University of Nevada, Las Vegas Computer Science 477/677 Spring 2022

Name:

Final Examination May 9, 2022

No books, notes, scratch paper, or calculators. Use pen or pencil, any color. Use the rest of this page and the

backs of the pages for scratch paper. If you need more scratch paper, it will be provided. If you want anything

on extra pages to be graded, staple those pages to your test and write, “Please grade this page.”

The entire examination is 460 points.

1.

2.

In each blank, write © if correct, otherwise write O or €2, whichever is correct. [5 points

cach]

(a) n* = (n®)

(b) log(n?) = (log(n?))
(c) log(n!) = - (nlogn)
(d) logyn = (log, 1)

(e) nO-000000000001 — (logn)

True or False. Write “T” or “F.” If the answer is not known to science at this time, write
“O” for “Open.” [5 points each]

(a) There is a mathematical statement which is true, yet cannot be proven.

() p— The subproblems of a dynamic program form a directed acyclic graph.

(¢) Kruskal’s algorithm uses dynamic programming.

(d) A hash function should appear to be random, but cannot actually be random.
(e) Open hashing uses open addressing.

Solve each recurrence, expressing the answer as an asymptotic function of n. Use O, Q,

or ©, whichever is most appropriate.! [10 points each]

(a) F(n) <2F(n/2) + n?

(b) F(n) > 3F(n/9) + 1

1 Although I haven’t in previous tests, this time I will take at least half off for expressing the answer without using asymptotic

notation, or for using the wrong one.



(c) F(n) = F(3n/5) 4+ 4F(2n/5) + n?

(d) F(n) = F(n/5)+ F(Tn/10) +n

3. Give the asymptotic complexity, in terms of n, for each of these code fragments. [10
points each]

(a) for(int i
for(int j =n; j > 1i; j = j/2)

Il
o
[

i < n; i++)

(b) for(int i i < n; i++)
for(int j =i; j > 0; j = j/2)

I
o
[

(c) for(int i

I
N
[

i < n; i=ix*i)

(d) for(int i = 1; i*i < n; i++)

4. Find an optimal prefix code for the alphabet {a,b,c,d, e, f} where the frequencies are
given in the following array.

a| 6
b| 4
cl 2
d| b
e |20
fl1

5. Fill in the blanks. [10 points each]

In problems (a) and (b), let n be the number of vertices, m the number of arcs, and p
the maximum number of arcs in the shortest path between any two vertices.

(a) The asymptotic complexity of the Floyd/Warshall algorithm is

(b) The asymptotic complexity of Dijkstra’s algorithm algorithm is

(c) A hash function fills the hash table exactly with no colli-



(d) algorithm finds a binary code so that the code for one

symbol is never a prefix of the code for another symbol.

(e) and are greedy algorithms that
we’ve studied this semester.

(f) and are divide-and-conquer al-
gorithms that we've studied this semester.

(g) An acyclic directed graph with 9 vertices must have at least strong
components. (Must be exact answer.)

(h) In there can be any number of items at a

given index of the hash table.

(i) The asymptotic expected time to find the median item in an unordered array of size
n, using a randomized selection algorithm,is . .

(j) If h(z) is already occupied for some data item x, a
is used to find an unoccupied position in the hash table.

(k) If a directed acyclic graph has n vertices, it must have .~ strong compo-
nents.
(1) If a planar graph has 10 edges, it must have at least vertices.

(m) If G is a weighted graph, then it is impossible to solve the all pairs shortest path
problem for G if G has a

(n) Fill in the blank with one letter. If all arc weights are equal, then Dijkstra’s algorithm

visits the vertices in same order as ________ FS.

8. [20 points] What is the loop invariant of the loop in the following function?

float product(float x, int n)
{
// assert(n >= 0);
float z = 0.0;
float y = x;
int m = n;
while(m > 0)
{
if (m%2) z = z+y;
m = m/2;
y = ¥ty
}
return z;

}



8. [20 points] Compute the Levenstein distance between abcdafg and agbeedfc. Show the

matrix.

9. [20 points] You need to store Pascal’s triangle in row-
major order into a 1-dimensional array P whose in-
dices start at 0. The triangle is infinite, but you will
only store (Z) for n < N. Write a function [ such that
P[I(n, k)] = (Z) for 0 < k < n < N. For example,
1(3,2) = 8.

int I(int n, int k)

{
// the position of n choose k in the linear array
assert(k >= 0 and n >= k and n < N);

int indx =

return indx;

}



10. [20 points] Use the DFS method to find the strong components of the digraph shown
below as (a). Use the other figures to show your steps.

b\
(<) \/g\. \
<7



11. [20 points|Sketch a circular linked list with dummy node which implements a queue. The
queue has four items. From front to rear, these are A, B, C, D, and show the insertion
of E into the queue. Show the steps. Don’t erase deleted objects; instead, simply cross
them out.

12. In class, we implemented a minqueue as an almost complete binary tree implemented as

an array.

(a) [15 points] Suppose the minheap is initialized as shown in the first line of the array

shown below. Show the evolution of the structure when deletemin is executed.

A|/C|FIDIQ|H|L|R|Z

(b) [15 points| Starting from the final configuration above, show the evolution of the
structure when B is inserted.




13. [30 points] You are given an acyclic directed graph G = (V, E') where each arc is weighted.
If (z,y) is an arc, we write w(x,y) for the weight of that arc. Describe a dynamic pro-
gramming algorithm which calculates the directed path through G of maximum weight.

There are two ways to set this problem up. I want you to use the right-to-left method,
not the left-to-right. There is one subproblem for each vertex v, namely to compute M [v],
the maximum weight of any directed path starting at v. Compute the forward pointer

forw[v| for each vertex. Explain how those pointers are used to find the path.



14. [30 points] Write pseudocode for the Bellman-Ford algorithm. Be sure to include the
shortcut that ends the program when the final values have been found.



