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                    MP CHAPTER 4 SOLUTIONSPRIVATE 


SECTION 4.1
3.        min z = 3x1 + x2
            s.t.   x1 ‑ e1 = 3

                   x1 + x2 + s2 = 4

                  2x1 ‑ x2 = 3

SECTION 4.4
3. 
Basic Variables Basic Feasible Solution 
Corner Point

x1, x2
 

x1=150 x2=100 s1=s2=0

(150, 100)

     
x1, s1      
x1=200, s1=150, x2=s2=0

(200, 0)

     
x1, s2      
x1=350, s2=-300, x2=s1=0 
Infeasible

     
x2, s1     

x2=400, s1=-450, x1=s2=0 
Infeasible

     
x2, s2      
x2=175, s2 = 225, x1=s1=0
(0, 175)

    
s1, s2      
s1=350, s2=400, x1=x2=0 
(0, 0)
SECTION 4.5
2.   z    x1   x2   s1   s2   RHS  Ratio

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    ‑2   ‑3   0    0    0

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1    2   1    0    6    3* Enter x2 in row 1

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     2    1   0    1    8    8

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 

     0   ‑1/2   0  3/2   0    9

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    1/2   1  1/2   0    3    6

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    3/2   0 ‑1/2   1    5    10/3* Enter x1 in    
row 2

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     z    x1   x2   s1   s2   RHS  Ratio

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    0  4/3  1/3  32/3

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0    1  2/3 ‑1/3   4/3

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1    0 ‑1/3  2/3  10/3

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau and the optimal solution is z = 32/3, x1 = 10/3, x2 = 4/3, s1 = s2 = 0.

6.

	z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	-1
	-1
	-1
	0
	0
	0
	0

	0
	1
	2
	2
	1
	0
	0
	20

	0
	2
	1
	2
	0
	1
	0
	20

	0
	2
	2
	1
	0
	0
	1
	20


We arbitrarily choose X1 to enter basis. Then we arbitrarily choose X1 to enter the basis in ROW 3. The resulting tableau follows:

	Z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	0
	0
	-.5
	0
	0
	.5
	10

	0
	0
	1
	1.5
	1
	0
	-.5
	10

	0
	0
	-1
	1
	0
	1
	-1
	0

	0
	1
	1
	.5
	0
	0
	.5
	10


Now X3 enters basis in Row 2. The resulting tableau follows:

	Z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	0
	-.5
	0
	0
	.5
	0
	10

	0
	0
	2.5
	0
	1
	-1.5
	1
	10

	0
	0
	-1
	1
	0
	1
	-1
	0

	0
	1
	1.5
	0
	0
	-.5
	1
	10


X2 enters basis in ROW 1 yielding the following optimal tableau:

	Z
	X1
	X2
	X3
	S1
	S2
	S3
	RHS

	1
	0
	0
	0
	.2
	.2
	.2
	12

	0
	0
	1
	0
	.4
	-.6
	.4
	4

	0
	0
	0
	1
	.4
	.4
	-.6
	4

	0
	1
	0
	0
	-.6
	.4
	.4
	4


The optimal solution to the LP is Z=12, X1=X2=X3=4.
SECTION 4.6
1.   z    x1   x2   s1   s2   s3   RHS  Ratio

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    ‑4   1    0    0    0    0

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     2   1    1    0    0    8     8

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0   1    0    1    0    5     5* Enter x2 in  
row 2

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1  ‑1    0    0    1    4     None

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    ‑4   0    0   ‑1    0    ‑5

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     2   0    1   ‑1    0     3

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     0   1    0    1    0     5

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0     1   0    0    1    1     9

   ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

The current tableau is optimal because each variable has a non-positive coefficient in the current tableau. Thus the optimal solution to the LP is z = ‑5, s1 = 3, x2 = 5, s3 = 9, 

x1 = s2 = 0. Observe that the optimal objective   
 
function value for an LP can be negative.

