvvYEFIdqVpss/9M6CfbPvZSHcYIQMm3RWj8RFkbWpA+rxyUwFGNNKJNcf2mxIZWUoW6tqOM7s2HnSfOk4tgVp35aql7kRRTIPjkkZeKQM1Il16RGGoSRR/JM3si78WA8GS/G6491wchv9sgfGB/fPsOX4g==</latexit>

U†
E<latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

UE
<latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit>

P̂E
<latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit>

P̂
0
E

<latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit>

P̂
00
E

<latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

U†
E<latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

UE
<latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit>

P̂E
<latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit>

P̂
0
E

<latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit>

P̂
00
E

<latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

U†
E<latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

UE
<latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit>

P̂E
<latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit>

P̂
0
E

<latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit>

P̂
00
E

<latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

U†
E<latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit><latexit sha1_base64="01mOyxyTDBY/XG88loUa6NE9kys=">AAAB8nicbZDNSsNAFIUn/tb606hLN8EiuCqJCLosiuCygmkLbQyT6U06dPLDzI1QQl5EV6LufBRfwLdxWrPQ1rP65p4zcM8NMsEV2vaXsbK6tr6xWduqb+/s7jXM/YOuSnPJwGWpSGU/oAoET8BFjgL6mQQaBwJ6weR65vceQSqeJvc4zcCLaZTwkDOKeuSbDdcvbsqHYjiiUQSy9M2m3bLnspbBqaBJKnV883M4SlkeQ4JMUKUGjp2hV1CJnAko68NcQUbZhEYw0JjQGJRXzBcvrZMwlRaOwZq/f2cLGis1jQOdiSmO1aI3G/7nDXIML72CJ1mOkDAd0V6YCwtTa9bfGnEJDMVUA2WS6y0tNqaSMtRXquv6zmLZZeietRy75dydN9tX1SFq5Igck1PikAvSJrekQ1zCSE6eyRt5N9B4Ml6M15/oilH9OSR/ZHx8A9UTkOM=</latexit>

W
<latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit><latexit sha1_base64="BYhpFqKWhdBgvbKt33aMUVzVEnw=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPpyZp0vOgu0YIQ35AV6Lu/CR/wL+xE2ehiXd1uu5tqFtBqqQh1/1y1tY3Nre2Szvl3b39g8PK0XHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsnd3O88ojYyiR9omqIf8VEsQyk42VGzM6hU3Zq7EFsFr4AqFGoMKp/9YSKyCGMSihvT89yU/JxrkkLhrNzPDKZcTPgIexZjHqHx88WiM3YeJprRGNni/Tub88iYaRTYTMRpbJa9+fA/r5dReOPnMk4zwljYiPXCTDFK2LwvG0qNgtTUAhda2i2ZGHPNBdmrlG19b7nsKrQva55b85pX1fptcYgSnMIZXIAH11CHe2hACwQgPMMbvDtD58l5cV5/omtO8ecE/sj5+Aap+4pw</latexit>

⌦k| ki
<latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit><latexit sha1_base64="bNCLcxdFoZxAlVkJUmAaHcJYnjg=">AAAB/nicbZC7TsMwGIWdcivlFmDsYlEhMVUJQoKxgoWxSPQiNVHkuH9aq44T2Q5SFSrBy8CEgI2H4AV4G5ySAVr+6fN/jmWfE6acKe04X1ZlZXVtfaO6Wdva3tnds/cPuirJJIUOTXgi+yFRwJmAjmaaQz+VQOKQQy+cXBV67w6kYom41dMU/JiMBIsYJdqsArvuJZrFoIJ8Mrv3UsUK8CQRIw6B3XCaznzwMrglNFA57cD+9IYJzWIQmnKi1MB1Uu3nRGpGOcxqXqYgJXRCRjAwKIh52M/nIWb4OEok1mPA8/Nvb05ipaZxaDwx0WO1qBXL/7RBpqMLP2cizTQIaixGizKOdYKLLvCQSaCaTw0QKpn5JaZjIgnVprGaie8uhl2G7mnTdZruzVmjdVkWUUV1dIROkIvOUQtdozbqIIoe0TN6Q+/Wg/VkvVivP9aKVd45RH/G+vgG/+2WuA==</latexit>

UE
<latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit><latexit sha1_base64="ocpm13JM+t7ggdeB5rDQ1N0ZMoI=">AAAB5nicbZDNSgMxFIVv6l+tf1WXboJFcFVmRNBlUQSXFZy20A4lk97phGZ+SDJCGfoKuhJ15wP5Ar6NaZ2FVs/qyz0ncM8NMim0cZxPUllZXVvfqG7WtrZ3dvfq+wcdneaKo8dTmapewDRKkaBnhJHYyxSyOJDYDSbXc7/7gEqLNLk30wz9mI0TEQrOjB153rC4mQ3rDafpLET/gltCA0q1h/WPwSjleYyJ4ZJp3XedzPgFU0ZwibPaINeYMT5hY+xbTFiM2i8Wy87oSZgqaiKki/fPbMFiradxYDMxM5Fe9ubD/7x+bsJLvxBJlhtMuI1YL8wlNSmdd6YjoZAbObXAuBJ2S8ojphg39jI1W99dLvsXOmdN12m6d+eN1lV5iCocwTGcggsX0IJbaIMHHAQ8wSu8kYg8kmfy8h2tkPLPIfwSef8CpSSMMg==</latexit>

P̂E
<latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit><latexit sha1_base64="YEpIhHF58jL1BUYuFke2JsKdZMs=">AAAB7HicbZDNSsNAFIVv6l+tf1WXboJFcFUSEXRZFMFlBfsDbSiT6U0zdDITZiZCCXkLXYm682l8Ad/Gac1Cq2f1zT1n4J4bppxp43mfTmVldW19o7pZ29re2d2r7x90tcwUxQ6VXKp+SDRyJrBjmOHYTxWSJOTYC6fXc7/3gEozKe7NLMUgIRPBIkaJsaPBMCYmbxej/KYY1Rte01vI/Qt+CQ0o1R7VP4ZjSbMEhaGcaD3wvdQEOVGGUY5FbZhpTAmdkgkOLAqSoA7yxcqFexJJ5ZoY3cX7ZzYnidazJLSZhJhYL3vz4X/eIDPRZZAzkWYGBbUR60UZd410583dMVNIDZ9ZIFQxu6VLY6IINfY+NVvfXy77F7pnTd9r+nfnjdZVeYgqHMExnIIPF9CCW2hDByhIeIJXeHOE8+g8Oy/f0YpT/jmEX3LevwBiX476</latexit>

P̂
0
E

<latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit><latexit sha1_base64="eKnRlFe4IzsXOuUElmM+jJvv60o=">AAAB8nicbZDLSsNAFIZP6q3WS6Mu3QSL6KokIuiyKILLCvYCbQyT6aQZOrkwcyKUkBfRlag7H8UX8G2c1iy09V99c/5/4PzHTwVXaNtfRmVldW19o7pZ29re2a2be/tdlWSSsg5NRCL7PlFM8Jh1kKNg/VQyEvmC9fzJ9czvPTKpeBLf4zRlbkTGMQ84JahHnlkfhgTzduHlN8VDflJ4ZsNu2nNZy+CU0IBSbc/8HI4SmkUsRiqIUgPHTtHNiUROBStqw0yxlNAJGbOBxphETLn5fPHCOg4SaWHIrPn7dzYnkVLTyNeZiGCoFr3Z8D9vkGFw6eY8TjNkMdUR7QWZsDCxZv2tEZeMophqIFRyvaVFQyIJRX2lmq7vLJZdhu5Z07Gbzt15o3VVHqIKh3AEp+DABbTgFtrQAQoZPMMbvBtoPBkvxutPtGKUfw7gj4yPb7oMkNA=</latexit>

P̂
00
E

<latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit><latexit sha1_base64="r6v7DgTAq0YqEE6utNKfWOUlv2o=">AAAB83icbZDLSsNAFIYnXmu9RV26CRapq5KIoMuiCC4r2Au0MUymJ83QyYWZk0IJeRJdibrzTXwB38ZpzUJb/9U35/8Hzvn9VHCFtv1lrKyurW9sVraq2zu7e/vmwWFHJZlk0GaJSGTPpwoEj6GNHAX0Ugk08gV0/fHNzO9OQCqexA84TcGN6CjmAWcU9cgzzUFIMW8VXn5bPOb1euGZNbthz2Utg1NCjZRqeebnYJiwLIIYmaBK9R07RTenEjkTUFQHmYKUsjEdQV9jTCNQbj7fvLBOg0RaGII1f//O5jRSahr5OhNRDNWiNxv+5/UzDK7cnMdphhAzHdFekAkLE2tWgDXkEhiKqQbKJNdbWiykkjLUNVX1+c7iscvQOW84dsO5v6g1r8siKuSYnJAz4pBL0iR3pEXahJEJeSZv5N3IjCfjxXj9ia4Y5Z8j8kfGxzcfCpEB</latexit>

