a; a; ag

1 1 1

5 3 ¢
c’ -3 5 ¢

As the initial revised tableau for phase IT
L. We then compute

In this case, we getp =2
of the last column to get

Variable B!

We update the tableau to obtain:

Variable pB-1

Zy

T2

Phase II. The tableau for the original problem (in standard form) is

ay
0
-1 8
0

» we take the final revised tableau from phase

as to get

1
AT = B =[0,-3 ! 55 =o,-32
0 £ 5
rL = nwn\/q@uTmé: Uw w oH
We bring a, into the basis, and compute y, = B!
Variable B! Yo
—_— 77 7
w1 - 2
w0 L 3

- We update this tableay by p

Yo
_—_— 7
1
T3 1 -3 4
w0
We compute
1
AT = EB =0, 5[ 3] _[,_5
O w K w 2
b= b= ND=sg-fo M1 0
3/ 15 -1
We now bring a, into the basis:
. -1
, Variable B Yo Yy
_— 7V T
zz 1 IH.W. m 3
205§ -1

EXERCISES 31!

T oo |3 ~1] _ _
T T T - 11
D ¢p — A" D =[-3,0] - [-5,0] 5 ol T (2,5] = [r1,73).

The reduced cost coefficients are all positive. Hence, [0,4,0,4]7 is optimal. Th
optimal solution to the original problem is [0, 4T, \\ }\ i
L7

{

EXERCISES AN

|

%mm.u Consider the following standard form LP problem:

minimize 271 — zo — 23

subject to 31+ 23 +x4 =4
621 + 225 + x3 +xy =05
T1,%2,T3,24 > 0.

Write down the A, b, and ¢ matrices/vectors for the problem

Consider the basis consisting of the third and fourth columns of A, orderec

according to [a4, a3]. Compute the canonical tableau corresponding to this
basis.

Write down the basic feasible solution corresponding to the above basis, and
its objective function value.

d. Write down the values of the reduced cost coefficients (for all the variables)
_corresponding to the above basis.

e. Is the basic feasible solution in part ¢ an optimal feasible solution? If yes,
explain why. If not, determine which element of the canonical tableau to

pivot about so that the new basic feasible solution will have a lower objective
function value.

f. Suppose we apply the two-phase method to the problem, and at the end of
phase I, the tableau for the artificial problem is

0600 -11 2 -1 3
1: 40 o ob o
00 0 0 1 1 o0

Does the original problem have a basic feasible solution? Explain.




g. rrom tae 1inai tablcau 10r phasc 111 pait 1,
phase I

113300 UL dititddl LAdiiviiibdl taUiveiis LuVL
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maximize —z1 — 2T
16.2 Use the simplex method to solve the following linear program:

subject to 1 >0
T2 N 1.

maximize T + x2 + 323

Convert the problem into a standard form linear programming problem.
subject to Ty +z3 =1 .

Ty +x3 =2

Use the two-phase simplex method to compute the solution to the above given
z1,%2,23 > 0.

problem, and the value of the objective function at the optimal solution of the
given problem.

u%m Consider the linear program: 6.6 Consider the linear programming problem:
/

M maximize 2z1 + 2 HEH,EENm -~y
" subject to 0<z1 <5 subject to Ty — Ty =
! 0<2, <7 x1,T2 > 0.
21+ 22 <9.

a. Write down the basic feasible solution for z; as a basic variable.

Convert the problem to standard form and solve it using the simplex method.

b. Compute the canonical augmente

d matrix corresponding to the basis in part a

. ,,, If we apply the simplex algorithm to this problem,
. b, ; does it terminate? (In other words
algorithm is satisfied?)

16.4 Consider a standard form linear programming problem (with the usual A

under what circumstance
and ¢). Suppose that it has the following canonical tableau:

, which stopping criterion in the simplex

0101 -15 d./ Show that in this problem, the objective function can take arbitrarily negative
1200 -2 6 values over the constraint set.

