
Math 482: Linear Programming Mikhail Lavrov

Homework #2

Fall 2019 Due Monday, September 16

1. The linear program
maximize

x,y∈R
x− y

subject to x− 3y ≤ 3

−4x + y ≤ 4

x− 2y ≤ 6

x, y ≥ 0

is unbounded. Use the simplex method to find a feasible solution with objective value at
least 10100.

2. Use the two-phase simplex method to solve

minimize
x1,x2,x3∈R

3x1 − x2

subject to x1 + x2 + x3 = 5

2x1 + x2 − 2x3 ≥ 6

x1 + x2 − x3 ≤ 1

x1, x2, x3 ≥ 0.

3. A burning reaction combines 1 mole of benzene (C6H6) with 7 moles of oxygen (O2), and
produces a mixture of carbon dioxide (CO2), carbon monoxide (CO), solid carbon (C), and
water vapor (H2O). The total amount of carbon, hydrogen, and oxygen must be preserved.
Producing CO2 releases 393 kJ/mol, producing CO releases 110 kJ/mol, and producing H2O
releases 242 kJ/mol.

Which combination of outputs will result in the highest amount of energy released? Solve by
setting up a linear program and using the two-phase simplex method.

4. Consider the following linear program:

maximize
x1,x2,x3,x4∈R

x1 − 3x2 − 2x4

subject to
1

2
x1 −

7

2
x2 −

3

2
x3 +

7

2
x4 ≤ 0

1

2
x1 −

3

2
x2 −

1

2
x3 +

1

2
x4 ≤ 0

x1, x2, x3, x4 ≥ 0.

(a) Perform three iterations of the simplex method using the following pivoting rule: choose
the entering variable with the highest reduced cost. When the two rows are tied for
the smallest nonnegative ratio, choose the basic variable for the first row as the leaving
variable.



(b) Comparing the resulting tableau to the original tableau, argue that the simplex method
with this pivoting rule will cycle forever, returning to the same tableau every six steps.

5. (Only 4-credit students need to do this problem.)

Consider a linear program of the form

maximize
x∈Rn

cTx

subject to Ax ≤ b.

Suppose that points x ∈ Rn and y ∈ Rn are both feasible solutions of this linear program.

(a) Show that if both x and y are optimal solutions, then 1
2x + 1

2y is an optimal solution.

(b) Show that if 1
2x + 1

2y is an optimal solution, then both x and y are optimal solutions.
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