
3.3 8 Minimize 2 8 146 2 1173

subjectto 5 1 1 2 3 3 4
5X 1 2 3 372
2 1 4 2474355
2X 4 2 7 333

X Xat Xs

Xi Xz 370

Maximize 8 1 6 2 11 3

subjectto 5 14 243 3 24 4

5 1 it 3 3 Xs 41 2

2X 4 247 34 6 5
2 1 4 2 7 3 17 92 3

it xztX3 13 1

Xxo 930
Phase Min YtYztY Max 09,092 43

O O O O O O O Y 1

X X X Xy Xs Xo X Y Yz Yz
0 4 5 1 3 1 00 0 00 0 4

13 5 3 0 1 0 0 1 0 0 2

0 6 2 4 70 0 1 0 00 0 5

1 92 2 4 70 0 0 10 1 03

193 1 10 0 0 000 1

1 8 6 110 0 1000 6



Phase 2

Max 8 1 6 2 11 3

8 6 110 000 0 0 0

CB X X2 X X X X X Y Ye Ys

8 X1

O X6

6 2

0 7

TOO 40 00 20 1 13
I

8 6 1 11
14 6 84 62

11 2 3 1 1 9 1
4 3 11

Optimal solution X1 X x 3 0

Min Max 1 E



y 93 93
4

3 Ax4AxAxAxAx

6

Xz

Minimize 2 8 146 2411 3 x 8X 6 2 11 3

5547 11 3
42

2 1 4 24743 5
5 1 X2 3 30 2
2 144 247 355

2X 4 2 7 333 2 1 4 2 7 35 3
x at 3 1 X at 3 1
Xi Xz 370 Xi Xz7330

Dual Problem QMin 4W 2W25W3 344ws
subjecttotw 5w2 2w 24 47 8

Max 4W 202543 304Wg 1 w 1 wzt4ws 4W4 Wf 6
3 W 3 wzt7wz 7w4tt.ws

11wCEoW4o wunrestrictive



Optimal solution to the primal problem

Z CBT B bt BT

Optimal solution to the dual problem ÑGt.BT
CB 8,8 xx xx xox 9,9T

FLE.in f A

ii it
B Ax A A'yzA'y

x ̅ I y I
3 18,555 4

7
45 13 1 00 000 04

1 3 5 3 0 1 0 0 1 0 0 2

0 6 2 4 7 0 0 1 0 0 0 0 5

1 92 2 4 70 0 0 1 0 1 0 3

19s 1 1 10 0000011
1 8 6 110 0 1000 6

iii viii in.is

ftp.t oF1 we 10.2.00
Max 4W 2W2 5W3 344Ws 2



Minimize 2 8 146 2411 3

subjectto metres É 1
2 1 4 2474355 2 1 4 73 1 6 5

2X 4 2 7 333 2 1 4 2 7 3 1 7 3

xnxx.tk

t.IEEiXiXz X370
ualSimplex

Method

8 6 11 0 0 0 0 0 0

Xi Xi Xs 4 75 to 7 Xg Xg
5 4 5 1 3 10 0 0 0 0 4

0 Xs 5 1 3 0 1 0 0 0 0 2

46 2 4 7 0 0 1 0 0 0 5

0 2 4 7 00 0 0 0 3

0 Xs 1 1 1 00 0 0 0 1

Xg 1 1 1 000 001 1

8 611 000000 0



In[2]:= 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



(*3.3:Exercise 8*)

(*Phase 1*)

In[6]:= MatrixForm[A1 = {{5, 1, 3, 1, 0, 0, 0, 0, 0, 0, 4}, {5, 1, 3, 0, -1, 0, 0, 1, 0, 0, 2},

{2, 4, 7, 0, 0, 1, 0, 0, 0, 0, 5}, {2, 4, 7, 0, 0, 0, -1, 0, 1, 0, 3},

{1, 1, 1, 0, 0, 0, 0, 0, 0, 1, 1}, {-8, -6, -11, 0, 1, 0, 1, 0, 0, 0, -6}}]

Out[6]//MatrixForm= 

5 1 3 1 0 0 0 0 0 0 4

5 1 3 0 -1 0 0 1 0 0 2

2 4 7 0 0 1 0 0 0 0 5

2 4 7 0 0 0 -1 0 1 0 3

1 1 1 0 0 0 0 0 0 1 1

-8 -6 -11 0 1 0 1 0 0 0 -6

In[9]:= MatrixForm[A2 = Pivot[A1, 4, 3]]

Out[9]//MatrixForm= 
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In[10]:= MatrixForm[A3 = Pivot[A2, 2, 1]]

Out[10]//MatrixForm= 
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In[11]:= MatrixForm[A4 = Pivot[A3, 4, 2]]

Out[11]//MatrixForm= 
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In[13]:= MatrixForm[A5 = Pivot[A4, 5, 7]]

Out[13]//MatrixForm= 
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(*Phase 2*)

(*Keep the artificial column to find solution to the dual problem*)

In[33]:= B0 = A5; B0〚6〛 = {8, 6, 11, 0, 0, 0, 0, 0, 0, 0, 0};

MatrixForm[B0]

Out[34]//MatrixForm= 
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In[35]:= B1 = B0; B1〚6〛 = B0〚6〛 - 8 * B0〚2〛 - 6 * B0〚4〛;
MatrixForm[B1]

Out[36]//MatrixForm= 
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In[37]:= MatrixForm[

B = Transpose[{{1, 0, 0, 0, 0}, {5, 5, 2, 2, 1}, {0, 0, 1, 0, 0}, {1, 1, 4, 4, 1}, {0, 0, 0, -1, 0}}]]

Out[37]//MatrixForm= 

1 5 0 1 0

0 5 0 1 0

0 2 1 4 0

0 2 0 4 -1

0 1 0 1 0

In[39]:= MatrixForm[Inverse[B]]

Out[39]//MatrixForm= 
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In[43]:= (*Dual Simplex Method*)

MatrixForm[

C1 = {{5, 1, 3, 1, 0, 0, 0, 0, 0, 4}, {-5, -1, -3, 0, 1, 0, 0, 0, 0, -2}, {2, 4, 7, 0, 0, 1,

0, 0, 0, 5}, {-2, -4, -7, 0, 0, 0, 1, 0, 0, -3}, {1, 1, 1, 0, 0, 0, 0, 1, 0, 1},

{-1, -1, -1, 0, 0, 0, 0, 0, 1, -1}, {8, 6, 11, 0, 0, 0, 0, 0, 0, 0}}]

Out[43]//MatrixForm= 

5 1 3 1 0 0 0 0 0 4

-5 -1 -3 0 1 0 0 0 0 -2

2 4 7 0 0 1 0 0 0 5

-2 -4 -7 0 0 0 1 0 0 -3

1 1 1 0 0 0 0 1 0 1

-1 -1 -1 0 0 0 0 0 1 -1

8 6 11 0 0 0 0 0 0 0

In[44]:= MatrixForm[C2 = Pivot[C1, 4, 2]]

Out[44]//MatrixForm= 
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In[45]:= MatrixForm[C3 = Pivot[C2, 2, 3]]

Out[45]//MatrixForm= 
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In[46]:= MatrixForm[C4 = Pivot[C3, 4, 1]]

Out[46]//MatrixForm= 
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In[47]:= MatrixForm[C5 = Pivot[C4, 6, 2]]

Out[47]//MatrixForm= 
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In[48]:= MatrixForm[C6 = Pivot[C5, 2, 7]]

Out[48]//MatrixForm= 
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