Midterm Exam – Dynamic Programming

In each of the problems below specify the stage, state, action, state transition function, contribution function, formulate the dynamic recursion, and solve using paper/pen/calculator or Matlab or Excel or any other software. If you create the cost and action matrix on Excel then you may use the Matlab codes to find a solution or solve it on Excel itself.

Ask for more time if you require it. 

1) A bakery has 12 trained bakers. Each month new bakers are hired at the start of the month but none are fired. Training of a new baker takes 1 month and each trainee needs 1 trained baker to spend 0.5 month acting as a supervisor rather than making bread. A trainee made bread cannot be sold. Each month some d  number of trained bakers are needed as below. 1,2,1,3, 2 of trained bakers leave the job at the end of month 1, 2, 3, 4, 5  respectively but none of the trainees leave. The payroll cost for a trained baker is $2000/mo and for a trainee is $1200/month. Set up a DP formulation and solve to minimize payroll cost.   Identify the states/stages, decision variable and its range, state transition function constraints, and the cost function clearly. At the end of month 6 the bakery is closed (all employees leave)
	Month
	1
	2
	3
	4
	5
	6

	Trained bakers needed d
	10
	12
	13
	11
	14
	11


2) A machine in a temporary factory is inspected every 2 years for the first 5 years and every year after the 5th year. A m/c can stay upto a max of  8 years in the system. At the time of inspection you decide to either sell (or replace with a new one) or continue to run the same machine. In any given year, you must have only 1 machine working. The first machine is purchased at the beginning of year 1 and at the end of year 8 the factory is closed and the machine has to be sold.
a) Draw the network diagram for machine replacement

b) Given cost of maintenance is an additional $100/year for every year that the machine is working, salvage reduces $50/year from the cost for every year that the machine is kept, cost of new machine is $200, revenue generated is $300 per year of working, and discounting factor for value of money is 0.9 per year. Solve the network to find the optimal replacement policy that maximizes the profit = revenue - cost.
3) Prob 1 on page 1048 of Winston
4) A city plans to invest in its metrorail transportation and is planning to construct a metro station in every subdivision. The table below gives the projected growth in the number of its subdivisions over 5 years, and cost per station for each year of construction. There is a fixed cost of $2 Million per year of construction if any station is constructed in that year. Each subdivision has only 1 metro station. In a year at most 2 stations can be built (except year 5 which has no limit), there could be at most 1 backlog in a year, and by year 5 all stations must be built. The value of money depreciates every year at a discounting rate of 0.9. Determine the number of stations per year to be constructed which minimizes cost of construction.

	Year
	Growth in subdivisions per year
	Cost per station in Million $

	1
	1
	1

	2
	2
	1.2

	          3
	1
	1.4

	          4
	3
	1.8

	5
	2
	1.7


5) Problem 5 page 1014 of Winston 
6) Prob 2 page 1028 of Winston
7) A factory wants a regenerative policy to replace its 5000 light bulbs. A light bulb lasts for 6 years. The cost of regeneration on average is $20, $16, $17, $21, $23, $19 /bulb (cost of new bulb + cost of replacing) every k= 1,2,3,4,5,6 year respectively. Use a discount factor of 0.95. Determine the optimal year to replace all the bulbs. Use value iteration.
8) Problem 6 page 82 in Denardo’s book

9) Prob 7 page 1014 of Winston

10) Prob 4 page 1013 of Winston

11) Prob 5 page 1035 of Winston

12) Solve the assignment problem to minimize set-up time using DP.
    Job
1  
 2
 3
 4 

m/c

1
14
 5
 8 
7

2
2 
12 
6
 5

3
 7 
8 
3
 9

4 
2 
4 
6 
10

