Thuat toan don hinh

Hoang Nam Diing

Khoa Toén - Co - Tin hoc, Dai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi



Thuat toan don hinh (simplex method)

La 1 trong 10 thuat todn quan trong nhit cta thé ki 20.

Thuat toan don hinh gidi bai todn quy hoach tuyén tinh & dang
chinh tic.



Thuat toan don hinh

D& don gidn diu tién ta xét mét bai toin quy hoach tuyén tinh &
dang chuin tic véi v& phai khéng am

max 5x3 + 4x 4+ 3x3
st. 29 + 3x + x3 < 5
4x1 + x» + 2x3 < 11
3x1 4+ 4dxo + 2x3 < 8
0 < x1,x2,X3



Dang tir dién (Dictionaries)

We must first build a linear system of equations that encodes all of
the information associated with the LP.

max 5x; + 4x» + 3x3
st. 29 4+ 3x + x3 < b
4x; + xo + 2x3 < 11
3x1 + 4x + 2x3 < 8
0 < X1,X2,X3



Slack Variables and Dictionaries

For each linear inequality we introduce a new variable, called a
slack variable (bién bii), so that we can write each linear inequality

as an equation.

x4 = 5 — (2q+3x+x3) >0,
x5 = 11 — (4 +x+2x3) >0,
X = 8 - (3X1 +4x + 2X3) > 0.

Slack Variables: x4, x5, Xg.
Next we introduce a variable to represent the objective.
z = 5x1 + 4x> + 3x3.
This system of equations is called a dictionary for the the LP.

The slack variables and the objective are defined by the original
decision variables.



Dictionaries, Augmented Matrices, the Simplex Tableau

The LP is now encoded as the system

2x1 +
dx1 +
3x1 +

_l_

—z + bx

3x

X2
4xo
4xo

+ 4+ +

+

x3 + xa = 5
2x3 + x5 = 11
2x3 + x = 8
3x3 =0

0 S X1, X2, X3, X4, X5, X6



Dictionaries, Augmented Matrices, the Simplex Tableau

The associated augmented matrix (ma trdn mé réng) is

0 2311005
0 412010|11
0 34200 8
-1 543 0000

with 0 < X1, X2, X3, X4, X5, X6-

This augmented matrix is called the initial simplex tableau (bdng
don hinh).

The simplex tableau is nothing more than an augmented matrix for
the linear system that relates all of the LP variables.



Basic and Nonbasic Variables

Recall the initial dictionary for our LP:

x4 = b — 2x¢ — 3x% — X3
xs = 11 — 4x1 — xo — 2x3
X6 — 8 — 3X1 - 4X2 - 2X3

z = 5x1 4+ 4x» + 3x3

We call the decision variables on the left (xa, x5, x5) the basic
variables (bién co s3), and those on the right the nonbasic
variables (x1, x2, x3) (bién ngoai co s& hay khéng co s6).
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Basic and Nonbasic Variables

Recall the initial dictionary for our LP:

X4 = 5 — 2X1 — 3X2 - X3

xs = 11 — 4x1 — xo — 2x3

X6 — 8 — 3X1 - 4X2 - 2X3

z = 5x1 4+ 4xo + 3x3
basic nonbasic

We call the decision variables on the left (xa, x5, x5) the basic
variables (bién co s6), and those on the right the nonbasic
variables (x1, x2, x3) (bién ngoai co s& hay khéng co s6).

Luu y: Trong bang don hinh cic cot dng vdi bién co sé tao thanh
ma trdn don vi. Hé sé ciia ching & dong ham muc tiéu 13 0, tic 13
ham muc tiéu duoc biéu dién qua cdc bién ngoai co s6.



Basic Solutions (nghiém co s@) ldentified by Dictionaries

We think of the nonbasic variables as taking the value zero. This

determines the value of the basic variables and the objective z.

X2 = 5 — 23 — 3% — x3
xs = 11 — 4xy — x» — 2x3
X6 — 8 — 3X1 - 4X2 — 2X3

z = 51 4+ 4xo + 3x3

Nonbasic: x1 = x» =x3 =0

Basic: x4 =5,x5 =11, =8,z=10

This is called the basic solution associated with this dictionary.



