
AMS 341  Mid-term A  Prof. Tucker  Spring 2012 
 
1. a) Rewrite in standard form (with slack variables). 
       Min z = 2x1 + x2 + 4x3 
    x1  + 4x2 + x3 ≥  12 
             x2 + 3x3 ≤  8 
    x1           - 2x3 ≥ 10 
           x1 , x2 , x3 ≥ 0 
b) Set up a ‘Phase 1’ l.p. in standard form  
to find an initial feasible solution (if one exists). 
 
2. a) Write out the dual for this l. p.  
 Max z = 2x1 + 4x2 + x3 
     2x1 + 3x2 -  4x3 ≤  12 
     2x1 +  x2  + 2x3 ≤  20 
     x1  +  2x2 + 3x3  ≤  8 
           x1 , x2 , x3 ≥ 0 
b) If the optimal solution of the primal problem has as basic variables, x2, x3, and slack variable s1, then 
which dual variables and excess variables will be positive (assuming non-degeneracy) in the dual 
problem. 
 
3.  The Happytime Swing Company has the following demand for its children’s swing sets in the spring,  
summer, and fall quarters. 
    Spring  Summer           Fall 
     1500     6000                      4000  
A swing set costs $600 of labor to make and up to 3000 can be made a quarter.  By paying overtime, 
additional swing sets can be made at a cost of $700 a piece.  It costs $50 to hold a swwingset in 
inventory from one quarter to the next; initially there is an inventory of 100 swing sets. 
  Set up an l.p. for the determining how many swing sets to make each quarter at regular cost and at 
overtime so as to minimize labor and inventory costs. Let Si and Ti be the numbers of regular and 
overtime swing sets made in the i-th quarter, i=1,2,3.  (Hint: You can include the number of sets 
made with overtime each quarter in the objective function and constraints because their higher cost will 
mean that the optimal solution will use this higher-priced option only when optimal.)   
 
4.  For the following two maximization problems in standard tableau form, determine what variable 
should become basic and which should become non-basic according to the simplex algorithm (explain 
your steps).  If the current basic solution is optimal or if the l.p. is unbounded, explain why. 
a)  
z x1 x2 x3 s1 s2 s3 RHS 
1 -5 4 0 0 -2 0 46 
0  1 -2 0 0 6 1 30 
0  2 5 1 0 3 0 25 
0  -1 4 0 1 -3 0 10 
b) 
z x1 x2 x3 s1 s2 s3 RHS 
1 0 -3 5 0 -2 0 21 
0 1  0 6 0 -6 0 30 
0 0 -1 5 1 2 0 25 
0 0 -4 -4 0 5 1 18 
 
5.  Consider the following linear program 
Max  z =  2x + 3y   s.t. 
1) x + 2y ≤ 20  
2): x+ y ≤ 16 
3): 2x + y ≤ 24         x, y ≥ 0 
 



A = (12,4) where 1&2 intersect  B= (8,8) where 2&3 intersect 
C = (9 1/3, 5 1/3) where 1&3 intersect    

      C (the intersection of constraints 1&3) is the optimal basic solution where z = 34 2/3  
a) What is the range of values for the objective fn. coefficient of x over which the intersection of 1&3 
remains the optimal basic solution? 
b) What is the range of values of the right-hand side of constraint 3 for which the intersection of 1&3 
remains the optimal basic solution? 
c) What is the range of values of the right-hand side of constraint 2 for which the intersection of 1&3 
remains the optimal basic solution? 
 
6. Steelco uses coal, iron and labor to produce three types of steel.  The inputs and net profit for one unit 
of each type of steel are shown in the following table. 
    Steel Type     Coal     Iron     Labor     Net profit 
            1               3          1          1               $8 
            2               2          0          1               $5 
            3               1          1          1               $2  
200 units of coal are available, 60 units of iron, 100 units of labor. Let X1 be units of steel type 1, 
similarly for X2 and X3.  We get the following linear program and output analysis  
     MAX 8X1 + 5X2 + 2X3  
SUBJECT TO:  2) 3X1 + 2X2 + X3  ≤ 200 
     3) X1  +             X3  ≤  60 
      4) X1  +   X2  + X3  ≤ 100 
      X1, X2, X3≥ 0   
SOLUTION 
 OBJECTIVE FUNCTION VALUE 530 
VARIABLE VALUE REDUCED COST  ROW       SLACK DUAL PRICE 
     X1     60   0   2)   0  2.5 
     X2     10   0   3)   0   .5 
     X3      0   1   4)  30   0 
 
       RIGHTHAND SIDE RANGES 
    CURRENT    ALLOWABLE   ALLOW 
        RHS        INCREASE          DECREASE 
 2)      200    60            20 
 3)       60   6 2/3                  60 
 4)     100  Infinity      30 
a)  How much can the supply of coal increase or decrease without changing the basic feasible solution? 
b)  How much can the profit for type 3 steel increase without changing the basic feasible solution?  
Explain (This can be answered without range information about the obj. fn. coefficients) 
c)  Would you pay $1 per unit for some additional units of iron? Explain 
d) Would you pay $10 per unit for some additional units of labor? Explain 
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1. a) Rewrite in standard form (with slack variables). 
       Min z = 3x1 + 2x2 + x3 
   2x1  – 4x2 + 5x3 ≥  10 

 2x2   + x3 ≤  6 
     x1              - x3 ≥ 12 
       x1 , x2 , x3 ≥ 0 
b) Set up a ‘Phase 1’ l.p. in standard form to  
find an initial feasible solution (if one exists). 
 
