
USC/Viterbi/Computer Science/CSCI 303: Analysis of Algorithms – HW 0 

Due January 26, 2010 (at the beginning of the class and will not accept late homework) 

Problem 1: (Learn to find interesting materials beyond the book) [25 points] 
Google/Bing your favorite algorithmic problem and describe the following: 

1. What is the input of the problem? 
2. What is the desired output of the problem? 
3. What are the methods used for algorithmically solving this problem? 
4. Why is this problem interesting or important? 
5. Why do you like this problem? 
6. How do you measure the size of the input of this problem? 

 

Problem 2: (From CLRS: Ordering by asymptotic growth rates) (20 points) 

 

 

 

Problem 3: (Basic Concepts) [Total 10 points to be distributed below] 

1. True or false: For any real constants a>0, b>0, and c, following is always true: (n/a+c)b = Q(nb). 
(2 points) Explain (2 points) 

2. What is the solution of the recurrence T(n) = 4T(n/2) + n2?  [3 points] 
  a) Θ(log n)           b) Θ(n)                  c) Θ( n2 log n)                    d) Θ(n2) 

3. What is the solution of the recurrence T(n) = T(n-1) + 1/(2n) [3 points] 
   a) Θ(log n)           b) Θ(n)                  c) Θ(n log n)                    d) Θ(1) 

 



Problem 4: (From Kleinberg-Tardos) [Total 20 points to be distributed below] Before Gale and Shapley 
published their work on the Stable Matching Problem (1962), a version of their algorithm had already 
been in use for a decade by the National Resident Matching Program, for the problem of assigning 
medical resident to hospitals, given as the following: There are n hospitals, each with a certain number of 
available position for hiring residents. There are n medical students graduating in a given year, each 
interested in joining one of the hospitals.  Each hospital has a ranking of the students in order of 
preference and each student has a ranking of the hospitals in order of preference. In general, there could 
be many more students graduating than there are slots in the m hospitals. The problem is to find an 
assignment of each student to at most one hospital in such way that all available positions in all hospital 
are filled (note some student may not have a position). 

We say that an assignment of students to hospital is stable if neither of the following situations arises. 

• First type of instability: There are students s and s’, and a hospital h so that (1) s is assigned to 
h, (2) s’ is assigned to no hospital, and (3) h prefers s’ to s. 

• Second type of instability: There are students s and s’ and hospitals h and h’, so that (1) s is 
assigned to h, (2) s’ is assigned to h’, (3) h prefers s’ to s, and (4) s’ prefers h to h’. 

So we basically have the Stable Matching Problem, except that (i) hospitals generally want more than one 
resident, and (ii) there could be a surplus of medical students. 

Show that there is always a stable assignment of students to hospitals. [10 points] Given an algorithm for 
find a stable assignment and analysis the running time of your algorithm [10 points] 

Problem 5: (Algorithm Design and Analysis) [25 points to be distributed below] 

Suppose you are given n files (f1,...,fn) of length (L1,..., Ln) bytes, respectively and your boss asked you to  
merge them into a single file by a sequence of merges of pairs of files (you can only merge two file at a 
time). The cost to merge two files of length s and t is 5(s+t). Design a polynomial-time algorithm for 
finding the optimal merge sequence (For example, if you have three files of length (10, 2, 3) bytes, the 
sequence would state: merge the last two files and then merge the resulting file with the first file). By 
optimal, I mean the total cost of the merges is the smallest. 

What is the running time of your algorithm? For the running time of your algorithm, you can assume 
that if you have n numbers then in 4 n log n steps you can sort them in an increasing or decreasing 
order. You may earn up to 15 points for the algorithm, 5 points for the proof of correctness and 5 points 
for the running time. [Hint: using greedy algorithm] 

Extra Credits based on Problem 3:  (20 points) 

1. If you have n files, each has 1 byte. Demonstrate a merge sequence that that will cost more than 
n2/4 (think about what might be the worst merge sequence). [5 points] 

2. Design a polynomial-time algorithm for finding the worst merge-sequence [5 points] 
3. Prove  the following statement about the best sequence for merging n files (f1,...,fn) of length 

(L1,..., Ln) bytes: The total cost of the best possible merge sequence is O({L1+…+ Ln} log n)     
(10 points) 


