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Quantum Error Correction 2013-09-12

quantum computation and information is one of the most exciting developments in science and technology of the last twenty
years to achieve large scale quantum computers and communication networks it is essential not only to overcome noise in
stored quantum information but also in general faulty quantum operations scalable quantum computers require a far
reaching theory of fault tolerant quantum computation this comprehensive text written by leading experts in the field
focuses on quantum error correction and thoroughly covers the theory as well as experimental and practical issues the
book is not limited to a single approach but reviews many different methods to control quantum errors including topological
codes dynamical decoupling and decoherence free subspaces basic subjects as well as advanced theory and a survey of topics
from cutting edge research make this book invaluable both as a pedagogical introduction at the graduate level and as a
reference for experts in quantum information science

Lectures on Quantum Computation, Quantum Error Correcting Codes and
Information Theory 2006

these notes are based on a course of about twenty lectures on quantum computation quantum error correcting codes and
information theory the topics include a comparative description of the basic features of classical probability theory on finite
sample spaces and quantum probability theory on finite dimensional complex hilbert spaces quantum gates and cicuits simple
examples of circuits arising from quantum teleportation communication through epr pairs and arithmetical computations on a
quantum computer more sophisticated examples of such circuits in the context of fourier transform and phase estimation a
detailed account of the order finding algorithm as well as the celebrated shor s algorithm for factorising a positive integer
into its prime factors there is a leisurely discussion of quantum error correcting codes with the knill laflamme criterion for
error correction and a number of examples of such codes whose construction is based on the weyl commutation relations for
finite abelian groups the reader may find here a brief introduction to the basic ideas of classical information theory as
developed by shannon properties of von neumann s quantum entropy and relative entropy as well as a proof of schumacher s
noiseless quantum coding theorem the holevo bound for transmission of classical information through encoding by quantum
states followed by measurements is derived the only background assumed of the reader is linear algebra on finite dimensional
complex vector spaces and elementary classical probability theory on finite sample spaces these notes are aimed at
mathematicians and computer scientists who are curious to know the mystery behind a quantum computer and the possibility
of communicating information using the principles of elementary quantum theory

Quantum Error Correction and Fault Tolerant Quantum Computing 2018-10-03

it was once widely believed that quantum computation would never become a reality however the discovery of quantum error
correction and the proof of the accuracy threshold theorem nearly ten years ago gave rise to extensive development and
research aimed at creating a working scalable quantum computer over a decade has passed since this monumental
accomplishment yet no book length pedagogical presentation of this important theory exists quantum error correction and
fault tolerant quantum computing offers the first full length exposition on the realization of a theory once thought
impossible it provides in depth coverage on the most important class of codes discovered to date quantum stabilizer codes it
brings together the central themes of quantum error correction and fault tolerant procedures to prove the accuracy
threshold theorem for a particular noise error model the author also includes a derivation of well known bounds on the
parameters of quantum error correcting code packed with over 40 real world problems 35 field exercises and 17 worked out
examples this book is the essential resource for any researcher interested in entering the quantum field as well as for those
who want to understand how the unexpected realization of quantum computing is possible

Entanglement and Quantum Error Correction with Superconducting Qubits 2013

softcover version of 2013 ph d thesis of matthew david reed presented to the physics department of yale university concerns
the realization of quantum error correction in the circuit quantum electrodynamics architecture a precursor to quantum
computing

Good Additive Cyclic Quantum Error-correcting Codes 2004

this thesis is about the quantum error correcting codes although there are many methods to construct them finding a good
quantum code is still a complicated and difficult task for we do not know which methods to use to solve this problem we did
a thorough research on a special class of quantum codes additive cyclic quantum codes a new search algorithm has been
designed and a lot of good additive cyclic quantum codes found by this algorithm are presented in this thesis by showing the
success of this algorithm and great value of additive cyclic quantum codes we have greatly reduced the complexity of finding
good quantum codes quantum error correction theory is key part of quantum information theory as quantum information
theory is a quite new field which has been developing fast during the last decade we spent much time explaining the primary
concepts of it we introduced linear algebra quantum mechanics quantum operations quantum error correction theory and
quantum error correcting codes in a word this thesis serves two functions 1 an exploration of quantum error correcting
codes and 2 an introduction to quantum information theory

