1. Aggregate Planning Problem: (Chap 2 –  #14 - Page 53 – Jensen and Bard)

A company is planning its aggregate production schedule for the next 3 months. Units may be produced on regular time or overtime. The relevant costs and capacities are shown in the table. The demand for each month is also shown. There are 3 ways of meeting this demand: inventory, current production and back orders. Units produced in a particular month may be sold in that month or kept in inventory for sale in a later month. There is a $1 cost per unit for each month an item is held in inventory. Initially, there are 15 units in inventory. Also, sales can be back ordered at a cost of $2 per unit per month. Back-orders represent production in future months to satisfy demand in future months to satisfy demand in past months, and hence incur an additional cost. Initially, there are no back-orders. There should be no inventories or back-orders after month 3.

	   Capacity (units)
	Production Cost ($/unit)

	Month
	Regular time
	Overtime
	Regular time
	Overtime
	Demand

	1
	100
	20
	14
	18
	60

	2
	100
	10
	17
	22
	80

	3
	60
	20
	17
	22
	140


(a) Develop a model that when solved will yield the optimal production plan. Use only one variable for the inventory and one variable for back-orders for each month. Find the solution with a computer program.

(b) How would the model change if the inventory cost depended on the total time the item was stored? Let the cost be $1 per unit for items kept in inventory for one month, $3 for items kept for 2 months, $5 for items kept for 3 months. Assume that the initial inventory has been storage for 1 month. You will need more that one inventory variable for each month. Solve the model given these conditions.

2. Blending Problem: (Chapter 2 – Page 39 – Jensen and Bard)

Determine the optimal amounts of three ingredients to include in an animal feed mix. The final product must satisfy several nutrient requirements. The possible ingredients, the nutrient contents (as proportion of the ingredient), and the unit costs are shown in the table. The mixture must meet the following restrictions:

Calcium
: at least 0.8% but not more than 1.2%

Protein
: at least 22%

Fiber
: at most 5%

The problem is to find the composition of the feed mix that satisfies these constraints while minimizing the cost.

	Ingredient
	Calcium
	Protein
	Fiber
	Unit Cost (cents/kg)

	Limestone
	0.38
	0.0
	0.0
	10.0

	Corn
	0.001
	0.09
	0.02
	30.5

	Soybean 
	0.002
	0.50
	0.08
	90.0


3. (30%) Consider the following linear program.


Minimize  z =
–10x1
+ 5x2 


subject to
**x1
+ **x2
=
15
(C1)



**x1
+ **x2
≥
4
(C2) 

Solve the problem using the two-phase Simplex algorithm as follows. 

1) (5%) Write the problem in the equality form

2) (5%) Introduce artificial variables, write the objective of Phase I 
3) (10%) Set up the Simplex tableau and solve the Phase I problem  using steepest ascent rule.  Using this rule, you should finish Phase I in two iterations with the solution (x1 = ** and x2 = **)

4) (10%) Setup the Simplex tableau in Phase II (10).  Notice that you do not have to solve it! 

4. (20%) Answer the following questions.

1) (5%) Suppose a Linear program has m constraints, n variable, what can you say concerning two adjacent basic feasible solutions. 

2) (5%)  When solving a linear program to optimality, you find that one of the constraints is not tight, i.e., the slack variable is not zero, what can you say about the dual variable (the opportunity cost) related to this constraint?

3) (5%) …etc

4) (5%) …

