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Once applied solver we find out the values of the decision variables (x1, x2, x3, x4) that 
maximize the profit of the farmer and the corresponding profit. 

The optimal solution tells the farmer that to maximize profit she should plant:   

219.2 ha of x1 (corn)      0 ha of x2 (sorghum)       250 ha of x3 (wheat)       0 ha of x4 (soybeans)

(x1, x2, x3, x4) = (219.2, 0, 250, 0)  and that this would allow a profit of 38 976 €





The initial, optimal solutions (x1, x2, x3, x4), amount of (un)spent 
resources can be read across tables  

The Constraints table provides information regarding 
the restrictions applied to each of the decision 
variables and resources (Formula), providing 
indication on which are the limiting resources - the 
binding constraints - that will have a positive shadow 
price (the table does not the shadow price value)

The Variables Cells table shows the values of the decision 
variables (x1, x2, x3, x4) for the initial solution and the optimal 
solution

The Objective Cell table tells us the starting value of the objective 
function (Z) when Solver was applied and the optimal value after 
Solver

The Answer Report



The initial, optimal solutions (Z, x1, x2, x3, x4), 
amount of (un)spent resources can be read 
across tables  

spent unspent+                                  =
Total amount of 

resources 
originally available

The Answer Report

A binding constraint is one whose alteration 

causes a subsequent change in the optimal solution. 

This is actually great for business managers and programmers alike 

because once they obtain their optimal solution, they can always 

tweak it using the constraint to achieve the desired goal!

Changing the value of a non-binding constraint

effect on the optimal solution obtained. 

Non-binding constraints have shadow price of zero



The binding constraints are those representing the resources that are fully
used (area to plant wheat and labour time) and indicate that any change to 
these constraints will lead to a change in the optimal solution



Now we need to go into the output reports generated by solver:

• Answer report
• Sensitivity report



Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

Resources 
spent

Total amount of 
resources 

originally available



Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

First, let us analyze the Variable Cells part of the table:

- The Final Value = Optimal Solution, thus replacing the final values (x1, X2, X3, X4) = (219.23, 0, 250, 0) in the objective function 
leads to:         

MAX  Z = 80*2.19.2 + 65*0 + 85.75*250 + 73.75*0 = 38 976 €

This tells the farmer that to maximize profit she should plant:
219.2 ha of x1 (corn) 

0 ha of x2 (sorghum)
250 ha of x3 (wheat)

0 ha of x4 (soybeans)



Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

First, let us analyze the Variable Cells part of the table:

- The Final Value = Optimal Solution, thus replacing the final values (x1, X2, X3, X4) = (219.23, 0, 250, 0) in the objective function 
leads to:         

MAX  Z = 80*2.19.2 + 65*0 + 85.75*250 + 73.75*0 = 38 976 €

- The allowable increase and decrease show how much the coeff. of the objective function can change before the optimal solution 
has to be altered

If the coeff of X1 increases up to  88.5 or drops down to 72.6 the optimal solution will hold = (219.23, 0, 250, 0) 

MAX  Z = 88.5*2.19.2 + 65*0 + 85.75*250 + 73.75*0 = 40833.3 €
MAX  Z = 72.6*2.19.2 + 65*0 + 85.75*250 + 73.75*0 = 22827.7 €

interval



Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

First, let us analyze the Variable Cells part of the table:

- The Final Value = Optimal Solution, thus replacing the final values (x1, X2, X3, X4) = (219.23, 0, 250, 0) in the objective function 
leads to:         

MAX  Z = 80*2.19.2 + 65*0 + 85.75*250 + 73.75*0 = 38 976 €

The optimal solution tells the farmer: 
“If you want to maximize profit  DO NOT PLANT  sorghum and soybeans”

What would happen if she planted 1 ha of sorghum (x2)?          The profit would reduce to 38 967 €         (38 976 - 8.85) 
What would happen if she planted 1 ha of soybeans (x4)?         The profit would reduce to 38 968.5 €      (38 976 – 7.48) 

The Reduced Cost measures the change in the 
objective function’s value per unit increase in 
the decision variable’s value.



