
On various statistis of a random web-graph in theBollob�as{Riordan model∗E.A. Grehnikov†, L.A. Ostroumova‡, A.M. Raigorodskii§,A.A. Ryabhenko¶, E.A. Samosvat‖, D.A. Shabanov∗∗During the last deade, many models of the random web-graph have appeared (see [1℄, [2℄). One ofthem was proposed in 2002 by B. Bollob�as and O. Riordan (see [3℄). In this model, a random graphproess (Gtk)∞t=1, for any �xed k ∈ N, is de�ned. Let us reall the de�nition. First, we take the graphG11 = ({1}; {(1; 1)}) on the vertex 1 with a single loop. Further, given a graph Gt−11 = ({1; : : : ; t−1}; Et−11 )with t− 1 edges or loops (t ≥ 2) we transform it into Gt1 by adding one new vertex t and one new randomedge (t; i), where i ∈ {1; : : : ; t} and P (i = t) = 12t−1 , P (i = j) = degGt−11 j2t−1 , j < t. Finally, we take Gkt1 andidentify bloks of k verties: the verties 1; : : : ; k form a new vertex v1, the verties k + 1; : : : ; 2k form anew vertex v2, et.For the random graphGtk, various results have been proved showing that this graph has many propertiesof the World Wide Web. For example, it is subjet to a power law distribution of its vertex degrees (see[4℄ { [6℄, [7℄). It also has small diameter (see [4℄ { [6℄, [3℄).In our work, we ontinue studying important statistis of the random web-graph in the desribed model.Below we briey list our results.1. Let Xd1;d2 be the number of edges in Gtk whose verties have degrees d1 and d2 respetively. Wealulate the expetation EXd1;d2 of this random variable getting an asymptoti formula with theexat values of the two �rst terms and a remainder of the form Ok;d1;d2 (1t ). As a simple orollary were-obtain an asymptoti expression for the expetation of the number Xd of verties having degreed: EXd = (2kt+1)(k+1)d(d+1)(d+2) +O(d=t). It is worth noting that here we do not have any restrition on d (f.[7℄): one should only assume that d = o(t). Also we prove tight onentration of Xd1;d2 around itsexpetation.2. We study the expetation of the \seond indegree" of a vertex in Gtk. By the seond indegree ofan i we mean the number of edges going to the neighbours of i. We �nd sharp formulas for thisexpetation and we also prove some tight onentration results.3. We �nd simple formulas for the expetation of the numbers of given subgraphs H in the randomgraph Gtk.
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4. We use some of the obtained results in order to statistially lassify \dense strutures" (ommunities,link spam, et.) in the World Wide Web. Suh lassi�ation is important to improve quality of searhengine rankings.Referenes[1℄ B. Bollob�as, O. Riordan, Mathematial results on sale-free random graphs, Handbook of graphs andnetworks, 1 - 34, Wiley-VCH, Weinheim, 2003.[2℄ R. Durrett, Random graph dynamis, Cambridge Univ. Press, Cambridge, 2007.[3℄ B. Bollob�as, O. Riordan, The diameter of a sale-free random graph, Combinatoria, 24 (2004), N1,5 - 34.[4℄ L.-A. Barab�asi, R. Albert, Emergene of saling in random networks, Siene, 286 (1999), 509 - 512.[5℄ L.-A. Barab�asi, R. Albert, H. Jeong, Sale-free harateristis of random networks: the topology ofthe world-wide web, Physia, A281 (2000), 69 - 77.[6℄ R. Albert, H. Jeong, L.-A. Barab�asi, Diameter of the world-wide web, Nature, 401 (1999), 130 - 131.[7℄ B. Bollob�as, O. Riordan, J. Spener, G. Tusn�ady, The degree sequene of a sale-free random graphproess, Random Strutures Algorithms, 18 (2001), N3, 279 - 290.
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