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Easis Set

The set of indices, i.e., column numbers, of the
basic variables forms the basis, denoted B

For example,
It Xo, X5, and X5 are basic variables, then

B=12,7, 3]
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Easic ¥Yariables

The basic variables corresponding to the basis
B=13,6,11 form a subvector of X, denoted by

}{E‘: {}{3, }{El’ }{1 }
The subvector of the cost wector © corresponding

Lo this basis is denoted
CB:{CEJCE:C1 }
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Easis Matrix

The columns of the constraint coefficient matrix A
indexed by the basis B 1s the basis matrix
denoted A°

For example, if B={3,6,1} and the original tableau
1S -7 ¥ M ¥z Hq ¥e e ¥o b then

6 0 0 0[]0}
2-1 0 0|5}

90 1 0|8 g |2 V]

APl 2 1 5
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Easis Inverse

The inverse of the basis matrix will be called the
basis inverse

|

5

3

For example, if B={3,6,1} and AB:[

i

0
1
0

then the basis inverse is
y s o -1
(aBy = | -2 0 -3

0 o 15
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In the simplex method, we pivot in the tableau in
order to change the basis:

-7 Ky Wp Mz M4 He Ko Ha b
o

o SEiEl LERieSY

Fabieas wilth Hasie
WEFIFES =T, Y, Ky ¥

-7 ¥ My Mz My He Mo o ¥, b
0] .42 0 2.8A 0,333 0 ~0.58A[73.33
0] o.444 1 0,111 "0.333 0 To.111) 1.33
0]
1

0.778 0 0.444 0.667 1 -1.44 | 0.333 |
-0.333 0 1.67 0 0 0.333
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It we have Lhe basis inverse matrix and the

original tableau, we can compute the current
tableau:

L I I 13 2-1 00
(sBY'=| -2 1 -13f A=|5 029010
o o 1k 2-105 00 |

iy 0 O.444 1 0,111 "0,333 0 T0,111

[sﬁxBj A= 0 0.778 0 0.444 0,667 1 T1l.44

1 T0.333 0 1.67 0 0 0,333

WA 15 EREE seciion of the current
LEL/EHN WNCh contained A origingiiled
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If the variable X, has been chosen to enter the
basis, then the "minimurn ratio test” must be
performed to choose the pivot row.

The "substitution rates” to be used in the
denominator of these ratios may therefore be

obtained by (AB)' Ak

2.0., _ -
’ 1 = o -1l 2 ]/Q
a=(AD) AY= [ B 0 13| o] = | 4,
0 0 1."I{S 5 5/,/3
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We can use the basis inverse matrix Lo compute
the walues of the basic variables:

page

s o -1 >
(ABy'=| <25 1 13| b=|s
o o f 3
{33 Wi 15 e RS 0 the
(ABY T h = | o333 |« current ablesu, Fe., the
1 \WFfie s 3P e Basie \aErianies
_ 4
Male ths order which A3 / 5
comresponds fo B=136,11 | g = 1/3

}{1:1
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The reduced cost of wvariable X, Is
— Tl
Cp =Lk~ 121 CBlﬂi

where oy 15 the substitution rate of X, for
the basic variable 1n row i, 1.e., of Ap.

FRgl 05, 1R IS incregsed v il Ty 15 S
L0 Lo COSE, WS LRe DESIC \arigiie i row 1 is
rEguced 81 e amount o, 1Herelle sEing {177 oy A0
g cost Cg o
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Since a=(ABY'TAY T, =0, - C(AB)TAS

If we define  T0=Ca(AB)" | then

Cp=0C, - T A"

Tl
=Cr - I m; Af
i

page 11
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STeiEd FEi e
-7 Ky Hp Hz Ha He Hg Ko b B=1{3,611

T 2 3 1 6 000 Lo -
I 13 2-1 0 0 (4B Y- éi | _1%}’9
5 02 00 1 0 y
2-105 00 1 R &
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B=1{3.6,1}
n =[‘f3, a, EJ{Q}

Suppose we want Lo "price” the nonbasic variable x4
Ca=Cy-n A°
=6 - |[1x2 + 0x0 + 2x5| = 23~
3 g 9

