Linear problem:

Maximize z = —8xs — 1923 — 1224
subject to

r1 +4xs + 1023 + 4y + 25 < 16
—x1 4+ 222 + bSx3+ 314 = 7

Trog + 1723+ 8x4 + x5 = 26

5
(x1,29,x3,24,25) > 0 in R



Canonical problem:

Maximize z = —8x9 — 1923 — 1214
subject to
x1 +4xe + 1023 + 424 + 25 +uy = 16
—x1 + 229 + Dx3+ 314 = 7
Trg + 1723 + 8x4 + 5 = 26

6
(x1,x9, %3, T4, x5,u1) > 0in R



Phase 1 problem:
Maximize 2/ = —y; — ¥
subject to
Ty + 4o + 1023 + 424 + T5 + Uy
—21 4+ 229+ Sz3+ 324 +

Trg + 1723 + 8x4 + 5 +y =

.8
(w1, 2, 3, T4, T5, U1, Y1,y2) > 0in R

= 16

26



Ui

U1

Y2

Z1

Z2

Zs3 Ty Ts Uy Y1 Y2
1 4 10 4 1 1 0 0 16
-1 2 5 3 0 0 1 0 7
0 7 17 8 1 0 0 1 26
0 0 0 0 0 0 1 1 0




Ui

U1

Y2

Z1

Z2

Zs3 Ty Ts Uy Y1 Y2
1 4 10 4 1 1 0 0 16
-1 2 5 3 0 0 1 0 7
0 7 17 8 1 0 0 1 26
0 0 0 0 0 0 1 1 0




U

U1

Y2

Z1

) T3 Ty x5 Ul Y1 Yo
1 4 10 4 1 1 0 0 16
-1 2 5 3 0 0 1 0 7
0 7 17 8 1 0 0 1 26
1 -9 -22 -11 -1 0 0 0 .33




U

U1

Y2

Z1

) T3 Ty x5 Ul Y1 Yo
1 4 10 4 1 1 0 0 16
-1 2 5 3 0 0 1 0 7
0 7 17 8 1 0 0 1 26
1 -9 -22 -11 -1 0 0 0 .33




U

U1

Y2

Z1

) T3 Ty x5 Ul Y1 Yo
1 4 10 4 1 1 0 0 16
-1 2 5 3 0 0 1 0 7
0 7 17 8 1 0 0 1 26
1 -9 -22 -11 -1 0 0 0 .33




Ui

Y2

T

T2

T3

Ty Ty U1 Y1 Y2
1 4 10 4 1 1 0 0 16
-1/2 1 52 312 0 0 12 0 712
0 7 17 8 1 0 0 1 26
1 -9 -22 -11 -1 0 0 0 -33




Ui

€2

Y2

T

T2

T3

Ty Ty o U1 Y1 Y2
3 0 0 -2 1 1 -2 0 2
-1/2 1 52 32 0 0 12 0 712
712 0 -2 -52 1 0 =712 1 3/2
=712 0 1/2 52 -1 0 9/2 0 -3/2




Ui

€2

Y2

T

T2

T3

Ty Ty o U1 Y1 Y2
3 0 0 -2 1 1 -2 0 2
-1/2 1 52 32 0 0 12 0 712
712 0 -2 -52 1 0 =712 1 3/2
=712 0 1/2 52 -1 0 9/2 0 -3/2




Ui

€2

Y2

T

T2

T3

Ty Ty o U1 Y1 Y2
3 0 0 -2 1 1 -2 0 2
-1/2 1 52 32 0 0 12 0 712
712 0 -2 -52 1 0 =712 1 3/2
=712 0 1/2 52 -1 0 9/2 0 -3/2




Ui

€2

T T2 T3 Ty Ts5 Uy Y1 Y2

3 0 0 -2 1 1 -2 0 2
-2 1 5/2 32 0 0 12 0 72

1 0 -y7 57 27 0 -1 217 3/7
=712 0 1/2 52 -1 0 9/2 0 -3/2




Ui

€2

T

T T2 T3 Ty Ts Uy Y1 Y2

0 0 3/7 7 7 1 1 -6/7 57
0 1 17/7 817 7 0 0 7 26/7
1 0 -y7 57 27 0 -1 27 3/7
0 0 0 0 0 0 1 1 0




