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Abstract: Quantum information technologies have recorded enormous progress within the recent fifteen years. They have developed from the early
stage of thought experiments into nowadays almost ready-to-use technology. In view of many possible applications the question of efficient analysis
and diagnostics of quantum systems appears to be crucial. The quantum state is not an observable and as such it cannot be measured in the
traditional sense of thisword. Information encoded in a quantum state may be portrayed by various ways yielding the most complete and detailed
picture of the quantum object available. Due to the formal similarities between the quantum estimation and medical non-invasive 3D imaging, this
method is also called quantum tomography. Many different methods of quantum tomography have been proposed and implemented for various
physical systems. Experiments are being permanently improved in order to increase our ability to unravel even the most exquisite and fragile
non-classical effects. Progress has been made not only on the detection side of tomography schemes. Mathematical algorithms too have been
improved. The original linear methods based on the inverse Radon transformation are prone to producing artifacts and have other serious drawbacks.
For example, the positivity of the reconstructed state required by quantum theory is not guaranteed. This may obviously lead to inconsistent
statistical predictions about future events. For such reasons, the simple linear methods are gradually being replaced by statistically motivated
methods, for example by Bayesian or maximum-likelihood (ML) [1,2] tomography methods.The quantification of all relevant errors is an
indispensable but often neglected part of any tomographic scheme used for quantum diagnostic purposes. The result of quantum tomography cannot
be reduced merely to finding the most likely state. What also matters is how much the other states, those being less likely ones, would be consistent
with the registered data. In this sense, also states lying in the neighborhood of the most likely state should be taken into account for making future
statistical predictions. For this purpose we introduce a novel resolution measure, which provides ``error bars\'\' for any inferred quantity of interest.
This is illustrated with an example of the diagnostics of non-classical states based on the value of the reconstructed Wigner function at the origin of
the phase space. We show that such diagnostics is meaningful only when some prior information on the measured quantum state is available. In this
sense quantum tomography based on homodyne detection is more noisy and more uncertain than widely accepted nowadays. Since the error scales
with the dimension, the choice of a proper dimension of the reconstruction space is vital for successful diagnostics of non-classical states. There are
two concurring tendencies for the choice of this dimension. When the reconstruction space is low-dimensional, the reconstruction noise is kept low,
however there may not be enough free parameters left for fitting of a possibly high-dimensional true state. In the case of high-dimensional
reconstruction space, the danger of missing important components of the true state is smaller, however the reconstruction errors may easily exceed
acceptable levels. These issues will be discussed in the context of penalization and constraints for maximizing the likelihood [3]. The steps
described above are the necessary prerequisites for the programme of objective tomography, where all the conclusions should be derived on the
basis of registered data without any additional assumptions. New resolution measure based on the Fisher information matrix may be adopted for
designing optimized tomography schemes with resolution tuned to a particular purpose. Quantum state tomography may serve as a paradigm for
estimating of more complex objects, for example process tomography. [1] Z. Hradil, Phys. Rev. A 55, R1561 (1997). [2] Z. Hradil, D. Mogilevtsev,
and J.Rehacek, Phys. Rev. Lett. 96, 230401 (2006). [3] J.Rehacek, D. Mogilevtsev and Z. Hradil, New J. Phys 8. April, 043022 (2008) 
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