2. a) Write out the dual for this linear program.  
 Max z = 3x1 +2x2 + 1x3 
     x1  + 3x2 + 2x3 ≤  12 
    2x1            + 2x3 ≤  8 
     x1  - 2x2 +  5x3 ≤  9 
           x1 , x2 , x3 ≥ 0 
b) If the optimal solution of the primal problem has as basic variables, x1, x3, and slack variable s2, then 
which dual variables and excess variables will be positive (assuming non-degeneracy) in the dual 
problem. 
 
3.  The Wacko Lawnmower Company has the following demand for its lawnmower in the winter, 
spring, and summer quarters. 
    Winter  Spring  Summer 
    30,000  80,000   60,000  
A lawnmower costs $250 of labor to make and up to 40,000 can be made a quarter.  By paying overtime, 
additional lawnmowers can be made at a cost of $300 a piece.  It costs $25 to hold a lawnmower in 
inventory from one quarter to the next; initially there is an inventory of 10,000 lawnmowers. 
  Set up an l.p. for the determining how many mowers to make each quarter at regular cost and at 
overtime so as to minimize labor and inventory costs. Let Xi and Yi be the numbers of regular and 
overtime swing sets made in the i-th quarter, i=1,2,3.  (Hint: You can include the number of 
lawnmowers made with overtime each quaerter in the objective function and constraints because their 
higher cost will mean that the optimal solution will use this higher-priced option only when optimal.)   
 
4.  For the following two maximization problems in standard tableau form, determine what variable 
should become basic and which should become non-basic according to the simplex algorithm (explain 
your steps).  ).  If the current basic solution is optimal or if the l.p. is unbounded, explain why. 
a) 
z x1 x2 x3 s1 s2 s3 RHS 
1 0 -2 -3 0 2 0 26 
0 1  5  -2 0 -6 0 32 
0 0  6  0 1 5 0 26 
0 0 -4 -4 0 3 1 18 
b) 
z x1 x2 x3 s1 s2 s3 RHS 
1 0 -3 0 0 2 -5 40 
0 1 -1 0 0 6 -8 32 
0 0 4 1 0 3 5 22 
0 0 3 0 1 -3 3 16 
 
5.  Consider the following linear program 
Max  z =  3x + 4y     s.t. 
1)   x+ y ≤ 8 
2) 2x + y ≤ 12 
3)   x + 2y ≤ 10    x, y ≥ 0 
 
A = (4, 4) where 1&2 intersect  B= (14/3, 8/3) where 2&3 intersect 



 C = (6,2) where 1&3 intersect  
  B (the intersection of constraints 2&3) is the optimal basic solution where z = 24 2/3.  
 

a) What is the range of values for the objective fn. coefficient of y over which the intersection of 2&3 
remains the optimal basic solution? 
b) What is the range of values of the right-hand side of constraint 2 for which the intersection of 2&3 
remains the optimal basic solution? 
c) What is the range of values of the right-hand side of constraint 1 for which the intersection of 2&3 
remains the optimal basic solution? 
  
6. Steelco uses coal, iron and labor to produce three types of steel.  The inputs and net profit for one unit 
of each type of steel are shown in the following table. 
    Steel Type     Coal     Iron     Labor     Net profit 
            1               3          1          1               $4 
            2               2          0          1               $5 
            3               1          1          1               $4  
100 units of coal are available, 60 units of iron, 80 units of labor. Let X1 be units of steel types, 
similarly for X2 and X3.  We get the following linear program and output analysis  
     MAX 4X1 + 5X2 + 4X3  
SUBJECT TO:  2) 3X1 + 2X2 + X3  ≤ 100 
     3) X1  +             X3  ≤  40 
      4) X1  +   X2  + X3  ≤  80 
      X1, X2, X3≥ 0   
SOLUTION 
 OBJECTIVE FUNCTION VALUE  160 
VARIABLE VALUE REDUCED COST  ROW       SLACK DUAL PRICE 
     X1     30   0   2)   0  1.5 
     X2      0   2   3)   0  2.5 
     X3     10   0   4)  40   0 
 
       RIGHTHAND SIDE RANGES 
    CURRENT    ALLOWABLE   ALLOW 
        RHS        INCREASE          DECREASE 
 2)      100    30            15 
 3)       40   9 2/3                  10 
 4)       80  Infinity      40 
a)  How much can the supply of coal increase or decrease without changing the basic feasible solution? 
b)  How much can the profit for type 2 steel increase without changing the basic feasible solution?  
Explain (This can be answered without range information about the obj. fn. coefficients) 
c)  Would you pay $3 per unit for some additional units of iron? Explain 
d) Would you pay $1 per unit for some additional units of labor? Explain 
 