Basic Solutions (nghiém co s@) ldentified by Dictionaries

We think of the nonbasic variables as taking the value zero. This
determines the value of the basic variables and the objective z.

x2 = 5 — 29 — 3x — x3
xs = 11 — 4xy — x» — 2x3
X6 — 8 — 3X1 - 4X2 — 2X3

z = 51 4+ 4xo + 3x3

Nonbasic: x1 = x» =x3 =0

Basic: x4 =5,x5 =11, =8,z=10

This is called the basic solution associated with this dictionary.

Luu y: Céc bién ngoai co sé bing 0 va cdc bién co sé duoc gidi
theo cdc bién ngoai co sé.



Basic Feasible Solutions (BFS) (nghiém cd s& chip nhan dugc)

The basic solution
x1=x=x3=0, x3=5,x5=11,x% =28

is feasible for the LP

max bx; + 4x» + 3x3

st. 29 + 3x + x3 < 5
4 + xo + 2x3 < 11
3x1 + 4x + 2x3 < 8

0 < x1,x,x3
Such basic solutions are called basic feasible solutions (BFS).
The associated dictionary is said to be a feasible dictionary.

In particular, this LP is said to have feasible origin.



Grand Strategy: Pivoting (xoay)

Move from one feasible dictionary to another increasing the value
of the objective each time.

X4 = 5 — 2X1 - 3X2 — X3
X5 = 11 - 4X1 — X — 2X3
X6 — 8 — 3X1 — Adx — 2X3

z = 51 + 4x 4+ 3x3

We do this by choosing a nonbasic variable with a positive
coefficient, and then increase its value from zero as much as we
can while maintaining feasibility.

10
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Grand Strategy: Pivoting (xoay)
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of the objective each time.

X4 = 5 — 2X1 - 3X2 — X3
X5 = 11 - 4X1 — X — 2X3
X6 — 8 — 3X1 — Adx — 2X3
z = 51 + 4x 4+ 3x3
T

We do this by choosing a nonbasic variable with a positive
coefficient, and then increase its value from zero as much as we
can while maintaining feasibility.



Pivoting

Let us increase the value of x; from zero.
How much can we increase x; and keep all other variables
non-negative?

0§X4:5—2X1—3X2—X3.
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Pivoting

Let us increase the value of x; from zero.
How much can we increase x; and keep all other variables
non-negative?

0§X4:5—2X1—3X2—X3.
Keeping x4 non-negative implies that we cannot increase x; by
more than 5/2. Any further increase will push x4 negative.

11



Pivoting
Next consider the variable xs:

OSX5:11—4X1—X2—2X3.

12



Pivoting
Next consider the variable xs:
OSX5:11—4X1—X2—2X3.

Therefore, we cannot increase x; by more than 11/4.
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Pivoting
Next consider the variable xs:

O§X5:11—4X1—X2—2X3.

Therefore, we cannot increase x; by more than 11/4.

Similarly, for x we have
0§X6:8—3X1—4X2—2X3.

Therefore, we cannot increase x; by more than 8/3.

Hence, we must have

x1 <min{5/2,11/4,8/3} =5/2.

12



Pivoting

X4 =
X5 =

X6 —

2x1
4X1
3x1
5x1

3xo

X2
4xo
4x

X3
2X3
2x3
3x3

13



Pivoting

X4 =
X5 =

X6 —

2x1
4X1
3x1
5x1

3xo

X2
4xo
4x

ratios
X3 5/2
2X3
2x3
3x3
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Pivoting

X4 =
X5 =

X6 —

2x1
4X1
3x1
5x1

3xo

X2
4xo
4xo

ratios
X3 5/2 + smallest ratio
2 11/4
2x3 8/3

3X3

13



Pivoting

X4 =
X5 =

X6 —

2x1
4X1
3x1
5x1

+

3xo

X2
4xo
4x

_l’_

X3
2X3
2x3
3x3

ratios

5/2 « smallest ratio
11/4
8/3

If we increase x; to 5/2, then x4 decreases to zero.

In this case we say x4 leaves the basis and xj enters.

Moving x4 to the rhs and x; to the lhs gives

5

1

X] = = — =X4 — =X2 — =X3.

2

2



Pivoting

We now have

xo= (5/2) — (1/2x — (3/2% — (1/2)x

X5 = 11 - 4x; — Xo — 2x3
X6 — 8 — 3X1 - 4X2 - 2X3
z = 5x1 + dxy —+ 3x3

Now use the first equation to remove x; from the rhs to recover a

dictionary.