P̂A(⌧)
<latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit><latexit sha1_base64="l6zddkB7MmhsFYLiy/m+Amdp7m4=">AAAB9HicbZC7TsMwFIadcivllsLIYlEhlaVKEBKMBRbGItGL1ESR4zqNVeci+6SoivImMCFg40l4Ad4Gt2SAln/6fP7f0jm/nwquwLK+jMra+sbmVnW7trO7t39g1g97KskkZV2aiEQOfKKY4DHrAgfBBqlkJPIF6/uT27nfnzKpeBI/wCxlbkTGMQ84JaBHnll3QgJ5p/Dy66LpAMnOPLNhtayF8CrYJTRQqY5nfjqjhGYRi4EKotTQtlJwcyKBU8GKmpMplhI6IWM21BiTiCk3X6xe4NMgkRhChhfv39mcRErNIl9nIgKhWvbmw/+8YQbBlZvzOM2AxVRHtBdkAkOC5w3gEZeMgphpIFRyvSWmIZGEgu6pps+3l49dhd55y7Za9v1Fo31TFlFFx+gENZGNLlEb3aEO6iKKHtEzekPvxtR4Ml6M159oxSj/HKE/Mj6+Ab/VkVo=</latexit>

<latexit sha1_base64="rUZpY8ij/o1J6TTSKA67KUaxvA4=">AAACKnicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr41QdOOyBfuANpTJdNIOnUzizESIoV/gVv/Cr3FX3PohTposbOuBC4dz7uXee9yQM6Utaw4LG5tb2zvF3dLe/sHhUbly3FFBJAltk4AHsudiRTkTtK2Z5rQXSop9l9OuO31I/e4LlYoF4knHIXV8PBbMYwRrI7XuhuWaVbcWQOvEzkkN5GgOK7A6GAUk8qnQhGOl+rYVaifBUjPC6aw0iBQNMZniMe0bKrBPlZMsLp2hM6OMkBdIU0Kjhfp3IsG+UrHvmk4f64la9VLxP68fae/WSZgII00FyRZ5EUc6QOnbaMQkJZrHhmAimbkVkQmWmGgTztKWcBIrRtTSI4lm09dMSRlnrsQyTp4jLDLHxGivhrZOOhd1+7p+1bqsNe7zQIvgBJyCc2CDG9AAj6AJ2oAACt7AO/iAn/ALzuF31lqA+UwVLAH+/AKmAafk</latexit>=
<latexit sha1_base64="1oTgDM2snb8/Vr7dSb+mOCwLMJY="></latexit>⌦k| ki

<latexit sha1_base64="zt6MVRzl5zWypCQJ8VDFEYLQxN0="></latexit>

U 00
E(⌧)

<latexit sha1_base64="IhiIRWbbD4F3NP5FIgRrC6ZJuzs=">AAACOnicbZDLTsMwEEUdnuXdwpJNRIXEhipBvJY8NiyLREulNlQT16VWHSfYY6QQ9UvYwl/wI2zZIbZ8AG7TBS2MZOno3hnN+IaJ4Bo9792ZmZ2bX1gsLC2vrK6tbxRLm3UdG0VZjcYiVo0QNBNcshpyFKyRKAZRKNht2L8c+rePTGkeyxtMExZEcC95l1NAK7WLG+wu2+dX7ex80EIwg3ax7FW8Ubl/wR9DmYyr2i45W61OTE3EJFIBWjd9L8EgA4WcCjZYbhnNEqB9uGdNixIipoNsdPnA3bVKx+3Gyj6J7kj9PZFBpHUahbYzAuzpaW8o/uc1DXZPg4zLxCCTNF/UNcLF2B3G4Ha4YhRFagGo4vZWl/ZAAUUb1sSWpJdqTvXERzLk/adcGZLgoQKVZg8GZO7YGP3p0P5C/aDiH1eOrg/LZxfjQAtkm+yQPeKTE3JGrkiV1AglhjyTF/LqvDkfzqfzlbfOOOOZLTJRzvcPRU2uOw==</latexit>

e�iHA⌧

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="tw0gBKC5xOH2as70UKHx7a2giz4=">AAACPnicbVDLTsJAFJ3iC/EFsnTTSExwQ1rjgyXGjUtMBEmAkNthgAnTaZ25NakN3+JW/8Lf8AfcGbcunQILAU8yyck59+aeOV4ouEbH+bAya+sbm1vZ7dzO7t7+Qb5w2NRBpChr0EAEquWBZoJL1kCOgrVCxcD3BHvwxjep//DElOaBvMc4ZF0fhpIPOAU0Ui9f7PiAIwoiaUx61+UOQnTay5ecijOFvUrcOSmROeq9glXs9AMa+UwiFaB123VC7CagkFPBJrlOpFkIdAxD1jZUgs90N5mmn9gnRunbg0CZJ9Geqn83EvC1jn3PTKZZ9bKXiv957QgH1W7CZRghk3R2aBAJGwM7rcLuc8UoitgQoIqbrDYdgQKKprCFK+Eo1pzqhY8kyMfPMyVlgnsKVJw8RiBnjqnRXS5tlTTPKu5l5eLuvFSrzgvNkiNyTMrEJVekRm5JnTQIJTF5Ia/kzXq3Pq0v63s2mrHmO0WyAOvnFzD/r5w=</latexit>UA(⌧)

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="bbvyB4/ScG9fd1f0yhCQv4UHvOE=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsWRHBZxV4gjeVkOm2HTiZxZiLE0Mdwq2/huwjuxK3P4KTJwrYeGPj4/3M4Z34vZFQqy/owCiura+sbxc3S1vbO7l65st+WQSQwaeGABaLrgSSMctJSVDHSDQUB32Ok402uUr/zRISkAb9XcUhcH0acDikGpSXnrn/90BvAaEREv1yz6taszGWwc6ihvJr9ilHtDQIc+YQrzEBKx7ZC5SYgFMWMTEu9SJIQ8ARGxNHIwSfSTWY3T80jrQzMYSD048qcqX8nEvCljH1Pd/qgxnLRS8X/PCdSw0s3oTyMFOE4WzSMmKkCMw3AHFBBsGKxBsCC6ltNPAYBWOmY5raE41hSLOc+kig6ec6UlBj1BIg4eYyAZ46O0V4MbRnaJ3X7vH52e1prNPJAi+gAHaJjZKML1EA3qIlaCKMAvaBX9Ga8G5/Gl/GdtRaMfKaK5sr4+QUG/6wj</latexit>

R†
E

<latexit sha1_base64="bbvyB4/ScG9fd1f0yhCQv4UHvOE=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsWRHBZxV4gjeVkOm2HTiZxZiLE0Mdwq2/huwjuxK3P4KTJwrYeGPj4/3M4Z34vZFQqy/owCiura+sbxc3S1vbO7l65st+WQSQwaeGABaLrgSSMctJSVDHSDQUB32Ok402uUr/zRISkAb9XcUhcH0acDikGpSXnrn/90BvAaEREv1yz6taszGWwc6ihvJr9ilHtDQIc+YQrzEBKx7ZC5SYgFMWMTEu9SJIQ8ARGxNHIwSfSTWY3T80jrQzMYSD048qcqX8nEvCljH1Pd/qgxnLRS8X/PCdSw0s3oTyMFOE4WzSMmKkCMw3AHFBBsGKxBsCC6ltNPAYBWOmY5raE41hSLOc+kig6ec6UlBj1BIg4eYyAZ46O0V4MbRnaJ3X7vH52e1prNPJAi+gAHaJjZKML1EA3qIlaCKMAvaBX9Ga8G5/Gl/GdtRaMfKaK5sr4+QUG/6wj</latexit>

R†
E

<latexit sha1_base64="bbvyB4/ScG9fd1f0yhCQv4UHvOE=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsWRHBZxV4gjeVkOm2HTiZxZiLE0Mdwq2/huwjuxK3P4KTJwrYeGPj4/3M4Z34vZFQqy/owCiura+sbxc3S1vbO7l65st+WQSQwaeGABaLrgSSMctJSVDHSDQUB32Ok402uUr/zRISkAb9XcUhcH0acDikGpSXnrn/90BvAaEREv1yz6taszGWwc6ihvJr9ilHtDQIc+YQrzEBKx7ZC5SYgFMWMTEu9SJIQ8ARGxNHIwSfSTWY3T80jrQzMYSD048qcqX8nEvCljH1Pd/qgxnLRS8X/PCdSw0s3oTyMFOE4WzSMmKkCMw3AHFBBsGKxBsCC6ltNPAYBWOmY5raE41hSLOc+kig6ec6UlBj1BIg4eYyAZ46O0V4MbRnaJ3X7vH52e1prNPJAi+gAHaJjZKML1EA3qIlaCKMAvaBX9Ga8G5/Gl/GdtRaMfKaK5sr4+QUG/6wj</latexit>

