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There are 10 problems in this test. Note that you should write down detailed steps for the solution to each
pproblem, otherwise, no credits for that problem will be given.

. (Algorithm Points) [10%] Please describe the algorithm of Heap Sort and analyze its time complexity

10.

[10%] There are how many different ways we can write the number of 13 as a sum of positive integers,
where the order of the summands is considered relevant.

[10%] Ifn € Z* and n is composite, then there is a prime p such that pIn. Please prove it using the
well-ordering principle.

For distinct primes, p, g, let A = {p™q™|0 < m < 29,0 < n < 41}.
() [5%] What is |A|?

(b) [5%] If f: A X A — A is the closed binary operation defined by f(a, b) = gcd (a, b), does f have
an identity element?

[10%] For ¥ = {0,1}, let A € X*, where A = {01, 1}. How many strings in A* have length 67

[10%] Find the generating function for the number of integer solutions to the equation c; + Cy+c3+
¢y = 23, where =2 < ¢;,—4 < ¢;,—3<¢3<6,0 <c,.

[10%] If a fair die is rolled for 15 times, what is the probability that the sum of the rolls is 437

10%] Solve the following recurrence relation. a,4, — 5a,+1 + 6a, = 5%,n > 0,a, = 0,a, = 1.
+ .

in detail.

(Algorithm Points) [10%] Given a knapsack with maximum capacity Q and a set L consisting of »
items, where each item i has weight w; and benefit value a;. Please describe an algorithm in detail
based on dynamic programming for packing the items in a knapsack to achieve a maximum total
benefit value and analyze the time complexity of the algorithm. (w;, a;, #, and Q are integer values.)

(Algorithm Points) [10%] Please describe the algorithm of minimum spanning tree and analyze its
time complexity in detail.
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