= 2.02020090



Revised Simplex 8/19/00 page 14

In the Revised Simplex Method , no pivoting
15 done in the LF tableau.

when an entry of the tableau is needed, 1L 15
computed, using the inverse of the basis matrix.

e relative profit (or reduced cost) of X is
Cj - .fi"'n]
where = CE(#‘E’%BT1
# sSubstitution rates for the entering variable X

(used in the minimum ratio test) are o =(AE‘j—1AJ
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Pevisecdmsiimpliexgesvetilod

Step O determine an initial feasible basis B
Step 1: compute the simplex multiplier vector
x = Cg (AT
Step 2 price the nonbasic columns, 1.e., compute
the reduced cost of each nonbasic variable
Step 3. select the entering variable X,

Step 4: compute the substitution rates of x,
o = (AF] Ak
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Step o0 determine the variable to leave the basis

min {E}= Fo where B =><B=(AE)_1 b

a0 CLj C’fﬂ

Step 6 replace the fth index of B with k, and
update the inverse matrix (AB)_1

Return to step 1.
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basis B

Get initial

L

Compute

Update
inverse

(8]

n = Cela®)”

L

Enwmutg
Ej—n.ﬂ.J
7]

Change basis
BIEA] « k

A

Compute 5 Compute
= argmin ¢ — g1
ﬂ Ei:-n 0 ﬁ:[,ﬁ, ] b

Choose k
o that
Cp—m &<

Compute
o = (48] A

page 17

Eevised Simplex
Method

PO PR RETE TONT
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o -1g ]
113
o

= [, 0, )]

Example:
Pricing ¥-: Co=Co-q A’
=0 - %—}{D+D}{O+ J_-E/g

So X5 will enter the basis
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o FinEl Lahiem
7 Wy My Mz Mg Mo ¥ Mo b B =13,6,1]

6 0 00 iz 0 -l
2-1 00 'Efs : _1%
90 10 I
3
S 00
CLETE Lan e Srace Fhe rediiced cost oF
—L Ay Az Rz Agq Ag Ay Ag b the viarishle Yo i nogstive,
10 0 0 -2 )fg W wilf enier 1L o e

Ry ey

0 0
0 0 .
0 Fq cﬁmmﬁu:_’- e pi ol row
Wil regiire The
Siinsliiuiion FElas T iy e
LTI




Revised Simplex 8/19/00 page 20

o FinEl Lahiem
7 Wy My Mz Mg Mo Moo b B =13,6,1]

5 0 0 0 oo -1y
2-1 00 2l 4 -13
9 0 10 [;(3[3 Wf
S 0 0 |

Calculation of "substitution rates” o =[(AB]' Al

s o -1 0 -1/
o= | -2 1 -3 0| = |-134
o o 1 l 13
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7 Wy Hp Mz Mg Me Mg Mo b

10 0 0 -3/
0 0 1 0 -lg
00 0 1 -130
0 o 5| |

page 21

Moyt Zo perform the
TR o fesl
For Seiecling Lhe pieod
IOW, We Resd ihe
LTS P T -
side P =KB=(AB)_1 b



Revised Simplex 8/19/00 page 22

gl LEhiesi
-7 Wy My Nz Mg Mo ¥, ¥, b B =13.6,11

O¢ 0 -1g ]
5| 1 -13f;
81 1

z - 0 )'{3
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cirenl FEhiesiy
L ¥y Kz KRz Bg Ag Ry Ao 8]

10 0 0 -3/
00 0 -Yol| 25
00 0 1 -130
0 L |

A we CE0 se/ect Bhe pilval row, Wiich 15 1he

[FsE row (Since there 15 ondle one posiiive
suhsiitulion rale/ That is, Ke eniers lhe Has7s,
PERIFCING Ry, S0 thal e new pasis s B =1{3,6,7]
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o FinEl Lahiem

—7 Wy My Mz M4 Ko W Ho b R =1(36 7]
1 2 3 T

0 0
o 0
[
0 1

I 6 0
13 2 -
5 02 9 0
2 -1 050 3l

FFEHEr IHa0 P00 Comiile 1Re BESIS Inerse ateiy
Pl SorFEich ) s possihie Fo yngale [he ofd
BFGIE TSI s fF LN

iz o g 1 -1 'z 0
2o By 1By | ——— 2

o o 5 WJED 0 0

- M * nivot ) -
ald inverse P _ New
coLUmn INverse
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Wwe are then ready Lo begin another iteration
of the revised simplex method.