R†
E

<latexit sha1_base64="bbvyB4/ScG9fd1f0yhCQv4UHvOE=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsWRHBZxV4gjeVkOm2HTiZxZiLE0Mdwq2/huwjuxK3P4KTJwrYeGPj4/3M4Z34vZFQqy/owCiura+sbxc3S1vbO7l65st+WQSQwaeGABaLrgSSMctJSVDHSDQUB32Ok402uUr/zRISkAb9XcUhcH0acDikGpSXnrn/90BvAaEREv1yz6taszGWwc6ihvJr9ilHtDQIc+YQrzEBKx7ZC5SYgFMWMTEu9SJIQ8ARGxNHIwSfSTWY3T80jrQzMYSD048qcqX8nEvCljH1Pd/qgxnLRS8X/PCdSw0s3oTyMFOE4WzSMmKkCMw3AHFBBsGKxBsCC6ltNPAYBWOmY5raE41hSLOc+kig6ec6UlBj1BIg4eYyAZ46O0V4MbRnaJ3X7vH52e1prNPJAi+gAHaJjZKML1EA3qIlaCKMAvaBX9Ga8G5/Gl/GdtRaMfKaK5sr4+QUG/6wj</latexit>

R†
E

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H
<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="xl+E5kMEN+uR3Z2Yybce7X8xht4=">AAACLHicbVDLSsNAFJ2pr1pfrV26GSyCq5KIr2VRBJf10Qe0oUymk3boZBJnJkIM/QS3+hd+jRsRt36HkyYLWz1w4XDOvdx7jxtyprRlfcDC0vLK6lpxvbSxubW9U67stlUQSUJbJOCB7LpYUc4EbWmmOe2GkmLf5bTjTi5Tv/NIpWKBuNdxSB0fjwTzGMHaSHe3g6tBuWbVrRnQX2LnpAZyNAcVWO0PAxL5VGjCsVI92wq1k2CpGeF0WupHioaYTPCI9gwV2KfKSWa3TtGBUYbIC6QpodFM/T2RYF+p2HdNp4/1WC16qfif14u0d+4kTISRpoJki7yIIx2g9HE0ZJISzWNDMJHM3IrIGEtMtIlnbks4jhUjau6RRLPJU6akjDNXYhknDxEWmWNitBdD+0vaR3X7tH5yc1xrXOSBFsEe2AeHwAZnoAGuQRO0AAEj8AxewCt8g+/wE35lrQWYz1TBHOD3DzmGqLE=</latexit>

RE

<latexit sha1_base64="IhiIRWbbD4F3NP5FIgRrC6ZJuzs=">AAACOnicbZDLTsMwEEUdnuXdwpJNRIXEhipBvJY8NiyLREulNlQT16VWHSfYY6QQ9UvYwl/wI2zZIbZ8AG7TBS2MZOno3hnN+IaJ4Bo9792ZmZ2bX1gsLC2vrK6tbxRLm3UdG0VZjcYiVo0QNBNcshpyFKyRKAZRKNht2L8c+rePTGkeyxtMExZEcC95l1NAK7WLG+wu2+dX7ex80EIwg3ax7FW8Ubl/wR9DmYyr2i45W61OTE3EJFIBWjd9L8EgA4WcCjZYbhnNEqB9uGdNixIipoNsdPnA3bVKx+3Gyj6J7kj9PZFBpHUahbYzAuzpaW8o/uc1DXZPg4zLxCCTNF/UNcLF2B3G4Ha4YhRFagGo4vZWl/ZAAUUb1sSWpJdqTvXERzLk/adcGZLgoQKVZg8GZO7YGP3p0P5C/aDiH1eOrg/LZxfjQAtkm+yQPeKTE3JGrkiV1AglhjyTF/LqvDkfzqfzlbfOOOOZLTJRzvcPRU2uOw==</latexit>

e�iHA⌧

<latexit sha1_base64="tw0gBKC5xOH2as70UKHx7a2giz4=">AAACPnicbVDLTsJAFJ3iC/EFsnTTSExwQ1rjgyXGjUtMBEmAkNthgAnTaZ25NakN3+JW/8Lf8AfcGbcunQILAU8yyck59+aeOV4ouEbH+bAya+sbm1vZ7dzO7t7+Qb5w2NRBpChr0EAEquWBZoJL1kCOgrVCxcD3BHvwxjep//DElOaBvMc4ZF0fhpIPOAU0Ui9f7PiAIwoiaUx61+UOQnTay5ecijOFvUrcOSmROeq9glXs9AMa+UwiFaB123VC7CagkFPBJrlOpFkIdAxD1jZUgs90N5mmn9gnRunbg0CZJ9Geqn83EvC1jn3PTKZZ9bKXiv957QgH1W7CZRghk3R2aBAJGwM7rcLuc8UoitgQoIqbrDYdgQKKprCFK+Eo1pzqhY8kyMfPMyVlgnsKVJw8RiBnjqnRXS5tlTTPKu5l5eLuvFSrzgvNkiNyTMrEJVekRm5JnTQIJTF5Ia/kzXq3Pq0v63s2mrHmO0WyAOvnFzD/r5w=</latexit>UA(⌧)

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="TbMy4dpbvB1I3GOJSnIduJ0vQbI=">AAACMXicbVDLTsJAFJ3iC/EFsnTTSExckdb4WhLdsMREHgk0ZDpMYcJ0WmdujbXhJ9zqX/g17Ixbf8Ip7ULAk9zk5Jx7c+89bsiZAsuaG4WNza3tneJuaW//4PCoXDnuqCCShLZJwAPZc7GinAnaBgac9kJJse9y2nWn96nffaZSsUA8QhxSx8djwTxGMGipNwD6AklzNizXrLq1gLlO7JzUUI7WsGJUB6OARD4VQDhWqm9bITgJlsAIp7PSIFI0xGSKx7SvqcA+VU6yOHhmnmllZHqB1CXAXKh/JxLsKxX7ru70MUzUqpeK/3n9CLxbJ2EijIAKki3yIm5CYKbfmyMmKQEea4KJZPpWk0ywxAR0RktbwkmsGFFLjyTApq+ZkjLOXIllnDxFWGSOjtFeDW2ddC7q9nX96uGy1rjLAy2iE3SKzpGNblADNVELtRFBHL2hd/RhfBpz48v4zloLRj5TRUswfn4BSCWrTg==</latexit>

H

<latexit sha1_base64="bbvyB4/ScG9fd1f0yhCQv4UHvOE=">AAACNHicbZDLSsNAFIYn9VbrrbVLN8EiuCqJeFsWRHBZxV4gjeVkOm2HTiZxZiLE0Mdwq2/huwjuxK3P4KTJwrYeGPj4/3M4Z34vZFQqy/owCiura+sbxc3S1vbO7l65st+WQSQwaeGABaLrgSSMctJSVDHSDQUB32Ok402uUr/zRISkAb9XcUhcH0acDikGpSXnrn/90BvAaEREv1yz6taszGWwc6ihvJr9ilHtDQIc+YQrzEBKx7ZC5SYgFMWMTEu9SJIQ8ARGxNHIwSfSTWY3T80jrQzMYSD048qcqX8nEvCljH1Pd/qgxnLRS8X/PCdSw0s3oTyMFOE4WzSMmKkCMw3AHFBBsGKxBsCC6ltNPAYBWOmY5raE41hSLOc+kig6ec6UlBj1BIg4eYyAZ46O0V4MbRnaJ3X7vH52e1prNPJAi+gAHaJjZKML1EA3qIlaCKMAvaBX9Ga8G5/Gl/GdtRaMfKaK5sr4+QUG/6wj</latexit>

R†
E
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Figure 6.6: Digital-analog quantum circuit to simulate the evolution of an initial
quantum state under Hamiltonian HHeis for a time τ . This simulation is carried
out by conjugating the analog propagator UA – which describes the evolution under analog
Hamiltonian HA – by Hadamard gates (H) on even qubits. It is additionally conjugated
by R2

E = −R†
E , where RE is a cyclic transformation that allows us to obtain all SiSi+1

interactions. This segment of the circuit simulates the evolution given by U
′′
E(τ). The first

repetition of the circuit simulates the evolution given by U
′
E(τ). This is done by conjugating

UA(τ) by Hadamard gates on even qubits, followed by a permutation by RE . Then, the
circuit is repeated a final time, solely conjugating the analog propagator by Hadamard gates
on even qubits, to simulate the evolution given by UE(τ).