0310 -3 7

0400 —4 8

6.7 Find the solution and the value of the optimal cost for the following problem

a. Find the basic feasible solution corresponding to the above canonical tableau sing the revised simplex method:

and the corresponding value of the objective function.

1

minimize Ty + T2
b. Find all the reduced cost coefficient values associated with the above canonical subject to z1+2z2 > 3
tableau. 921 + 13 > 3
¢. Does the given linear programming problem have feasible solutions with arbi- 1,29 > 0.
‘ trarily negative objective function values?

/ Hint: Start with 1 and x5 as basic variables

d. Suppose column a, enters the basis. Find the canonical tableau for the new

basis 16.8 Solve the following linear programs using the revised simplex method:

. . oo . a. maximize —4x; — 3z subject to
Find a feasible solution with objective function value equal to —100.

% 1+ 22
Find a basis for the nullspace of A.

Iwau -— T9

\

11

!

IN
|
oo

1 + 2x9

v
-J

T1,22

e s




b. maximize 6x; + 4o + 7z3 + 5z4 subject to

z1+ 229 +23+224 <20
6z + 5Ty +3z3 + 224 < 100
3z1 + 4z +9z3 + 1224 < 75
T1,T2,T3,T4 N 0.
16.9 Consider a standard form linear programming problem, with
0201 7 S
; A=|1 10 0{, b=|8|, e=|,]|.
0310 9

)
Suppose that we are told that the reduced cost coefficient vector ¢

some basis is 7T = [0,1,0,0].

a. Find an optimal feasible solution to the given problem

b. Find an optimal feasible solution to the dual of the given problem
¢. Find ca.

16.10 Consider the linear programming problem:

minimize Cc1Z] + CaT2
subject to 21 + 19 = 2
x1,ZT2 N Ou

where c1,c2 € R Suppose that the problem has an optimal feasible solution that is
not basic.

a. Find all basic feasible solutions.

b. Find all possible values of ¢; and ca.

'¢. At each basic feasible solution, compute the reduced cost coefficients for all
nonbasic variables.

AN

6.11 Suppose we apply the Simplex method to a given linear programming problem,
and obtain the following canonical tableau:
o

B

v
-3

0
1
0

o= OO
OO O
S O O

orresponding to

of the following conditions, find the set of all parameter values o, 3,7,9
satisfy the given condition.

1. The problem has no solution because the objective function values are un-
bounded.

The current basic feasible solution is optimal, and the corresponding objective
function value is7.

The current basic feasible solution is not optimal, and the objective function
value strictly decreases if we remove the first column of A from the basis.

: ,Oosmama the following linear programming problem (attributed to Beale—see
p 43]):

minimize Iwa» + 20z5 — Wa@ + 6x7
subject to T + W&» —8z5 —xg + 927 =0
T + W&S — 125 — Wam +3z7 =0
T3 + T = 1
Ty,...,27 > 0.

a. Apply the simplex algorithm to the problem using the rule that ¢ is the index

corresponding to the most negative r¢. (As usual, if more than one index ¢
minimizes yio/Yiq, let p be the smallest such index.) Start with x4,

T2,
as initial basic variables. Notice that cycling occurs

and z3

b. Repeat part a using Bland’s rule for choosing q and p:

q
p

min{i : r;

<0}

min{j : Yj0/Yjq

= BMKSO\SQ : Yig

> 0}}.

Note that Bland’s rule for choosing p corresponds to our usual rule that if more

than one index ¢ minimizes yso0/Yiq, We let p be the smallest such index.

16.13 Write a simple MATLAB function that implements the simplex algorithm.

. The inputs are ¢, A, b, and v, where v is the vector of indices of basic columns.
Assume that the augmented matrix [A, b] is already in canonical form, that is, the v;th

columnof Ais [0,...,1,... ,Bﬁ where 1 occurs in the 7th position. The function
should output the final solution and the vector of indices of basic columns. Test the
MATLAB function on the problem in Example 16.2.