Ui

€2

T

T T2 T3 Ty Ts Uy Y1 Y2

0 0 3/7 7 7 1 1 -6/7 57

0 1 17/7 817 7 0 0 7 26/7

1 0 -y7 57 27 0 -1 27 3/7

0 8 19 12 0 0 0 0 0
Phase 2: 2z = —8xy — 1923 — 1214




Ui

€2

T

T T2 T3 Ty Ts Uy Y1 Y2

0 0 3/7 7 7 1 1 -6/7 57
0 1 17/7 817 7 0 0 7 26/7
1 0 -y7 57 27 0 -1 27 3/7
0 8 19 12 0 0 0 0 0




Ui

€2

T

T T2 T3 Ty Ts Uy Y1 Y2

0 0 3/7 7 7 1 1 -6/7 57
0 1 17/7 817 7 0 0 7 26/7
1 0 -y7 57 27 0 -1 27 3/7
0 0 -3/7 2007 -87 0 0 -8/7 |-208/7




Ui

€2

T

T T2 T3 Ty Ts Uy Y1 Y2

0 0 3/7 7 7 1 1 -6/7 57
0 1 17/7 817 7 0 0 7 26/7
1 0 -y7 57 27 0 -1 27 3/7
0 0 -3/7 2007 -87 0 0 -8/7 |-208/7




Ui

€2

T

T T2 T3 Ty Ts Uy Y1 Y2

0 0 3/7 7 7 1 1 -6/7 57
0 1 17/7 817 7 0 0 7 26/7
1 0 -y7 57 (27 0 -1 27 3/7
0 0 -3/7 2007 -87 0 0 -8/7 |-208/7




Ui

€2

T T2 T3 Ty Ts5 Uy Y1 Y2
0 0 3/7 7 7 1 1 -6/7 57
0 1 17/7 817 7 0 0 7 26/7
712 0 -2 -52 1 0 =712 1 32
0 0 =37 2007 -8/7 0 0 -8/7 |-208/7




Ui

€2

T T2 T3 Ty Ts5 Uy Y1 Y2

-1/2 0 1/2 12 0 1 3/2 -1 1/2

-2 1 5/2 32 0 0 12 0 72
712 0 -y2  -52 1 0 =712 1 3/2
4 0 -1 0 0 0 -4 0 -28




Ui

€2

T T2 T3 Ty Ts5 Uy Y1 Y2

-1/2 0 1/2 12 0 1 3/2 -1 1/2

-2 1 5/2 32 0 0 12 0 72
712 0 -y2  -52 1 0 =712 1 3/2
4 0 -1 0 0 0 -4 0 -28




Ui

€2

T T2 T3 Ty Ts5 Uy Y1 Y2

-1/2 0 1/2 12 0 1 3/2 -1 1/2

-2 1 5/2 32 0 0 12 0 72
712 0 -y2  -52 1 0 =712 1 3/2
4 0 -1 0 0 0 -4 0 -28




T2

T

T2 T3 Ty Ts5 U Y1 Y2
-1 0 1 1 0 2 3 -2 1
-2 1 5/2 32 0 0 12 0 72
712 0 -1y2  -52 1 0 =712 1 32
4 0 -1 0 0 0 -4 0 -28




T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 1 0 2 -1 -2 -27




T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 1 0 2 -1 -2 -27

Optimal solution: « = (0,1,1,0,2)




Linear problem:

Maximize z = —8x9 — 1923 — 1224
subject to
r1 + 4z + 1023 + 424 + 25 < 16
—x1 + 220 + Dx3+ 314 = 7
Txo + 1723+ 8x4 + x5 = 26
x> 0in R®
New objective function: z = —8xo — 19x3 — 1024

Add Acy =2 to c¢y.



T3

€2

Add AC4 =2 to Cq.

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 1 0 2 -1 -2 -27




T3

€2

Add AC4 =2 to Cq.

