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Introductory remarks

Observed properties of the distribution of luminous and dark matter form the basic element of any cosmological model. Therefore a main task of practical cosmology is to develop methods of the large scale structure analysis. One of  the most surprising  discoveries of 20th century observational cosmology was the complex filamentary structure of the spatial distribution of galaxies. The analysis of this distribution has revealed a new fundamental empirical cosmological law: the power-law behavior of the galaxy correlations. 
The fractal view of the large-scale structure of the Universe. The last two decades have witnessed the first extensive surveys of galaxy redshifts, which have allowed astronomers to move from the study of the apparent patterns of galaxies on the celestial sphere to the analysis of their three-dimensional distribution in space. The redshift surveys have revealed a rich variety of structures in the galaxy universe, characterized using terms such as binaries, triplets, groups, rich, regular, and irregular clusters, walls, superclusters, voids, filaments, cells, soap bubbles, sponges, great attractors, clumps, concentrations, associations…  Of course each form of structure deserves separate studies, but they can be also viewed as natural appearances of one global master entity called fractal. The concept of fractal delivers a convenient mathematical apparatus for a quantitative description of complex stochastic structures with regular long-range power-law correlations.

With fractal techniques one can describe an inhomogeneous galaxy distribution by means of such basic concepts as the fractal dimension, lacunarity, multifractality and others. The fractal dimension of the total mass (luminous and dark) distribution determines the universal mass – radius power law behaviour. It plays the role of a source of gravity field in cosmological solutions, and is a part of cosmological models.

The debate on fractality.  The discovery of the strongly inhomogeneous spatial distribution of galaxies, on scales from galaxies to superclusters, over four orders of magnitude in scale, is of profound cosmological significance. Only faintly anticipated from photographic surveys, the surprisingly rich texture of galaxies became visible thanks to a large progress in measuring distances by redshifts for thousands of galaxies. The observed clustering is not just random clumping, but exhibits universal long-range power-law correlations.

Remarkably, in the very decade when the galaxy universe was found and theoretical cosmology made it first steps, Selety and Einstein started the debate on cosmological significance of the hierarchical matter distribution. In fact, their correspondence outlined the main directions for future study of nonuniform cosmological models. In observational cosmology the debate on the nature and distances of spiral nebulae went over to a struggle on the structure and extension of the galaxy clustering. This sharp and sometimes dramatic “Debate on Fractality” has been in the limelight almost the whole 20th century and still is. It has involved such persons as Einstein, Hubble, Sandage, Peebles, Charlier, Selety, Lundmark, de Vaucouleurs, Mandelbrot, Pietronero and many others who have studied the large-scale galaxy distribution.

At this conference we discussed the following subjects:

· The history of observational LSS studies

· Statistical physics methods for cosmic structure analysis

· The structure and dynamics of the Local Volume

· Results of analysis of galaxy redshift surveys

· Gravitational lensing and observations of the distribution of dark matter
· Cosmological N-body simulations in comparison with observed structures