Quantum Information Processing and Quantum Error Correction 2012-05-23

quantum information processing and quantum error correction is a self contained tutorial based introduction to quantum
information quantum computation and quantum error correction assuming no knowledge of quantum mechanics and written at
an intuitive level suitable for the engineer the book gives all the essential principles needed to design and implement quantum
electronic and photonic circuits numerous examples from a wide area of application are given to show how the principles can be
implemented in practice this book is ideal for the electronics photonics and computer engineer who requires an easy to
understand foundation on the principles of quantum information processing and quantum error correction together with
insight into how to develop quantum electronic and photonic circuits readers of this book will be ready for further study in
this area and will be prepared to perform independent research the reader completed the book will be able design the information
processing circuits stabilizer codes calderbank shor steane css codes subsystem codes topological codes and entanglement
assisted quantum error correction codes and propose corresponding physical implementation the reader completed the book
will be proficient in quantum fault tolerant design as well unique features unique in covering both quantum information



econometrics lecture notes wooldridge pdfslibforyou

2023-09-23 3/8
econometrics lecture notes wooldridge

pdfslibforyou

processing and quantum error correction everything in one book that an engineer needs to understand and implement quantum
level circuits gives an intuitive understanding by not assuming knowledge of quantum mechanics thereby avoiding heavy
mathematics in depth coverage of the design and implementation of quantum information processing and quantum error
correction circuits provides the right balance among the quantum mechanics quantum error correction quantum computing and
quantum communication dr djordjevic is an assistant professor in the department of electrical and computer engineering of
college of engineering university of arizona with a joint appointment in the college of optical sciences prior to this appointment
in august 2006 he was with university of arizona tucson usa as a research assistant professor university of the west of
england bristol uk university of bristol bristol uk tyco telecommunications eatontown usa and national technical university
of athens athens greece his current research interests include optical networks error control coding constrained coding coded
modulation turbo equalization ofdm applications and quantum error correction he presently directs the optical
communications systems laboratory ocsl within the ece department at the university of arizona provides everything an engineer
needs in one tutorial based introduction to understand and implement quantum level circuits avoids the heavy use of
mathematics by not assuming the previous knowledge of quantum mechanics provides in depth coverage of the design and
implementation of quantum information processing and quantum error correction circuits

Quantum Error Correction Codes 2015

this text presents an algebraic approach to the construction of several important families of quantum codes derived from
classical codes by applying the well known calderbank shor steane css hermitian and steane enlargement constructions to
certain classes of classical codes in addition the book presents families of asymmetric quantum codes with good parameters
and provides a detailed description of the procedures adopted to construct families of asymmetric quantum convolutional
codes featuring accessible language and clear explanations the book is suitable for use in advanced undergraduate and
graduate courses as well as for self guided study and reference it provides an expert introduction to algebraic techniques of
code construction and because all of the constructions are performed algebraically it enables the reader to construct
families of codes rather than only codes with specific parameters the text offers an abundance of worked examples exercises
and open ended problems to motivate the reader to further investigate this rich area of inquiry end of chapter summaries and a
glossary of key terms allow for easy review and reference

