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Foreword to the English Edition
The rapid development of digital technologies in the modern information world required great efforts of the scientific community in the field of ensuring sufficiently high reliability of transmission and storage digital data. 70 years ago, this problem was posed by the great Claude Shannon in his fundamental paper "Mathematical theory of communication". 
A great contribution to the development theory of noise-resistant coding, which was supposed to provide a high level of reliability of digital streams, at the first stage of the digital world formation an algebraic theory made. The emergence BCH and Reed-Solomon (RS) codes became the basis for the development of first purely theoretical methods, which gradually began to be used in communications technology. The Massey's threshold decoders and concatenated codes of Forney greatly simplified the decoding technique. The Viterbi algorithm (VA) appearance allowed to achieve already quite good for that time characteristics of noise immunity in real satellite and many other channels.

However, the further development of various theories in the field of codes and electronic capabilities could not indicate the real technological ways to achieve the high noise immunity characteristics that were possible in principle. Algebraic theory has not established in the discrete fields codes, which would be in the asymptotic with the length of the codes good corrective properties and simple methods for their effective decoding. The world had never seen a simple algorithms of this class, which would correct the errors with the weight of more than half of the code distance. And the complexity of these decoders, as it is customary for theorists evaluation, was slightly less than the square of the code length, but had not become linear. This deprived the algebraic theory of any prospects.

And only a few decades later turbo codes were discovered, which for the first time showed that the dream of engineers about almost ideal decoders, which can work even near the absolutely elastic and never unattainable Shannon's bound, becomes to be real. But the created decoders of this type have become another disappointment: they also turned out to be quite complicated and non-technological direction of coding technique. 
However, the new decoders for Gallager (LDPC) codes, which appeared later, almost corrected this situation. The development of microelectronics was already affected here. These codes allowed us to create real decoders for satellite and other important channels. However, decoders of this type also have a number of serious limitations, which are very difficult to overcome.

Extremely complex problems continue to grow in the theory of non-binary codes. The real codes of this type are very weak. And their decoders for long codes are complicated and inefficient too. But nothing better then codes RS for 60 years after their creation was not invented. 
The meaning of continuing publications on different sequential algorithms for convolutional codes is not clear for us. They only work in the area of code rates that are lower than the computational rate, and this is very far from the channel capacity. They are not serious participants in any competitions in complexity and efficiency.