Digital vs. Digital-Analog Synthesis Errors

In order to quantify the computational benefit of this method, let us compute and
compare the above Trotterized error against that of a digitized two-local decomposi-
tion. A digitized decomposition we will employ alternating layers of σxσx, σyσy, and
σzσz interactions applied to all even bonds, followed by the same operator action
on odd bonds. Such a decomposition is based on the fact that all interactions, on a
single bond, commute, but the interactions on adjacent bonds, which share a single
spin, do not commute. To first order, the Trotter error is given by

J2∥[Si−1 · Si,Si · Si+1]∥ = J2

∥∥∥∥∥∑
µ,ν

σµi−1[σµi , σ
ν
i ]σνi+1

∥∥∥∥∥
= 2J2∥Si−1 · Si × Si+1∥
≤ 12J2, (6.49)

where we have used the fact that Si−1 · Si × Si+1 contains 6 Pauli terms. For a 1D
Heisenberg chain, the total commutator is bounded by 12J2N . Meanwhile, on the
DAQC side we need to bound

e−it(HE+H′
E+H′′

E) = e−itHEe−it(H′
E+H′′

E) (6.50)
+ O(t2[HE , H

′
E +H ′′

E ])
= e−itHEe−itH′

Ee−itH′′
E

+ O(t2([HE , H
′
E +H ′′

E ] + [H ′
E , H

′′
E ]))
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6 DA SIMULATIONS USING THE CROSS-RESONANCE EFFECT

These commutators are

[HE , H
′
E ] = 2iJ2

∑
k

σ(k−1)
x σ(k)

z σ(k+1)
y , (6.51)

[HE , H
′′
E ] = −2iJ2

∑
k

σ(k−1)
z σ(k)

x σ(k+1)
y ,

[H ′
E , H

′′
E ] = 2iJ2

∑
k

σ(k−1)
z σ(k)

y σ(k+1)
x ,

and their sum can be bounded by

||[HE , H
′
E ] + [HE , H

′′
E ] + [H ′

E , H
′′
E ]||

= 2J2||
∑
k

σ(k−1)
x σ(k)

z σ(k+1)
y − σ(k−1)

z σ(k)
x σ(k+1)

y + σ(k−1)
z σ(k)

y σ(k+1)
x ||

≤ 2J2
∑
k

||σ(k−1)
x σ(k)

z σ(k+1)
y − σ(k−1)

z σ(k)
x σ(k+1)

y + σ(k−1)
z σ(k)

y σ(k+1)
x ||

≤ 6J2N. (6.52)

We again find that the bound on the error in the DAQC protocol is smaller by a
constant factor than in the DQC approach.

6.4 Practical Implementation

In order to experimentally realize our DA simulation protocols in an accurate manner
further practical experimental steps are required. The critical steps for doing so,
whose details depend on the user’s specific goals, are broadly partitioned as either
i) characterization or ii) Hamiltonian optimization. Since each of these steps bring
its own theoretical and experimental challenges, we now describe promising paths
forward for each step.

A critical step towards validating the accuracy of DA simulations, thereby quan-
tifying their error, is to accurately characterize the analog many-body Hamiltonian
at the center of our protocols. While conceptually simple, the characterization of a
many-body Hamiltonian is not scalable (with exponentially growing complexity) by
naive process tomography [77]. To aid in the scalable characterization of our Hamil-
tonians, we note that all of the expected interactions are geometrically local and, us-
ing this information, one should take advantage of Hamiltonian tomography schemes
with polynomial growing model spaces as constricted by locality [118, 119, 120, 121].
Hamiltonian estimation is further complicated by interactions coupling the principle
system to unwanted environmental degrees of freedom and, to address this compli-
cation, we point the interested reader to recently developed open quantum systems
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6.5 Discussions

characterization techniques [122, 123]. Additionally, Bayesian Hamiltonian learning
[124] techniques may also be considered, although efficient importance sampling is
required to adequately update models in this case.

After experimentally identifying the dominant interactions, a natural next step is
to eliminate unwanted couplings. Our analog Hamiltonian arises from a model relying
on a two-level approximation and perturbation theory in Ω/δ. However, it is known
that the CR-operation comes with a variety of additional terms [125, 126, 127], such
as σ(2)

z , σ
(2)
y , σ

(1)
z σ

(2)
z as well as spectator phase errors, in practice. One may consider

a few routes in order to combat these additional terms. For example, tailoring echo
sequences can eliminate certain unwanted interactions [128] and, in addition, it has
been shown that residual single qubit interactions can be removed by applying active
cancellation tones [125]. Another promising avenue for removing residual interactions
comes from judiciously arranging, or actively controlling, qubit frequencies or their
relative anharmonicities. For example, Ref. [127] provides a detailed analysis of
the role qubit frequencies play and have shown that certain bands in the space of
frequency detunings (see regions I and IV in Fig. 4 (f)) maximize the signal-to-
noise ratio

∣∣∣σzσx

σzσz

∣∣∣. Even more recent work [129] has highlighted how additional fixed
frequency coupling elements, which dress the qubit level spacings, may also remove
unwanted σzσz interactions.

Lastly, instead of removing the residual couplings, one may leverage the additional
interactions to define new classes of analog Hamiltonians. These analog Hamiltonians
would be useful in simulating the dynamics of different spin models. In the limit that
these additional terms are sufficiently small, one would expect them to contribute as
disorder or small fluctuations in the system parameters. In this case, the (low energy
theory and effective) model is expected to still lie in the parent model’s universality
class. Alternatively, outside this limit, the presence of the additional terms may
potentially enrich the computational capability of the analog Hamiltonian as applied
to more complex spin models.

6.5 Discussions

In this chapter, we start with a Hamiltonian based on the Rabi model describing two
superconducting qubits interacting through the CR effect and propose an extension
to a multi-qubit scenario. The resulting Hamiltonian is transformed into a reference
frame where only two-body interactions remain, resulting in our analog Hamiltonian.
With it, we have assembled a Hamiltonian toolbox through toggling by different
single-qubit gates.

The variety of Hamiltonians we have obtained were efficiently combined to sim-
ulate Ising, XY , and Heisenberg spin models on a 1-dimensional chain, as well as
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6 DA SIMULATIONS USING THE CROSS-RESONANCE EFFECT

the XY model on a 2-dimensional lattice. For the 1D Ising and XY models, our
simulation protocols are Trotter-error free up to first order in Ω/δ, meaning that the
full time evolution is given by a single DA block. For the 2D XY and 1D Heisen-
berg chain, we were able to reduce the error in a first order Trotter approximation
by a constant factor of 3 for 2D XY and of 2 for the Heisenberg chain. Our tech-
niques, therefore, extend the duration of possible time evolutions by a constant factor.
While the constant factor improvement does not provide a polynomial speedup in
the asymptotic limit, it does provide a meaningful and practical advantage for near-
term, noisy, simulations. A natural avenue of future research could be to explore
the possible reach of quantum computation by offering a larger collection of analog
Hamiltonians which naturally arise in superconducting platforms. Going beyond our
simple Trotter analysis, it would also be interesting to investigate the scaling im-
provements resulting from the use of the DA Hamiltonians within more advanced
product formulas [130] or alternative Hamiltonian simulation techniques [131].

Finally, we have provided a succinct discussion regarding the steps which are nec-
essary to implement our DA protocols in practice. In doing so we outlined promising
routes toward scalable characterization and tailoring the precise nature of the analog
interactions. Another issue that must be tackled is the problem of geometrically
designing the qubit detunings such that all qubits are kept within a particular range.
Then, given these detunings, one should increase or decrease the individual driving
to maintain a constant ratio Ω/δ for all neighboring pairs. In reality, one must go
beyond this simple approximation and will need to calibrate each of the individual
drivings as the CR interaction may be highly sensitive to resonances that depend not
only on the detuning but also on the qubit’s anharmonicities [127].
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7 Conclusions and perspectives

I n this thesis, we present a comprehensive overview of the work carried out in the
field of DAQC over the course of four years. Our aim is to provide a compre-

hensive reference guide for the implementation of quantum algorithms within the
DAQC framework. Through our research, we demonstrate that this computational
paradigm presents a promising solution for the constraints of NISQ devices. We have
shown that the DAQC framework enables the implementation of quantum algorithms
with lower resource consumption, resulting in high-performing solutions. Addition-
ally, we have equipped the reader with a toolbox for simulating various important
Hamiltonians within the DAQC framework, which serve as building blocks for the
quantum algorithms we have presented in this thesis. These algorithms demonstrate
the full potential of the DAQC framework and its ability to effectively tackle complex
quantum computing problems.

The thesis begins with an exploration of the construction of DA quantum algo-
rithms based on a combination of single-qubit rotations and multiqubit entangling
dynamics, referred to as digital and analog blocks respectively. We provide systematic
protocols for constructing generic Ising, 2-body, and M -body Hamiltonians. Through
our analysis, we compare the bDAQC and sDAQC approaches of the paradigm and
conclude that the bDAQC protocol enhances the fidelity of the global quantum dy-
namics by reducing the impact of switching on/off the entangling evolution. We
also delve into the most relevant noise sources in current superconducting quantum
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processors and evaluate the resilience of the DAQC paradigm under realistic imple-
mentation circumstances. These results, in conjunction with the systematic protocols
outlined in the thesis, enable us to successfully adapt several quantum algorithms.