2.   z    x1   x2   s1   s2   RHS

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    1    1    0    0    0

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    1   ‑1    1    0    1

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    1    1    0    1    2  Enter x2 in row 2

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    0    0    0   ‑1   ‑2

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    2    0    1    1    3

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    1    1    0    1    2

   
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau so the optimal solution to the LP is z = ‑2, x1 = 0, s2 =0, x2 = 2, s1 = 3.
SECTION 4.7 
2.   z    x1   x2   s1   s2   RHS  Ratio

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    3    ‑6   0    0    0

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0    5     7   1    0    35   5

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0   ‑1     2   0    1    2    1* Enter x2 in row 2

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     1    0     0   0    3    6

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0  17/2    0   1   ‑7/2  28

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

     0  ‑1/2    1   0    1/2  1

    ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau with optimal solution z = 6, s1 = 28, x2 = 1, s2 = x1 = 0. Since the non-basic variable x1 has a zero coefficient in Row 0 we can enter x1 into the basis to obtain the alternative optimal solution z = 6, x1 = 56/17, x2 = 45/17. By averaging these two optimal solutions, a third optimal solution may be obtained. This yields the optimal solution z = 6, x1 = 28/17, x2 = 31/17.
5. 

	Z
	X1
	X2
	S1
	S2
	RHS

	1
	-2
	-2
	0
	0
	0

	0
	1
	1
	1
	0
	6

	0
	2
	1
	0
	1
	13


We now arbitrarily choose to enter X1 into basis. X1 enters basis in Row 1 yielding following optimal tableau.

	Z
	X1
	X2
	S1
	S2
	RHS

	1
	0
	0
	2
	0
	12

	0
	1
	1
	1
	0
	6

	0
	0
	-1
	-2
	1
	1


This tableau yields the optimal solution Z = 12, X1 = 6, X2=0. Pivoting X2 into the basis yields the alternative optimal solution Z=12, X1=0, X2=6. All optimal solutions are of the form c(1st  optimal solution) + (1-c)(2nd optimal solution) where 0<=c<=1. This shows all optimal solutions are of form Z=12, X1= 6c, X2=6-6c, 0<=c<=1.

6. 
Any other basic solution will have s1 and/or s2 as a basic variable. Since no right hand side is 0, if s1 or s2 is pivoted in it will be positive. Since z = 10 ‑ 2s1 ‑ 3s2, any basic solution with s1 or s2 positive will have z<10. Thus any other basic solution cannot be optimal.
7. 
Suppose x1 and x2 are both optimal solutions (with optimal z‑value = z0) to
max 
z = cx x0
s.t.    Ax = b
To show that the set of optimal solutions to this LP is a convex set it suffices to show that for 0k1, kx1 + (1‑k)x2 is also an optimal solution. First, kx1 +(1‑k)x2 is feasible because A(kx1 + (1‑k)x2) = kAx1 + (1‑k)Ax2 = kb + (1‑k)b = b and  kx1 + (1‑k)x2>=0 follows from the non‑negativity of x1 and x2.kx1 + (1‑k)x2 has a z‑value z0 because c(kx1 + (1‑k)x2) = kz0 + (1‑k)z0 = z0.

Thus kx1 + (1‑k)x2 is also an optimal solution, and any point on the straight line segment joining x1 and x2 is an optimal solution to the original LP.

8a. 
No, the only way we could pivot in a new basic variable and still keep z at its optimal value would be to pivot in x3. Since x3 has a negative coefficient in each constraint, we cannot enter x3 into the basis and there is only one optimal basic solution.

8b.
Since x3 has a 0 coefficient in row 0, we can increase x3 and still keep z at its same value. That is, x1 = 2 + c, x3 = c, x2 = 3 + 2c, x4 = 0, z = 2 is an optimal solution for any c0. Thus while this LP has only one optimal bfs, it has an infinite number of optimal solutions. They are not BFS since there is only one nonbasic variable
SECTION 4.8
1. 

z    x1   x2   s1   s2   RHS  Ratio

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

1    0    ‑2   0    0    0

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

0    1    ‑1   1    0    4  
None

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   
0   ‑1     1   0    1    1   1* Enter x2   


in row 2

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

  

z    x1   x2  s1   s2   RHS

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

1   ‑2     0   0    2    2

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

0    0     0   1    1    5

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

   

0   ‑1     1   0    1    1

  

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Since x1 has a negative coefficient in Row 0 and a non-positive coefficient in each constraint, we have an unbounded LP. From the final tableau we find that (holding s2 = 0)

                              z = 2 + 2x1
                              s1 = 5

                              x2 = 1 + x1
                              s2 = 0

Thus if 2 + 2x1 = 10,000 or x1 = 4,999 we can find  
a point in the feasible region with z = 10,000.

Thus z = 10,000, s1 = 5, x1 = 4,999, x2 = 5,000, s2
= 0 is a point in the feasible region having

z10,000.                       

