Mixed Integer Problem:

Maximize z = 11x1 + 80z + 1323
subject to

3x1+ 4dxo+ z3 < 20
1+ 1022 + x5 < 22
1+ 8xrg+3x3 < 28

x>0inR3 ;: x,23€Z



Canonical Form:

Maximize z = 11x1 + 80z + 1323
subject to

31+ 4x9+ 3+ U1 = 20
x1 + 10%2 + x3 + u9 = 22
1+ 8xg + 3x3 +uz = 28

(r,u) >0inR® ; 21,13 €Z



Uy

U2

us

1 T2 T3 Uy us us
3 4 1 1 0 0 20
1 10 1 0 1 0o | 2
1 8 3 0 0 1 28
11 -80 13 0 0 0 0




Uy

U2

us

1 T2 T3 Uy us us
3 4 1 1 0 0 20
1 10 1 0 1 0o | 2
1 8 3 0 0 1 28
11 -80 13 0 0 0 0




Uy

U2

us

1 T2 T3 Uy us us
3 4 1 1 0 0 20
1 10 1 0 1 0o | 2
1 8 3 0 0 1 28
11 -80 13 0 0 0 0




T To I3 w1 U9 U3

70 (1) w10 0 V0 0 | 115

11 -8 -13 0 0 0 0




U1

€2

us

Z1

T2

Zs3

Uy Ug U3

13/5 0 3/5 1 -2/5 0 56/5

/10 1 /10 0 1/10 0 115
15 0 11/5 0 -4/5 1 52/5
-3 0 -5 0 8 0 176




U1

€2

us

Z1

T2

Zs3

Uy Ug U3

13/5 0 3/5 1 -2/5 0 56/5

/10 1 /10 0 1/10 0 115
15 0 11/5 0 -4/5 1 52/5
-3 0 -5 0 8 0 176




U1

€2

us

Z1

T2

Zs3

Uy Ug U3

13/5 0 3/5 1 -2/5 0 56/5

/10 1 /10 0 1/10 0 115
15 0 11/5 0 -4/5 1 52/5
-3 0 -5 0 8 0 176




U1

€2

Z1

T2

3 Uy Ug u3

13/5 0 3/5 1 -2/5 0 56/5

/10 1 /10 0 1/10 0 115

v11 0 1 0 -4/11  5/11 | 52/11
-3 0 -5 0 8 0 176




U1

€2

zs3

Z1

T2

Zs3

Uy Ug u3
28/11 0 0 1 -2/11  -3/11 | 92/11
v11 1 0 0 322 -1/22 | 19/11
v11 0 1 0 -4/11  5/11 | 52/11
-28/11 O 0 0 68/11 25/11 |2196/11




U1

€2

zs3

Z1

T2

Zs3

Uy Ug u3
28/11 0 0 1 -2/11  -3/11 | 92/11
v11 1 0 0 322 -1/22 | 19/11
v11 0 1 0 -4/11  5/11 | 52/11
-28/11 O 0 0 68/11 25/11 |2196/11




U1

€2

zs3

Z1

T2

Zs3

Uy Ug u3
28/11 0 0 1 -2/11  -3/11 | 92/11
v11 1 0 0 322 -1/22 | 19/11
v11 0 1 0 -4/11  5/11 | 52/11
-28/11 O 0 0 68/11 25/11 |2196/11




€2

zs3

Z1

T2

Zs3

Uy Ug U3
1 0 0 11/28 -1/14 -3/28 | 23/7
v11 1 0 0 322 -1/22 | 19/11
v11 0 1 0 -4/11  5/11 | 52/11
-28/11 O 0 0 68/11 25/11 |2196/11




T

€2

Zs3

1 T2 3 Uy Ug U3

1 0 0 11/28 -1/14 -3/28 | 23/7
0 1 0 -y28 1t -128 | 10/7
0 0 1 -1/28 -5/14 13/28 | 31/7
0 0 0 1 6 2 208