Our first algorithm of interest is the QFT. This algorithm serves as a critical
component in many other quantum algorithms, such as the QPE. To evaluate its
performance under realistic conditions, we apply the noise model presented earlier
and test the performance of both the QFT and the QPE using both the DQC and
DAQC paradigms. Our results demonstrate that the fidelity achieved by the DAQC
paradigm improves with an increasing number of qubits.

Next, we delve into the study of the HHL algorithm for solving linear systems
of equations. Despite its broad range of applications, this algorithm poses a sig-
nificant challenge for NISQ devices due to its high number of two-qubit gates and
specific qubit connectivity requirements. Additionally, an efficient implementation
of the AQE subroutine remains unclear. To tackle these challenges, we provide a
systematic approach to implement the AQE subroutine using both the DQC and
DAQC paradigms. To mitigate the impact of noise sources when running a quantum
algorithm, we also propose a technique to reduce them by minimizing algorithm’s
depth. This is achieved by co-designing the quantum processor to be tailored to
the specific implementation of the desired algorithm, thus reducing the number of
SWAP gates needed to artificially connect physically unconnected qubits. We obtain
a kite-like quantum processor for the implementation of a generalized version of the
HHL algorithm, which is at the heart of many quantum subroutines across various
fields. Our findings make a significant contribution to the field and highlight the
importance of optimizing quantum algorithms for NISQ devices.

In our quest to extend the application of the DAQC paradigm, we explored its
potential in the field of variational quantum algorithms. Our focus was on QAOA
and we proposed its implementation using DAQC methods. Our results indicate that
the banged DAQC approach provides a more efficient representation of the problem
Hamiltonian, with reduced swapping requirements. Additionally, our findings demon-
strate that, under the DAQC paradigm, QAOA is more robust to errors compared
to traditional approaches, making it a promising candidate for NISQ devices aimed
at solving combinatorial optimization problems. This study, together with Ref. [59],
marks a significant step towards integrating variational algorithms into the DAQC
framework and holds great potential for future research and exploration.

Finally, focusing on superconducting circuits quantum processors, we use the
cross-resonance effect as the analog component of the DAQC paradigm. We proposed
an extension of the cross-resonance interaction between two superconducting qubits
to a multiqubit system. By transforming the resulting Hamiltonian into a reference
frame that only includes two-body interactions, we were able to create a toolbox of
analog Hamiltonians by toggling different single-qubit gates. Our results, combined
with the proposed architecture in [61], provide a strong foundation for continued
exploration of quantum algorithms implementation using current technology.

In conclusion, this thesis has presented a comprehensive study on the application
of the DAQC paradigm to a wide range of quantum algorithms. Through the com-
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bination of single-qubit rotations and multiqubit entangling dynamics, it has been
demonstrated a systematic approach to construct generic Ising, 2-body, and M -body
Hamiltonian. Our findings showed that the bDAQC protocol offers improved fidelity
compared to the stepwise approach, and our noise analysis revealed that it is possible
to reduce the impact of noise sources by co-designing the quantum processor. We
have applied the DAQC paradigm to the QFT, QPE, HHL, and QAOA quantum
algorithms and have shown that it is possible to improve their performance under
realistic noise circumstances. Additionally, the study of CR dynamics within the
DAQC paradigm provides a promising direction for future research in the field of su-
perconducting circuits quantum processors. Overall, this thesis provides a significant
contribution to the field of quantum computing and demonstrates the potential of
the DAQC paradigm as a robust and flexible framework for implementing quantum
algorithms on NISQ devices. We believe that our work will serve as a foundation for
further research and development in this area.

The results of this thesis demonstrate the potential of the DAQC paradigm in
solving various problems in quantum computing. With the development of new and
more advanced quantum processors, the potential applications of DAQC algorithms
will only continue to grow. Furthermore, the study of these algorithms sheds light
on the possible techniques to optimize the implementation of quantum algorithms
in NISQ devices and reduce their susceptibility to errors. As we look to the fu-
ture, it is clear that there is much room for further exploration in this field, as
the DAQC paradigm has the potential to play a critical role in the development of
practical quantum computing solutions. The future direction of this work could in-
clude studying the scalability of DAQC algorithms, investigating the use of DAQC
in hybrid quantum-classical algorithms, and exploring new techniques to mitigate
errors and improve performance. In any case, this thesis represents an important
step toward unlocking the full potential of DAQC for quantum computing.
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APP. A ADDITIONAL PROOFS REGARDING DAQC

A Additional details and proofs regard-
ing the fundamentals of DAQC

A.1 Universality

We briefly recall that a machine able to implement single qubit rotations and an
entangling gate, e.g., a controlled-phase gate, has the ability to perform universal
quantum computation efficiently. It can be easily proven that a two-qubit ZZ gate,
ZZij(Φ) = e−iΦσ(i)

z σ(j)
z , combined with single qubit rotations can be used to im-

plement a controlled-phase gate CZij(ϕ) = (Zi(−ϕ) ⊗ Zj(−ϕ))ZZij(ϕ/2) (up to a
general phase) where

Z(ϕ) =
(

1 0
0 eiϕ

)
, CZ(ϕ) =


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 e−i2ϕ

 . (A.1)
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A.2 Negative times in the Ising model

Some of the times tα = M−1
αβgβ(tF /g) of the analog blocks to implement the Ising

model can be negative. In an sDAQC protocol, one solution would be to do such
analog evolutions with inverted coupling signs. However, in the bDAQC paradigm,
we must keep the base entangling Hamiltonian H̄ZZ untouched. There is a simple
way to mimic such behavior by using an equivalent set of times that produces the
same evolution.

Given that the vector of times tα = (t1, t2, ..., tmin, ...) with tmin < 0 and tmin <
tα ∀α, there is an equivalent evolution with N(N − 1)/2 − 1 blocks of times t̃α =
tα+ |tmin|e1 and an extra analog block with time |tmin|λ1, where λ1 is the eigenvalue
of a matrix Mαβ with corresponding constant eigenvector e1 = γ(1, 1, 1...)T .

Let us first focus on the properties of the matrix Mαβ defined in Eq. (2.9), created
from the signs of applying sequentially gates σ(n)

x σ
(m)
x before and after the analog

block evolutions. This matrix has an eigenvector e1 = γ(1, 1, 1...)T which corresponds
to the eigenvalue λ1 = N(N−9)/2+8, that is negative for N ∈ {3, 5, 6}, and positive
thereafter N ∈ Z ≥ 7. Notice that we omit the case for N = 4 as the matrix is non-
invertible and different set of gates must be performed.

For N < 7 we observe the following identity

Mαβ (tα + |tmin|e1 − |tmin|e1) = Mαβ (tα + |tmin|e1) − λ1|tmin|e1

= Mαβ t̃α + |λ1tmin|e1 (A.2)

which corresponds to an evolution with N(N−1)/2−1 blocks of times t̃α. One block
has zero time (tmin + |tmin| = 0), and there is an extra analog block of time |λ1tmin|
not sandwiched by any SQR. The evolution decomposes into

UZZ(tF ) = e
i
∑

β
gMαβ t̃ασ

(j)
z σ(k)

z e
i|λ1tmin|

∑
β
gσ(j)

z σ(k)
z , (A.3)

where the dependence of j, k on β has not been explicitly written and is the same as
in Eq. (2.14).
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A.3 Independent coupling parameters in XZ model

The implementation of the XZ model with the protocol of Subsec. 2.1 requires the
solution of the following linear system

[
α

(µ,s)
j α

(ν,s)
k

]


g
(1)
12
g

(2)
12
g

(3)
12
g

(4)
12
g

(1)
13
...

g
(4)
N−1,N


=



gXX12
gXZ12
gZX12
gZZ12
gXX13

...
gZZN−1,N


, (A.4)

with the matrix

[
α

(µ,s)
j α

(ν,s)
k

]
=

N⊕
j<k


S1
θj
S1
θk

S2
θj
S2
θk

S3
θj
S3
θk

S4
θj
S4
θ2

S1
θj
C1
θk

S2
θj
C2
θk

S3
θj
C3
θk

S4
θj
C4
θk

C1
θj
S1
θk

C2
θj
S2
θk

C3
θj
S3
θk

C4
θj
S4
θk

C1
θj
C1
θk

C2
θj
C2
θk

C3
θj
C3
θk

C4
θj
C4
θk

 ,

(A.5)

where we have defined the parameters

Ssθj
= sin

(
θ

(s)
j

)
= α

(x,s)
j and Csθj

= cos
(
θ

(s)
j

)
= α

(z,s)
j .