Quantum Error Correction 2020-06-25

error correction is the set of techniques used in order to store process and transmit information reliably in a noisy context
the classical theory of error correction is based on encoding classical information redundantly a major endeavor of the
theory is to find optimal trade offs between redundancy which we try to minimize and noise tolerance which we try to maximize
the quantum theory of error correction cannot directly imitate the redundant schemes of the classical theory because it has
to cope with the no cloning theorem quantum information cannot be copied quantum error correction is nonetheless possible by
spreading the information on more quantum memory elements than would be necessary in quantum information theory dilution of
the information replaces redundancy since copying is forbidden by the laws of quantum mechanics besides this conceptual
difference quantum error correction inherits a lot from its classical counterpart in this phd thesis we are concerned with a
class of quantum error correcting codes whose classical counterpart was defined in 1961 by gallager gal62 at that time
quantum information was not even a research domain yet this class is the family of low density parity check ldpc codes
informally a code is said to be ldpc if the constraints imposed to ensure redundancy in the classical setting or dilution in the
quantum setting are local more precisely this phd thesis focuses on a subset of the ldpc quantum error correcting codes the
homological quantum error correcting codes these codes take their name from the mathematical field of homology whose
objects of study are sequences of linear maps such that the kernel of a map contains the image of its left neighbour originally
introduced to study the topology of geometric shapes homology theory now encompasses more algebraic branches as well
where the focus is more abstract and combinatorial the same is true of homological codes they were introduced in 1997 by
kitaev kit03 with a quantum code that has the shape of a torus they now form a vast family of quantum ldpc codes some
more inspired from geometry than others homological quantum codes were designed from spherical euclidean and hyperbolic
geometries from 2 dimensional 3 dimensional and 4 dimensional objects from objects with increasing and unbounded dimension and
from hypergraph or homological products after introducing some general quantum information concepts in the first chapter of
this manuscript we focus in the two following ones on families of quantum codes based on 4 dimensional hyperbolic objects we
highlight the interplay between their geometric side given by manifolds and their combinatorial side given by abstract polytopes
we use both sides to analyze the corresponding quantum codes in the fourth and last chapter we analyze a family of quantum
codes based on spherical objects of arbitrary dimension to have more flexibility in the design of quantum codes we use
combinatorial objects that realize this spherical geometry hypercube complexes this setting allows us to introduce a new link
between classical and quantum error correction where classical codes are used to introduce homology in hypercube
complexes

Calculations of Quantum Error Correction and Fault Tolerance Thresholds 2008

precise control of coherent quantum systems could enable new generations of sensing communication and computing
technologies such systems however are typically noisy and difficult to stabilize one promising technique to this end is called
quantum error correction which encodes quantum states in such a way that errors can be detected and corrected much like in
classical error correcting codes quantum error correcting codes usually cast a wide net in that they are designed to
correct errors regardless of their physical origins in large scale devices this is an essential feature it comes at a cost
however conventional quantum codes are typically resource intensive in terms of both the system size and the control
operations they require yet in smaller scale devices the main error sources are often well understood in the near term it may
therefore be advantageous to cast a more targeted net through specialized codes this thesis presents new families of such
quantum error correcting codes which are adapted either for leading candidate devices or for near term applications the device
adapted codes require exponentially less overhead than conventional codes to achieve the same level of protection whereas
the application adapted codes can enhance quantum sensors in which conventional codes cannot readily be used the new
techniques presented in this thesis adapt cornerstones of conventional theory in light of key experimental challenges and
opportunities the ultimate goal of this research is to help bridge the gap between the exacting requirements of proposed
quantum technologies and the realities of emerging quantum devices bridging this gap is critical if quantum technologies are to
realize their full potential
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Topological Quantum Error-Correcting Codes Beyond Dimension 2 2019

large quantum computers have the potential to vastly outperform any classical computer the biggest obstacle to building
quantum computers of such size is noise for example state of the art superconducting quantum computers have average
decoherence loss of information times of just microseconds thus the field of quantum error correction is especially crucial to
progress in the development of quantum technologies in this research we study quantum error correction for general noise
which is given by a linear hermitian map in standard quantum error correction the usual assumption is to constrain the errors
to completely positive maps which is a special case of linear hermitian maps we establish constraints and sufficient conditions
for the possible error correcting codes that can be used for linear hermitian maps afterwards we expand these sufficient
conditions to cover a large class of general errors these conditions lead to currently known conditions in the limit that the
error map becomes completely positive the later chapters give general results for quantum evolution maps a set of weak
repeated projective measurements that never break entanglement and the asymmetric depolarizing map composed with a not
completely positive map that gives a completely positive composition finally we give examples

