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Suppose a drug company produces a drug in Los Angeles, Atlanta, and New York City.  They ship to the four regions of the United States, to meet demand.  The table below gives the capacity of each production facility, the demand in each region, and the cost per pound of producing a drug at each plant and shipping the drug to each region of the country

	DEMAND
	9000
	6000
	6000
	13000
	

	
	EAST
	MIDWEST
	SOUTH
	WEST
	CAPACITY

	LA
	 $          5.00 
	 $    3.50 
	 $  4.20 
	 $    2.20 
	10000

	ATLANTA
	 $          3.20 
	 $    2.60 
	 $  1.80 
	 $    4.80 
	12000

	NEW YORK CITY
	 $          2.50 
	 $    3.10 
	 $  3.30 
	 $    5.40 
	14000


What is the cheapest way to get each region the quantity of the drug they need?

After entering trial values for our shipments from each supply point to each region, we can compute total shipping cost as the following:

(Amount sent from LA to East) *(Cost per pound of sending drug from LA to East) +(Amount sent from LA to Midwest) * (Cost per pound of sending drug from LA to Midwest) +(Amount sent from LA to South) *(Cost per pound of sending drug from LA to South) +(Amount sent from LA to West) *(Cost per pound of sending drug from LA to West) +(Amount sent from New York City to West) *(Cost per pound of sending drug from New York City to West)

The SUMPRODUCT function can multiply corresponding elements in two separate rectangles (as long as the rectangles are the same size) and add together the products. I’ve named the cell range B4:E6 as costs and the changing-cells range (B10:E12) as shipped. Therefore, our total shipping and production cost is computed with the formula SUMPRODUCT(costs,shipped).

To express our constraints, we first compute the total shipped from each supply point, and the total received by each demand point. 

We now open the Solver Parameters dialog box (click Solver on the Tools menu).  

Minimize total shipping cost by varying amount shipped.  The constraint F10:F12<=H10:H12 (the supply constraint) ensures that the amount sent from each plant does not exceed its capacity.  The constraint B13:E13>=B15:E15 (the demand constraint) ensures that each region receives at least the amount of the drug it needs.

The model is a linear Solver model because the target cell is created through a linear function; adding together terms of the form (changing cell)*(constant), and both our supply and demand constraints are created by comparing the sum of changing cells to a constant.

I now click Options in the Solver Parameters dialog box and select the Assume Linear Model and Assume Non-Negative options. After clicking Solve in the Solver Parameters dialog box, we’re presented with the optimal solution. The minimum cost of meeting customer demand is $86,800. This minimum cost can be achieved if the company uses the following production and shipping schedule:

· Ship 10,000 pounds from Los Angeles to the West region. 

· Ship 3,000 pounds from Atlanta to the West region and from Atlanta to the Midwest region. Ship 6,000 pounds from Atlanta to the South region. 

· Ship 9,000 pounds from New York City to the East region and 3,000 pounds from New York City to the Midwest region. 

Problems

1. What would be the optimal solution to our drug company example if New York City’s capacity were 5,000 pounds? 


2. Assume we produce drugs at several locations and sell them in several areas. The question now is where to produce drugs for each sales location.  The model is similar to the model used above to determine where drugs should be produced.  We will use the following assumptions: 

· We produce drugs at six different locations and sell to customers in six different areas. 

· Tax rate and variable production cost depend on the location where the drug is produced. For example, any units produced at Location 3 cost $6.00 per unit to produce, and profits from these products are taxed at 20 percent. 

· The sales price of each product depends on the place where the product is sold. For example, each product sold in Location 2 is sold for $40.00. 

	Production Location
	1
	2
	3
	4
	5
	6

	Sales price
	$45
	$40
	$38
	$36
	$39
	$34

	Tax rate
	30%
	40%
	20%
	40%
	35%
	18%

	Variable production cost
	$8
	$7
	$6
	$9
	$7
	$7


· Each of our six plants can produce up to 6,000,000 units per year. 

· The annual demand (in millions) for our product in each location is as follows: 

	Sales Location
	1
	2
	3
	4
	5
	6

	Demand
	1
	2
	3
	4
	5
	6


· The unit shipping cost depends on the plant where the product is produced and the location where the product is sold.  For example, if we produce a unit at Plant 1 and sell it in Location 3, it costs $5 to ship it.

	
	Sold 1
	Sold 2
	Sold 3
	Sold 4
	Sold 5
	Sold 6

	Made 1
	$3
	$4
	$5
	$6
	$7
	$8

	Made 2
	$5
	$2
	$6
	$9
	$10
	$11

	Made 3
	$4
	$3
	$1
	$6
	$8
	$6

	Made 4
	$5
	$5
	$7
	$2
	$5
	$5

	Made 5
	$6
	$9
	$6
	$5
	$3
	$7

	Made 6
	$7
	$7
	$8
	$9
	$10
	$4


How can we maximize after-tax profit with our limited production capacity?

3. The distances between Boston, Chicago, Dallas, Los Angeles, and Miami are given in the following table. Each city needs 40,000 kilowatt hours (kwh) of power, and Chicago, Dallas, and Miami are capable of producing 70,000 kwh. Assume that shipping 1,000 kwh over 100 miles costs $4.00. From where should power be sent to minimize the cost of meeting each city’s demand? 

	
	Boston
	Chicago
	Dallas
	LA
	Miami

	Chicago
	983
	0
	1,205
	2,112
	1,390

	Dallas
	1,815
	1,205
	0
	801
	1,332

	Miami
	1,539
	1,390
	1,332
	2,757
	0


4. Suppose that each day, northern, central, and southern California each use 100 billion gallons of water. Also assume that northern California and central California have available 120 billion gallons of water, while southern California has 40 billion gallons of water available. The cost of shipping one billion gallons of water between the three regions is as follows: 

	
	Northern
	Central
	Southern 

	Northern
	$5,000
	$7,000
	$10,000

	Central
	$7,000
	$5,000
	$6,000

	Southern
	$10,0000
	$6,000
	$5,000


We will not be able to meet all demand for water, so we assume that each billion gallons of unmet demand incurs the following shortage costs:

	
	Northern
	Central
	Southern

	Shortage cost/billion gallons short
	$6,000
	$5,500
	$9,000


How should California’s water be distributed to minimize the sum of shipping and shortage costs? 
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