=[-1/3,0,0]
6223‘[51‘%:8/3

Cs=6 - (2n, + 9, + Sn=)= 6/3
Cs=0-(n;]= /3

Since the reduced costs of the nonbasic variables
are all positive, the current basic solution is optimal
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Advantages of
Fevised Simplex Method

® Because we pivol only 1n the basis inverse matrix,
each pivot requires updating only mxm numbers,
not (m+1)n+1) (where m=*rows, n=*columns)

For sxample, 1= 100 g =000 frol unesasine
B i peaciiced e RENT ypdgies ondle 700
PTG T RS BFSIS NErse, WAKe [ne Graing)
SHTA e smelhod ndiEies FONL OO numbers in the
LFO/E3U,



Revised Simplex 8/19/00

Advantages of
Fevised Simplex Method

¢ [Most real-world LP problems have an original
tableau which is very sparse, e.q., only 1% to
o of the numbers are nonzero. This allows
efficiency of storage in memaory.
After several pivots in the tableau, however,
the tableau usually loses most of this sparsity!
RSM, using the original tableau, can still take
advantage of sparsity.
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Advantages of
Fevised Simplex Method

# Because computation 1s done using only the
basis inverse and the original data, the build-up
of round-off errors in the computation 1s largely
avoided.
(45 sofiware will pericdicgle re-invert ihe
BFSIE IVErse TNt Soraloh T Lo svoid s
Buiiidiin oF round-olt errors. )/
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The Revised Simplex Method {or some variation
or extension of it} is used in virtually all
cormmonly-available software for linear
programming.

CHAE COTNTION BXLensInNs.

® SLorsge of Ihe 0EsIs verse i prodicl=form
L0 SHVE DOl SLOrSge SRS0e S Comilsiion

® JFOLOSNNG L8 DESIS IVESSE IEG LI EGUEr
FECLArS B0 mmaEke ConmiiiEFiian oF subsiiiuiion
CFEES Fh ShREy miiinlisrs more efiicient,

® SITUNE FNT FENESE UONEr BOUNGE O \Eriahies
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|| Exercise || =7 Ky Ko Ky H, Kg Kg RHS

1 0

0 1
0 -1
7 ¥, ¥y X X, Xe ¥e RHS

|

]
origingl | O o1
]
]

O 0 0
10 0] 9
o 1 0 Z
o o 1| 4

CUTTERT |

s 0 -2 tabieal |

g _
':' ':' 1 1 e
0 0 s Complete the

missing elements!
( Solution )

o
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Solution: —L Ry Ay Rz A4 Rg Ay RHS
[ o 0 O O

0
0 -1
=L Ay Ko Ky Ay Ag Ky RHD
o 4 0017 0 211/

0 1 -5 0|15 0 -2 1
oo 2 O0oy0 1 1|6
0 0 % 1|0 s s

&)

1 -4
ariFinal o 1 1 2
1 -1
11

10 0] 9
o 1 0 Z
o o 1| 4

CUCTENT |
laiiesy |
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origingl |
tablesy |

sirrent |

Find the values of

‘a’ through "m"

Ka <@

=L Ry Ky Ky X, As RHS

1 a-1 2|0 0 0
o b c dl1 ol B |
o -1 3 e|0 1 1

=L Ay Ky Xy Ky Ag RHS

1 0-7 Jlkm|-9]

o g 2 -1 o] f
0O h i 1|k 1] 4

( Solution )
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Solution
a= A
=
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arigingl |
tableay |

CUITENT
iahfesl
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=L Ry Ky Ky X, As RHS

l a-1 2|0 0] 0F
O b c d|1 o] 6 |
o-1 3 e|0 1| 1

=L Xy R Az Xy A RHS

1 0-7 Jlkm|-9]

o g 2 -1 o] f

0O h i 1|k 1] 4