Quantum Error-correcting Codes 2004

quantum computers are hypothetical quantum information processing qip devices that allow one to store manipulate and
extract information while harnessing quantum physics to solve various computational problems and do so putatively more
efficiently than any known classical counterpart 5 physical objects as they are qip devices are subject to the laws of
physics no doubt the application of these laws is error free but noise be it external influences or hardware imprecisions can
sometimes cause a mismatch between what the qip device is supposed to do and what it actually does in recent years the
elimination of noise that result from external disturbances or from imperfect gates has become the holy grail within the
quantum computing community and a worldwide quest for a large scale fault tolerant and computationally superior qip
device is currently taking place whether such machines are possible is an exciting open question yet the debate on their
feasibility has been so far rather ideological in character 45 66 110 162 remarkably philosophers of science have been mostly
silent about it common wisdom has it that philosophy should not intervene in what appears to be and is also presented as an
engineering problem and besides the mathematics employed in the theory of fault tolerant quantum error correction ftqec
henceforth is rather daunting it turns out however that behind this technical veil the central issues at the heart of the debate
are worthy of philosophical analysis and moreover bear strong similarities to the conceptual problems that have been
saturating a field quite familiar to philosophers namely the foundations of statistical mechanics sm henceforth
reconstructing the debate on ftqec with statistical mechanical analogies this book aims to introduce it to readership outside
the quantum computing community and to take preliminary steps towards making it less ideological and mor

Device- and Application-adapted Quantum Error Correction 2020

a method of forming quantum error correcting codes by first forming a stabilizer for a hilbert space a quantum information
processing device can be formed to implement such quantum codes

Quantum Error Correction 1998

quantum error correction qec is a branch of quantum information theory originally invented to protect hypothetical
quantum computers against realistic sources of noise qec has enjoyed significant success within the paradigm of computation
but the ideas and techniques of quantum error correction have also been effective in tools many fields of physics in this thesis
we will shed light on the way in which qec manifests outside of the usual computational paradigm and informs other areas of
physics we ll focus on the role of qec in quantum gravity spacetime and high energy theoretical physics we start with the
general problem of quantum information replication in spacetime and we show that information replication is possible if and
only if transmission of the quantum information does not result in cloning of quantum information or faster than light
communication we then study the role of quantum error correction in quantum gravity specifically within a gauge gravity
duality known as ads cft we establish a new formula for mapping observables on either side of the duality showing that the
so called bulk to boundary map defines an approximate quantum error correcting code motivated by the study of entangled
states dual to multi boundary wormholes in ads cft we then turn our attention to characterizing the states that can arise
from the euclidean path integral in three dimensional chern simons theories we study u 1 level k and so 3 level k chern simons
theories on euclidean 3 manifolds with torus boundaries for the abelian u 1 theory we find that the set of states that can be
prepared exactly coincides with the set of stabilizer states which are characterized by quantum error correcting codes for
the non abelian so 3 theory we find that any state can be prepared to arbitrary precision giving rise to a notion of state
universality we conclude with some final observations to support the idea that entanglement gives rise to the connectedness
of spacetime we study the partial transpose of the thermofield double tfd state geometrically and we demonstrate that
local time reversal which is unitarily equivalent to partial transpose leads to inconsistencies in the connected spacetime dual
to the tfd state