Pivoting

5 1 3 1
X1 = = — =X4 — =X — =X3

2 2 2 2

5 1 3 1
X5:11—4<2—2X4—2X2—2X3> — X — 2x3

=1+ 2x4 +5x
1 1
X6:8—3<g—2X4—2X2—2X3>—4X2—2X3
1 3 1 1
=5+ 53X+ 5x2— 5Xx3

2 2 2 2

5 1 3 1
z=5 <2 T 5X T X2 2X3> + 4x2 + 3x3
25 5 7 1

T MRt

15



New Dictionary

5 1 3 1
X1 = = — =X§ — =Xp — =X
1 2 2 4 2 2 2 3
X5 = 1 + 2x4 4+ 5x
13 1
% = 5 2™ 2™ 2%
25 5 1]
279 2% 2™ 2%

New BFS:
Nonbasic Variables: x4 = xo = x3 =0
Basic Variables: x; =5/2,x5 = 1,x6 = 1/2

Objective value: z = 25/2

16



The Second Pivot

< L%
— [N — N — N
| , +
0L R K
M IND — [N~ N
I+ + |
X X X
K\l
|

1
2
+ 2x
3
2
5

+

O N ™ — [N
& e
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The Second Pivot

pos.

17



The Second Pivot

ratios

Y L K
— N o~ NN
| f +
0L R KL
M AN — [N~ [N
I+ + |

— NN ™M NN

o+ +

O™ — [N O
272

<X N
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The Second Pivot

ratios

LO

Y L K
— N o~ NN
| f +
0L R KL
M AN — [N~ [N
I+ + |

— NN ™M NN

o+ +

O™ — [N O
272

<X N
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The Second Pivot

ratios

Lo —

Y L K
— | N — N = N
| f +
0L R KL
M AN — [N~ [N
I+ + |

— NN ™M NN

o+ +

O N ™ — [N O
272

<X N

17



The Second Pivot

ratios

1— smallest

LO

Y L K
— N o~ NN
| f +
0L R KL
M AN — [N~ [N
I+ + |

— NN ™M NN

o+ +

O N ™ — [N O
272

<X N

17



The Second Pivot

5

X1 = 5

X5 = 1
1

25

z = —
2

1 3
2™ 22
+ 2x + 5x
+ 3+ 2
2 272
5 T
- =Xy — =X
2 272

X3 enters the basis and xg leaves.

X3:1+3X4+X2—2X6

ratios

1— smallest

17



The Second Pivot

The new dictionary is

x3 = 1 — 3x4q -—
X1 = 2 — 2x4 -
x5 = 1 4+ 2x4 +

z = 13 — x4 -

The BFS identified by this dictionary is
Nonbasic variables: x4 = x0 = x¢ =0
Basic variables: x; =2, x3 =1,x5 = 1

Objective value: z = 13.

X2
2X2
2X2
3x

2X6

X6

X6,

18



The Third Pivot

X3 = 1 — 3xa - X2 — 2X
X1 = 2 — 2x¢ — 2x0 + X6
x5 = 1 4+ 2x4 + 2x

z = 13 — x3 — 3x — X

What nonbasic variable should enter the basis?

19



The Third Pivot

X3 = 1 — 3X4 - X — 2X6
X1 = 2 = 2x4 — 2% + X
x5 = 1 4+ 2x4 + 2x

z = 13 — x3 — 3x — X

What nonbasic variable should enter the basis?
No candidate! All have a negative coefficient in the z row.

If we increase the value of any nonbasic variable, the value of the
objective will be reduced.

What does this mean?

19



The Third Pivot

X3 = 1 — 3X4 - X — 2X6
X1 = 2 = 2x4 — 2% + X
x5 = 1 4+ 2x4 + 2x

z = 13 — x3 — 3x — X

What nonbasic variable should enter the basis?
No candidate! All have a negative coefficient in the z row.

If we increase the value of any nonbasic variable, the value of the
objective will be reduced.

What does this mean? The current BFS is optimal!