2.
For a min problem, an LP is unbounded if there is a variable with a positive coefficient in Row 0 that has a non-positive coefficient in each constraint. For the given problem we obtain the following tableau:

z    x1   x2   s1   s2   RHS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1    2    3    0    0    0

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0    1   ‑1    1    0    1

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0    1   ‑2    0    1    2

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

Here x2 may be as large as desired. Since each unit by which x2 is increased decreases z by 3 units, we may make z as small as desired.

3.
From the given tableau we find that for x2,

points of the form z = 2x2, x1 = 0, x3 = 3 + x2, x4 = 4 are feasible. By letting x2 grow large, we see that the LP is unbounded.

SECTION 4.10
1a.
Both very small numbers (e.g. .000003) and large numbers (e.g. 3,000,000) appear in the problem.

1b.
Let xi = units of product i produced (in millions). If we measure our profit in millions of dollars, the LP becomes

max = 6x1 + 4x2 + 3x3

st    4x1 + 3x2 + 2x33

      3x1 + 2x2 + x32

      x1, x2, x30    

SECTION 4.12
1.
After adding slack, excess and artificial          
variables we obtain

min z = 4x1 + 4x2 + x3 + Ma3
s.t.     x1 + x2 + x3 + s1 = 2

        
2x1 + x2 + s2 = 3

        
2x1 + x2 + 3x3 ‑ e3 + a3 = 3

Eliminating the basic variable a3 from z ‑ 4x1 ‑ 4x2 ‑ x3 ‑ Ma3 = 0 we obtain z + (2M ‑ 4)x1 + (M ‑ 4)x2 + (3M ‑ 1)x3 ‑ Me3 = 3M. 

The simplex now yields

z    x1     x2     x3     s1     s2     e3     a3     RHS

_______________________________________________________
1   2M‑4   M‑4    3M‑1    0      0      ‑M     0     3M
_______________________________________________________
0    1      1       1     1      0       0     0      2

_______________________________________________________
0    2      1       0     0      1       0     0      3

_______________________________________________________
0    2      1       3     0      0      ‑1     1      3

_______________________________________________________
z    x1     x2     x3     s1     s2     e3     a3     RHS

_______________________________________________________
1   ‑10/3  ‑11/3    0     0      0      ‑1/3  1/3‑M   1

_______________________________________________________
0    1/3    2/3     0     1      0       1/3  ‑1/3    1

_______________________________________________________
0     2      1      0     0      1        0     0     3

_______________________________________________________
0    2/3    1/3     1     0      0      ‑1/3   1/3    1

_______________________________________________________
This is an optimal tableau with optimal solution z  
= 1, s1 = 1, s2 = 3, x3 = 1, x2 = x1 = e3 = 0.

3.
Note that since x1 + x2 = 3, the constraint x1 +    
x23 is automatically satisfied so we may omit     
this constraint from consideration. Then we wish   
to

max z = 3x1 + x2 ‑Ma2
s.t.    2x1 + x2 + s1 = 4

         x1 + x2 + a2 = 3

Eliminating a2 from z ‑ 3x1 ‑ x2 + Ma2 we obtain 

z ‑(M + 3)x1 ‑ (M + 1)x2 = ‑3M. Proceeding with the simplex we obtain

z      x1     x2       s1      a2       RHS

____________________________________________

1     ‑M‑3   ‑M‑1      0        0      ‑3M

____________________________________________

0       2      1       1        0       4

____________________________________________

0       1      1       0        1       3

____________________________________________

____________________________________________

1      0    (1‑M)/2  (M + 3)/2  0       6‑M

____________________________________________

0      1      1/2      1/2      0       2

____________________________________________

0      0      1/2     ‑1/2      1       1

____________________________________________

z      x1     x2       s1      a2       RHS

____________________________________________

1      0       0        2      M‑1      5

____________________________________________

0      1       0        1      ‑1       1

____________________________________________

0      0       1       ‑1       2       2

____________________________________________

This is an optimal tableau with optimal solution z = 5, x1 = 1 x2 = 2, s1 = 0.

