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Your Name: SOLUTION
For purpose of anonymous grading, please donot write your name on the subsequent pages.

This examination consists of 6 problems, which are subdivided into 12 questions, where each
question counts for the explicitly given number of points, adding to a total of50 points. Please
write your answers in the spaces indicated, or below the questions, using theback of the sheets
for completing the answers andfor all scratch work, if necessary. You are allowed to consult
two 8.5in× 11in sheets with notes, butnot your book or your class notes. If you get stuck on a
problem, it may be advisable to go to another problem and comeback to that one later.

You will have75 minutesto do this test.
Good luck!
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Problem 1(12 points): Consider the following mathematical expression in prefix notation, assum-
ing that each of the operators+,−,∗,/ has two operands.

+−∗/a+bc+de f g (1)

(a, 4pts) Please draw an expression tree for (1).
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(b, 4pts) Please give aminimally parenthesized infix expression for (1).

a/(b+ c)∗ (d + e)− f +g

(c, 4pts) Please draw the parse tree for your answer (b) usingthe context-free grammar given in class.
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Problem 2 (8 points): Consider binary trees in which each node has either 0 children, or one left
or one right child, or both.

(a, 4pts) Such a tree with 8 nodes has been linearized by our method to((())()())()(()). Please
draw the tree.

(b, 4pts) How many such trees with 8 nodes exist?

Problem 3 (8 points): Consider the following graph:
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Figure 1.

(a, 5pts) Please draw the depth-first search tree for the above graph, processing the neighboring ver-
tices of each vertexin numerical order , starting at vertex1.
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(b, 3pts) Using the DFS tree in part (a), find a one-way street assignment for the above graph, i.e.,
please orient the edges so that the resulting digraph is strongly connected. Please draw your
orientation of each edge in Figure 1 above.

3



Problem 4 (4 points): Supposeω(G) is the clique number,χ(G) the chromatic number and∆(G)
the maximum vertex degree of a graphG. Please draw a graph for which simultaneously the
inequalitiesω(G) < χ(G) andχ(G) < ∆(G) hold.

Problem 5 (8 points): Please consider the 4-dimensional “de Bruijn plus graph ” with 16 vertices,
which has the additional edge{6,9}.
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(a, 6pts) Please draw a subgraph that is homeomorphic toK5 (the complete graph with 5 vertices).
Hint: Choose 3, 6, 9 and two more vertices as the corner vertices of theK5-like subgraph.
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(b, 2pts) Please 3-color the de Bruijn plus graph by marking the vertices in Figure 2 above with the
colors R,G,B.
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Problem 6 (10 points): Please consider the square snowflake fractal:

Here one starts with a square, whose side length is 1 (left figure above). Each side is exuded in
the first iteration by a square of side length 1/3 in the middle of the side, creating 4·5 = 20 sides
of length 1/3 on the boundary (middle figure above). The process continues on each of those 20
sides with squares of side length 1/9. Note that after that 2nd iteration, there are 8 “holes” in the
fractal as shown in the right figure above.

(a, 6 pts) At iterationi, please state how much areaAi is added. Note thatA1 = 4/9. Please also state
the length of the boundaryBi at iterationi. Note thatB1 = 20/3.

(b, 4 pts) Please compute
∞

∑
i=1

Ai. Please show your work.
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