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Minimize z=3x, +5x, +4x, +7x, +5x, +4x,
subject to
(2x, —x, +x, +3x, =10
x, +3x, —x, +3x; +2x, 212
(4x, +2x; +3x, tx; 215
and x, 20 LUF 1,...6

.

Because of the lack of a slack variable in each constraint, we must use

Phase I to find an initial feasible basis.

Add variables Xo, X;9, X;; (artificial variables), and

a Phase I objective of minimizing the sum of these three variables.
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Phase One

1 23 456 7 8901 b
O 00 0O0O0OO O O111 O phase one objective
3 54 754 0 0000 O phase two objective
2-10 103 0 010010
1 03-132-1 001012
O 42 310 0-1001 15

Val ues of basic (artificial) variables are:

i Xi
9 10
10 12

11 15

Revised Simplex Method 09/18/02 page 3 of 17



ﬂ Start. II—} ]
basis G

Get initial

L

Compute

lpdate
TNYEerse

(5]
T

= EB[.":".E]-1

i)

Carmpute
Ej - 1L ﬁ'.:l
]

Change basis
BIJ] « k

-

Revised Simplex Method

= argmin Fi

Complte

Fevised Simplex
Method

O TR TR ST T

w0 LB

09/18/02

Compute

a =4t

Chaoaose k

50 that
Cp-m &F<0

Compute
o = (4B ¥

page 4 of 17



|teration 1
Current partition: (B=basis, N=non-basis)

B= {9 10 11}, N={1 2 3 45 6 7 8}

Basis inverse is 1 0 0]
-1
100 =1=c,(4") FLL1][0 1 0f=[LLI]
010 0 0 1
001 _ i
Sinmplex nmultipliers (dual solution):
| TI Coefficient matrix A
1 1 2-10 103 0 0100
2 1 1 03-132-1 0010
3 1 0 42 310 0-1001

Compute each reduced cost: c;- mMA' ,eg c;= 0-[1,1,1]+[2 1 0]=-3
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Reduced (Artificial) Costs

j g set

1 -3 N

2 -3 N

3 -5 N« enter, since C; <0 = decrease in objective!
4 -3 N

5 -4 N

6 -5 N

7 1 N

8 1 N

Entering variable is X[3] fromset N

Determ ne vari abl e | eaving basis (pivot row):
B L X a d rati o
9 0 10 o - | nf
10 0O 12 3 | 4.0 < minimum ratio
11 0 15 2 | 7.5

o = substitution rate,
d = direction of change of basic variable,
ratio =rhs/a for all a>0
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Change of basis

Basi c variable X[ 10] | eaves basis

New partition: B={9 3 11}, N={1 2 4 56 7 8 10}

Updating basis inverse matrix:

affix column of substitution rates alongside the old inverse, and pivot:

o 1 0 [3|=] o % 0
o 0 1 2 _

I ] o Al 0
ol d i nverse new i nver se
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lteration 2

Current partition:

B= {9311}, N={12456 7 8 10}

Basis inverse is i |
1 0
1 O O _ B -1 _ 1 _ _2
o 0.333333 0 =T (4") Lol 12 =1, 24,11
0 -0.666667 1 O y
. 3
Si npl ex
mul tipliers (dual solution):
i T
1 1 2 -1 0 1 03 0 0100
2 -0. 666667 1 03 -132-1 0010
3 1 0 42 310 0-1001

Reduced cost of X, for example, is C;=
C,—-TA'=0-[1, -0.667, 2[2, 1, 0] = -2 + 0.667 =1.333
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Reduced (Artificial) Costs

@ S
-1. 33333
-3
-4. 66667

1
-1. 66667
- 0. 666667
1
10 1. 66667
Entering variable is X[4] fromset N

any of variables 1, 4, 6, or 7 would improve
the phase I objective

— enter

CONO O A~ N
zzzzzzzzZ|®

Det ermi ne vari abl e | eaving basis (pivot row):
B L X o} d ratio
9 0 10 1. 000000 | 10. 00000
3 0 4 -0.333333 1 - -
11 0 7 3. 666667 | 1.90909 «— min ratio
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Change of basi s

