
Suppose you have a time period (e.g. a day) and a resource that needs to be 
shared during that period.   It could be a room that is available for booking,  or 
a special instrument such as MRI scanner. 

Suppose there are a set of intervals  { [ s(i), f(i) ] } which denote the start and 
finish times.

Two intervals [ s(i), f(i) ]  and  [ s(j), f(j) ] are compatible if they don't overlap.   
 
A set of intervals is compatible if each pair of intervals from that set is 
compatible.

Exercise:

-  Given a set of N intervals,  how do you decide if they are compatible ?

Problem 1:  given a set of N intervals, choose a compatible 
subset whose number ("cardinality") is as large as possible.     

Problem 2:   given a set of N intervals, choose a compatible 
subset whose total duration is as long as possible.   

(Problem 2 reduces to Problem 1 when all intervals have the 
same duration.)   

Let's look at some "greedy" algorithms for choosing a compatible set of 
intervals.    What is a greedy algorithm?

Kleinberg and Tardos:  "... builds up a solution in small steps, choosing a 
decision at each step myopically  (short sighted) to optimize some underlying 
criterion."  

Cormen, Leiserson, Rivest (CLR):  "..  makes the choice that looks best in the 
moment...  it makes a locally optimal choice in the hope that the choice will 
lead to a globally optimal solution".

Levitin:  ".. choice must be (1) feasible i.e. satisfy the problem constraints,  (2) 
the best local choice among all feasible choices available at that step, and (3) 
irrevocable".       

For example,  Dijkstra/Prim/Kruskal's algorithms are all greedy, and they 
happen to work -- they find a global optimum solution.

Ford-Fulkerson is NOT greedy,  since it allows you to undo (reverse) flow to 
find a better solution.  



 Greedy approach number 1:   

    start with an empty set  S
    repeat {
         choose the smallest interval (smallest f(i) - s(i) that is compatible
         with all  intervals in S, and add this interval to S
    }  until there are no remaining intervals that are compatible with S

Example where this approaches fails to find the optimum solution for 
Problem 1  (number of intervals)   and Problem 2 (total duration): 

Greedy approach 2:   

    start with an empty set  S 
    repeat {
         choose the interval that has the smallest value of s(i), and that is
         compatible with all intervals in S, and add it to S
    }  until there are no remaining intervals that are compatible with S

Example where this approach fails both for problem 1 (maximize the number 
of intervals)  and problem 2  (maximize the total duration of the intervals):

Greedy approach 3:   

    start with an empty set  S 
    repeat {
         find the interval with the smallest value of f( i )  and that is 
         compatible with all intervals in S, and add it to S
    }  until there are no remaining intervals that are compatible with S

This works for Problem 1  (number of intervals).  

Exercises:  does it work for Problem 2 also ?
   










