Math 442/542

PRELIM 1 — SOLUTIONS

1. (a) The basic variables are ;1 and z4. The non-basic variables are zo and x3. The current basic
feasible solution is (z1, 22, x3,24) = (2,0,0,5) with objective function value 6.

(b) In this tableau, the simplex method will choose x5 as the entering variable and x4 as the leaving
variable. If we choose the correct entering variable (which is o) but the wrong leaving variable
x1, then the resulting basic solution becomes infeasible. This is because the minimum ratio rule
will be violated. If we choose x3 as the entering variable and x; as the leaving variable, then the
resulting basic solution will be feasible (because the minimum ratio rule was applied) but it will
have an objective function value which is less than that of the current one (because the coefficient
of z3 in row 0 is positive).

(¢) After one iteration of the simplex method, we get the following tableau:

z 0 0 4 1 11
X1 1 0 % —% 1
xro 0 1 % % 1

The basic variables are 7 and x2. The non-basic variables are x3 and x4. The current basic
feasible solution is (z1, z2,z3,24) = (1,1,0,0) with objective function value 11. The current bfs
is optimal since all the entries in row 0 are nonnegative.

2. Let z;; be the number of units of size j product (j = L, M, S) produced at plant ¢ (i = 1,2, 3).

The objective is to maximize
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subject to the following constraints:
Capacity constraints:

T, + 10 + 215 < 750
ZTor, + Topm + 225 < 900
Tar + Tapm + x3s < 450

Storage space constraints:

20217, + 15210 + 12215 < 13000
20221, + 15220 + 12225 < 12000
20231, + 15230 + 12235 < 5000



3.

Same capacity percentage constraints:

900($1L + 21 + fUlS) - 750(352L + Tops + xQS) =0
450(zor + wops + x2g) — 900(x3L, + x3ps + 235) =0

Nonnegativity constraints:

(a)
(b)

The associated basic feasible solution is = (1,0, 2, 0,0) with objective function value z = 8. Note
that this solution is optimal since the entries in row 0 of the current tableau are all nonnegative.
The optimal solution in (a) is not unique because (i) the coefficient of nonbasic variable z5 in
row 0 is 0; (ii) and all the entries in the column of x5 are nonpositive. This means that we can
increase x5 infinitely without violating any constraints while keeping the objective function at the
optimal value. This corresponds to having an optimal ray for the problem.

Let x2 = A. Then (considering that the other nonbasics stay at 0)
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and so, any solution of the form
1
x=1(1,0,2,0,0) + A(0, 1, 5,0,0)
is optimal. Setting A = 1 and \ = 2 yields the solutions

5
2,0,0) and z=(1,2,3,0,0).

9::(1,1,2

Note that there are no other optimal basic feasible solutions since x5 is the only non-basic variable
with a zero coefficient in row 0 and it can be increased infinitely without forcing any of the basic
variables to drop to 0 and leave the basis.



