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1. Consider the following well-known sorting algorithm (we shall study it
more closely later in the book) with a counter inserted to count the num-
ber of key comparisons.

Algorithm SortAnalysis(A[0..n — 1])
//put: An array A[0..n — 1] of n orderable elements
//Output: The total number of key comparisons made
count — 0
for i — 1ton—1do
v Afi]
jei-1
while j > 0 and A[j] > v do
count «— count + 1
Alj+1] — Alj)
jej-1
Alj+1] —v

Is the comparison counter inserted in the right place? If you believe it is,
prove it; if you believe it is not, make an appropriate correction.

2. a. Run the program of Problem 1, with a properly inserted counter (or
counters) for the number of key comparisons, on 20 random arrays of sizes
1000, 1500, 2000, 2500,...,9000, 9500.

b. Analyze the data obtained to form a hypothesis about the algorithm’s
average-case efficiency.

c. Estimate the number of key comparisons one should expect for a ran-
domly generated array of size 10,000 sorted by the same algorithm.
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5. A network topology specifies how computers, printers, and other devices
are connected over a network. The figure below illustrates three common
topologies of networks: Ring, Star, and Fully Connected Mesh.

fing star fully connected mesh
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You are given a boolean matrix A[0..n—1,0..n—1], where n > 3, which is
supposed to be the adjacency matrix of a graph modeling a network with
one of these topologies. Your task is to determine which of these three
topologies, if any, the matrix represents. Design a brute-force algorithm
for this task and indicate its time efficiency class.
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4. a.> There are several alternative ways to define a distance between two
points p; (21, y1) and ps(z2, y2). In particular, the Manhattan distance
is defined as

dar(py, p2) = oy — 22| + [y1 =yl

Prove that d), satisfies the following axioms that every distance function
must satisfy:

(i) das(pr, p2) > 0 for amy two points py and py and das(py, p2) = 0
if and only if p; = po;

(ii) dar(p1, p2) = dar(p2, p1);
(iii) dar(p1, p2) < dar(p1, ps) + dar(ps, p2) for any pa, pa, and ps.

b. Sketch all the points in the z,y coordinate plane whose Manhattan
distance to the origin (0,0) is equal to 1. Do the same for the Euclidean
distance.

c.>> True or false: A solution to the closest-pair problem does not depend
on which of the two metrics—d g (Euclidean) or d); (Manhattan)—is used.

5. The Hamming distance between two strings of equal length is defined as
the number of positions at which the corresponding symbols are different.
It is named after Richard Hamming (1915-1998), a prominent American
scientist and engineer, who introduced it in his seminal paper on error-
detecting and error-correcting codes.
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(a) Does the Hamming distance satisfy the three axioms of a distance
metric listed in Problem 47

(b) What is the time efficiency class of the brute-force algorithm for
the closest-pair problem if the points in question are strings of m
symbols long and the distance between two of them is measured by
the Hamming distance?