This matrix is invertible for a dense set of phase values. That is, the sets of phases
that make it singular has measure zero. From a practical perspective, we do not
want eigenvalues close to zero, because after inversion we would have long simulating
times. One useful and well-behaved array of phases is θ(s)

w = sπ(w)
2(w+1) , with distance

between two nearest-neighbour qubit phases scaling polynomially as

d(s, w) = |θ(s)
w − θ

(s)
w+1| = sπ

2(w2 + 3w + 2) .
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A.4 M-body Hamiltonians

We extend here the steps explained in subsection 2.2 to simulate a NN Hamiltonian
evolution with up to 4-body interactions like

H4b =
∑
j,χη

gχη(2,j)σ
(j)
χ σ(j+1)

η +
∑
j,χηγ

gχηγ(3,j)σ
(j)
χ σ(j+1)

η σ(j+2)
γ

+
∑
j,χηγρ

gχηγρ(4,j) σ
(j)
χ σ(j+1)

η σ(j+2)
γ σ(j+3)

ρ , (A.6)

where {χ, η, γ, ρ} = {x, y, z} and j = {1, ..., N}, starting with NN fixed coupling
ZZ Ising models. To create terms with support in all interactions by a generalized
Mølmer-Sørensen type of gate, we need to interleave inhomogeneous Ising Hamilto-
nians with two different and rotated XX-Ising evolutions as

H1 = e−iO1
XXH1

ZZe
iO1

XX , (A.7)
H2 = e−iO2

XXH2
ZZe

iO2
XX , (A.8)

where

O1
XX = Φ1σ

(1)
x σ(2)

x + Φ3σ
(3)
x σ(4)

x + Φ5σ
(5)
x σ(6)

x + ...

and its translationally shifted

O2
XX = Φ2σ

(2)
x σ(3)

x + Φ4σ
(4)
x σ(5)

x + Φ6σ
(6)
x σ(7)

x + ...

are built from evolutions of ZZ models rotated with SQRs in all qubits as

R = ⊗N
j

(
cos(π/4)σ(j)

z + sin(π/4)σ(j)
x

)
.

For M = 4, O1
XX and O2

XX contain interacting operators separated by the interaction
length L = M/2 = 2, e.g., O1

XX has a term σ
(1)
x σ

(2)
x but not σ(2)

x σ
(3)
x . Had we wanted

to simulate a five-/six- (seven-/eight-) body Hamiltonian, we would need a different
decomposition with 3 (4) translationally invariant sets of blocks. The ZZ-Ising NN
Hamiltonians Hs

ZZ =
∑
j g

s
jσ

(j)
z σ

(j+1)
z , with s = {1, 2}.

H1 contains all two-body and three-body terms with different supports but not
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in four-body terms, i.e., for a chain of 8 qubits it looks like

H1 = g1
1 cos(2θ2)σ(1)

z σ(2)
z + g1

1 sin(2θ2)σ(1)
z σ(2)

y σ(3)
x + g1

2σ
(2)
z σ(3)

z

+ g1
3 cos(2θ2) cos(2θ4)σ(3)

z σ(4)
z + g1

3 sin(2θ2) cos(2θ4)σ(2)
x σ(3)

y σ(4)
z

+ g1
3 cos(2θ2) sin(2θ4)σ(2)

z σ(3)
y σ(4)

x + g1
3 sin(2θ2) sin(2θ4)σ(2)

x σ(3)
y σ(4)

y σ(5)
x

+ g1
4σ

(4)
z σ(5)

z + g1
5 cos(2θ4) cos(2θ6)σ(5)

z σ(6)
z

+ g1
5 sin(2θ4) cos(2θ6)σ(4)

x σ(5)
y σ(6)

z

+ g1
5 cos(2θ4) sin(2θ6)σ(4)

z σ(5)
y σ(6)

x + g1
5 sin(2θ4) sin(2θ6)σ(4)

x σ(5)
y σ(6)

y σ(7)
x

+ g1
6σ

(6)
z σ(7)

z + g1
7 cos(2θ6)σ(7)

z σ(8)
z + g1

7 sin(2θ6)σ(6)
x σ(7)

y σ(8)
z . (A.9)

On the other hand, H2 contains (again) terms in all supports for two-body and
three-body interactions and the complementary four-body terms

H2 = g2
1σ

(1)
z σ(2)

z + g2
2 cos(2θ1) cos(2θ3)σ(2)

z σ(3)
z

+ g2
2 sin(2θ1) cos(2θ3)σ(1)

x σ(2)
y σ(3)

z

+ g2
2 cos(2θ1) sin(2θ3)σ(2)

z σ(3)
y σ(4)

x + g2
2 cos(2θ1) cos(2θ3)σ(1)

x σ(2)
y σ(3)

y σ(4)
x

+ g2
3σ

(3)
z σ(4)

z + g2
4 cos(2θ3) cos(2θ5)σ(4)

z σ(5)
z

+ g2
4 sin(2θ3) cos(2θ5)σ(3)

x σ(4)
y σ(5)

z + g2
4 cos(2θ3) sin(2θ5)σ(4)

z σ(5)
y σ(6)

x

+ g2
4 cos(2θ3) cos(2θ5)σ(3)

x σ(4)
y σ(5)

y σ(6)
x + g2

5σ
(5)
z σ(6)

z

+ g2
6 cos(2θ5) cos(2θ7)σ(6)

z σ(7)
z

+ g2
6 sin(2θ5) cos(2θ7)σ(5)

x σ(6)
y σ(7)

z + g2
6 cos(2θ5) sin(2θ7)σ(6)

z σ(7)
y σ(8)

x

+ g2
6 sin(2θ5) sin(2θ7)σ(5)

x σ(6)
y σ(7)

y σ(8)
x + g2

7σ
(7)
y σ(8)

z . (A.10)

The constant coefficients of operators in (A.9) and (A.10) are entangled in groups
of maximum size 4. For the simulation of the four-body generalized Hamiltonian, it
is thus enough to sum 4 of each of the blocks H0 =

∑4
k=1 H

(k)
1 +H(k)

2 to decouple the
parameters of at least one term operating in each support. We have again a dense
set of phases such that randomly chosen ones would make the system of equations
invertible. A particular choice of sets that would work are θ(k)

1 = θ
(k)
1+4n = θ

(k)
2 =

θ
(k)
2+4n = (2πk/3) and θ(k)

3 = θ
(k)
3+4n = θ

(k)
4 = θ

(k)
4+4n = (2πk/5) with n = {1, . . . , [N/4]}

and k = {1, . . . 4}.
Finally, we use more local rotations to generate the arbitrary M ≤ 4 Hamiltonian.

In particular, we need to concatenate 3M = 81 H0 blocks, maximum number of
independent parameters in an M -body interaction,interleaved by generalized SQRs
R(l) = ⊗N

j r
(l)
j σ

(j)
x + s

(l)
j σ

(j)
y + t

(l)
j σ

(j)
z

H4b =
∑
l

R(l)H
(l)
0 R(l), (A.11)

where (r(l)
j , s

(l)
j , t

(l)
j ) are unit-sphere cartesian decompositions that fulfill the con-

straint |r(l)
j |2 + |s(l)

j |2 + |t(l)j |2 = 1. As it is common when simulating non-commuting
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Hamiltonians, we need to repeat the whole process for each Trotter step e−iH4bt ≈
(e−iH4bt/nT )nT to approximate the evolution.
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B Detailed calculations regarding the
cross-resonance effect

B.1 CR Hamiltonian

Here we provide further details of the derivation of the effective Hamiltonians de-
scribed in section 6.1 of chapter 6.

B.1.1 Two-qubit case

The transformation that takes the Hamiltonian in Eq. 6.1 into a doubly rotating
frame is given by

U12 = exp
[
− i

2((ω1t+ ϕ1)z1 + (ω2t+ ϕ2)z2)
]
. (B.1)
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This operation results in

H2 = 1
2(δ1z1 + δ2z2) + Ω1 cos(ω1t+ ϕ1)[x1 cos(ω1t+ ϕ1) − y1 sin(ω1t+ ϕ1)]

+ Ω2 cos(ω2t+ ϕ2)[x2 cos(ω2t+ ϕ2) − y2 sin(ω2t+ ϕ2)]

+ g

2 [x1 cos(ω1t+ ϕ1) − y1 sin(ω1t+ ϕ1)]

[x2 cos(ω2t+ ϕ2) − y2 sin(ω2t+ ϕ2)], (B.2)

with δk = ωqk − ωk. Next a rotating wave approximation (RWA) is performed by
dropping terms proportional to e±2iω1 , e±2iω2 , and e±i(ω1+ω2). The validity of this
approximation relies on a time-average of the Hamiltonian and noting that Ω/(ωi +
ωj) ≪ 1 and g/(ωi+ωj) ≪ 1, ∀i, j. The remaining terms are either static, or rotating
at ±(ω1 − ω2):

H2 = 1
2(δ1z1 + δ2z2) + 1

2(Ω1x1 + Ω2x2)