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 -1 0 2 -1 -2 -27




T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 -1 0 2 -1 -2 -27




T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 -1 0 2 -1 -2 -27




T4

€2

r1 Ta X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
1 1 1 0 0 -3 -4 3 2
1 0 2 0 1 5 4 -4 4
2 0 1 0 0 4 2 -4 -26




T4

€2

r1 Ta X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
1 1 1 0 0 -3 -4 3 2
1 0 2 0 1 5 4 -4 4
2 0 1 0 0 4 2 -4 -26

Optimal solution: « = (0,2,0,1,4)




Linear problem:

Maximize z = —8x9 — 1923 — 1224
subject to
r1 + 4z + 1023 + 424 + 25 < 16
—x1 + 220 + Dx3+ 314 = 7
Txo + 1723+ 8x4 + x5 = 26
x> 0in R®
New objective function: z = —10xz9 — 1923 — 1214

Add Acy = -2 to cs.



1 Xo T3 Ty Xz  ui Y1 Y2

x3 | -1 0 1 1 0 2 3 2 1

To | 2 1 0 -1 0 -5 -7 5 1

Ts 3 0 0 -2 1 1 -2 0 2
3 0 0 1 0 2 -1 -2 -27

Add ACQ =-2 to Ca.




1 Xo T3 Ty Xz  ui Y1 Y2

x3 | -1 0 1 1 0 2 3 2 1

To | 2 1 0 -1 0 -5 -7 5 1

Ts 3 0 0 -2 1 1 -2 0 2
3 2 0 1 0 2 -1 2 | 27

Add ACQ =-2 to Ca.




T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 2 0 1 0 2 -1 -2 -27




T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
-1 0 0 3 0 12 13 -12 -29




T3

€2

r1 Ta X3 Ty Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
-1 0 0 3 0 12 13 -12 -29




T3

€2

r1 Ta X3 Ty Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
-1 0 0 3 0 12 13 -12 -29




T3

T T2 T3 Ty Ts U Y1 Y2

-1 0 1 1 0 2 3 -2 1
1 12 0 -2 0 -512 -7/2 52 172
3 0 0 -2 1 1 -2 0 2
-1 0 0 3 0 12 13 -12 -29




T3

Z1

T T2 T3 Ty Ts U Y1 Y2

0 12 1 12 0 Y2 12 12 3/2
1 12 0 -2 0 -512 -7/2 52 12
0 -3/2 0 -1/2 1 17/2  17/2 -15/12 | 12
0 12 0 52 0 19/2 192 -19/2 | -57/2




T3

Z1

T T2 T3 Ty Ts U Y Y2

0 12 1 1/2 0 -2 -12 12 3/2

1 12 0 -12 0 -512  -712 5/2 1/2

0 -3/2 0 -2 1 17/2  17/2 -15/12 | 12

0 12 0 5/2 0 19/2  19/2 -19/2 | -57/2
Optimal solution: z = (%, 0, %, 0, %)




Linear problem:

Maximize z = —8x9 — 1923 — 1224
subject to
r1 +4xe + 1023 + 4oy + 25 < 16
—x1 + 220 + Dx3+ 314 = 7
Txo + 1723+ 8x4 + x5 = 26
x> 0in R®

New first constraint: 1 + 4xo + 1023 + 4wy + x5 < 18
Add Ab; =2 to b;.
Add 2e; to constant column of initial tableau.

Add 2B~ l'e; to constant column of final tableau.



Phase 1 initial tableau:

(A1

Y1

Y2

Z1

T2 T3 T4 5 Uy Y1 Y2
1 4 10 4 1 1 0 0 16
-1 2 5 3 0 0 1 0 7
0 7 17 8 1 0 0 1 26
1 -9 -22 -11 -1 0 0 0 -33
Initial basic variables: w1, y1, Y2

B~ 'e; = column of w; in final tableau of Phase 2.




T3

€2

z1 o) T3 Ty Ts Uy 1 Y2
-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 1 0 2 -1 -2 -27
2
-5
Column of u1: Add 2 to constant column.



T X2 x3 Ty x5 U1 Y1 Y2

-1 0 1 1 0 2 3 -2 5
2 1 0 -1 0 -5 -7 5 -9
3 0 0 -2 1 1 -2 0 4
3 0 0 1 0 2 -1 -2 -23
2 2
-5 -5
Column of u1: 1 Add 2 1 to constant column.



