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Phase transition

@ Two scales

L~Ve, ¢ <s(0)s(r>>conn.~11f<f>

rn— &
@ Thermodynamic limit
L— o0

@ Phase transition
£ —

X o YUS(0)( ) omn. ~ 3 (g) e [ax Lo




Random Graphs

@ Random Graphs

Geg, P(G)
P(G)=Z"p(G), Z=> p(G)
Geg
p(G) =[] wq
i€eG

@ Ising model



@ Correlations.

@ Trees.
@ Connected graphs.



Correlations
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Random trees

@ Labeled random trees of size n.
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Generating functional
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Generic trees

@ For large class of weights
Z(p) =2y — Zivpp — s
@ Degree distribution in canonical ensemble (n — o)
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@ Hausdorff dimension dy = 2
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Erdos-Renyi trees.
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Scale-free trees
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The mechanism ?
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Maximal entropy graphs

@ Maximal entropy graphs (maximally random) with a given
degree distribution 74 are uncorrelated if 74 does not have
long tails.

@ What about maximal entropy connected graphs?



Giant connected component
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@ Inlarge n limit all the finite connected components are
trees.

@ A single giant connected component can arise.



Summary of equations

Gi(x)= —Gh(x),  Go(x) = mqx?
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Giant connected component

u=H(1)=> Pi(s), u=Gi(u)

is the probability that a directed link leads to a finite
component
°

= HE(1) = 3" Pri(s)

probability that a link belongs to the finite component

o
h=Ho(1) =Y Po(s),  h=Go(u);

Probability that a random vertex belongs to a finite
connected component.



Average degree of the giant component
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Degree distribution

@ One can show that
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Correlations in giant connected component
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When u = 0 (only one connected component) then vertices are
uncorrelated, u =0 ifand only if p; =0



ER and Exponential graphs
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Giant connected components are dissasortative.



Connected ER graphs

@ We have connected ER graph with average degree z(9)

@ We look for ER graphs whose giant connected component
has average degree z(9).

@ We find z by solving
79 = z(1 + h(z2))

@ Properties of giant component of ER graph with average
degree z should be the same as the properties of maximal
entropy connected graph with average degree z(9)



Connected ER graphs — Degree distribution

0.4

F02

0.3

0.1




Connected ER graphs — k(q)
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Arbitrary degree distribution
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Summary

@ Random trees are correlated.

@ Those correlations are long range.

@ Those trees are non-critical.

@ This hapens only in canonical (fixed n) ensemble.
@ Connectness imply disasortative correlations.

@ Vertices in maximum entropy connected random graphs
are correlated if and only if p; # 0.



