SOLUTIONS

1) Ralph Edmund loves steak and potatoes.  Therefore, he has decided to go on a steady diet of only these two foods for all his meals.  Ralph realizes that this is not the healthiest diet, so he wants to make sure that he eats the right quantities of the two foods to satisfy some key nutritional requirements.  He has obtained the following nutritional and costs data:
Grams of Ingredient Per Serving.	 	 	 
 Ingredient	Steak	Potato	Daily Requirement (g)
Carbs		5	15	>=50
Protein		20	5	>=40
Fat		15	2	>=60
Cost/Serving	$4	$2	 
Ralph wishes to determine the number of daily servings of steak and potatoes that will meet these requirements at a minimum cost. Formulate the Linear programming model for this problem.

Let	S = servings of steak in diet
	P = servings of potatoes in the diet
Minimize Z = $4S + $2P,
subject to	5S + 15P ≥ 50
		20S + 5P ≥ 40
		15S + 2P >= 60
and		S ≥ 0, P ≥ 0.



2) The Oak Works is a family owned business that makes hand crafted dining room tables and chairs.  They obtain the oak from a local tree farm, which ships them 2500 pounds of oak each month.  Each table uses 50 pounds of oak while each chair uses 25 pounds of oak.  The family builds all the furniture itself and has 480 hours of labour available each month.  Each table or chair requires 6 hours of labour.  Each table nets Oak Works $400 in profit, while each chair nets them $100 in profit.  Since chairs are often sold with tables they want to produce at least twice as many chairs as tables.  Formula a linear program to maximize profit.
Let	T = # of tables to produce
	C = # of chairs to produce
Maximize P = $400T + $100C
subject to	50T + 25C≤ 2,500 -> Raw Material Constraint
		6T + 6C ≤ 480 -> Labour Constraint
		C – 2T ≥ 0 	or	C >=2T-> Management Constraint
and		T ≥ 0, C ≥ 0 -> Non Negativity Constraint


[image: ]3)  Let xij = number of units produced at plant i of product j (i = 1, 2, 3; j = L, M, S).

Maximize Profit = $420(x1L + x2L + x3L) + $360(x1M + x2M + x3M) + $300(x1S + x2S + x3S)

subject to	
x1L + x1M + x1S ≤ 750 -> Capacity P1
x2L + x2M + x2S ≤ 900 -> Capacity P2
x3L + x3M + x3S ≤ 450 -> Capacity P3

20x1L + 15x1M + 12x1S ≤ 13,000 square feet
20x2L + 15x2M + 12x2S ≤ 12,000 square feet
20x3L + 15x3M + 12x3S ≤ 5,000 square feet

x1L + x2L + x3L ≤ 900 –> Demand for L
x1M + x2M + x3M ≤ 1,200 –> Demand for M
x1S + x2S + x3S ≤ 750 -> Demand for S




(x1L + x1M + x1S) / 750 = (x2L + x2M + x2S) / 900
 (x1L + x1M + x1S) / 750 - (x2L + x2M + x2S) / 900 = 0
–> Same Proportion of Capacity Constraints
(x1L + x1M + x1S) / 750 = (x3L + x3M + x3S) / 450 
–> Same Proportion of Capacity Constraints

and  
x1L ≥ 0, x1M ≥ 0, x1S ≥ 0, x2L ≥ 0, x2M ≥ 0, x2S ≥ 0, x3L ≥ 0, x3M ≥ 0, x3S ≥ 0.


[image: ]4) 








	Let	
	S = Tablespoons of strawberry flavoring,
	CR = Tablespoons of cream,
	V = Tablespoons of vitamin supplement,
	A = Tablespoons of artificial sweetener,
	T = Tablespoons of thickening agent,

	Minimize C = $0.10S + $0.08CR + $0.25V + 	$0.15A + $0.06T

subject to:	
50S + 100CR + 120A + 80T ≥ 380 calories  -> Minimum total Calories
50S + 100CR + 120A + 80T ≤ 420 calories –> Maximum Total Calories
(S + 75CR + 30T)/(50S + 100C + 120A + 80T)  ≤ 0.2
20S + 50V + 2T ≥ 50 mg Vitamins
S – 2A ≥ 0
3S + 8CR + V + 2A + 25T = 15 mg Thickeners
and
S ≥ 0, CR ≥ 0, V ≥ 0, A ≥ 0, T ≥ 0.


5) 
[image: ][image: ]
Let x1=#of TV Spots
Let x2=#of Magazine Ads
Let x3=#of SS Ads
MAX Exposures = 1300*x1 + 600*x2 + 500*x3
Subject to:  300*x1+150*x2+100*x3<=4000
		90*x1+30*x2+40*x3<=1000
x1 >=0, x1 >=0, x1 >=0
x1<=5











[image: ]
	a)	Look at the Ad Budget Spent Row.  The total number of expected exposures could be increased by 3,000 (shadow price) for each additional $1,000 added to the advertising budget.  Notice that the units are in thousands.
	b)	Look at the Ad Budget Spent Row.  This shadow price remains valid for increases of up to $1,000,000.  (Again in thousands of dollars)
	c)	Look at the Planning Budget Row.  The total number of expected exposure units could be increased by 5,000 (shadow price) for each additional $1,000 added to the planning budget.
	d)	This remains valid for increases of up to $600,000.

	E)
	e)	Percentage of allowable increase for ad budget = [(100) / 1,000]*100 = 10%
Percentage of allowable increase for planning budget = [(100) / 600]*100 = 16.7%
The sum is 26.7% ≤ 100%, so the shadow prices are still valid.

Increase in exposures = 100*3000 + 100*5000 = 800000	
**IF WE WERE ASKED TO DECREASE BOTH CONSTRAINTS SIMULTANEOUSLY BY 200, YOU WOULD DO THE FOLLOWING.
	AD Budget – Decrease by 200,000.   200/1500*100 = 13.33%
	Planning Budget – Decrease by 200,000 .		200/200*100=100%
	Total Change = 113.33% >100%, shadow prices do not remain valid.  Optimal Solution Changes.


6) 
	Let xij = number of ships i travelling to port j 
	(i = 1, 2, 3, 4; j = 1, 2, 3, 4).
	
	Minimize Cost = $500 x11 + $400 x12 + $600 x13 + 
	$700 x14 + $600 x21 + $600 x22 + $700 x23 + $500 x24 + 	$700 x31 + $500 x32 + $700 x33 + $600 x34 + $500 x41 + 	$400 x42 + $600 x43 + $600 x44
	
	subject to	
	          x11 + x12 + x13 + x14 = 1
		x21 + x22 + x23 + x24 = 1
		x31 + x32 + x33 + x34 = 1
		x41 + x42 + x43 + x44 = 1
		x11 + x21 + x31 + x41 = 1
		x12 + x22 + x32 + x42 = 1
		x13 + x23 + x33 + x43 = 1
		x14 + x24 + x34 + x44 = 1
and  x11 ≥ 0, x12 ≥ 0, x13 ≥ 0, x14 ≥ 0, x21 ≥ 0, x22 ≥ 0, x23 ≥ 0, x24 ≥ 0, x31 ≥ 0, x32 ≥ 0, x33 ≥ 0, x34 ≥ 0, x41 ≥ 0, x42 ≥ 0, x43 ≥ 0, x44 ≥ 0.[image: ]
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