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Problem I (12 points): Consider the following mathematical expression in prefix notation, assum-
ing that each of the operators *, -, *, / has t'wo operands.

-Y - *la*bc-tdefg

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

(b, 4pts) Please give a minimally parenthesized infix expression for (1).
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(c, 4pts) Please draw the parse tree for your answer (b) using the context-free grammar given in class.(e)(e>'i <r> hO*^%///n{\t(u5 j &> (r> \\ l' t t*-b5rl lp W 'r-
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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 atree with 8 nodes has been linearizedby our methodto ((O) O O) O (O). Please

draw the tree.
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(b,4pts) How many such trees with 8 nodes exist?
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Problem 3 (8 points): Consider the following graph:

(a, 5pts) Please draw the depth-first search tree for the above graph, processing the neighboring ver-
tices of each vertex in numerical order, starting atvertexl \
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(b, 3pts) Using the DFS tred in part (a), flnd a one-way street assignment for the above graph, i.e.,

please orient the edges so that the resulting digraph is strongiy connected. Please draw your
orientation of each edge in Figure 1 above.

Figure 1.
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Problem 4 (4 points): Suppose co(G) is the clique number, 1(G) the chromatic number and A(G)

Problem 5 (8 points): Please consider the 4-dimensional "de Bruijn plus graph " with 16 vertices,

F-
(a, 6pts) Please draw a subgraph that is homeomorphic to Ks (the compiete graph with 5 vertices).

Hint: Choose 3, 6, 9 and t'wo more vertices as the comer vertices of the Ks-like subgraph.
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which has the additional edge {6,9}. A
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Problem 6 (10 points): Please consider the square snowflake fractal:

Here one starts with a square, whose side length is t (left figure above). Each side is exuded in

the first iteration by a square of side length I 13 n the middle of the side, creating 4'5: 20 sides

of length l/3 on the boundary (middle figure above). The process continues on each of those 20

sides with squares of side lenglh 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 iteration i, please state how much area A; is added. Note that ,4 t : 4 19. Please also state

the length of theboundary B; atitetation i. Note that.Bl :2013.
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