Sorghum profit coeficiente of x2 (set to 65)
How much can it increase to change the optimal solution? 

If it increases up to the current value + the the allowable increase (73.8) the optimal
solution holds

if the new value > 65+ 8.846 (the allowable increase) we’d be outsider the range 
(73.8) and the optimal solution would NOT hold

The profit can drop to zero that the solution will hold





Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

Resources 
spent

Total amount of 
resources 

originally available

Resources fully spent lead to shadow price > zero

Changes to the RHS of the constraints (Total amount of resources originally available):

- if within the intervals set by the allowable decresase and increase will not change the optimal solution (but will affect the 
objective function value!)
- If outside the intervals set by the allowable decresase and increase will change the optimal solution and the objective 
function value

The Shadow Price measures the change in the objective 
function’s value per unit increase in the constraint’s bound.

interval



Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

Constraints with a 
shadow price = zero 

are not worth changing 
because it will not have 

any impact on the 
objective function 

value 

Changes on the RHS of constraints within the interval with a shadow price > zero will 
have impact on the objective function value. How much?

If the area available to plant wheat (constraint 4) increases in:
1 unit :  250 to 251  =>    Z_new = 38 976 € +     1 * 8.21 = 38 984
2 units: 250 to 252  =>    Z_new = 38 976 € +     2 * 8.21 = 38 992

226 units:  250 to 476 =>     Z_new = 38 976 € +226 * 8.21 = 40 832

interval

The same exercise can 
be achieved considering
decreases in the RHS of
constraint 4 of 31 units



Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

Constraints with a 
shadow price = zero 

are not worth changing 
because it will not have 

any impact on the 
objective function 

value 

Changes on the RHS of constraints within the interval with a shadow price > zero will 
have impact on the objective function value. How much?

If the family labour time available for agriculture (constraint 6) decreases in:
1 unit : 1500 to 1499 =>         Z_new = 38 976 € - 1 * 24.62 = 38 951
2 units: 1500 to 1498 =>         Z_new = 38 976 € - 2 * 24.62 = 38 927

712.5 units: 1500 to 1449 =>         Z_new = 38 976 € - 712.5 * 24.62 = 21 438

interval

The same exercise
can be achieved

considering
increases in the

RHS of constraint
6 of 51 units



Sensitivity Report
Allows answering to questions such as: 

1. If the objective function changes, how does the solution change?

2. If resources available change, how does the solution change? 

Constraints with a 
shadow price = zero 

are not worth changing 
because it will not have 

any impact on the 
objective function 

value 

The impact of changes on the RHS of constraints that fall 
outside the interval can only be determined by solving 
the problem again!

interval



The Shadow Price is the impact that one unitary change in the RHS of any given 
constraint will have in the objective function value. This is only true as long as 
changes on the RHS of constraints remain within the interval determined by the 
allowable increases and decreases 





The range of feasibility with respect to the maximum number of hours sets the 
upper limit at 1551.3 considering increases in labour time that can reach a 
maximum of 51.25 hours with a immediate consequence in the objective function 
value. Thus, an increase of 51.25 : from 1500 to 1551.25 => 

Z_new = 38 976 € + 51.25 * 24.62 = 40 238 € (profit increases, original values 38 976 €)

However, na increase of 52 hours would already fall outsider the range of feasibility
making impossible to use the shadow price to determine the impact on the
objective function and forcing the problema to be solved again.





Imposing the plantation of 1 ha of soybeans will have a negative impact of 7.48 € in 
the final profit value. Thus, the increase of x4 frm 0 to 1 ha

Z_new = 38 976 € - 7.48 = 38 968.5 € (profit decreases, original values 38 976 €)













See the excel file : 
Question7_SOLVER.xlsx







See the excel file : 
Question8_SOLVER.xlsx





See the excel file : 
Question9_SOLVER.xlsx





See the excel file : 
Question11_SOLVER.xlsx


