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Estimating degrees

* Given: graph G, m = Q(n) edges, with
* Degree queries: on v, return deg(v)
* Neighbor queries: on (v, ) return jth neighbor of v

. - 2
* Output: estimate of average degree d = =

n
* i.e., outputds.t.Pr||d —d|<ed|=1-6



Naive sampling

* Pick s vertices v4, ..., Vg

e Output average degree of sample % %; deg(v;)

Needs ((n) samples



Lower bound

\Jn queries



(Total) ordering on vertices

e u<vif:
« deg(u) < deg(v)
* ORdeg(u) = deg(v) and ID(u) < ID(v). (assuming unique ID’s)

e Orient edges from small to large
« deg™ (u) = number of nbrs of u such that u < v. (outdegree)

-d

* Zyev deg+(u) =m= g

Idea: Lower variance by counting degree from smaller side of each edge



algorithm

Sample deg+ by

; . . “correcting”
Algorithm naive: New algorithm: Ty
16
« k27 s ke Zn
e Fori =1tokdo: * Fori =1to k do:
* Pick viey V

* Pick viey V
* Let X; « deg(v;)

* Outputd <—% Z{Ll X;

Ple ul€U N(vl)
If v; < u; then X; « 2 deg(v;)
Else X; < 0

* Outputd « i Tk X



Lemmas from last time

Vv €V degt(v) < V2m



Two useful facts about variance:

Var[X]

* Chebysev’s Inequality: Pr[ |X — E[X]| = b] < 2

* Lemma: LletY =% X | X; where X/siid. ThenVar[Y] =I—1C Var[X;]



Lemmas from last time

Vv €V degt(v) < V2m

i E[Xl] =d
* Var[X;] <4v2m-d sobylemmaVar|d] < 4@ d

[&] 1 Good estimate
e By Chebyshev: Pr[|d — d| > Ed] (Ed)z < <Z 2 with prob > 3/4

Sinced = sz and by
choice of k = 16+/n/€e?

Since d = E[d]



