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Problem 1 (13 points): Consider the following mathematical expression in infix notation, assum-
ing that each of the binary operators *,-,*,/,f has two operands, where f is exponentiation with
highestprecedence, which is evaluated right-to-left: a j bf c: al (b j c):

a-(b+r)tdtelfIsth.
(a,4pts) Please draw the

expression tree
for (1).

(b,4pts) Please give both the prefix and the postfix representations for the expression (1), both of

(1)

which only have variables and operators.
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(c, 5pts) Please draw the parse tree for (1) above using the following context-free grammar G :

(N,7,P,s), which is the one in class extended by exponentiation: N : {(E), (f), (f ), (B)};
note that (E) is an expression, (f) is a term, (F') is a factor and (B) is the base for a power.
T : {a,b,. . . ,2,(,),*, -, *, I ,t}.The start symbol r : (E).
P:{(E)-+(E) +\r),(r) -+(r)*(r), (r) -+(B)t(r'), (r) -+((E)),

l(E)- (r), lg)l@), lalul. . .lz).
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Problem 3 (6 points): Consider the following graph:
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(a, 4pts) Please draw the depth-first search tree for the above graph, processing the neighboring ver-
tices of each vertex in numerical order, star.ting at vertex L.
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(b, 2pts) Using the DFS tree in part (a), find a one-way street assignment for the graph in Figure 1

on page 3, i.e., please orient the edges so that the resulting digraph is strongly connected.
Please draw your orientation of each edge in Figure 1, using a different arrow head for those
arcs that correspond to edges in the DFS tree.
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Figure 1.
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Problem 2 (5 points): Suppose you divide n:9,10,11,... representatives over 3 groups of
300, 300, 100 people by Hamilton's Method. At which n is an 'Alabama Paradox" observed. Please
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Problem 4 (10 points): Please consider the following 3 x 3 mesh-like graph with wrap-around
edges {1,3), {4,6}, {7,9} and the diagonal edge {1,9}.

(a, 8pts) Please draw a subgraph that is homeomorphic to K5, which denotes the complete graph with
5 vertices. [Hint: the vertices of the K5 must have degree 4.]

(b, 2pts) What is the chromatic number of the above graph? Please explain.
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Problem 5 (5 points): Consider the following Lindenmayer system: f -+ L(M)R, L -+ M, M -+ T,
R -+ L, (-+ (, ) -+). Here the parentheses ( and ) are constant symbols. Please write down the first
5 new senerations of strinss startins with I.
a -.+ L LM )"R

2 t^(r)L + -r(LO)R)M
-> r-(rq)R (u (r)L)-r
-> l'1 (r) L (-u ( L(M ) K) m ) r_(u)R



Problem 6 (10 points):
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Please consider the following "saw tooth" fractal.

Here one starts at iteration 1 with three line segments of length I arranged on a base line, and ex-
trudes a right triangle upwards in the middle segment with its hypotenuse being the right extruded

side. In the subsequent iterations, one repeats the process on the hypotenuse ofthe last extruded

right triangle.

(a, 5 pts) Please give the length Li, namely the two extruded sides minus the dashed side, that gets

added to the saw tooth at iteration i, where Lr : rt and L2:213. Then please compute
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(b, 5 pts) Please give the area of the right trianBle that is

Az: l19. Finally, please compure Le,.
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