T To I3 (5% U2 us

1 1 0 0 11/28 -1/14 -3/28 | 23/7
To 0 1 0 -1/28 17 -1/28 | 10/7
T3 0 0 1 -1/28 -5/14 13/28 | 317
0 0 0 1 6 2 208
z =208

|z =23/7=32

Root of tree: 22 = 10,7 = 1%

x3=31/7= 43




z = 208
o |1 =23/T=32
Branch the leaf: 2o = 10/7 = 1%
13 =31/7T=4z

New constraints: x3 <4 and xz3>5



T1

€2

Zs3

1 T2 3 Uy Ug U3

1 0 0 11/28 -1/14 -3/28 | 23/7
0 1 0 -y28 1t -128 | 10/7
0 0 1 -1/28 -5/14 13/28 | 31/7
0 0 0 1 6 2 208

Add constraint:

13§4




T

€2

zs3

Uy

us

-3/28

-1/28

13/28

0

2317

10/7

317

2

208




T

€2

zs3

Uy

us

-3/28

-1/28

13/28

0

2317

10/7

317

2

208




T

€2

zs3

Uy

1 T2 3 Uy Ug U3 Uy

1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 0 /28 5/14 -13/28 (1 -3/7
0 0 0 1 6 2 0 208




T

€2

zs3

Uy

1 T2 3 Uy Ug U3 Uy

1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 0 /28 5/14 -13/28 1 -3/7
0 0 0 1 6 2 0 208




T

€2

zs3

Uy

1 T2 3 Uy Ug U3 Uy

1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 0 /28 5/14 {1328 1 -3/7
0 0 0 1 6 2 0 208




x3 Uy U2 us Uy

0 11/28 -1/14 -3/28 0 2317
0 -y28 Ut -128 0 10/7
1 -1/28 -5/14 13/28 0 317

0 -/13 -10/13 (1 ) -28/13| 12/13

0 1 6 2 0 208




T

€2

zs3

us

1 T2 3 Uy Ug U3 Uy

1 0 0 5/13 -2/13 0 -3/13 | 44/13
0 1 0 -1/26  3/26 0 -1/13 | 19/13
0 0 1 0 0 0 1 4

0 0 0 -1/13 -10/13 (1 ) -28/13| 12/13
0 0 0 15/13 98/13 0 56/13 |2680/13




1
€2
3

us

1 T T3 Uy Us us m

1 0 0 513 213 0 -313] 4413

0 1 0 -U% 326 0 -U13]|1913

o o 1 0 o o0 1| a

0 0 0 -U13 -1013 1 -2813| 1213

0 0 0 1513 9813 0 5613 [2680/13
- = 9680/13 = 2062

Loft child: | @1 =4/13=33

zp=19/13 =132
{E3:4




T1

€2

Zs3

1 T2 3 Uy Ug U3

1 0 0 11/28 -1/14 -3/28 | 23/7
0 1 0 -y28 1t -128 | 10/7
0 0 1 -1/28 -5/14 13/28 | 31/7
0 0 0 1 6 2 208

Add constraint:

1325




T

€2

zs3

Uy

Z1

T2 3 Uy Ug U3 Uy
1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 -1 0 0 0 1 -5
0 0 0 1 6 2 0 208




T

€2

zs3

Uy

Z1

T2 3 Uy Ug U3 Uy
1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 -1 0 0 0 1 -5
0 0 0 1 6 2 0 208




T

€2

zs3

Uy

1 T2 3 Uy Ug U3 Uy

1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 0 -1/28 -5/14 13/28 1 -4[7
0 0 0 1 6 2 0 208




T

€2

zs3

Uy

1 T2 3 Uy Ug U3 Uy

1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 0 -1/28 -5/14 13/28 1 -4[7
0 0 0 1 6 2 0 208




T

€2

zs3

Uy

1 T2 3 Uy Ug U3 Uy

1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 0 -1/28 5/14 13/28 1 -4[7
0 0 0 1 6 2 0 208




T

€2

zs3

1 T2 3 Uy Ug U3 Uy

1 0 0 11/28 -1/14 -3/28 0 2317
0 1 0 -y28 Ut -128 0 10/7
0 0 1 -1/28 -5/14 13/28 0 317
0 0 0 /10 1) -13/10 -14/5| 8/5

0 0 0 1 6 2 0 208




T

€2

zs3

U2

Uy

Uy

2/5

-1/20

/10

-1/5

2/5

-14/5

17/5

6/5

8/5

2/5

84/5

992/5




1
€2
3

U2

T To I3 (5% u9 us Uy
1 0 0 2/5 0 -1/5  -1U5 | 17/5
0 1 0 -1/20 0 320 2/5 6/5
0 0 1 0 0 0 -1 5
0 0 0 110 1 -13/10 -14/5| 8/5
0 0 0 2/5 0 49/5  84/5 | 992/5
z = 992/5 = 1982
. a1 | w1 =17/5=32
Right child: v2— 6511

