CUMCM-2005 Problem B: Online DVD Rental Business

    An Internet-based company provides the following online DVD rental service. Customers subscribe the video rental service to become a member by paying a monthly fee. A member has the privilege of renting 3 DVDs each time and no more than twice each month. That is, customers need to return their currently possessed DVDs before renting new ones. Each time a customer places an order, he/she needs to provide a list of DVD titles in priority ranking based on his/her preference. Based on available inventory, the company assigns DVDs to customer orders to maximize the total customer happiness. 

Consider the following problems: 
    1) The company is considering buying some new DVDs to satisfy the requirements of the customers. Through a questionnaire for 1000 customers, the numbers of the customers who are interested to rent these DVDs are obtained (the data for five specific DVDs are provided in Table 1). From the historical business data, the company knows that 60 percent of the customers rent twice a month, and the others rent only once a month. Assume that the company now has 100,000 members. For each of the five specific DVDs in Table 1, how to decide the least copies the company should buy, so that at least 50 percent of the customers who want to rent this DVD can be satisfied within one month? How about the case where at least 95 percent of the customers who want to rent this DVD can be satisfied within three months?
2) For given DVDs on-hand and customer orders, how to make the optimal assignment of available DVDs to customers? Table 2 gives an example of the available copies on-hand for 100 DVDs, and the corresponding online orders for 1000 customers (you can download the realistic data for Table 2 from http://mcm.edu.cn/mcm05/problems2005e.htm). Please provide the detailed assignments for the first 30 customers.
3) Consider Table 2 again. Assume there is no available inventory on-hand for these 100 DVDs in Table 2. If you are the executive manager of the company, how to decide the least copies you should buy and how to assign them to the customers, so that at least 95 percent of the customers who want to rent these DVDs can be satisfied within one month, and maximize the customers’ total happiness?

4) If you are the executive manager of the company, what kinds of other problems deserve investigating, with respect to the demand forecasting, and purchasing and assignment of DVDs? Please present your problem(s) clearly and construct mathematical model to resolve the problem(s).
Table 1 Result for the questionnaire to1000 customers
	DVD title
	DVD1
	DVD2
	DVD3
	DVD4
	DVD5

	# of customers
interested to rent
	200
	100
	50
	25
	10


Table 2  DVDs on-hand and customer orders（example for data format）

	DVD title
	D001
	D002
	D003
	D004
	…

	Copies on-hand
	10
	40
	15
	20
	…

	Customer orders

	C0001
	6
	0
	0
	0
	…

	
	C0002
	0
	0
	0
	0
	…

	
	C0003
	0
	0
	0
	3
	…

	
	C0004
	0
	0
	0
	0
	…

	
	…
	…
	…
	…
	…
	…


Note：D001~D100 represents DVD titles, C0001~C1000 represents customers, 1,2,… represents the list of DVD titles in priority ranking based on his/her preference (1 is the most favorite, 2 is the second, etc. ), 0 means the corresponding DVD is not on the list.