Basi c variable X 11] | eaves basis
New partition: B= {9 3 4}, N= {1 256 7 8 10 11}

Updating basis inverse matrix:

10 0 1 Y Y o
A I A I U 7N PR
o =% 1 g L0O AR

old 1Inverse new | nver se
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m=c,(4")" =[1,0,0]

Revised Simplex Method
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Iteration 3

Current partition:
B= {9 3 4}, N={1256 7 8 10 11}

Basis i nverse i s
1 0.181818 -0.272727
O 0.272727 0.090909 ) )
O -0.181818 0.272727 2 _3
AN

Simplex multipliers Tr:cB(AB)_1 =[1,0,0]} O %1 %1 :[1»%1’ “%1}
(dual solution): 2 3
o - A

i TT
1 1

2 -10 103 0 0100
2 0.181818 1 03-132-1 0010
3 -0. 272727 0O 42 310 0-1001

Reduced cost of X1, for example, is
q=c¢ -1 =041 0.181818 ©.272727]{2 1 (] =2.181818
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Reduced (Artificial) Costs

g S
-2.18182
2.09091

. 272727

- 3. 36364
0.181818
-0. 272727

10 0.818182

11 1.27273
Entering variable is X[6] fromset N

any of variables 1, 5, 6, &8
would improve the phase I objective

— enter

O~NO OIN R [—
o
zzzzzzzZzzZ|®

Det ermi ne vari abl e | eaving basis (pivot row):

L X o d rati o

0 8.09091 3.36363 | 2.40541 —min ratio
0 4.63636 0. 54545 | 8. 50000

0 1.90909 -0.36363 1 - -
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Change of basi s

Basic variable X[ 9] | eaves basis
New partition: B= {6 3 4}, N={1 2 5 7 8 10 11 9}

All artificial variables (9, 10, 11) are now nonbasic.
***Feasi bility has been achi eved! End Phase One***

Opti mal Phase One Sol ution

X[ i ]

0
0
3. 32432
2. 78378
0
2.40541
0

0
Phase one objective = sumof artificial variables =0

CONO O A~ WN P I™
OOOOOOOOQ

Begin Phase Il
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Phase Two
lteration 1
Current partition:
B= {6 3 4}, N= {125 7 8}
Basis I nverse is
0.297297 0.0540541 -0.0810811
-0.162162 0.243243 0. 135135
0. 108108 -0.162162 0. 243243

Simplex multipliers (dual sol ution)

i Tt

1 1.2973 2 -1 0 103 0 0100
2 0. 0540541 1 03-132 -1 0010
3 1.91892 o 42 310 0-1001
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Reduced costs

[\

g set only variable 2 would improve
0.351351 N the phase Il objective

1
2 -1.37838 N —enter
5 2.91892 N
7 0. 054054 N
8 1.91892 N
Entering variable is X[2] fromset N

Det erm ne vari abl e | eaving basis (pivot row):

B L X o d rati o

6 0 2.40541 -0.6216 1 - -

3 0 3.32432 0.7027 | 4. 730

4 0O 2. 78378 0.8648 | 3.218 —min ratio

Change of basis

Basic variable X[ 4] | eaves basis
New partition: B= {6 3 2}, N= {157 8 4}
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Opt i mal Sol uti on

(bj ective function: Z= 37.9688

Primal Sol ution ( reduced costs are all nonnegative)

| L X[i] set reduced cost

1 0 0 N 0. 4375

2 0 3.21875 B 0

3 0 1. 0625 B 0

4 0 0 N 1. 59375

5 0 0 N 2.53125

6 0 4. 40625 B 0

7 0 0 N 0. 3125

8 0 0 N 1.53125
Dual Sol ution

i T

1 1.125

2 0. 3125

3 1.53125
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