19



Optimal BFS and Dictionary

The optimal dictionary is

X3
X1
X5

V4

1
2

13

3X4
2X4
2X4

X4

X2
2Xp
2Xp
3x

2X6
X6

X6

20



Optimal BFS and Dictionary

The optimal dictionary is

x3 = 1 — 3x4 — x — 2x
X1 = 2 — 2x4 — 2% + X feasible
X5 = 1 + 2x4 + 2x

z = 13 — x4 — 3x — X



Optimal BFS and Dictionary

The optimal dictionary is

x3 = 1 — 3x4 — x — 2x
X1 = 2 — 2x4 — 2% + X feasible
X5 = 1 + 2x4 + 2x

z = 13 — x4 — 3x — X — all neg. coef.s



Optimal BFS and Dictionary

The optimal dictionary is

x3 = 1 — 3x4 — x — 2x
X1 = 2 — 2x4 — 2 + X
xs = 1 + 2x4 + 2x

z = 13 — x4 — 3x — X

The optimal BFS is x = (2,0,1,0,1,0)".

The optimal value is z = 13.

feasible

— all neg. coef.s

20



The Simplex Algorithm

The process of moving from one feasible dictionary to another is
called simplex pivoting (phép xoay don hinh).

21
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The process of moving from one feasible dictionary to another is
called simplex pivoting (phép xoay don hinh).

The process of pivoting from one feasible dictionary to the next
until optimality is obtained is called the simplex algorithm.
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The Simplex Algorithm

The process of moving from one feasible dictionary to another is

called simplex pivoting (phép xoay don hinh).

The process of pivoting from one feasible dictionary to the next
until optimality is obtained is called the simplex algorithm.

A pivot corresponds to doing Gauss-Jordan elimination on the
column in the simplex tableau (augmented matrix) corresponding

to the incoming variable.

21



Simplex Pivoting on the Augmented Matrix

max b5x; + 4x» + 3x3
s.t. 2x1 + 3x + x3 < 5
4x; + xo + 2x3 < 11
3x1 + 4 4+ 2x3 < 8
0 < x1,%2,X3

The linear system associated with the initial dictionary is given by

2x1 + 3x + x3 4+ xa = 5
4x1 + xo + 2x3 + x5 = 11
3x1 + 4x + 2x3 + x = 8
-z + 5xy + 4x + 3x3 = 0

0 S X1, X2, X3, X4, X5, X6

22



Simplex Pivoting on the Augmented Matrix

2x1
4xq
3x1
—z + bxy

+ o+ + +

3xo x3 + Xxa

X2

+ 4+ +

4x 2x3
4x, + 3x3

0 < x1,x2, X3, Xa, X5, X6

2X3 —+

11

23



Simplex Pivoting on the Augmented Matrix

2x1 + 3x + x3 4+ Xxa = 5
4x1 + xo + 2x3 + Xxs = 11
3x1 + 4dxo + 2X3 + X = 8
-z + 5xy + 4x + 3x3 = 0

0 < x1,x2, X3, Xa, X5, X6

The augmented matrix associated with the initial dictionary is

0 2 3 1 1 0 0]s
0 Allb] |0 4 1 2 0 1 01
-1 cofo| |0 3 4 2 0 0 1]8
-1 5 4 3 0 0 00

23



Simplex Pivoting on the Augmented Matrix

2x1 + 3x + x3 4+ Xxa = 5
4x1 + xo + 2x3 + Xxs = 11
3x1 + 4dxo + 2X3 + X = 8
-z + 5xy + 4x + 3x3 = 0

0 < x1,x2, X3, Xa, X5, X6

The augmented matrix associated with the initial dictionary is

zZ X1 Xp X3 X4 X5 Xp
0 2 3 1 1 0 0]s
0 Allb] |0 4 1 2 0 1 01
-1 cofo| |0 3 4 2 0 0 1]8
-1 5 4 3 0 0 00

23



Simplex Pivoting on the Augmented Matrix

0 2 311005
0 Allb] |0 4 12010 11
-1 ¢ 0]0 0 3 42001 8

-1 5 430000
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Simplex Pivoting on the Augmented Matrix

0 2 311005
0 Allb] |0 4 12010 11
-1 ¢ 0]0 0 3 42001 8

-1 5 430000
T

ratios
5/2 +
11/4
8/3
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Simplex Pivoting on the Augmented Matrix

0 2 311005
0 Allb] |0 4 12010 11
[1c00] 0 3 42001 8
-1 5 430000

T

Which variables are in the basis?
Columns of the identity.

How do we choose the variable to enter the basis?

ratios
5/2 +
11/4
8/3
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Simplex Pivoting on the Augmented Matrix

ratios
0 2 31100/ S5 5/2
0 Allb] |0 4 12010 11 11/4
[1 coo] 0 3 4200138 8/3
-1 5 430000
)

Which variables are in the basis?
Columns of the identity.
How do we choose the variable to enter the basis?