1'3:5




z = 2680/13 = 206 5

r1 =44/13 =33
zy=19/13 =15
I3 = 4

Branch the leaf:

New constraints: z7 <3 and z; >4



T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy

1 0 0 5/13 -2/13 0 -3/13 | 44/13
0 1 0 -1/26  3/26 0 -1/13 | 19/13
0 0 1 0 0 0 1 4

0 0 0 -/13 -10/13 1 -28/13| 12/13
0 0 0 15/13 98/13 0 56/13 [2680/13

Add constraint:

$1§3



T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

1 0 0 0 0 0 0 1 3

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 (1) -28/13 O 12/13

1 0 0 0 0 0 0 1 3

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 (1) -28/13 O 12/13

0 0 0 -5/13  2/13 0 3/13 1 -5/13

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

0 0 0 -5/13  2/13 0 3/13 1 -5/13

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

0 0 0 £5/13 2/13 0 3/13 1 -5/13

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

0 0 0 1 -2/5 0 -3/5  -13/5 1

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T

€2

zs3

us

U1

T1 To T3 U1 U2 Uus Uy Us

1 0 0 0 0 0 0 1 3
0 1 0 0 1/10 0 -Y10 -110 | 3/2
0 0 1 0 0 0 1 0 4
0 0 0 0 -4/5 1 -5 -1/5 1
0 0 0 1 -2/5 0 -3/5  -13/5 1
0 0 0 0 8 0 5 3 205




Us

Ug

u3

U2

Ui

T3

T2

Z1

3/2

1
205

0 -1/10 -110

1/10

-1/5
-13/5

-4/5 1 -11/5
0 -3/5

-2/5

0

z =205

|

o I <

[\l
(Rl

T

€2

T3

us

U1

Left child:




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy

1 0 0 5/13 -2/13 0 -3/13 | 44/13
0 1 0 -1/26  3/26 0 -1/13 | 19/13
0 0 1 0 0 0 1 4

0 0 0 -/13 -10/13 1 -28/13| 12/13
0 0 0 15/13 98/13 0 56/13 [2680/13

Add constraint:

IE124



T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

-1 0 0 0 0 0 0 1 -4

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 (1) -28/13 O 12/13

-1 0 0 0 0 0 0 1 -4

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 (1) -28/13 O 12/13

0 0 0 5/13 -2/13 0 -3/13 1 -8/13

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

0 0 0 5/13 -2/13 0 -3/13 1 -8/13

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

0 0 0 5/13 -2/13 0 £3/13 1 -8/13

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T1

€2

zs3

us

1 T2 3 Uy Ug U3 Uy Us

1 0 0 5/13 -2/13 0 -3/13 0 44/13

0 1 0 -1/26  3/26 0 -V13 0 19/13

0 0 1 0 0 0 1 0 4

0 0 0 -/13 -10/13 1 -28/13 O 12/13

0 0 0 -5/3 2/3 0 1 -13/3 | 8/3

0 0 0 15/13 98/13 0 56/13 0 [2680/13




T

€2

zs3

us

Uy

1 T2 3 Uy Ug U3 Uy Us

1 0 0 0 0 0 0 -1 4

0 1 0 -1/6 1/6 0 0 -1/3 5/3
0 0 1 5/3 -2/3 0 0 13/3 | 4/3
0 0 0 -1Y3 23 1 0 -28/3 | 20/3
0 0 0 -5/3 2/3 0 1 -13/3 | 8/3
0 0 0 25/3  14/3 0 0 56/3 | 584/3




I T2 I3 (5% u us Uy Uus

1 0 0 0 0 0 0 -1 4

0 1 0 -1/6  1/6 0 0 -1/3 5/3
0 0 1 5/3 -2/3 0 0 13/3 | 4/3
0 0 0 -11/3 23 1 0 -28/3 | 20/3
0 0 0 -5/3 2/3 0 1 -13/3 | 8/3
0 0 0 25/3  14/3 0 0 56/3 | 584/3

z =584/3 = 1942

Right child:




