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In the "ordinary” simplex method, the /44 tableauis
updated at every iteration, but much of the information
in the tableau is not used in each iteration--

e.g., only the substitution rates in the column entering
the basis are actually used!

The "revised" simplex method computes iy those
numbers in the tableau that are required at the current

iteration.

Advantages:
e savings in storage requirements in memory

e 5AVINES In computation
« control of round-off errors
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Easis Set

The set of indices, 1.e., column numbers, of the
hasic variables forms the basis, denoted B

For example,
It KXo, Xs,and X5 are basic variables, then

B=1{2, 7, 3}

@Dennis Bricker, U. of lowa, 19938

Easic ¥ariables

The basic variables corresponding to the basis
B =13,6,1} form a subvector of X, denoted by

}{Ei: {}{3,}{5,}{1}

The subvector of the cost vector C corresponding
to this basis 1s denoted

Cﬁz{CE,CE,C1}
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Easis Matrix

The columns of the constraint coefficient matrix A
indexed by the basis B 15 the basis matrix
denoted AP

For example, if B={3,6,1} and the original tableau
1S -7 ¥, My ¥z Mg ¥e He Ho b then

6 0 0 0[O0k
2-1 0 0|5}

9 0 1 0|al s |2 U]

AP 2 1 5
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Easis [Inverse

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

T 0
For example, if B={3,6,1}and AP=| 2 1 5
0 0 3
Lhen the basis inverse is
p = o -1
A8y = | -2 1 -13f
0 0o 1

@Dennis Bricker, U. of lowa, 1998
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In the simplex method, we pivot in the tableau in
order to change the basis:

—7 My Ha Mz Mg He Mo Mo b
0f

Ja?f°f§fﬁ¢?f Labieat

Faiieg wilh Hasie
LIRS <7, Ky, K W

-7 ¥, Mo Wz Wy He Mo o X b
1 10 3.22 0 2.58 D.333 0 ~0.586|73.33
Qa0 O.444 1 0,111 "0.333 0 “0.141| 1.33 ¢
Qa0 Q.78 0 0.444 0,887 1 ~1.44 0.333
Qa1 0,333 0 1.87 i i 0.333] 1 :

@Dennis Bricker, U. of lowa, 19938

If we have the basis inverse matrix and the
original tableau, we can compute the current

Lableau:;
L T I 13 2-1 00
(4B -2,% 1-130 A=|5 029010
o 1 2 -1 05 00 1
A - 0 0,444 1 0,111 "9.333 o To.111
(AP) A = | o 0.778 0 0.444 0.667 1 -1.44
1 TR.333 0 1.687 0] 0] 0,333

W 15 1hFE seclion af ihe current
Lapiest Weh conlained 4 origingliled
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If the variable X, has been chosen to enter the
basis, then the "minimum ratio test” must be
performed to choose the pivot row.

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

obtained by (AB)" Ak

e.q., o
1 iz o -l ][ 2 e
a=(AP)Y A = | 25 1 13 9| = | 4f
o o Iz ]ls 5/,

@Dennis Bricker, U. of lowa, 19938

Wwe can use the basis inverse matrix to compute
the values of the basic variables:

= o -1 3
(1BY'=| 25 1 -1k | b=|s
0 0 13 3

page 5

L 1 Welaiofe i Bhe BES of the
(ABY b = | 0333 |« current tablesu, 1e., the
1 VWFiie s of Bhe BFESIC \EriaEnies
. Az = 4/ 3
Aode L order, winoh 555 |
corresponds fo B=1{36,1} | g = /5
A S }{1 — -]
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The reduced cost of variable X, Is
— Tl
Ck = Ck - El CE,].C’L-i

where o 15 the substitution rate of X, for
the basic variable in row i, 1.e., of Xg_

Fagl 15, 7 Ky 15 incregsed o Ll Ty 75 Soded
fo the ool Wihiie Bhe Basio \Eeiainie i row F i

regiiced e Ihe amountd o, Lherelle saving 17 o A0
g cast Cpg. oy
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Since a=(ABYTAR T =0, - CglAB)TA¥

If we define  T0=Cg(AB)" , then

Cp=C, - T A
m
=C, - 3 m AY
i=1

@Dennis Bricker, U. of lowa, 1998
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ool fabhiesis

-7 ¥y Ky Kz Ha Ho He Ko b B=1{3,61]

1
0
0
(]
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_Z }‘:1 }'{2 }{3 }'{4 }'{5 }{5 }{T" b 52{31611}