Quantum Error Correction for General Noise 2021

the development of a quantum computer presents one of the greatest challenges in science and engineering to date the promise of
more efficient computing based on entangled quantum states and the superposition principle has led to a worldwide explosion
of interest in the fields of quantum information and computation decoherence is one of the main problems that gives rise to
different errors in the quantum system however the discovery of quantum error correction and the establishment of the
accuracy threshold theorem provide us comprehensive tools to build a quantum computer this thesis contributes to this
effort by investigating a particular class of quantum error correcting codes called decoherence free subsystems the passive
approach to error correction taken by these encodings provides an efficient means of protection for symmetrically coupled
system bath interactions here i will present methods for determining the subsystem preserving evolutions for noiseless
subsystem encodings and more importantly implementing a universal quantum computing over three quantum dots

Benchmarking Quantum Error-correcting Codes on Quasi-linear and Central-spin
Processors 2023

the second edition of quantum information processing quantum computing and quantum error correction an engineering
approach presents a self contained introduction to all aspects of the area teaching the essentials such as state vectors
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operators density operators measurements and dynamics of a quantum system in additional to the fundamental principles of
quantum computation basic quantum gates basic quantum algorithms and quantum information processing this edition has
been brought fully up to date outlining the latest research trends these include key topics include quantum error correction
codes qeccs including stabilizer codes calderbank shor steane css codes quantum low density parity check ldpc codes
entanglement assisted qeccs topological codes and surface codes quantum information theory and quantum key distribution
qkd fault tolerant information processing and fault tolerant quantum error correction together with a chapter on quantum
machine learning both quantum circuits and measurement based quantum computational models are described the next part of
the book is spent investigating physical realizations of quantum computers encoders and decoders including photonic quantum
realization cavity quantum electrodynamics and ion traps in depth analysis of the design and realization of a quantum
information processing and quantum error correction circuits this fully up to date new edition will be of use to engineers
computer scientists optical engineers physicists and mathematicians a self contained introduction to quantum information
processing and quantum error correction integrates quantum information processing quantum computing and quantum error
correction describes the latest trends in the quantum information processing quantum error correction and quantum
computing presents the basic concepts of quantum mechanics in depth presentation of the design and realization of a quantum
information processing and quantum error correction circuit

The Complexity of Noise 2010

error correction is used to correct any errors that may arise when sending any message as errors are prone to appear due to
noise for classical codes there are many decoders used for example belief propagation unfortunately these classical decoders
are less efficient for quantum codes a proposed remedy to improve the decoders efficiency is to use a neural network for
decoding in this thesis we will implement belief propagation on the toric code and check its efficiency we will see that for few
errors belief propagation works but it fails for other cases we also introduce the modifications needed for neural belief
propagation a modification of the original algorithm that integrates a neural network on the algorithm structure

Quantum Error-correcting Codes and Devices 2000

it was once widely believed that quantum computation would never become a reality however the discovery of quantum error
correction and the proof of the accuracy threshold theorem nearly ten years ago gave rise to extensive development and
research aimed at creating a working scalable quantum computer over a decade has passed since this monumental
accomplishment yet no book length pedagogical presentation of this important theory exists quantum error correction and
fault tolerant quantum computing offers the first full length exposition on the realization of a theory once thought
impossible it provides in depth coverage on the most important class of codes discovered to date quantum stabilizer codes it
brings together the central themes of quantum error correction and fault tolerant procedures to prove the accuracy
threshold theorem for a particular noise error model the author also includes a derivation of well known bounds on the
parameters of quantum error correcting code packed with over 40 real world problems 35 field exercises and 17 worked out
examples this book is the essential resource for any researcher interested in entering the quantum field as well as for those
who want to understand how the unexpected realization of quantum computing is possible