+ g

4 [cosφ12(t)(x1x2 + y1y2) + sinφ12(t)(x1y2 − y1x2)] , (B.3)

where we defined φ12(t) = (ω1 − ω2)t+ ϕ1 − ϕ2. Next we apply the rotation

U3 = exp
[
i

2(ξ1y1 + ξ2y2)
]
, (B.4)

with tan ξk = δk/Ωk. The resulting Hamiltonian is

H3 = 1
2

(
Ω1

cos ξ1
x1 + Ω2

cos ξ2
x2

)
+ g

4{cosφ12(t)[(x1 cos ξ1 − z1 sin ξ1)(x2 cos ξ2 − z2 sin ξ2) + y1y2]

+ sinφ12(t)[(x1 cos ξ1 − z1 sin ξ1)y2 − y1(x2 cos ξ2 − z2 sin ξ2)]}, (B.5)

where we have used δk cos ξk − Ωk sin ξk = 0 and δk sin ξk + Ωk cos ξk = Ωk/ cos ξk.
The last transformation is given by

U4 = exp
[
− it

2 (η1x1 + η2x2)
]
, (B.6)
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where ηk =
√
δ2
k + Ω2

k, such that ηk = Ωk/ cos ξk = δk/ sin ξk. This takes our
Hamiltonian into the quad frame (QF),

H4 = g

4{cosφ12(t)[x1x2 cos ξ1 cos ξ2 − x1 cos ξ1 sin ξ2(z2 cos η2t+ y2 sin η2t)

−(z1 cos η1t+ y1 sin η1t)x2 sin ξ1 cos ξ2

+(z1 cos η1t+ y1 sin η1t)(z2 cos η2t+ y2 sin η2t) sin ξ1 sin ξ2

+(y1 cos η1t− z1 sin η1t)(y2 cos η2t− z2 sin η2t)]
+ sinφ12(t)[x1 cos ξ1(y2 cos η2t− z2 sin η2t)
−(z1 cos η1t+ y1 sin η1t)(y2 cos η2t− z2 sin η2t) sin ξ1

−(y1 cos η1t− z1 sin η1t)x2 cos ξ2

+ sin ξ2(y1 cos η1t− z1 sin η1t)(z2 cos η2t+ y2 sin η2t)]}. (B.7)

Now, we consider the scenario in which we drive the first qubit at the resonance
frequency of the second qubit by imposing that ω1 = ωq2, while the second qubit is
not driven, i.e. Ω2 = 0, η2 = 0, δ2 = 0, ω2 = ωq2, ξ2 = 0, ϕ2 = 0 which implies
φ12(t) = ϕ1. The resulting Hamiltonian is

H4 = g

4{cosϕ1[x1x2 cos ξ1 − (z1 cos η1t+ y1 sin η1t)x2 sin ξ1

+(y1 cos η1t− z1 sin η1t)y2] (B.8)
+ sinϕ1[x1y2 cos ξ1 − (z1 cos η1t+ y1 sin η1t)y2 sin ξ1

−(y1 cos η1t− z1 sin η1t)x2}, (B.9)

where we see that static terms have developed from the slowly rotating terms we kept
in the RWA, since with the cross-resonant driving ω1 −ω2 = ωq2 −ω2 = 0. Finally, we
perform a second RWA by dropping any term proportional to e±iη1t, and keep only
the static terms. Additionally, we consider the weak-driving regime (Ω1/δ1 ≪ 1),
which simplifies cos ξ1 ≈ Ω1/δ1. Then, we arrive at the Hamiltonian

H4 = gΩ1

4δ1
(x1x2 cosϕ1 + x1y2 sinϕ1), (B.10)

presented in Eq. 6.2. The validity of this approximation relies on g/η1 ≈ g/δ1 ≪ 1,
which is enforced in the weak-coupling regime. See that the remaining terms after
this second RWA are those we kept as slow-rotating after the first RWA, and the
terms neglected in this case oscillate with δ1 = ωq1 − ω1 = ωq1 − ωq2.
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B.1.2 N-qubit case

We start with the N-qubit Hamiltonian in the laboratory frame, given by Eq. 6.4 in
the main text. We can move to the QF by applying the following transformations

U12 = exp
[

− i

2

N∑
k=1

(ωkt+ ϕk)zk

]
, (B.11)

U3 = exp
[
i

2

N∑
k=1

ξkyk

]
, and (B.12)

U4 = exp
[

− it

2

N∑
k=1

ηkxk

]
. (B.13)

Now, as stated in the main text, we drive all qubits at the resonance frequency of
their neighbour to the right (except for the last one when applicable). This implies
that ωk = ωqk+1, φk(t) = δk+1t+ϕk−ϕk+1 and, in the weak-driving regime Ωk ≪ δk,
ηk ≈ δk. This results in

H4 = 1
4

N−1∑
k=1

gk

{
cos(δkt+ ϕk − ϕk+1)(ykyk+1 + zkzk+1)

+ sin(δkt+ ϕk − ϕk+1)(ykzk+1 − zkyk+1)

+ Ωk
δk

[
sin(ϕk − ϕk+1)xkyk+1 − cos(ϕk − ϕk+1)xkzk+1

]
− Ωk+1

δk+1

[
sin[(δk + δk+1)t+ ϕk − ϕk+1]ykxk+1

+ cos[(δk + δk+1)t+ ϕk − ϕk+1]zkxk+1

]}
. (B.14)

The next step is to perform the RWA by neglecting all fast oscillating terms, with
frequencies δk and δk+δk+1, while keeping the static ones. The resulting Hamiltonian,
in the QF, is given by

H4 =
N−1∑
k=1

gkΩk
4δk

xk(yk+1 sin(ϕk − ϕk+1) − zk+1 cos(ϕk − ϕk+1)), (B.15)

as appears in Eq. 6.5.
which, when written back in the DF results in

HDF = 1
2

N∑
k=1

(Ωkxk + δkzk) +
N−1∑
k=1

gkΩk
4δk

zk(xk+1 cosφk(t) + yk+1 sinφk(t)). (B.16)
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Again, for completeness, we can write this effective Hamiltonian

Heff
IBM =

N−1∑
k=1

Ωk
2

[
xk cos(δkt− ϕk) − yk sin(δkt− ϕk)

+ gk
2δk

zk(xk+1 cosϕk + yk+1 sinϕk)
]
, (B.17)

as well as the original one

HIBM = 1
2

N−1∑
k=1

[
Ωk(xk cos(δkt− ϕk) − yk sin(δkt− ϕk))

+ gk
2 (cos δkt(xkxk+1 + ykyk+1) + sin δkt(xkyk+1 − ykxk+1))

]
(B.18)

in IBM’s frame.
To move to the IBM’s frame we need to apply the following transformation

V = exp
[

− i

2

N∑
k=1

(δkt− ϕk)zk

]
, (B.19)

which leads directly to the equations shown in the main text.

B.2 Synthesis errors

In this appendix, we want to show the synthesis errors corresponding to the toggled
Hamiltonians. For the XY model, the original Hamiltonian is

Horg
XY = g

4

N−1∑
k=1

{
− Ω
δ

(ykyk+1 + xkxk+1) + (xkyk+1 + ykxk+1 − 2zkzk+1) cos δt

+ [zk(yk+1 − xk+1) + (xk − yk)zk+1] sin δt

+ Ω
δ

[zk(yk+1 − xk+1) sin 2δt− (ykyk+1 + xkxk+1) cos 2δt]
}
. (B.20)

Then, the difference between original and effective Hamiltonians,

∆HXY = g

4

N−1∑
k=1

{
(xkyk+1 + ykxk+1 − 2zkzk+1) cos δt

+ [zk(yk+1 − xk+1) + (xk − yk)zk+1] sin δt

+ Ω
δ

[zk(yk+1 − xk+1) sin 2δt− (ykyk+1 + xkxk+1) cos 2δt]
}
, (B.21)
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constitutes the error we want to estimate. We find the Frobenius norm is given by

||∆HXY ||F = g

2
√
N − 1. (B.22)

On the other hand, the original ZZ toggled Hamiltonian is

Horg
ZZ = g

4

N−1∑
k=1

{[
zk

Ω
δ

− xk cos δt+ yk sin δt
]
zk+1

+ (yk cos δt+ xk sin δt)yk+1

+ cosφk(t)
[
zk(zk+1

Ω
δ

− xk+1 cos δt+ yk+1 sin δt)

+ yk(yk+1 cos δt+ xk+1 sin δt)
]

+ sinφk(t)
[

− zk(yk+1 cos δt+ xk+1 sin δt)

+ yk(zk+1
Ω
δ

− xk+1 cos δt+ yk+1 sin δt)
]}
, (B.23)

so that the difference is

∆HZZ = g

4

N−1∑
k=1

{
(−xk cos δt+ yk sin δt)zk+1 + (yk cos δt+ xk sin δt)yk+1

+ cosφk(t)
[
zk(zk+1

Ω
δ

− xk+1 cos δt+ yk+1 sin δt)

