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This examination consists of 6 problems, which are subdivicito 11 questions, where each
guestion counts for the explicitly given number of pointddiag to a total 049 points. Please
write your answers in the spaces indicated, or below thetiunss using thévack of the sheets
for completing the answers aridr all scratch work, if necessary. You are allowed to consult
two 8.5in x 11in sheets with notes, babt your book or your class notes. If you get stuck on a
problem, it may be advisable to go to another problem and dwank to that one later.

You will have 75 minutes to do this test.
Good luck!
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Problem 1 (13 points): Consider the following mathematical expressminfix notation, assum-
ing that each of the binary operaters—, x, /,1 has two operands, whefés exponentiation with
highest precedence, which is evaluated right-to-eeftb f c=a1 (b1 c):

a—(b+c)tdxe/fTgth. (1)

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

(b, 4pts) Please give both tipeefix and thepostfix representations for the expression (1), both of
which only have variables and operators.

PREFIX:
POSTFIX:

(c, 5pts) Please draw the parse tree for (1) above using tlmving context-free gramma@G =
(N, T,P,s), which is the one in class extended by exponentiathbe: {(E),(T),(F),(B)};
note that(E) is an expression,T) is a term,(F) is a factor andB) is the base for a power.
T={ab,....z(,),+,—,%*,/,7}. The start symbot = (E).

P={(E) = (E)+(T), (T)=>(T)=(F), (F)=(B)1(F), (B)—=(E)),
[(E) —(T), [(T)/(F), (B), albl...[z}.
(T [(F),



Problem 2 (5 points): Suppose you divide = 9,10,11, ... representatives over 3 groups of
300,300,100 people by Hamilton’s Method. At whighis an “Alabama Paradox” observed. Please
show your work.

Problem 3 (6 points): Consider the following graph:
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(a, 4pts) Please draw the depth-first search tree for thesadp@ayph, processing the neighboring ver-
tices of each verten numerical order, starting at vertex.

(b, 2pts) Using the DFS tree in part (a), find a one-way stregigament for the graph in Figure 1
on page 3, i.e., please orient the edges so that the resdingph is strongly connected.
Please draw your orientation of each edge in Figure 1, usdifjeaent arrow head for those
arcs that correspond to edges in the DFS tree.



Problem 4 (10 points): Please consider the followingc®3 mesh-like graph with wrap-around
edges{1,3}, {4,6}, {7,9} and the diagonal edgd., 9}.

(a, 8pts) Please draw a subgraph that is homeomorplg, twhich denotes the complete graph with
5 vertices. [Hint: the vertices of th& must have degree 4.]

(b, 2pts) What is the chromatic number of the above graph%®@leglain.

Problem 5 (5 points): Consider the following Lindenmayer systéim- L(M)R L - M,M — T,
R—L, (— (,) —). Here the parenthesésand) are constant symbols. Please write down the first
5 new generations of strings starting with



Problem 6 (10 points): Please consider the following “saw tooth” fed.c

Here one starts at iteration 1 with three line segments gftteh arranged on a base line, and ex-
trudes a right triangle upwards in the middle segment walhyipotenuse being the right extruded
side. In the subsequent iterations, one repeats the proogbe hypotenuse of the last extruded
right triangle.

(a, 5 pts) Please give the lendth namely the two extruded sides minus the dashed side, tksat ge
added to the saw tooth at iteratiorwhereL; = +/2 andL, = 2/3. Then please compute

iiLi.

(b, 5 pts) Please give the area of the right triangle that d@eddt iteration: note Ay = 1/2 and
Az =1/9. Finally, please computZAi.
i=



