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Let L be a regular language. Prove that R(L), strings in L reversed, is also a regular

language.
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A grammar G generating language L is defined by:

Consider the following grammar, with start symbol E:

alb|c|d|elf..... x|y|z



The following strings are legal derivations from this grammar:

L a*b+c
IL. (a=-b)*c
IIL. a/(b-0

Which of the above are rightmost sentential forms?
B A relation on the integer 0 through 4 is defined by:
R = {(xy) | x+y < 2x}

Which of the properties listed below applies to this relation? Why?

L Transitivity
IL Symmetry
1L Reflexivity

B Grammar G is defined by:
G = (xyz}, SWXY.Z}, B S)
Where the members of P are:
S->WZ
W->X]|Y
X ->x|xy
Y->ylyY
X->x|zZ

Which of the following regular expressions corresponds to this grammar?

(A) xx* | yy* | zz*

(B) (xx* | yy*).zz*



©

(D)

(B)

xx*.(yy* | zz*)
(xx | yy)*.zz*
X*.yy*xx*

B A computer system stores floating-point numbers with a 16-bit mantissa and an 8-bit
exponent, each in two's complement. The smallest and largest positive values which

can be stored are
1 x 10128 and 215 x 10128
1 x 107256 and 215 x 10255
1 x 10128 and 21> x 101%
1 x 10128 and (2°-1)x 101%7
1 x 1026 and (21>-1)x 10%>®
B A grammar G generating language L is defined by:
G = ({xy} {SXY}L PS)
where the elements of P are:
S ->xY
S -> yX

X ->xZ

Is the language L generated by G most accurately said to be.

A. Chomsky type 0
B. Chomsky type 1 (context sensitive)
C. Chomsky type 2 (context free)

D. Chomsky type 3 (regular)



E. None of the above
B Consider the following program fragment:
read(a, b)
c:=30*a+b;
if c = 0then a:=1else a:=10/c +1.0/b;

This program fragment will fault if given certain values for "a” and "b.” Which is the
weakest of the supplied conditions (least restrictive or smallest) which, if applied to the

data, will prevent failure?

A b>0

B. a>0and b>0
C. a#-b/3

D. bz0

E. 30*a#0andb # 0
B Grammar G is defined by:
G = (xy.z} SWXY.Z}, P S)
Where the members of P are:
S->WZ
W->X]|Y
X -> x| xy
Y->y|yY
Z->z|zZ
A. Show some examples that are generated by this grammar.

B. Write the regular expression corresponds to this grammar?

B A relation over the set s = {x,y,z} is defined by:

{xx), (xy), (vx), x2), (y,2), (yy), (z.2)}



What properties hold for this realtion?

L Symmetry
IL Reflexivity
1L Antisymmetry

Iv. Irreflexivity

V. Transitivity

n Grammar G is defined by:
G = ({a,b}, {SAB} BS)

Where the members of P are:

S->AB|AS
A->alaA
B->b

A.  Show some examples that are generated by this grammar.

B. Write the regular expression corresponds to this grammar?

B A binary tree is to be used to sort positive integers. The partial tree shown below is

formed.
(5)s
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The next number in the file is 13; where should this be placed such that /n order traversal of the

tree yields the sorted file?
B A grammar G generating language L is defined by:

G = ({xyh {SABC} P S)

where the elements of P are:
S -> ABA
AB -> AC
CB -> BBC
CA -> BBA
A->alE
B->b

Is the language L generated by G most accurately said to be:

A. Chomsky type 0
B. Chomsky type 1 (context sensitive)
C. Chomsky type 2 (context free)
D. Chomsky type 3 (regular)
E. None of the above
B Consider the following program fragment and its assertions:
ASSERT INITIAL (B > 0) AND (C > 0)
IfB>C
THEN A:=B/C
ELSE A:=C/B
ENDIF;

ASSERT FINAL (A > 1)

There are two paths through this code; which of the two is taken depends upon the predicate “B >

C". Which of the following statements is true?



A. The program fragment is consistent with its assertions along both path.
B. The program fragment is inconsistent with its assertions along both path.
C. The program fragment is consistent with its assertions along the predicate = false path only.
D. The program fragment is consistent with its assertions along the predicate = true path only.
E. The question of consistency is undecidable until the values of B and C are known.
n Grammar G is defined by:
G = ({fab}, {SAB}, P S)
where P is the set:
S->AB|AS
A->alaA
B->b|bb
A. Draw a parse tree for the string "aaabb”.

B. What type is the language L(G) most accurately? Is it regular, context free, or context

sensitive?

B The binary tree below is traversed in postorder. In what order are the nodes visited?

(5)a
(E)d <L?>J
].I ‘f- 5
(15)s (€1)q
(24)10

Write the program to visit a binary tree T in postorder and print the value of nodes in your favorite

programming language.
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8. Al/ ML
B Show, using a proof or an example, that if P(A|B,C) = P(A|C), then P(A,B|C) = P(A|C)P(B|C)

B An eigenvector of a square matrix A is a non-zero vector v that, when multiplied by A,

yields the original vector multiplied by the corresponding eigenvalue A. What is the

010
eigenvector of [0 2 0] corresponding to the eigenvalue 37
0 0 3

B In A* search, the evaluation function is defined as follows: f(n) = g(n) + h(n), where
g(n) is the cost so far to reach n, and h(n) is the estimated cost from n to goal. We
call h(n) the heuristic function. Under what condition is A* search guaranteed to find
the optimal solution? If we want to design an admissible heuristic, what condition does

h(n) need to satisfy?
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Suppose we have a straightforward ©(n?) algorithm for a problem. Suppose we devise
a divide-and-conquer algorithm that divides an input into two inputs half as big, and
takes nign time to divide the problem and nign time to combine the solutions. Is the
divide-and-conquer algorithm faster or slower than the straightforward algorithm?

Justify your answer.

Let P be a problem. The worst-case time complexity of P is O(n?). The worst-case
complexity of P is also ©(n Ig n). Let A be an algorithm that solves P. Which subset of
the following statements are consistent with this information about the complexity of
P

(@) A has worst-case time complexity O(n2)

(b) A has worst-case time complexity O(n)



(¢) A has worst-case time complexity ©(n?)
(d) A has worst-case time complexity ©(n3)
Show how you can make Quicksort to have O(n Ig n) worst-case running time.

Consider the following divide-and-conquer algorithm. Given a graph G = (V, E), we
partition the set V into two sets V1 and V2 s.t. |V1| and |V2| differ by at most 1. Let E1
be the set of edges that are incident only on vertices in V1, and let E2 be the set of
edges that are incident only on vertices in V2. Recursively solve a minimum-spanning-
tree problem on each of the two subgraphs G1 = (V1, E1) and G2 = (V2, E2). Finally,
select the minimum-weight edge in E that crosses the cut (V1, V2), and use this edge
to unite the resulting two minimum spanning trees into a single spanning tree. Either
argue that the algorithm correctly computes a minimum spanning tree of G, or provide

an example for which the algorithm fails.

Let T be a minimum spanning tree of G. Then for any pair of vertices s and t, is the

shortest path from s to t in G the path from s to t in T? Justify your answer.
Describe Dijkstra's algorithm and analyze its running time.
Describe Floyd-Warshall algorithm and analyze its running time.
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