How do we choose the variable to leave the basis?

24



Simplex Tableau Pivot

0 éj 11 o| 5
0 4 2 0 o 11
0o 3 2 0 1| 8
1 (& 30 o] o

ratios

&)

11/4
8/3

25



Simplex Tableau Pivot

Pivot column

(cdt xoay)
0 CS 3 1 1 ol s
0 4 1 2 0 0 11
0 3 4 2 0 1 8
1 & 4 3 o0 0| 0

ratios

&)

11/4
8/3

25



Simplex Tableau Pivot

Pivot column

0 823 3 1 1 00| 5 (5/2)¢ Pivot row
o 4 1 2 0 10| 11 11/4

0o 3 4 2 0 01| 8 8/3

1 & 4 3 0 00| o

Duing phép bién déi so cép dua cét xoay vé cét don vi 25



Simplex Tableau Pivot

Pivot column

(cdt xoay) ratios
0 823 3 1 1 00

0 4 1 2 0 10 11 11/4
0 3 4 2 0 01 8 8/3
1 ® 4 3 0 00| o0

Duing phép bién déi so cép dua cét xoay vé cét don vi
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Simplex Tableau Pivot

Pivot column

0 823 3 1 1 00

0 4 1 2 0 10 11 11/4
0 3 4 2 0 01 8 8/3
1 & 4 3 0 00| o0

0 1 3/2 1/2 1/2 0 0] 5/2

0 -5 0 -2 10 1

Duing phép bién déi so cép dua cét xoay vé cét don vi
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Simplex Tableau Pivot

Pivot column

0 éj 3 1 1 00

0 4 1 2 0 10 11 11/4
0 3 4 2 0 01 8 8/3
1 & 4 3 0 00| o0

0 1 3/2 1/2 1/2 0 0] 5/2

0 0 -5 0 -2 10 1

0 0 -1/2 1/2 —-3/2 0 1| 1/2

Duing phép bién déi so c3p dua cét xoay vé cét don vi
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Simplex Tableau Pivot

Pivot column

0 éj 3 1 1 00

0 4 1 2 0 10 11 11/4
0 3 2 0 01 8 8/3
1 & 4 3 0 00| o0

0 1 3/2 1/2 1/2 0 0] 5/2

0 0 -5 0 -2 10 1

0 0 -1/2 1/2 —-3/2 0 1| 1/2

-1 0 —7/2 1/2 =5/2 0 0] —25/2

Ding phép bién di so c3p dua cét xoay vé cét don vi
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Simplex Tableau and Its Dictionary

0 1 3/2 1/2 1/2 0 0] 5/2
00 -5 0 -2 10| 1

0 0 —1/2 1/2 =3/2 0 1| 1/2
-1 0 -7/2 1/2 -5/2 0 0|-25/2

9

26



Simplex Tableau and Its Dictionary

0 1 3/2 1/2 1/2 0 0| 5/2
0 0 -5 0 -2 10 1
0 0 -1/2 1/2 -3/2 0 1 1/2 ’
-1 0 -7/2 1/2 -5/2 0 0|-25/2
Céc bién ngodi co s8 x» = x3 = x4 = 0 tifrc 13 ta c6 —z = —25/2. Nhu

vay sb dbi clia gia tri gbc dudi bén phai chinh |3 gia tri hién tai cha ham

muc tiéu.
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Simplex Tableau and Its Dictionary

0 1 3/2 1/2 1/2 0 0| 5/2
0 0 -5 0 -2 10 1
0 0 -1/2 1/2 -3/2 0 1 1/2 ’
-1 0 -7/2 1/2 -5/2 0 0|-25/2
Céc bién ngodi co s8 x» = x3 = x4 = 0 tifrc 13 ta c6 —z = —25/2. Nhu

vay sb dbi clia gia tri gbc dudi bén phai chinh |3 gia tri hién tai cha ham

muc tiéu.

