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Problem 1. The 3-color Ramsey numberR(m,n, p) is the minimumN such that any red,blue,green-
coloring of E(KN ) contains either a red Km, or a blue Kn or a green Kp.

1. Prove that R(m,n, p) ≤ R
(
m,R(n, p)

)
. In particular, R(m,n, p) exists.

2. Prove that

R(m,n, p) ≤ R(m− 1, n, p) +R(m,n− 1, p) +R(m,n, p− 1)− 1.

3. Prove that R(3, 3, 3) ≤ 17.

Problem 2. For an integer N ≥ 2, let K−
N denote the graph formed by deleting exactly one edge

from KN . Fix any integer n ≥ 2 and set N = R(n, n). By definition, every 2-coloring of E(KN )
contains a monochromatic copy of Kn. However, prove that there exists some 2-coloring of E(K−

N )
which does not contain a monochromatic Kn.

https://mathematicaster.org/teaching/discrete2026/ws/ws15.pdf

