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This examination consists of 5 problems, which are subdivided into 11 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!

Problem 1

2

3

4

5

Total



Problem 1 (16 points): Consider the following mathematical expression in postfix notation, as-
suming that each of the operators+,−,∗,/ has two operands.

ab+ c+d/e∗ f g/− (1)

(a, 4pts) Please draw an expression tree for (1).

(b, 4pts) Ignoring the operators and variables in the tree vertices, please give the serialization of your
tree in (a) using an expression consisting of 13(’s and 13)’s that are balanced (our second
[Riley’s] method).

(c, 4pts) Please give aminimally parenthesized infix expression for (1).

(d, 4pts) Please draw the parse tree for your answer (c) usingthe context-free grammar given in class.
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Problem 2 (13 points): Consider the following graph:
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(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.

(b, 4pts) Using the 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.

(c, 4pts) Please find a 3-coloring of the above graph. You may place your RGB colors next to the
vertices in the above figure.
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Problem 3 (8 points): Consider the 4-dimensional de Bruijn graph with 16vertices:
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Please draw a subgraph that is homeomorphic toK3,3 (the complete bi-partite graph from 3 to 3
vertices). Hint: Choose 4, 5, and 13 as one set of vertices.

Problem 4 (5 points): Please define Benoit Mandelbrot’s setM0 ⊂ C for start valuea = 0 and
discuss what is chaotic about it.
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Problem 5 (8 points): Please consider the Sierpinski sponge fractal:

Here one starts with a cube, whose side length is 1. The cube consists of 27 cubes of side length
1/3. The front face of the first cube shows how each face is divided by those smaller cubes. By
drilling out the middle cubes one removes 6+1= 7 smaller cubes, one adjacent to each face and
one in the middle of the cube (see second cube above) . There remain 27−7= 20 smaller cubes.
In the first iteration, one has thus removed 7· (1/3)3 = 7/27 of the volume. In the second iteration,
the process is continued for the remaining 20 cubes of side length 1/3, removing 20·7 cubes of
side length 1/32 = 1/9.

(a, 4 pts) At iterationi, please state how much volumeVi is removed. Note thatV1 = 7/27.

(b, 4 pts) Please compute
∞

∑
i=1

Vi. Please show your work.
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