This tableau is the augmented matrix for the dictionary

X1
X5

X6

+
+

3
Zxo

2
5X2

1

~X3

_|_
+

1

— X
2 4
2X4

3
“xa

2

2X47 26



Second Simplex Pivot on the Tableau

0 1 32 1/2 1/2 0 0| 5/2
00 -5 0 -2 10| 1

0 0 —1/2 1/2 —3/2 0 1| 1/2
—1 0 —7/2 1/2 —5/2 0 0] —25/2

27



Second Simplex Pivot on the Tableau

Pivot
column
N
0 1 3)2 1/2 1/2 0 0] 5/2
0 0 -5 0 -2 10 1
0o 0 -1/2 1/2 -3/2 0 1 1/2
-1 0 -7/2 1/2 —-5/2 0 0| —-25/2

27



Second Simplex Pivot on the Tableau

Pivot
ratios
column
N
0 1 3)2 1/2 1/2 0 0] 5/2 5
0 0 -5 0 -2 10 1
0o 0 -1/2 1/2 -3/2 0 1 1/2 1
-1 0 -7/2 1/2 -5/2 0 0| —-25/2

27



Second Simplex Pivot on the Tableau

Pivot
ratios

column

1
0 1 3/)2 1/2 1/2 0 0| 5/2 5
0 0 -5 0 -2 10 1
0 0 —1/2 @ 23/2 0 1| 1/2 1 « Pivot row
-1 0 -7/2 1/2 —-5/2 0 0|—-25/2

27



Second Simplex Pivot on the Tableau

ratios
0 1 32 1/2 1/2 0 0] 52 5
0 0 =5 0 -2 10 1
0 0 —1/2 @ 320 1] 12 1
1 0 —7/2 1/2 —5/2 0 0] —25/2

27



Second Simplex Pivot on the Tableau

ratios
0 1 32 1/2 1/2 0 0] 52 5
0 0 =5 0 -2 10 1
0 0 —1/2 @ 320 1] 12 1
1 0 —7/2 1/2 —5/2 0 0] —25/2

27



Second Simplex Pivot on the Tableau

ratios
0 1 32 1/2 1/2 0 0| 572 5
0 0 =5 0 -2 1 0 1
0 0 —1/2 @ 320 1| 12 1
1 0 —7/2 1/2 -5/2 0 0 |25/

27



Second Simplex Pivot on the Tableau

ratios
0 1 32 1/2 1/2 0 0| 572 5
0 0 =5 0 -2 1 0 1
0 0 —1/2 @ 320 1| 12 1
1 0 —7/2 1/2 -5/2 0 0 |25/
0 1 2 0 2 0 -1 2
0 0 =5 0 -2 1 0 1
0 0 -1 1 -3 0 2 1

27



Second Simplex Pivot on the Tableau

ratios
0 1 3/2 1/2 1/2 0 O 5/2 5
0 0 =5 0 -2 1 0 1
0 0 —-1/2 -3/2 0 1 1/2 1
-1 0 -7/2 1/2 —-5/2 0 0 |—-25/2
0 1 2 0 2 0 -1 2
0 0 =5 0 -2 1 0 1
0 0 -1 1 -3 0 2 1
-1 0 -3 0 -1 0 —-1| -13

27



Second Simplex Pivot on the Tableau

ratios
0 1 32 1/2 1/2 0 0| 572 5
0 0 =5 0 -2 1 0 1
0 0 —1/2 @ 320 1| 12 1
1 0 —7/2 12 572 0 0 | _25/2
0 1 2 0 2 0 -1 2
0 0 =5 0 -2 1 0 1
0 0 -1 1 -3 0 2 1
-1 0 -3 0 -1 0 —-1] -13

Optimal Solution: (x1,x2,x3) = (2,0,1)
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Second Simplex Pivot on the Tableau

ratios
0 1 32 1/2 1/2 0 0| 572 5
0 0 =5 0 -2 1 0 1
0 0 —1/2 @ 320 1| 12 1
1 0 —7/2 12 572 0 0 | _25/2
0 1 2 0 2 0 -1 2
0 0 =5 0 -2 1 0 1
0 0 -1 1 -3 0 2 1
-1 0 -3 0 -1 0 —-1] -13

Optimal Solution: (x1,x2,x3) = (2,0,1)

Optimal Value: z =13
27



Recap: Tableau Pivoting
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Another Example

maximize 3x +
subjectto x +
2x  +

X +

0<x

4z

2z
2z

VANRVANVA
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Second Example: Tableau Pivoting

ratios
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Bai toan khong bi chan

max 5x1 + 4x

s.t.

2x1

X1 = X2

0 S X1,X2.

IN A
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Bai toan khong bi chan

max 5x1 + 4x

s.t. 2x1 < 7
x1 — x < 8
0 S X1,X2.

