Math 305 Chapter 5 Answers:
Section 5.1

1. Typical isoprofit line is 3x1+c2x2=z. This has slope ‑3/c2. If slope of isoprofit line is <‑2, then Point C is optimal. Thus if ‑3/c2<‑2 or c2<1.5 the current basis is no longer optimal. If the slope of the isoprofit line is >‑1 Point A will be optimal. Thus if ‑3/c2>‑1 or c2>3 the current basis is no longer optimal. Thus for 1.5(c2(3 the current basis remains optimal.

For c2 = 2.5 x1 = 20, x2 = 60, but z = 3(20) + 2.5(60) = $210.

2. Currently available carpentry hours  b2 = 80. If we reduce the number of available carpentry hours, when the carpentry constraint moves past the point (40, 20) the carpentry and finishing hours constraints will be binding at a point where  

x2< 20. In this situation   x1 + x2 = b2 < 40 + 20 = 60.  Thus for b2<60 the current basis is no longer optimal. 
If we increase the number of available carpentry hours we see that when the carpentry constraint moves past (0, 100) the carpentry and finishing hours constraints will both be binding at a point where x1<0. In this situation b2>100. Thus if b2>100 the current basis is no longer optimal. Thus the current basis remains optimal for 60(b2(100 although the number of soldiers and trains produced will change.

3. If b3, the demand for soldiers, is increased then the current basis remains feasible and therefore optimal. If, however, b3<20 then the point where the finishing and carpentry constraints are binding is no longer feasible (it has s3<0). Thus for b3>20 the current basis remains optimal. For b3>20 the point where the carpentry and finishing constraints are still binding remains at (20, 60) so producing 20 soldiers and 60 trains remains optimal.

5a. Let c1 = profit from type 1 radio. Slope of isoprofit line is ‑c1/2. Current basis is still optimal if of isoprofit line is steeper 
       than L1 constraint and flatter than L2 constraint or‑2(‑c1/2(‑.5 or 1(c1(4 or $23 = 22 + 1(Type 1 price(22 + 4 = $26.

5b. Current basis remains optimal for ‑2(‑3/c2(‑.5 or 1.5(c2(6 or $21.50(Type 2 price(26.

5c. Yes. Optimal solution still occurs where both constraints are binding or x1 + 2x2 = 30 and 2x1 + x2 = 50. 
       This yields x1 = 70/3, x2 = 10/3, and z = 230/3. Since solution is feasible, it is optimal.

5d.  Yes. Optimal solution occurs where x1 + 2x2 = 40 and 2x1 + x2 = 60. This yields x1 = 80/3, x2 = 20/3, z = 280/3.

5e. If 40 + ∆ laborer 1 hour are available optimal solution is where x1 + 2x2 = 40 + ∆ and 2x1 + x2 = 50. 
      This yields x1 = 20 ‑ ∆/3, x2 = 10 + 2∆/3, z = 80 + ∆/3. 
      Thus laborer 1 shadow price = 1/3. 

Section 5.2

1a. 40 acres of land is a decrease of 5, within the allowable decrease of 6.666. The dual/shadow price of this resource is 75 and the new profit is 4250 + (-5)(75) = 3875.  Note: it's -5 because we are losing some of the resource.

1b. A decrease in price of wheat from $30 to $26 means that profit per acre decreases from  5(30) to 5(26), or $ 20. This is within the allowable decrease for A1 of 30.  The values for BV remain the same and new profit will be 130(25) + 200(25) - 10(350) = 3750.
1c. Allowable decrease for wheat that can be sold from the SLACK/SURPLUS portion is the value, 15. This  means a surplus of 15 and an allowable decrease of 15.  130 is a decrease of 10, within the allowable range so solution remains unchanged. One can reason that the allowable increase = ∞ because the ability to sell more wheat won't be any more constraining. 
Another way to reason: use the allowable increase/decrease values  of 15 and ∞ from ROW 5 in the last table.
3a. If a brownie is 30¢, the decrease is 20¢, within the allowable decrease of 27.5¢  for brownies so the basic variables remain the same. Since no brownies are eaten, the profit remains the same.

3b. If cola costs 35¢, the increase is 15¢, within the allowable increase of 18.333. The new cost is 3(20) + 1(35) = 95¢.

3c. Allowable increase for chocolate is 4. A change from 6 to 8 is 2, within the range. The dual price for chocolate is -2.5 so the new Z = 90 - 2(-2.5) = 90¢. 

Note, the rhs change for chocolate requirement is 2, but this is a min constraint and the dual price is the value of weakening the constraint (decreasing the rhs).   

Another way to look at it:  if we multiplied the equation by -1 and made it ≤, the rhs -6 would decrease to -8.

3d. A requirement of 600 for calories is an increase of 100 which is within the allowable increase of 250. The dual/shadow price for calories is 0 so the new Z = 90 + 100(0) = 90.

3e.  A requirement of 9 oz of sugar is a decrease of 1 which is within the allowable decrease of 4. Dual/shadow price of this resource is -7.5. New Z = 90 - (-1)(-7.5) = 82.5¢

3f.  The reduced cost is the amount by which a NBV's objective function  coef. must be improved before that variable will become basic. Pineapple cheesecake must become cheaper by its reduced cost of 50¢ before it will be optimal to eat some. Current cost is 80¢, so the new cost must be ≤30¢.

3g.  A brownie must become cheaper by 27.5¢, the reduced cost. Current cost is 50¢, so the new cost must be ≤ 22.5¢.

3h.  This problem tells us to use the SLACK OR SURPLUS value for fat (constraint 5). It  is 5 which means there is a surplus of 5 grams fat (and the rhs could increase by 5). One could then reason that weakening the constraint (decreasing the requirement for fat) does not put any additional constraint on the solution and that the allowable decrease is  ∞. 

An easier way to figure this out is to look at the RHS RANGES which give an allowable increase of 5 and an allowable decrease of ∞.
Section 5.3 

1. Since we are not using all the steel that is currently available, Carco would pay $0 for another ton of steel.  Also can see this since Row 5 shadow price is 0.

