
4 1 2

Maximize

subject to
10x113x28x3

x112x207x3leq600
05x105x203x3leq300
07x107x203x3leq300

07x3leq140
x1 igeq0 i123 integral

10x112x27x3leq6000
5x15x23x3leq3000
7x17x23x3leq3000

x3leq200
Xigeq0 i123

integralUsingcuttingplanemethod need 3 cuttingplanes toget optimal solution
seethe codeattheend leftx1x2x3rightleft0343199right

beginmatrixx1x2x3xendmatrix 14 5XfXy

backslash4times5x6x1 cutting

planecutting
plane2

leftx1x2x3x4x5x6x7right11
034319949168821

Maxi
backslash

mum 6051
343times13199times8

cutting

plane 3



5.1

60O20100OOTO60basic

variable

x12v1w2c121771
x13v1w3c1311090
x24v2w4l240101v1w15v1w40V2W16v2w27v2w310 vz0w1bw27w310v1561w40left1right1

bot

leavingenteringwiLoop left24rightrightarrowleft21rightrightarrowleft11rightrightarrowleft14right
Pivot

Loop left13rightrightarrowleft14rightrightarrowleft24rightrightarrowleft23right

Pivotoptimalsolutions

1005209607610115001804206001700 Minimalcost



5 05.1 82 36 SigmaSi10090130320
v100

000 5050
frac2dj7050301202702 l6 0 909

000 0 90
4727 0 130
302050 0

30to501203070

x12v1w2c125753x13v1w3c135269x14v1w4l145434x21v2w1r123795x22v1w2c223762x23v2w3c233223x2v2w5c253502x35v3w5l350505
v30w17w2Tw3zw44v1275V2143w5left5right5v1w12v1w50v2w41v3w17v3w27v3w32v3w44

Loop left35rightrightarrowleft31rightrightarrowleft11rightrightarrowleft15right

Loop left12rightrightarrowleft15rightrightarrowleft35rightrightarrowleft32right

uparrow

optimalsolution

7
minimal cost70cdot230cdot590cdot120cdot730cdot230cdot4011

1401509014060120700



16 Dual ofthe mxn transportation problem

Maximize sum_i1msicdotvisum_j1ndjcdotWj
viwjleqcij1leqileqm1leqnleqn

vi V0 no
restricted.subject

to



In[62]:= Pivot[A_, k_, l_] := Module{B = A},

m = Dimensions[A]〚1〛; n = Dimensions[A]〚2〛;
Fori = 1, i ≤ m, i++,

Ifi ⩵ k,

Bi = Ai  A〚k, l〛,
Bi = -Ai, l  A〚k, l〛 * A〚k〛 + Ai

;

B



In[40]:= A1 = {{10, 12, 7, 1, 0, 0, 0, 6000}, {5, 5, 3, 0, 1, 0, 0, 3000},

{7, 7, 3, 0, 0, 1, 0, 3000}, {0, 0, 1, 0, 0, 0, 1, 200}, {-10, -13, -8, 0, 0, 0, 0, 0}};

MatrixForm[A1]

Out[41]//MatrixForm= 

10 12 7 1 0 0 0 6000

5 5 3 0 1 0 0 3000

7 7 3 0 0 1 0 3000

0 0 1 0 0 0 1 200

-10 -13 -8 0 0 0 0 0

In[63]:= MatrixForm[A2 = Pivot[A1, 3, 2]]

Out[63]//MatrixForm= 

-2 0
13

7
1 0 -

12

7
0

6000

7

0 0
6

7
0 1 -

5

7
0

6000

7

1 1
3

7
0 0

1

7
0

3000

7

0 0 1 0 0 0 1 200

3 0 -
17

7
0 0

13

7
0

39000

7

In[64]:= MatrixForm[A3 = Pivot[A2, 4, 3]],

MatrixForm[Round[A3, 0.1]]
Out[64]= 



-2 0 0 1 0 -
12

7
-
13

7

3400

7

0 0 0 0 1 -
5

7
-
6

7

4800

7

1 1 0 0 0
1

7
-
3

7

2400

7

0 0 1 0 0 0 1 200

3 0 0 0 0
13

7

17

7

42400

7

,

-2. 0. 0. 1. 0. -1.7 -1.9 485.7

0. 0. 0. 0. 1. -0.7 -0.9 685.7

1. 1. 0. 0. 0. 0.1 -0.4 342.9

0. 0. 1. 0. 0. 0. 1. 200.

3. 0. 0. 0. 0. 1.9 2.4 6057.1



In[44]:= Mod[2400, 7]

Out[44]= 

6



In[75]:= MatrixForm[A4a = Transpose[Insert[Transpose[A3], {0, 0, 0, 0, 0}, 8]]];

f = 6 / 7; (*x2,3rd row*)

MatrixForm[A4 = Insert[A4a, {0, 0, 0, 0, 0, -1 / 7, -4 / 7, 1, -f}, 5]]

Out[77]//MatrixForm= 

-2 0 0 1 0 -
12

7
-
13

7
0

3400

7

0 0 0 0 1 -
5

7
-
6

7
0

4800

7

1 1 0 0 0
1

7
-
3

7
0

2400

7

0 0 1 0 0 0 1 0 200

0 0 0 0 0 -
1

7
-
4

7
1 -

6

7

3 0 0 0 0
13

7

17

7
0

42400

7

In[71]:= MatrixForm[A5 = Pivot[A4, 5, 7]],

Round[A5, 0.1] // MatrixForm

Out[71]= 



-2 0 0 1 0 -
5

4
0 -

13

4

977

2

0 0 0 0 1 -
1

2
0 -

3

2
687

1 1 0 0 0
1

4
0 -

3

4

687

2

0 0 1 0 0 -
1

4
0

7

4

397

2

0 0 0 0 0
1

4
1 -

7

4

3

2

3 0 0 0 0
5

4
0

17

4

12107

2

,

-2. 0. 0. 1. 0. -1.2 0. -3.2 488.5

0. 0. 0. 0. 1. -0.5 0. -1.5 687.