Dua bai toan vé dang chinh tic st dung bién bu

max 5x1 + 4x
s.t. 2x1 + X3 = 7
X1 — X0 + x4 = 8

0 < x1,x2,x3, X4.
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Bai toan khong bi chan

0 1 0|7
1 -1 0 1]|8
5 4 0 010

Chon c6t nao lam cét xoay?
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Bai toan khong bi chan

0 1 0|7
1 -1 0 1]|8
5 4 0 010

Chon c6t nao lam cét xoay?

Chon cbt 2 thi ti s& nhu thé& ndo?
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Bai toan khong bi chan

—
|
—
o
—
©

Chon c6t nao lam cét xoay?
Chon ¢t 2 thi ti s& nhu thé nao?

xo €6 thé tdng tuy y. Va do dé bai todn khéng bi chin.
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Bai toan khong bi chan

0 1 0|7
1 -1 0 1]|8
4 0 0|0

Chon c6t nao lam cét xoay?
Chon c&t 2 thi ti s6 nhu thé nao?
xo €6 thé tdng tuy y. Va do dé bai todn khéng bi chin.

T(A;ng quat hda, néu ton tai mét bién ngoai cd sd c6 hé s6 ham
muc tiéu duong va cic hé sb diéu kién khdng duong thi bai toan I3
khdng bi chan (véi max).
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Cac budc cg ban cta thuat toan don hinh

1. Dua LP V& dang chinh tic.
2. Tim mét cd s& chip nhan duoc dé xut phat hodc chi ra bai
toan khéng cé nghiém chip nhan dugc.

3. Tir d6 thuc hién phép xoay (pivoting) dén khi tim dugc
nghiém tbi uu hodc chi ra bai toin khéng bi chan.
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Tim cd s& chip nhan dudc dé xuit phat

Véi dang chinh tic c6 v& phai khdng 4m ta chi can thém bién bu
dé dua vé dang chinh tic v cic bién bl tao nén mét co s6 chép
nhan dugc.
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Tim cd s& chip nhan dudc dé xuit phat

Véi dang chinh tic c6 v& phai khdng 4m ta chi can thém bién bu
dé dua vé dang chinh tic v cic bién bl tao nén mét co s6 chép
nhan dugc.

o) dang téng quét s& khéng don gian nhu vay.
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Tim cd s& chip nhan dudc dé xuit phat

Xét vi du sau

maximize —x + y — z
subjectto 2x — y 4+ 2z < 4
2x — 3y + z < =5
- + y - 2z < -1
0<x,y,z

Day 13 1 LP & dang chuin tic ma vé phai c6 thanh phan am.
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Tim cd s& chip nhan dudc dé xuit phat

Xét vi du sau

maximize —x + y — z
subjectto 2x — y 4+ 2z < 4
2x — 3y + z < =5
- + y - 2z < -1
0<x,y,z

Day 13 1 LP & dang chuan tic ma v& phai c6 thanh phin 4m. Co
sG tir cac bién bl khdng tao ra nghiém chip nhan duoc.



Tim cd s& chip nhan dudc dé xuit phat

Xét vi du sau
maximize —x
subject to  2x
2x

—X

+ vy
-y
— 3y
+ Yy
0<x,y,z

2z

2z

IAIA A

Day 13 1 LP & dang chuan tic ma v& phai c6 thanh phin 4m. Co

sG tir cac bién bl khdng tao ra nghiém chip nhan duoc.

Vi cac LP t8ng quét khi chon cac bién co s& dé xubt phat thi phai

dadm bdo ma tran con tuong (ng kha nghich (dé c6 thé 13 bién co

sG) va nghiém tao ra la nghiém chép nhin dugc.
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Tim cd s& chip nhan dudc dé xuit phat

Xét vi du sau
maximize —x
subject to  2x
2x

—X

+ vy
-y
— 3y
+ Yy
0<x,y,z

2z

2z

IAIA A

Day 13 1 LP & dang chuan tic ma v& phai c6 thanh phin 4m. Co

sG tir cac bién bl khdng tao ra nghiém chip nhan duoc.

Vi cac LP t8ng quét khi chon cac bién co s& dé xubt phat thi phai

dadm bdo ma tran con tuong (ng kha nghich (dé c6 thé 13 bién co

sG) va nghiém tao ra la nghiém chép nhin dugc.

Thuat todn don hinh 2 pha s& giai quyét vin dé nay.
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