4.
Adding excess and artificial variables we obtain

     min z = 3x1 + Ma1 + Ma2
       s.t.  2x1 + x2‑e1 + a1 = 6

             3x1 + 2x2 + a2 = 4

Eliminating a1 and a2 from z‑3x1‑Ma1‑Ma2 = 0 yields 

z + (5M‑3)x1 + 3Mx2‑Me1 = 10M. The simplex now yields
z       x1      x2      e1      a1       a2      RHS

_______________________________________________________

1      5M‑3     3M      ‑M      0        0       10M

_______________________________________________________

0        2      1       ‑1      1        0       6

_______________________________________________________

0        3      2        0      0        1       4

_______________________________________________________

_______________________________________________________
1       0   (6‑M)/3    ‑M      0     (3‑5M)/3 10M/3 + 4

_______________________________________________________
0        0    ‑1/3      ‑1      1        ‑2/3    10/3

_______________________________________________________
0        1     2/3       0      0         1/3     4/3

_______________________________________________________
This is an optimal tableau. Note, however, that the artificial variable a1 is positive (a1 = 10/3) Thus original problem has no feasible solution.
5. Initial tableau is

	Z
	X1
	X2
	X3
	A1
	A2
	RHS

	1
	3M-1
	2M-1
	3M
	0
	0
	6M

	0
	2
	1
	1
	1
	0
	4

	0
	1
	1
	2
	0
	1
	2


We now enter X3 in the basis in row 2:

	Z
	X1
	X2
	X3
	A1
	A2
	RHS

	1
	3M/2-1
	M/2-1
	0
	0
	-3M/2
	3M

	0
	3/2
	1/2
	0
	1
	-1/2
	3

	0
	1/2
	1/2
	1
	0
	1/2
	1


We now enter X1 in the basis in row 2.

	Z
	X1
	X2
	X3
	A1
	A2
	RHS

	1
	0
	-M
	2-3M
	0
	1-3M
	2

	0
	0
	-1
	-3
	1
	-2
	0

	0
	1
	1
	2
	0
	1
	2


This optimal tableau yields the optimal solution Z=2, X1=2, X2=X3=0.

6. Initial tableau is

	Z
	X1
	X2
	A1
	A2
	RHS

	1
	3M-1
	3M-1
	0
	0
	6M

	0
	1
	1
	1
	0
	2

	0
	2
	2
	0
	1
	4


We enter X1 into the basis in Row 1 yielding the following optimal tableau.
	Z
	X1
	X2
	A1
	A2
	RHS

	1
	0
	0
	1-3M
	0
	2

	0
	1
	0
	1
	0
	2

	0
	0
	0
	-2
	1
	0


Optimal solution is Z=2, X2=2, X2=0.
SECTION 4.14
2.
Let x2 = x2' ‑ x2'' where x2'0 and x2''0. Applying the simplex we obtain
z    x1   x2'    x2''   s1     s2     RHS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1    ‑2   ‑1      1      0     0      0

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     3    1     ‑1      1     0      6

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    1     ‑1      0     1      4

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1     0   ‑1/3   1/3    2/3    0      4

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1    1/3  ‑1/3    1/3    0      2

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0    2/3  ‑2/3   ‑1/3    1      2

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

z    x1   x2'    x2''   s1     s2     RHS

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

1     0     0     0     1/2   1/2     5

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     1     0     0     1/2  ‑1/2     1

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

0     0     1    ‑1    ‑1/2   3/2     3

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

This is an optimal tableau with optimal solution z  
= 5, x1 = 1, x2' = 3, x2'' = 0, s1 = s2 = 0. Thus   
the optimal solution has x2 = 3‑0 = 3.

3.
Let Wt = Workers during month t

     It' ‑ It'' = It = Steel inventory(in tons) at end  
of month t

     Ht = Workers hired at beginning of month t

     Ft = Workers fired at beginning of month t

     Xt = Tons of steel produced during month t

min z=5000(W1 + W2 + W3) + 3000(F1 + F2 + F3)+     
4000(H1 + H2 + H3)+70(I1'' + I2'' + I3'')+         
100(I1'+ I2'+ I3') + 300(X1 + X2 + X3)

s.t. H12, H22, H32

     

W1 =8 + H1 ‑ F1

    

W2 = W1 + H2 ‑ F2

     

W3 = W2 + H3 ‑ F3

     X115W1, X215W2,X315W3

I1' ‑ I1''= X1 ‑ 100

I2' ‑ I2'' = I1' ‑ I1'' + X2 ‑ 200

I3' ‑ I3'' = I2' ‑ I2'' + X3 ‑ 50

I3' ‑ I3''0

     All Variables Nonnegative