0
g = T [U{z, 0, 5.-'{9}

G 0
2 0
9 1
= 0

0
-1
0
0

Suppose we want Lo "price” the nonbasic variable x4
Ca=Cy-n A?
=6 - [1x2 + 0x9 + 25| = 22
3 9 9

= 2Z.0220090

@Dennis Bricker, U. of lowa, 1998
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In the Revised Simplex Method , no pivoting
15 done in the LF tableau,

when an entry of the tableau is needed, it 15
cormnputed, using the inverse of the basis matrix,

¢ relative profit (or reduced cost) of X; is

Cij—n Al
where = CB(AET
® substitution rates for the entering variable X;

-1

(used in the minimum ratio test) are o = (AF] ' Al

@Dennis Bricker, U. of lowa, 19938

Pevisecdmsiimpliexgesvetilo

Step O determine an initial feasible basis B
Step 1@ compute the simplex multiplier vector
n = Ca(A)"
Step 20 price the nonbasic columns, 1.e., compute
the reduced cost of each nonbasic variable
Step 4. select the entering variable X,

step 4: compute the substitution rates of X,
o = (AF] AK

@Dennis Bricker, U. of lowa, 1998
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Revicsead Simplex ssethod

Step o determine the variable to leave the basis

min {E}= Fo where =KB=(AB)_1 b

airl [ Oy g
Step 6 replace the J.jth index of B with k, and
update the inverse matrix (AE)_I

Return to step 1.

@Dennis Bricker, U. of lowa, 19938

e )~ " RPevised Simplex

basis B
i
Compute : | /%Ethﬂd
= EE[.&-.E]_1 aptimal PO SRR S EE T
Enn{Lute Choose k
C. _I:I #J so that
T Coo- 1 AF <0
Update — |
inverse Compute
) -1
(2] o = [4B] "
- Compute
Change basis . (s Compute nao
BLE] « k = argmin _} ﬁ:[.&-.E’]_1|:| —
ﬂ:i}l:l D:.]

nbounded!
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L A A2 Az Aghs As e D R (3R 1]

23
1/ -1/

0
(AB)'= ‘Ef(z 1 =13
o 15

n=C [13 0 52{9}

0
0
0
l

0
-1
0
0

Example:
Pricing ¥-: Co=Co-q A’
=0 - [3x0 + 00 + 2 |=-5%

S0 X5 will enter the basis

@Dennis Bricker, U. of lowa, 19938

TS Pl e
7 Wy Wy Mz HaMe Mg ¥, b B =13,6,1]

0 0 Iz 0 -l
-1 0 _2,% ’ _1%
o i
o 0
o0 /3
CLTEE Labieai Sinca the rediiced cost of
—L Ry Az Rz Ag Ag Ry A b the variable ¥o s negative
10 0 0 -2 ,.'(g W wilf enrier i il i

HFsis

Fo Shoasa Fae pn ol row
Wil reguire The
mpbsdilalion reles” iy e
LT

0o 0O
0o 0O
0 1

@Dennis Bricker, U. of lowa, 1998



Revised Simplex 8/25/98 page 11

gl fahiesi
-7 Wy Mp Nz Mg Mo ¥y ¥, b B =136,1]

Calculation of "substitution rates” o =(A5j_1ﬂxj

s o -1 0 -1/
o=|-2 1 -Gl |o|= |13
o 0 Ifs 1 1!’3

@Dennis Bricker, U. of lowa, 19938

il fabhleg
-£ H1 Hg H3 }{4 :’{5 HE- H_." b .-"i"':i:'!\f; fu"ﬁ' ﬁ&x‘“ﬁl’e‘f”ﬁ? zft.-"al?l"f'

10 0 0 -9 PRI rEl e fest
0 0 1 0 -'q For selecting the pivo!
0 0 0 1 -13/g Oy, We nesd Hhe

o1 o o Bl current right-hand-

sl B=>§B=(AB)_1 b
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TR PR e
7 Wy My Mz Ha¥e ¥y M. b B=13,6,11
B0 0 0 i 1)'{3 0 _1)'{9
2-1 0 0 2l 13
2170 ¢ b1 iz
3
S5 0 0 1
o iz o -5 |5 2t
B:KB:(I’—\) b=|-2 1 13|88 =%
o o 15 3 |

@Dennis Bricker, U. of lowa, 19938

il fabhleg
£ Wy Kz Rz Rg Ag Ry Ao b

0 0 0 -5/
0 0 0 -Vl %5 |
0 0 0 =13 1 |
01 0 o 5| 1|

Mo we oan select the pilvad row, Winch is 1he
fF5E oW {Since Lhere 15 tidle one posiiive
sufsiituiion rale/ Thal is, Ko eniers the Hzsis,