T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 5
2 1 0 -1 0 -5 -7 5 -9
3 0 0 -2 1 1 -2 0 4
3 0 0 1 0 2 -1 -2 -23




T3

€2

r1 Ta X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 5
2 1 0 -1 0 -5 -7 5 -9
3 0 0 -2 1 1 -2 0 4
3 0 0 1 0 2 -1 -2 -23




T3

r1 Ta X3 T4 Xy U1 Y1 Y2
-1 0 1 1 0 2 3 -2 5
-2/5 -5 0 15 0 1 7/5 -1 9/5
3 0 0 -2 1 1 -2 0 4
3 0 0 1 0 2 -1 -2 -23




T3

Uy

T T2 T3 Ty Ts Uy Y1 Y2
-U5 25 1 3/5 0 0 15 0 715
-2/5  -1U5 0 15 0 1 7/5 -1 9/5
17/5 15 0 -11/5 1 0 -17/5 1 11/5
19/5 2/5 0 3/5 0 0 -19/5 0 |-133/5




T3

Uy

T T2 T3 Ty Ts Uy Y Y2
-1/5 2/5 1 3/5 0 0 15 0 7/5
-2/5  -15 0 15 0 1 715 -1 9/5
17/5 15 0 -11/5 1 0 -17/5 1 11/5
19/5 2/5 0 3/5 0 0 -19/5 0 [-133/5
Optimal solution: z = (0,0, ; 0, 15—1)




Linear problem:

Maximize z = —8x9 — 1923 — 1224
subject to
r1 + 4z + 1023 + 424 + 25 < 16
—x1 + 220 + Dx3+ 314 = 7
Txo + 1723+ 8x4 + x5 = 26
x> 0in R®

New second constraint: —x1 + 2xe + bxg + 3x4 = 13/2
Add Ab, = —% to bs.
Add —% e> to constant column of initial tableau.

Add —% B~le, to constant column of final tableau.



Phase 1 initial tableau:

(A1

Y1

Y2

Z1

T2 T3 T4 5 Uy Y1 Y2
1 4 10 4 1 1 0 0 16
-1 2 5 3 0 0 1 0 7
0 7 17 8 1 0 0 1 26
1 -9 -22 -11 -1 0 0 0 -33
Initial basic variables: w1, y1, Y2

B~'ey = column of y; in final tableau of Phase 2.




T3

T2

1 Xo T3 Ty Xz  ui Y1 Y2
-1 0 1 1 0 2 3 -2 1
2 1 0 -1 0 -5 -7 5 1
3 0 0 -2 1 1 -2 0 2
3 0 0 1 0 2 -1 -2 -27
3 3
Column of y: :; Add —% :; to constant column
-1 -1



T3

€2

to constant column.

xr1 X9 xs3 X4 x5 Uuq Y1 Yo
-1 0 1 1 0 2 3 -2 -1/2
2 1 0 -1 0 -5 -7 5 9/2
3 0 0 -2 1 1 -2 0 3
3 0 0 1 0 2 -1 -2 -53/2
3 3
-7 -7
olumn of y;: Add -1
© LA 2 -2
-1 -1




T3

€2

r1 To X3 T4 Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 -1/2
2 1 0 -1 0 -5 -7 5 9/2
3 0 0 -2 1 1 -2 0 3
3 0 0 1 0 2 -1 -2 | -53/2




T3

€2

r1 Ta X3 Ty Xy U1 Y1 Y2

-1 0 1 1 0 2 3 -2 -1/2
2 1 0 -1 0 -5 -7 5 9/2
3 0 0 -2 1 1 -2 0 3
3 0 0 1 0 2 -1 -2 | -53/2




€2

r1 To X3 T4 Xy U1 Y1 Y2

1 0 -1 -1 0 -2 -3 2 1/2
2 1 0 -1 0 -5 -7 5 9/2
3 0 0 -2 1 1 -2 0 3
3 0 0 1 0 2 -1 -2 | -53/2




T

€2

r1 To X3 Ty Xy U1 Y1 Y2

1 0 -1 -1 0 -2 -3 2 1/2
0 1 2 1 0 -1 -1 1 712
0 0 3 1 1 7 7 -6 3/2
0 0 3 4 0 8 8 -8 -28




T

T2

1 T2 T3 Ty Tz  ur Y1 Y2

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

0 1 2 1 0 -1 -1 1 712

0 0 3 1 1 7 7 -6 3/2

0 0 3 4 0 8 8 -8 -28
Optimal solution: = = (3, 2,0,0,3)




