Standard form of LP

max z=c¢'x
Ax=Db
x>0

If we have a min. problem

min z = ¢'x
Ax=D
x>0

g

max z = -c'x
Ax=Db
x>0




Converting LP into standard form
1) z=c' x—> max
Ax<b

x>0

z=c'x+0"s > max

~ Ax+s=b
x>0

2) z=c"x — mi
Ax=>b
2’ x>0




e=Ax—-b=>0
or
Ax—e=b

z=c'x+0"e
Ax —e=b
x>20,e>0

3) z=c'x - max
Ax<b
Ax=b,

x>0

z=c'x+0"s+0"¢
Ax+s=0b
Ax—-e=b,
x>20,5>20,e>0




z=c'x = max

Ax<b
x>0
z=c x+0"s > max
Ax+s=D>
x>0,5s>0
<
X, X, X, S
all alj aln 1
a, a, a,
a, 4, 4a, O
-, —-c¢, —¢, 0




Multiple Solution

X, x, x, x, |1
ay; 1 0 0 b
a; 0 1 0 b
a,, 0O 0 1 b,
0 0 0 0 =z
Degeneracy
X, X, x, 1
a,; 1 0 0 §
a; 0O 1 0 O
a,, 0 0 1 b,
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»

1. Among all nonbasic variables with negative reduced costs, choose the one with the
smallest index to enter the basis.

2. When there is a tie in the minimum ratio test, choose the basic variable with the
smallest index to leave the basis. ) '
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Big M method

cfx — min
Ax=0>b
x>0

¢’x+ M"y — min

Ax+y=>b
x>0, y=0
c c, c, M M
X1 Xj Xn W Ym
a;; 1 0
M ij
a,, 0 1
A,




A =Ma+.+Ma, —c,

if A;,>0= use the ratio test

.. b .| b,
iy, -=minq—:a;>0
djo a;

After m steps

Vi o Vo | X - Xy X 1
1 )

A, .. A4
0 b

Am+1 An




c'x — min

Ax < b

A,x = b,

Ax 2 b,
x=0

~ c'x+0s + My, +0a; + My, — min

Ax+ s = b,
Ax+ +y, =b,
Ayx —ay+y; = b
x20,5,20,y,20,a,20,y, 20




X, +2x, = min

x +x,<16
x, +3x, 220

2x, +x,=10




-1~

X, +2x, + Ma, + Ma, — min
X, +x,+s =16
x,+3x, —e +a, =20
2x, + x, +a,=10

0O 1 1 1 0 0 O 16
M 1 3 0 -1 1 0 20
M 2 1 0 0 0 1 10

-2 0 0 M M o
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X, Xy S € a, 4, 1

1 1 1 0 0 0 16

1 3 0 -1 1 0 20

2 1 0 0 0 1 10
3SM-1 4M-2 0 -M 0 0 %M
a, X, s, ¢ a x 1

-1 1 1 0 0 0 22

-1 5 0 -L 1 0 30 2
1 1 0 0 0 1 10
1-3M SM-3 0 M 0 0 N0
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x, =2, x,=6, 5 =8
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Two phase method

-4x1 + X, -X3—> min
3X1+X2+X3=6
X1 +2x,—xX3=4

XiZO

First phase

a; +a, - min

31+ X, + X3+ ag =6
-X1 + 2X, — X3 +a,=4

xiZO,aiZO
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1.3+ 1.(—1)— 0=2
11+12-0=3

A, =

A, =

11+1.(-1)-0=0

A, =

8
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—4x, +x, —10x, — min
3x, +x,+x,=6

"~ —x, +2x,—-x,=4
x, 20

A, =-43+1(H—(-10)=8
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X, X, X3 X, X5 Xg X, 1
2 5 1 4 0 =2 0 1

2 f 0 -1 1 —-e 0 e
1 2 0 2 0 0 1 d
a b 0 h 0 ¢ O

Maximization problem

a) Current solution is optimal
b) Current solution is unique optimal

c¢) Current is optimal but alternate optimal

exists

d) The problem is unbounded

e) The current solution is not optimal

X4 — n X3 — out




f) The current solution is not optimal, when X, is in x; is out but the

N~ function value remains the same v/
a) min {e,d} >0, min {a,b,c,h} =0
b) min {a,b,c,h} >0
c) min {a,b,c,h} =0
d) c<0
e) min {a, b, c, h} <0, min {1/d, d/2} =1/d,d >0
f) min {a, b, ¢, h} <0, min {e/f, d/2, 1/5} = e/f,
f>0, b=0ore =0 or both
— J
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¢’ x = max

Ax=0>b
x>0
Cp Cy 1
B B N b
C, c,
C, I B'IAJ. B'b
A



A, =y N—c, 20
A,=y'B-c,=c,B'B-c,;=0
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A =c¢.0+..c,1-c, =0

A, =c,B"4, ~c,
If A, <0=>c¢,B"4,<¢c;=

AJ. introduce into the basis
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If A,»0 then x,=B"b, x,=0

is the optimal solution

1) Changing b
The change of b has no effect on A

For B to remain optimal basis
- x,=B"'(b+Ab)20
0 (0)

Consider Ab=| Ab, | =| A

. 0/ \0/

x,=B"'(b+A)=0




We have a system of m inequal. for A

By solving the system we find the range for A

For each b; = b; + A there 1s a system

B'(b,+A)20

z' (b), 2 (b+Ab)=Z"(b+ Ab)
| |

(c,,B'D)  (c,,B"(b+Ab,))

y=c,B"



Let Ab=(Ab,0,...,0)

( (Abl\\
» 0
x;=B"| b+ >0
. L0/

We have m inequalities for Ab
Ab = (O,...,Abl.,...O)
(0

Xz =B b+|Ab |20

1

. 0/



Let Ab= (Abl,O,...,O)

( (Abl\\
B 0
xg=B"| b+ >0
. 0/

We have m inequalities for Ab,
Ab=(0,...,Ab,.,...O) |
(0

x, =B b+|Ab, |20

1

. 0/




c, |1 0
A B'b
c |0 1 y
A >0
c,B"4 >c,

y =c,B"' —shadow price
Finding A, =cB" A, —c,—reduced cost
or prcing out




Sensitivity Analysis

z =c'x = max
Ax=b
x>0

z'(4,b,c), z'(b), z'(c)
A is always fixed

[
=

B exists B'Ax=B"'b