Quantum Error Correcting Code Simulation 2015

full accuracy simulations of quantum systems are very costly and as a result most studies of quantum error correction
assume a probabilistic pauli error model largely because such errors can be e ciently simulated therefore the behaviour of more
general noise in a quantum error correcting code is poorly characterized in this thesis we present results which demonstrate
the scaling of the logical noise with respect to the physical delity and argue that the e ective logical noise approaches a
pauli channel as the code distance increases even when no recovery operations are applied as a result we argue that the
average logical delity can be used to accurately quantify the e ective logical noise and to select recovery operations
appropriate to the system we further demonstrate that when physical noise acts on fewer than d qubits in an n k d code the
resultant noise is pauli and develop a method for approximating the dominant contributions to the e ective logical noise up to
a speci ed precision in terms of the physical in delity we derive conditions under which sets of recovery operations will produce
equivalent logical noise channels with examples of equivalencies in the 3 qubit repetition code the 5 qubit code the steane
code and the shor code we also provide a general expression for the e ective logical noise when the physical qubits undergo
depolarizing or pauli noise in a quantum error correcting code examine the behaviour of depolarizing noise under concatenation
of the 5 qubit and steane codes and present an algorithm for soft decoding which is not subject to statistical sampling with
an emphasis on the e ective behaviour of a concatenated 5 qubit code undergoing depolarizing noise after applying a specialized
version our soft decoding algorithm

Quantum Error Correction 2016

cont these structured operations are more computationally scalable than the sdp required for computing the optimal we can
thus numerically analyze longer codes using lagrange duality we bound the performance of the structured recovery
operations and show that they are nearly optimal in many relevant cases we present two classes of channel adapted
quantum error correcting codes specifically designed for the amplitude damping channel these have significantly higher rates
with shorter block lengths than corresponding generic quantum error correcting codes both classes are stabilizer codes and
have good fidelity performance with stabilizer recovery operations the encoding syndrome measurement and syndrome recovery
operations can all be implemented with clifford group operations

Quantum Error Correction and Spacetime 2018

quantum error correction is the backbone of fault tolerant quantum computation a necessary requirement for any large
scale quantum computer the fault tolerance threshold theorem has long been a target for experimental precision allowing for
the possibility of reducing logical error rates to arbitrarily low levels without excessive overhead while there are many
promising fault tolerant architectures the path towards the most practical fault tolerant scheme is far from decided and
may vary for differing physical models this thesis proposes new schemes for universal fault tolerant quantum computation in
both the concatenated and topological code settings through the concatenation of two different error correcting codes a
set of universal fault tolerant gates can be obtained without requiring the need for magic state distillation a lower bound
of 1 28 times 10 3 for the fault tolerance threshold under circuit level depolarizing noise is obtained additionally stacked
codes are proposed as a means to simulate the action of a 3d topological code in 2d allowing for the application of a
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universal set of transversal operations while fault tolerant unfortunately the scheme does not exhibit a threshold due to
the decreasing pseudo threshold with growing code distance yet points to potential interesting avenues for fault tolerant
computation in 2d without distillation one of the primary avenues to constructing fault tolerant logical operations is
through transversal operations in this thesis the set of single qubit logical gates that can be implemented transversally are
characterized and determined to all belong to the clifford hierarchy moreover any diagonal two qubit operation that can be
applied transversally must belong to the same level of the clifford hierarchy as the set of gates that can be implemented in the
single qubit case the opposite to quantum error correction is privacy where the output of a channel is disguised from its input
the two are fundamentally related through the complementary channel construction this thesis presents a new class of
private quantum channels expanding the existing class beyond a seemingly fundamental restriction this yields interesting
insights into the structure of quantum information and the leaking of information to external environments additionally the
duality is only recovered when extending the complementary channel to sufficiently high environmental dimension finally the
error properties of bucket brigade quantum random access memory qram are assessed it is determined that using the bucket
brigade qram architecture for the running of grover s algorithm necessitates reducing the error rate of the individual
components to exponentially small levels for an exponential sized memory as such fault tolerant architectures will likely
play an essential role in the construction of such computing primitives

Quantum Error Correcting Codes 2006
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