PERIFCING K, S0 hal the new basis s B ={3,6,71}

@Dennis Bricker, U. of lowa, 1998
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gl fahiesi
=L ¥y Ha Kz Ry Ag R A D B =1{367)
2 3 5 0 0 0[]0k o
-1 05| . 3 0 0
0 ojap A =] 2 1 0O
.......................................................................................................................... o U

FFEREr BRE0 Fo compiile 1ne BEsIs Inerse aieiy
oy soraich ) T s possitie Fo undaie the ofd
AFEIS [RS8 [IFE TN,

s o -1 1 -1 Iz 0
]

2 1 -3y -3 | —> | -2

o o 1 (TR 0 o
L, PR L. -
old inverse pivot . NeEwW
col Umn Ny erse
@DE.oo s oy o, L AE

Wwe are then ready Lo begin another iteration
of the revised simplex method.

n=-1/3.0,0]

Co=3-(n) —n3)= 8/3

Ca=6-(2n; + Ony + Sas)= 16/3
Cs=0-(ny)= ]/3

Since the reduced costs of the nonbasic variables

are all positive, the current basic solution is optimal!

@Dennis Bricker, U. of lowa, 1998
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Advantages of
Fevised Simplex Method

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

For axamnle, 1= 10 snd n=F000 fned dnusuaiie
B i praciice s the RENT updates ondle FO OO0
FUATIIELS T IS BHEEIE INESE, WS Lhe ordingr)s

fabiea

@Dennis Bricker, U. of lowa, 19938

Advantages of
Fevised Simplex *ethod

¢ [Most real-world LP problems have an original
tableau which 1s very sparse, e.g., only 1% to
o of the numbers are nonzero. This allows
efficiency of storage in memory.
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.

@Dennis Bricker, U. of lowa, 1998
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Advantages of
Fevised Simplex Method

My

¢ Because computation is done using only the
basis inverse and the original data, the build-up
of round-off errors in the computation 15 largely
avoided,
(L5 soriware will periodic sl re—invert the
BFSIE IRVerse T Soralch T o svond 1S
Beiiidin of round-ol errors. J

@Dennis Bricker, U. of lowa, 19938

The Revised Simplex Method (or some variation
or extension of it)is used in virtually all
commonly-available software for linear
programming.

CHAE COITNTION BN Lensians.

® SLorage oF IHe 83515 INerse I el =rorm
L0 SFWE POL SLOrSGe SRSCE S Conilainon

® SEOLOCTN L8 DESIS NGRS INLG LTENGUEr
FECLAE 10 mmaEke conmiiaiian oF subsiiiiiion
CFESS G SHINeN i iniiers mare 8fiioient,

® SITNNE G GENSrET URREr QOGS O \Erianies
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-7 ¥, ¥y ¥ X, Xe ¥e RHS

11 1T -4/0 0 0| O

page 16

Srigingl | O 1

1
01 1 -
0 -1 1
7 X, Xy ¥z ¥, Xe X; RHS

10 O 9
o 1 0 Z
o o 11 4

ST ERT |

i 0 -2 tatiean |

1
Cl CI 1 1 rTTTETETTETETTET——E:
0 0 i Complete the

missing elements!
( Solution )

o

@Dennis Bricker, U. of lowa, 19938

solution: —Z Ky Ko Ky Ky ®g Xy RHS
T 17 1 =40 O O ()

Srigingl | a0 1

1
o 1 1 -
o -1 1
=L Xy R Ag Xy Kg Xg RHS
104 0)10 21/ current |

0 1 -5 0| 0 -2 s || tatiieau |
CI ID 2 CI O 1 1 6 —

00 %5 1] 0 5|3

10 O 9
o 1 0 Z
o o 11 4
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Exercise

origingl | =
Laplegu |

CHTERT
rahieEl |

Find the values of
‘'a through m’

Ka <@

@Dennis Bricker, U. of lowa, 19938

Solution

origingl |
&mkﬁa%

CLTERT |

- ‘32{2

ool Brin:Qer, U. of lowa, 1998

st fas AN

&)
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-7 ¥, ¥, Xs X, ¥e RHS

page 17

1 0] b

o O | =
L I = T

O 1

X, ¥y Xy ¥, Xo RHS
0 -7 1l km

-1

L1 4

( Solution )

X, ¥, ¥Xs X, Xo RHS
0 0] 0]
di1 0] 6 |
el o ]

—7 ¥, ¥, X5 ¥, Xo RHS
0 -7 Jlkm
0 g 2 -1
O h 1

o 1| 4




