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1. 15% Consider the Strassen’s matrix multiplication algorithm (a divide and conquer
approach).
(1) Using traditional matrix product method, how many multiplications and
additions do we need to multiply two 2x2 matrices? How many
multiplications and additions do we need to multiply two 2x2 matrices for

Strassen’s method?
(2)Write down the related recurrence equation, and give the asymptotic tight

bound solution. (No need to give any explanation)
(3)Suppose that we use a similar divide and conquer approach to compute this

o . . n n ¥
problem; divide nxn matrices into Ex 5 submatrics the same way as

Strassen’s ,while in the “merge” part, there are m submatrix multiplications

and a submatrix additions. Find the time complexity of this method.

(4)Suppose that we divide the matrices into 7«2 submatrices (and there are m
pp 373

submatrix multiplications and a submatrix additions in the”merge” part). Find

3

the time complexity of this method.
(5)For part (4), what is the largest value of m (submatrix multiplication) to get

an asymptotic faster matrix multiplication algorithm than Strassen’s ?

2. 20% For each of the following three problems, decide whether it is a P-problem
or an NP-hard problem. If it is P, name a polynomial time algorithm to solve it and
justify your answer briefly. If it is NP-hard, show ‘it.
(1) Find a shortest simple path between two nodes in directed graph with negative weight
directed cycle.
(2) Find a negative weight cycle in a weighted directed graph.
(3) Assume that there is NO negative weight directed cycles. Is the problem of finding a
shortest simple path between two nodes P or NP-hard ? Explain it briefly.
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3.15% Assume that NP # P . Classify whether each of the following problems belongs to
P or NP-hard (or NP-complete). No need to explain. 1 point for each correct answer. For
each wrong answer, deduct 1 point.
(1) Find a shortest simple path between two nodes in a directed graph with positive edge
weights.
(2) Find a longest simple path between two nodes in a directed graph with positive edge
weights.
(3)Find a shortest simple path between two nodes in a directed graph with
all the edges having negative edge weights.
(4)Find a longest simple path between two nodes in a directed graph with
all the edges having negative edge weights.

(5)Find a smallest cycle in a graph, where all the edge- weights are one.

(6)Find a largest cycle in a graph, where all the edge- weights are one.

(7) 2-CNF Satisfiability problem.

(8) Find p -approximation solution for the vertex*cover problem, for some p .

(9) Find p -approximation solution for the traveling-salesman problem, for some p .
(10) Find a minimum cut in a network..

(11) Find a maximum cut in a network..

(12) Find a maximum independent set in interval graphs.

(13) Find a minimum vertex cover in interval graphs.

(14) The traveling-salesman problem in graphs with triangle inequality.

(15) Find p -approximation solution for the trav;éling-salesman problem in graphs

with triangle inequality, for some p .
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1. (10%) Show how to sort N integers efficiently in the range 0 to N® — 1 in linear
fime.

2. (15%) Give a Huffman binary coding tree for the following data: ABATDABEBAAAAAABER. |
Build it step by step. State the algorithm for building Huffman binary coding tree.

3. (10%) Give a dynamic programming algorithm for the 0-1 Knapsack problem.

4. (15%) Given two integer arrays A[l..n] and B[1..n], find the longest subsequence
t, ik, such that Afi], Ali], ..., A[ix] are increasing and Bli1], Bis), . . ., Blig]
are decreasing. Give an efficient algorithm and analyze its complexity.




