
CS 242: Algorithms Exercise 3 (Solutions)A. (a) Suppose we have an optimal solution whi
h in
ludes program Pi on the disk but not program
Pj. If si > sj then we get another optimal solution by repla
ing Pi with Pj. Hen
e this greedyalgorithm is 
orre
t.(b) Suppose we have three programs of size 7, 5, and 4 kilobytes, and the disk has size 10kilobytes. We 
ould use 9 kilobytes by storing the two smaller programs, but the proposedgreedy algorithm would only use 7 kilobytes by storing the largest program on the disk.Hen
e this greedy algorithm fails in general.B. (a) Consider a log of length 10 with 
uts at lengths 4, 5 and 6. The optimal strategy for 
uttingthis log would be to �rst 
ut the log at 4, and then at 6, and �nally at 5; the total 
ost wouldbe 10 + 6 + 2 = 18.However, the proposed greedy strategy would 
ut the log at 5, and then at 4, and �nally at 6.The total 
ost using this strategy would be 10 + 5 + 5 = 20.(b) If j = i+1, then there are no 
uts to be made, so the 
ost is 0.If j = i+2, then there is one 
ut to be made, at a 
ost of (ℓi+2 − ℓi).Assuming that j > i+2, the 
ost of the �rst 
ut is equal to the length of the sublog in question,namely (ℓj − ℓi), regardless of where the 
ut is made. This is added to the (optimal) 
ostsof 
utting the two resulting sublogs. We wish therefore to minimize the sum of the 
osts ofthese two subproblems, 
onsidering all possible positions ℓk of the �rst 
ut.Summarizing, we get the following re
ursive de�nition for c[i, j].

c[i, i + 1] = 0 c[i, i + 2] = (ℓi+2 − ℓi)

c[i, j] = (ℓj − ℓi) + min
i<k<j

(c[i, k] + c[k, j]) (for j > i+2).(
) The elements of c are 
omputed diagonal-by-diagonal.LogCuttingCost(ℓ[0..n+1])1 for i← 0 to n do c[i, i+1]← 02 for i← 0 to n−1 do c[i, i+2]← (ℓ[i+2]−ℓ[i])3 for d← 3 to n+1 do4 for i← 0 to n+1−d do5 m← c[i+1, i+d]6 for k← i+2 to i+d−1 do7 if m > c[i, k] + c[k, i+d] then m← c[i, k] + c[k, i+d]8 c[i, i+d]← (ℓ[i+d]−ℓ[i]) + m9 return c[0, n+1](d) There are O(n2) values to 
ompute, ea
h of whi
h requiring O(n) time to 
ompute. Thusthe spa
e required by this algorithm is O(n2), and the runtime of the algorithm is O(n3).


