Experimental Asymptotics: How Much Experimentation is Enough?

M. Goldberg, D. Hollinger, M. Magdon-Ismail Computer Science Department Rensselaer Polytechnic Institute

Maximum Independent Set

• Random Graphs G(n, p)

2log 1_{1−p} n [ Bollobás and Erdös ]

• Trivial sequential algorithm ( Random ) log 1_{1−p} n

Question: Is there any polynomial algorithm better than Random ?

(1 + ϵ)log 1_{1−p} n for any ϵ > 0

For 3-regular graphs the answer is yes [ref and result]

For d-regular graphs d > 3 the answer is unknown.

Sequential Greedy algorithm Greedy

At each step select a vertex with minimum degree

Experimental evaluation should be simple

Ratio of Greedy / Random for fixed p

insert plot here (old stuff)

conjecture: Greedy = Random

6

7

8

9

Fixed average degree d

plot of d=3 here

Average degree d = 3

Discovery: Greedy never selects a vertex of degree 3 (or more). show / discuss experimental evidence

I(n) = I_0 + I_1 + I_2 n = I_0 + 2I_1 + 3I_2 • I(n) is the size of independent set found by Greedy on a graph

with n vertices and average degree 3.

• I_k is the number of vertices with degree k when selected for inclusion

in the independent set.

Additional discovery for average degree d = 3

I_2 → 0

Greedy almost never needs to select a vertex of degree 2

I(n) = I_0 +

(n − I_0) 2 show or discuss experimental evidence

Conjecture for Greedy on average degree d = 3 graphs

Independent set size found by Greedy on random, average degree-3 graphs with n vertices:

I(n) = n e^3

+ cn +

(n −^n_{e3} − cn) 2 •^n_{e3} is number of vertices of degree 0 in the original graph. • cn is the number of additional vertices of degree 0 that are

selected by Greedy (reduced to degree 0 by previous steps).