1. 1. 0. 0. 0. 0.2 0. -0.8 343.5

0. 0. 1. 0. 0. -0.2 0. 1.8 198.5

0. 0. 0. 0. 0. 0.2 1. -1.8 1.5

3. 0. 0. 0. 0. 1.2 0. 4.2 6053.5



In[78]:= MatrixForm[A6a = Transpose[Insert[Transpose[A5], {0, 0, 0, 0, 0, 0}, 9]]];

f = 1 / 2; (*x4, 1st row*)

MatrixFormA6 = InsertA6a, 0, 0, 0, 0, 0, -f  f - 1 * (3 / 4 - 1), 0, f  f - 1 * 13 / 4, 1, -f, 6
Out[80]//MatrixForm= 

-2 0 0 1 0 -
5

4
0 -

13

4
0

977

2

0 0 0 0 1 -
1

2
0 -

3

2
0 687

1 1 0 0 0
1

4
0 -

3

4
0

687

2

0 0 1 0 0 -
1

4
0

7

4
0

397

2

0 0 0 0 0
1

4
1 -

7

4
0

3

2

0 0 0 0 0 -
1

4
0 -

13

4
1 -

1

2

3 0 0 0 0
5

4
0

17

4
0

12107

2

2



In[82]:= MatrixForm[A7 = Pivot[A6, 6, 8]],

Round[A7, 0.1] // MatrixForm
Out[82]= 



-2 0 0 1 0 -1 0 0 -1 489

0 0 0 0 1 -
5

13
0 0 -

6

13

8934

13

1 1 0 0 0
4

13
0 0 -

3

13

4467

13

0 0 1 0 0 -
5

13
0 0

7

13

2577

13

0 0 0 0 0
5

13
1 0 -

7

13

23

13

0 0 0 0 0
1

13
0 1 -

4

13

2

13

3 0 0 0 0
12

13
0 0

17

13

78687

13

,

-2. 0. 0. 1. 0. -1. 0. 0. -1. 489.

0. 0. 0. 0. 1. -0.4 0. 0. -0.5 687.2

1. 1. 0. 0. 0. 0.3 0. 0. -0.2 343.6

0. 0. 1. 0. 0. -0.4 0. 0. 0.5 198.2

0. 0. 0. 0. 0. 0.4 1. 0. -0.5 1.8

0. 0. 0. 0. 0. 0.1 0. 1. -0.3 0.2

3. 0. 0. 0. 0. 0.9 0. 0. 1.3 6052.8



In[53]:= Mod[4467, 13]

Out[53]= 

8

In[83]:= MatrixForm[A8a = Transpose[Insert[Transpose[A7], {0, 0, 0, 0, 0, 0, 0}, 10]]];

f = 8 / 13; (*x2 3rd row*)

MatrixFormA8 = InsertA8a, 0, 0, 0, 0, 0, -4 / 13, 0, 0, f  f - 1 * (3 / 13), 1, -f, 7
Out[85]//MatrixForm= 

-2 0 0 1 0 -1 0 0 -1 0 489

0 0 0 0 1 -
5

13
0 0 -

6

13
0

8934

13

1 1 0 0 0
4

13
0 0 -

3

13
0

4467

13

0 0 1 0 0 -
5

13
0 0

7

13
0

2577

13

0 0 0 0 0
5

13
1 0 -

7

13
0

23

13

0 0 0 0 0
1

13
0 1 -

4

13
0

2

13

0 0 0 0 0 -
4

13
0 0 -

24

65
1 -

8

13

3 0 0 0 0
12

13
0 0

17

13
0

78687

13

In[86]:= MatrixForm[A9 = Pivot[A8, 7, 6]],

Round[A9, 0.01] // MatrixForm
Out[86]= 



-2 0 0 1 0 0 0 0
1

5
-
13

4
491

0 0 0 0 1 0 0 0 0 -
5

4
688

1 1 0 0 0 0 0 0 -
3

5
1 343

0 0 1 0 0 0 0 0 1 -
5

4
199

0 0 0 0 0 0 1 0 -1
5

4
1

0 0 0 0 0 0 0 1 -
2

5

1

4
0

0 0 0 0 0 1 0 0
6

5
-
13

4
2

3 0 0 0 0 0 0 0
1

5
3 6051

,

-2. 0. 0. 1. 0. 0. 0. 0. 0.2 -3.25 491.

0. 0. 0. 0. 1. 0. 0. 0. 0. -1.25 688.

1. 1. 0. 0. 0. 0. 0. 0. -0.6 1. 343.

0. 0. 1. 0. 0. 0. 0. 0. 1. -1.25 199.

0. 0. 0. 0. 0. 0. 1. 0. -1. 1.25 1.

0. 0. 0. 0. 0. 0. 0. 1. -0.4 0.25 0.

0. 0. 0. 0. 0. 1. 0. 0. 1.2 -3.25 2.

3. 0. 0. 0. 0. 0. 0. 0. 0.2 3. 6051.



3