Polar codes have become a very clear illustration of the general crisis of the coding theory. We state that there are a huge number of legends around them, which do not correspond absolutely to their real capabilities upon the criterions of reliability-complexity-noise immunity. These and a number of other "new" coding systems have become illustrative examples of the ubiquitous painful and complex search for decoding algorithms that could really work at extremely high noise, but would remain very simple. But such methods until recently was not. 
We understand that thousands employees of firms and Universities need to publish regularly their results with at least some "improvements", i.e. with the coding problems solutions. Therefore, with a significant decrease in the overall level of scientific researches and results in the field of coding, inaccuracies and even obvious errors in publications on codes which are usually impossible to find, now are considered admissible. 
Мethods of the list decoding also have arisen because of the crisis in the technologies of decoding. They have not solved any problems of digital data reliability and turned out to be very non-technological decoders.
We are sure that basically such a catastrophic situation in the development of coding was created by the absolute inability of the leading theorists of a number, so to speak, "scientific schools" to present their methods in a certain "soft" program form for computers with small overhead costs. These tools include, for example, language C++, which with a small multiplier easily estimates the actual number of operations in any program decoders. These same programs should always be presented as a mandatory means of experimental confirmation of the declared characteristics of decoding. This is now the only way to demonstrate and prove the true benefits of decoders created by anyone. But creation high-quality software models of coding systems that can be trusted - is a very difficult and long time task. Almost no one knows how to do this.
The process of breaking down the coding theory as a complex mathematical science with an important technological component has gone so far that books, textbooks for students and even doctoral dissertations on "coding theory" have already begun to appear, where there are absolutely no schemes, efficiency graphs and even any assessments of the decoders complexity. Programs on coding theory in some Universities are so outdated that they have not even convolutional codes and Viterbi algorithm (VA) and do not specify any real parameters of code systems. 
It is especially regrettable that doctoral dissertations with the evaluation of indicators of exponents of decoding complexity arise continuously. Reduction of this exponent in 2÷5 times in comparison with full searching schemes is declared as the main indulgence on "right" to dissertation defense with such "achievements". 
 All these "workers of science" allow themselves not to notice that for the last 40 years algorithms of multithreshold decoding (MTD) with linear complexity are widely developed, reference books on coding problems are written, ~40 patents exist, doctoral dissertations and numerous monographs are written also. An exponent of decoding complexity for MTD methods simply equal to zero for a long code block! 
According to the publications known to us, it can be unequivocally stated that some large groups of "researchers" after many decades of "work" have not show even any single decoding algorithm for a large level of channel noise, for which one it would make sense to seriously discuss the levels of their noise immunity, reliability and complexity of implementation.
A significant number of books and hundreds already published articles by our scientific school are for the correction this truly tragic situation in the main branch of the information theory. 
This monograph presents the next stage results of the Optimization Theory (OT) noise-resistant coding development and algorithms MTD. It have solved generally all the problems of efficient decoding in all classical channels with independent distortions near their capacity. For binary symmetric channel without memory (BSC), binary Gaussian channel (AWGN), erasing and nonbinary symmetric channels on the basis OT and multithreshold decoding (MTD) methods we had found simple solutions for a very quick channel errors correction at the arbitrarily high speeds of decoding. All the basic OT methods have been patented, as well as block algorithm Viterbi (BVA) with the same complexity of implementation as it is for the its convolution prototype VA, rather than with a doubled exponent of complexity, which is still reason for proud of some "theorists". We have created five generations of the hardware coding systems in leading communication institutes in Russia, which confirmed the predicted MTD high performance. Many software versions of MTD decoders for high noise levels operate at speeds up to 5 ÷ 40 Mbits/s and more at the usual PC. We have created a hardware versions of MTD decoders at FPGA, having theoretically maximum possible speed performance. All these and other results of our researches are presented in this monograph . 
Every specialist can also check parameters of our many soft coding systems and special soft platforms at our largest in the world portals on coding theory http://www.mtdbest.iki.rssi.ru/ and http://www.mtdbest.ru/ , which had been created in SRI RAS and RSREU, Russia.
But what do really the algorithms we developed on the OT basis do? The fact is that the founders of the OT and MTD algorithms, who patented the world's first special iterative algorithms of majoritarian decoding back in 1972, drew attention to an important feature of coding systems for linear codes. No one has thought about this approach to coding and subsequent decoding until recently. All patented MTD algorithms of our scientific school, as it turned out, measure the exact distance of their decisions to the received message. This is what makes any optimal decoders, for example, Viterbi algorithm (VA)! But VA remembers absolutely all these distances, which makes the memory size for all its possible decisions growing exponentially with the increase in the length of the code it uses. This limits its real possibilities even now, 50 years after its discovery, the length of the code, expressed in informational symbols, less than K~20. 
That's why it turned out that the solution of the greatest problem of Shannon after the MTD discovery has already been obvious: make the majoritarian decoder such that it would change its decisions if it would find only strictly more plausible a new decision. This just idea was fixed by our "ancient" patent of 1972. The complexity of such MTD increases with growth in code length only linear. So, to use long codes in the MTD is very natural and easy. After some limited number of repeated corrections (as it turned out, it is always less than I=10 ÷200 iterations) MTD reaches even at a high noise level the same decision as the optimal decoder (OD), but, again, with linear complexity. This is how we solved the great Shannon's problem for all major types of channels completely with linear decoding complexity with increasing the code length. 
It is especially surprising that when binary MTD was already known and in the presence of the only realized in the technique of communication RS codes and the inability to create for nonbinary codes VA decoder, no one in the world, except us, has yet thought of the last 40 years the symbolic codes (nonbinary codes with majoritarian decoding) and MTD decoders for them. Our symbolic MTD (QMTD), completely realized at the lowest possible level of complexity (again - with linear complexity with the code length!) all byte data storage problems. We developed for them a complete theory and demoprograms for QMTD on our world's largest portals on coding theory. MTD decodes symbolic data at a sufficiently large noise level for a PC at speeds of up to 10÷40 Mbit/s with the threshold elements (TE) patented in Russia in a number of their modifications. QMTD is really decoder with the reliability parameters as for OD, that is true for binary codes also. Note again that creation VA for nonbinary codes with good parameters is absolutely impossible.

It is important that now everyone can use our new software platforms with simple user instructions that allow you to see and check the effectiveness of all MTD decoders for codes selected by the readers of our books.

But surely, the astonished reader may to asks, whether no one ever tried to redecoding the slightly improved the messages after the first decoding? Yes, of course, many researchers did it, but they did not receive any improvements at all. And it's because of our scientific school results we have quickly undestood in those early years that a good convergence to the OD decisions only such decoders will have that use codes with small error propagation (EP). Having created a complete EP theory, what has not succeeded any other scientific school in the world, we have learned to build such codes. After just that achievements in EP the capabilities of MTD decoders were manifested in all its brilliance. 
 Of course, in all of our researches we actively, but at a much more delicate and high level, apply the old methods of concatenation, and a set of other ideas and patented technologies that never complicate the MTD structure or the number of operations, but significantly improve MTD possibilities in terms of efficiency at high noise. 
All these results has determined a significant advantage of our methods in the BSC and AWGN channels, the development of decoders for which for many years were directed efforts of almost all experts in the world. All our patented MTD decoders work closer to the Shannon boundary then other methods with equal complexity. Our decoders do not require at all the use the operations with real numbers also. They have a high uniformity of structure and perform a very small number of calculations and only with small integers. And, in addition, they work in the hardware at FPGA at the maximum theoretically possible speeds and they are equally simple in the implementation both as for convolutional and block codes. 
Methods of correcting the erasures on the our algorithms basis are also patented by us. They work almost on the Shannon's bound, and significantly faster than other methods, sometimes up to a hundred or more times.

Finally, we emphasize that in the absence of any success of classical theory in creating good decoders of nonbinary codes since the 60s of the last century, our algorithms for symbolic (majoritarian decodable nonbinary) codes with complexity growing linearly with the length of codes, provide the achievement of OD decisions for any alphabet and for very long codes. It should be noted again that it is almost impossible to create VA for nonbinary codes with a large alphabet. This complicates the creation of other decoders also. But our symbolic codes can be decoded by corresponding MTD algorithms with software implementations and the high level of noise optimally at speeds up to tens of Mbits/s. This sometimes occurs when the probabilities of errors in the channel for QMTD are in some times greater than that probabilities, when the RS decoders can work . Like our binary MTD decoders, symbolic codes and their correction algorithms are the greatest discoveries of coding theory, which solved all problems of data storage on optical disks, flash memory and other digital systems due to methods of search global extremum of the functionals.
Concluding our brief introduction to the "quantum mechanics " of information theory, our new Optimization Theory (OT) of noise-resistant coding, we must state that about 30 years ago the youth of coding theory ended. This theory became a part of the theories of searching the global extremum of functional (SGEF) in specific conditions of discrete spaces after too long phase of the study error-correcting problems by algebraic methods. All OT and MTD methods work in close proximity to the Shannon's boundary with linear, i.e. minimal possible complexity of decoding implementation with the code length growth. New theory changes the technology, aims, methods of researches and all the ideological paradigms of the coding theory. They need to be deeply learned and move quickly on. Other ways until and there are no.
The results of our studies have shown that in many cases, each iteration of decoding in MTD can be implemented in software as two or three operations of small integers addition and comparison. And in hardware MTD decoders have the theoretically maximum speed, confirmed by the patents and a simple hardware version of MTD algorithm for working at the information speeds more then 1 Gbps. 
It should also draw the attention of readers of this book to the fact that we have a simple and understandable widely published decades ago methods solved the main problem of the information theory - reliable transmission and holistic data storage for any possible noise levels on the basis of simplest majoritarian methods. This have been done at the rapid start of "digitalization" of our information civilization in the conditions of the highest importance of maintaining the reliability of discrete data. 
Dozens of different demos at our portals allow to readers "alive" to double-check claimed highest speed characteristics of our methods at high noise levels.
 That is why the value of our OT and MTD methods is now much higher than the importance of the ideas of quantum mechanics, which by the efforts of a large number of great physicists was created 100 years ago. But in those early years of the twentieth century physics was not the most relevant science for people. However, its new postulates have received a high estimation of the international community, and the founders of quantum mechanics deservedly have become Nobel laureates. 
 Our OT arose just at the time of the rapid start of the digital information community formation, when the achievement of digital data high reliability refers to the most pressing problems of science and technology. This situation just determines the outstanding importance of our very timely fundamental and technological theory and its applications. 
Thus, our scientific school in fact alone has solved a great set of the most difficult and very important tasks, with which for many decades has not been able to cope the "classical" theory. Our new coding theory - "quantum mechanics" of information theory creates a special new grandiose intellectual space for researches coding problems as the tasks of searching global optimization of the functionals. This opens up broad prospects for code systems development on the basis of the latest OT paradigms, methods of MTD and various theories of global searching. We offer readers of this monograph together with us to solve new problems of the theory and technologies of coding and to create on its basis simple systems of highly reliable digital data processing for future networks and systems of our information civilization.
