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Glossary
M-NZF: Let M be an Abelian group (with additive notation). An M-NZF on a graph
G = (V,E) is a flow (D, f) where f : E - M — {0} such that when we consider the G
equipped with orientation D we have 3= ¢ g4 () Fl€) = eep- ) f(e) foreachv e V.
G/e: the graph obtained from G by contracting the edge e into a new vertex ve.

Problem 1.(10%) Let a tree with n > 2 vertices have k leaves and no vertices of
degree 2.

a) Prove that k > (n + 2)/2.

b) Characterize the trees that attain this bound (i.e., the trees with n = 2k — 2.)

Problem 2.(20%)

a) Let G be a 2-connected graph but not a triangle, and let e be an edge of G. Show
that either G — e or G/e is again 2-connected.

b) Show that every cubic 3-edge-connected graph is 3-connected.

Problem 3.(10%) Show that every connected planar graph with n vertices, m edges
and finite girth g satisfies m < J45(n - 2).

Problem 4.(20%) Show that every planar graph is 5-choosable.

Problem 5.(10%) Let G be a plane graph and M be an Abelian group of order
k > 2. Show that the faces of G can be good colored with % colors if and only if G
has an M-NZF.

Problem 6.(20%) Find a formula for a, satisfying the relation a, = —2a,-2 — an_s
with ¢ =0, a; = 1, ap = 2, and a3 = 3.

Problem 7.(10%) How many different integer solutions are there to the equation
1+ T+ 23+ 2+ 35+ 76 =20,0< z; < 8.




