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(a) |5 points| How many integers n for 0 < n < 99999 do not have their digits each
of 2,5, and 8. :

(b) |5 points| How many integers n for 0 < n < 99999 have among their digits each
of 2,5, and 8. (could have other numbers) ’

(c) |5 points| How many integers n for 0 < n < 99999 have at least one of their
digits from 2,5, or 8.

(d) |5 points| How many integers n for 0 < n < 99999 have at least one of 2, 5, or
8 not appearing in their digits.

13 points| From the i'ntegers 1,2,...,200, we choose 101 integers. Show that among
the integers chosen there are two such that one of them is divisible by the other.

Let n > k > 4 denote two integers. Let m;, denote the least number of 3-subsets of
C1 which are not contained in each of C, and C3, among all the triple Cy, C,, Cj of
distinct k-subsets of {1,2,...,n}. That is

me:=Min |{S | SCC.,SZC,SLCy|S| =3},

where the minimum is taking from all the triples Cy, Cy, Cs of distinct k-subsets of
{1,2,...,n}.

a) |5 points| Determine the number m,.

(
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(

10 points | Determine the number my.

)
c) |10 points| Prove your answer in (b).

i

10 points| Let G denote a simple graph with each vertex of even degree. Show the
edges of G are partitioned into cycles.

Let ¢,q1,¢2,...,qx be positive integers. The Ramsey number m¢(q1, 42, - . -, qx) is the
smallest integer n that satisfies the following property:

If each of the t-subsets of {1,2,..., n} is assigned one of & colors ¢y, ¢, .. ., and
Ck, then there exist an integer 7 and a g;-subset T of {L,2,...,n}for1 <i<k
such that all of t-subsets of T are assigned the color c;.

(a) |5 points| Determine the number r1(q1,42,- .., qk) in terms of an expression of
the variables k, q1, gy, .. ., g.

i

(b) |5 points| Prove your answer in (a).

(c) |12 points| Fill the blank spaces (A), (B), (C), (D), (E), and (F) in the proof
of 75(3,3,3) < 3ry(3,3) — 1.
Proof.  Set §:={1,2,...,(A)}. Assign each 2-subset of S one of the colors

c1, c2 or c3. We want to show there exists a color k € {c1, ¢, c3} and a subset
T C S of cardinality (B) such that each 2-subset of T is assigned the color &.
Fix an element a € S. Then |S — {a}| = (C). By the pigeonhole principle, there
exists a subset 7" of cardinality at least (D) such that for each b € T" the 2-
subset {(E)} is assigned the color &’ for some color k' € {c1,¢2,¢3}. If there exist
distinct b, b’ € T' such that {b,'} is assigned the color k', then set T = (F) and

k = k' to finish the proof. Otherwise, all 2-subsets of 7" are assigned at most 2
-+ different colors. Since |T”| > (D), there exists a subset T C T of cardinality (B)

such that each 2-subsets of T_is—éssigned a color k for some & € {c;, ¢, c3} — {W

(d) Show 73(q1,q2) < ra(q1 — 1, q2) + ra(q1, g2 — 1).



