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00 (Note): 000000000000 DO0O0OODOOOOD0OOOOU0OOOOOODOOO(Do not forget
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Problem 1 (2 points): 0000000000000 0000O0O0O0O0O0O0O0O0OO0O0OO0OOOOOO
G=(V,E)0000000 (e1,ea,e3,...,e) 0000 e; € EOOOOle;Neq| =100000
0000D00DO0D0D0O0D0DOo POODUOCODO BpOUOODUOODUODOOODOOOODOOODOO
0 O (Uehara-kun defines a new notion “bass,” which is similar to the notion “path,” as follows:
For a simple graph G = (V, E), a sequence of edges (e1, e, €e3,...,€e) is called bass if e; € E and
le; Ne;+1| = 1 for each i. Let P and B be sets of paths and basses, respectively. Then, which is
the correct claim about the sets P and B? Explain why.) (1) P = B0 (2) P C BO (3) B C PO (4)
P\ B #0and B\ P # 00

[Notel] ACBO ACBUOO A#4#BO0U0000O0ODDOODOODA\BOOODOODOOODOOO
O0D00OD0O0DA\B={z|2€ A00 =z ¢ B} (“AC B” means A C Band A # B. “A\ B” is
defined by A\ B={z |z € Aand = ¢ B}.)

Problem 2 (3 points): 00000 G=(V,F) 000000000000 0OOO0OO V,000000O
0000000V, 000000000000000000000000000000000000
Oooooooo@) |v,joooo |v,|oooo@) |v,/0ooo |VelOooo(3) |V,/00oo |V
O00O0@4) |V,/0000 |V,|0000 (For a simple graph G = (V, E), let V,, denote the set of
vertices of odd degrees, and V. denote the set of vertices of even degrees. Now, for each of following
conditions, show an example that satisfies the condition, or explain why if such a graph does not
exist. (1) |V,] is odd and |V,| is odd, (2) |V,| is odd and |V| is even, (3) |V,| is even and |V,| is
odd, (4) |V,] is even and |V,] is even.)

[Hint] 00000000000000Y,«y

checking many graphs, consider the equation )

deg(v) =2/E|0000000000000000(Before

vey deg(v) = 2|E| carefully.)

Problem 3 (5 points): 00000 G=(V,E)00000000O0O0OO0OODO 1000000000
000000000 GUOOO02000000000000000 (Let G = (V,E) be a tree. A
vertex of the tree is called a leaf if there exists only one edge incident to the vertex. Then, prove

that G has at least two leaves.)

[Hint) 00 0000000000000 O00O0O0O0O0O0O0O0OG = (V,E)ODODOOOGOOOO
|E| =|V|—-100000000 (As you know, there are many definitions (or equivalent claims) of
the notion of a tree. Here, it is good to use the claim that “a simple graph G = (V| E) is a tree if
G is connected and |E| = |V|—1.")