+ yk(yk+1 cos δt+ xk+1 sin δt)
]

+ sinφk(t)
[

− zk(yk+1 cos δt+ xk+1 sin δt)

+ yk(zk+1
Ω
δ

− xk+1 cos δt+ yk+1 sin δt)
]}
. (B.24)

The Frobenius norm is then given by

||∆HZZ ||F = g

2
√

2
√
N − 1

√
2 + cos δt cos(φk(t) − δt) + Ω

δ
sin δt sinφk(t). (B.25)

B.3 Unitary transformation to the Quad Frame

In order to perform a quantum simulation on the QF, we need to translate the state
of our circuit to this frame. Then, considering a simulation scenario in any IBM
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superconducting chip, we want to find a simple expression for the combination of
rotations we need to apply in order to move from IBM’s frame into the QF. For that,
we will expand the product

U†
IBMU12U3U4 = e

it
2

∑N−1
k=1

ωq
k
zke− it

2

∑N−1
k=1

ωkzke
i
2

∑N−1
k=1

ξkyke− it
2

∑N−1
k=1

ηkxk , (B.26)

having set ϕk = ϕ = 0. See that the first two exponentials can be combined, such
that

U†
IBMU12U3U4 = e

it
2

∑N−1
k=1

δkzke
i
2

∑N−1
k=1

ξkyke− it
2

∑N−1
k=1

ηkxk , (B.27)
where δk = ωqk − ωk. Now, it is satisfied that

exp
[
i

N∑
k=1

θkσk

]
=

N∏
k=1

eiθkσk (B.28)

for σ = x, y, or z. This means that we can write

U†
IBMU12U3U4 =

N−1∏
k=1

e
it
2 δkzke

i
2 ξkyke− it

2 ηkxk , (B.29)

and we can use the Euler form for Pauli matrices,

eiθσ = cos θ I + i sin θ σ, (B.30)

to express these rotations as

U†
IBMU12U3U4 =

N−1∏
k=1

(cos δkt2 Ik + i sin δkt2 zk)(cos ξk2 Ik + i sin ξk2 yk)

(cos ηkt2 Ik − i sin ηkt2 xk). (B.31)

Recall that, working in the regime Ω ≪ δ, we had approximated η ≈ δ, sin ξ ≈ 1, and
cos ξ ≈ Ω/δ. Knowing that sin θ/2 =

√
(1 − cos θ)/2 and cos θ/2 =

√
(1 + cos θ)/2,

we can simplify

cos ξkt2 Ik + i sin ξkt2 yk ≈ 1√
2

(
Ik + iyk + Ωk

2δk
(Ik − iyk)

)
, (B.32)

where we have used
√

1 ± x ≈ 1 ± x/2 for small x. In this expansion, we eventually
find

U†
IBMU12U3U4 =

N−1∏
k=1

1√
2

[
Ik+iyk+ Ωk

2δk
((Ik−iyk) cos δkt+i(zk−xk) sin δkt)

]
, (B.33)

which we will denote by VQF. Let us check the unitarity of this operator by computing

VQFV
†

QF = I + O
(

Ω2

δ2

)
. (B.34)
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Figure B.1: Representation of the spin triplets, grouped in A and B. These triplets,
inside either A or B, can be grouped in pairs, which can be used to tile the entire lattice
with staircase patterns. These tilings form strings with periodic boundary conditions along
the diagonals of the lattice, which we transform from spins to fermions in order to estimate
||A|| + ||B||, the Trotter error associated with the DA simulation of the XY model in 2D.

The previous calculations were set in the weak-driving regime (Ω/δ ≪ 1), considering
terms up to first order in Ω/δ and neglecting higher orders. This is consistent with
the approximations we have made here, and thus the unitarity of VQF relies on these
approximations.

B.4 2D XY model

In this appendix, we describe the transformation from a spin lattice to a string
of fermions with 2-site hopping, which allows us to estimate more accurately the
Trotter error associated to the simulation of the XY model in 2 dimensions. This
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APP. B DETAILS ON THE CROSS-RESONANCE EFFECT

error will be given by the commutator [HI , HII ], split into A = [Hyy
I , Hxx

II ] and
B = [Hxx

I , Hyy
II ]. Both A and B include 8 terms, each one having the form x-z-y at

three different vertices, as we can see in Fig. B.1. Assembling pairs of these terms,
joining xizi+1yi+2 with yi+2zi+3xi+4 or yizi+1xi+2 with xi+2zi+3yi+4, either in A
or in B, we can construct diagonal strings in the lattice, which we also represent
in Fig. B.1. These diagonals can then be thought of as 1-d strings, and given
this outline, we can apply a Jordan-Wigner transformation and introduce Majorana
fermion operators. Let us take a couple of terms (1 & 7) in B to illustrate this issue:∑

i,j

(x2i,2j−1z2i−1,2j−1y2i−1,2j + x2i,2j+1z2i,2jy2i+1,2j), (B.35)

can be turned into a string as
N2/4∑
j=1

(x4j−3z4j−2y4j−1 + y4j−1z4jx4j+1). (B.36)

The Jordan-Wigner transformation, followed by defining Majorana operators
γ

(1)
i = ci + c†

i and γ
(2)
i = −i(c†

i − ci), transforms spins as

xjzj+1yj+2 = −iγ(2)
j γ

(2)
j+2 (B.37)

and
yjzj+1xj+2 = iγ

(1)
j γ

(1)
j+2. (B.38)

These transformations lead to the Hamiltonian

−i
N2/4∑
j=1

(
γ

(2)
4j−3γ

(2)
4j−1 − γ

(1)
4j−1γ

(1)
4j+1

)
. (B.39)

The Fourier transform of Majorana operators is given by

γ
(1)
j = 1√

N

∑
k

(
γ

(1)
k cos kj + γ

(2)
k sin kj

)
,

γ
(2)
j = 1√

N

∑
k

(
γ

(2)
k cos kj − γ

(1)
k sin kj

)
, (B.40)

together with∑
j

γ
(1)
j γ

(1)
j+2 = 1

2
∑
k

[
cos 2k

(
γ

(1)
k γ

(1)
k + γ

(2)
k γ

(2)
k + γ

(1)
k γ

(1)
−k − γ

(2)
k γ

(2)
−k

)
+ sin 2k

(
γ

(1)
k γ

(2)
k − γ

(2)
k γ

(1)
k − γ

(1)
k γ

(2)
−k − γ

(2)
k γ

(1)
−k

) ]
∑
j

γ
(2)
j γ

(2)
j+2 = 1

2
∑
k

[
cos 2k

(
γ

(1)
k γ

(1)
k + γ

(2)
k γ

(2)
k − γ

(1)
k γ

(1)
−k + γ

(2)
k γ

(2)
−k

)
+ sin 2k

(
γ

(1)
k γ

(2)
k − γ

(2)
k γ

(1)
k + γ

(1)
k γ

(2)
−k + γ

(2)
k γ

(1)
−k

) ]
, (B.41)
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B.4 2D XY model

which leads to the expression of a string in Fourier space,

i
∑
k

[
cos 2k

(
γ

(1)
k γ

(1)
−k − γ

(2)
k γ

(2)
−k

)
− sin 2k

(
γ

(1)
k γ

(2)
−k + γ

(2)
k γ

(1)
−k

)]
. (B.42)

The resulting matrix is block-diagonal, and it has two types of blocks. The first block,
Γ1, contains the elements cos 2k for k ∈ [−π, π], and the second block, Γ2, contains
the elements sin 2k. Both blocks have elements only along the anti-diagonal. Then,
the matrix in Fourier space looks like(

Γ1 −Γ2
−Γ2 −Γ1

)
. (B.43)

We can write the eigenvalue problem as

det
[(

Γ1 −Γ2
−Γ2 −Γ1

)
−
(
Iλ+ 0

0 Iλ−

)]
= 0, (B.44)

for λ+ = λ and λ− = −λ. Given that the determinant of this matrix is

det
(
Γ1 + Γ2Γ−1

1 Γ2
)

det Γ1 = 1,

we have a hint that λ = ±1, and in fact

det
[(

Γ1 −Γ2
−Γ2 −Γ1

)
−
(
Iλ 0
0 −Iλ

)]
= (1 − λ2)N

2/2 = 0 (B.45)

As we can see, the eigenvalues of this matrix are λj = ±1. Then, the spectral norm
of this pair of elements in the commutator is equal to one, for any lattice size. Since
there are 4 total pairs in B, we will get that the norm can be estimated as ||B|| ≤ 8J2,
taking into account the 2i factor from Pauli commutation relations, and the J2 from
the analog Hamiltonian. Given that the norm of A can be estimated in the same
way, we have

||[HI , HII ]|| = || −A+B|| ≤ ||A|| + ||B|| ≤ 16J2, (B.46)

where we have eliminated the dependence on the system size.
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