Sensitivity Analysis-1

1/30/98

SSIENSIHIII\/IHIV ANAIL‘}/SN
™~

|I_IIN|EAIR |PIRIDIBIRAMMIINIE

This Hypercard stack copyright (1997) by:
Dennis L. Bricker,

Dept. of Industrial Engineering,
University of lowa,

lowa City, lowa 52242

e-mail: dennis-bricker@uiowa.edu

)

author

PRODUCT 1MIX PROBLEN

® Five products can be manufactured: 4 & & 4 & £

® Each product requires time on each of three machines:

MACHINE
Frodict / 2 3
A 12 8 5
7 7 9 10 machine tine
& 8 4 7 regquiirenent
o 10 0 3 {rrrinit ese b
£ 7 1 2

® |28 hours per week are available on each machine

@Dennis Bricker, U. of lowa, 1938

Definition of
Decision Yariables

A = quantity of product 4 to be produced (Ib/week)
B = quantity of product B to be produced (Ib/week)
C = quantity of product ¢ to be produced (Ib/week)
D = quantity of product £ to be produced (Ib/week)
E = quantity of product £ to be produced (Ib/week)
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- GO

OBJECTIVE FUNCTION VALUE

1) 1817.59985
YARIABLE YALUE REDUCED COST
A 0.000000 1.379667
B 0.000000 0.248334
C 512.000000 0.000000
D 0.000000 0.075334
E 512.000000 0.000000
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To illustrate sensitivity amd}ysfs_._
of an (P problem, we will use
a “"Product Mix" example:
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® Any amounts which are produced may be sold at prices of
$5, $4, 15, $4, & $4 per pound, respectively

® Yariable labor costs are $4 per hour for machines 1 & 2, and $3
per hour for machine 3

® Material costs for products A and C are $2 per pound, and for
products B, D, and E: $1 per pound

How much of each product should be manufactured
per week, in order to maximize profits?
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LINDO output

LOOK ALL
MAXK 1417A+143B+185C+2183D+17E
SUBJECT TO
2) 12A+7B+8C+10D+7E<= 7680
3) 8A+QB+4C+11E <= 7680
4) SA+10B+7C+3D+2E <= 7680
END
28 frs 60 miniites
week ok
= JO80 minites
woSk
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ROW  SLACK OR SURPLUS DUAL PRICES
2) 0.000000 0.225833
3) 0.000000 0.010833
4) 3072.000000 0.000000

@Dennis Bricker, U. of lowa, 1998
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RANGES IN WHICH THE BASIS 1S UNCHANGED
RIGHTHAND SIDE RANGES
OBJ COEFFICIENT RANGES
ROW CURRENT ALLOWABLE ALLOWABLE
YARIABLE CURRENT ALLOWABLE ALLOWABLE RHS INCREASE DECREASE
COEF INCREASE DECREASE
2 7680.000 2671304199 2792727539
A 1.417000 1.379667 INFINITY 3 7680.000 4388571289  3840.000000
B 1.430000 0248334 INFINITY 4 7680.000 INFINITY ~ 3072.000000
C 1.850000 0.092857 0.041091
D 2.183000 0.075334 INFINITY
E 1.700000 0.113001 0.081250
@Dennis Bricker, U. of lowa, 1998 @Dennis Bricker, U. of lowa, 1998
REDUCED COST (1 IN00 dlotimtion) £Example: Suppose that, in the product mix example,

The reduced cost of a NONBASIC variable is the rate of

"deterioration” of the objective function as the
variable is forced to increase by a small amount.

Reczuse of ihe oplimalily of ihe solution, e quaniii)y
reporied in the LINOG output should be nonnegsiinve!

Ina MAXIMIZATION problem, the "reduced cost" gives the
rate of decrease inthe objective, while ina MINIMIZATION
problem, it gives the rate of 7mcrease in the objectivel

{7he rediced cost of @ BASIC variable 1s, o
course, Ferall
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{also known as "simplex multiplier")

for row i may be considered as

The dual variable mx;
the rate of change of the optimal objective value Z*

with respect to the right-hand-side b;

dZ*

d b
TH3i5 15 Erve o\ For 03565
wirere {fe current solition

15 non-degenerate,; olfherwise
L5 noal aitterentishle

ie, W=

o

[} 1
Coogo
gegenerete herel
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If a constraint is of type > aiXj 2 by
=1

then as the right-hand-side b, 7rcreases, the
constraint becomes mare restrictive, and so

the optimal value should deferiorate.
7¥*

MINIMIZATION
;20

MAXIMIZATION

b
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it is necessary to produce ten pounds of product A for
use as a sample for customers. What will be the cost
(i.e., opportunity cost, or loss of profit) in doing this?
(Note that in the optimsal solution A=0 1e, varisble 4
5 nonbasic.d

YARIABLE YALUE REDUCED COST
A 0.000000 1.379667 ) <=1
B 0.000000 0.248334
C 512.000000 0.000000 « Aasic
D 0.000000 0.075334

E 512.000000 0.000000 ¢ £as/c
Tiae profit wit! be rediced B\ 70 povnds x 87137066 Sipound
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n; =

ol
o |~
=k

n
If a constraint is of type > ai%j < by
j=1

then as the right-hand-side b, 7rcreases, the
constraint becomes /Zess restrictive, and so

the optimal value should 7mpraeve.
Z*

MINIMIZATION
<0

20
MAXIMIZATION

bi b
@Dennis Bricker, U. of lowa, 1998

n n

> a@ijXy < by > @ijAy 2 by
= j=1 j=1
S = 7*
'—
é %20 <0
p=
>x
<«
z bi b1
|-
<
N <0 ;20
=
=z
= bi bi
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Sign of Dual Variable m = 9%

Type of Constraint
< = 2

[=%]
(o2

In the case of an

MIN

<0 | 7?7 | >0

whether increase
in RHS will make
the objective fn.
better or worse,
ie,thesignof m;
cannot be deter-
mined!

>0 | 7 <0

MAX

Type of Objective

@Dennis Bricker, U. of lowa, 1998

W7 QU PrOGICE 1k exaEle, Hhe opinmal solulion report
provided Bl LINDQ includes e following dus! prices:

ROW  SLACK OR SURPLUS DUAL PRICES

2) 0.000000 0.225833 =y |
3) 0.000000 0.010833
4) 3072.000000 0.000000

This indicates that (since the current aptimsl solution is not
degenarste, 1e, thare are ffree posilivve basic \varishles: ¢
£ and SLK 4 and three constraintsl the protit will incresse
SQZZSEFF por sddiEions! il e oFf S\wailEhle Lime o machiine
7.

@Dennis Bricker, U. of lowa, 1938

If the right-hand-side b; is in the interval [b?- 87, by + &7,
where b? = current value of RHS inrow i
&7 = allowable decrease

8] = allowable increase

then the current basis (B) remains optimal, and = =CB(AB)-1

slope is JT;

@Dennis Bricker, U. of lowa, 1998

Substrivtion Rates E

The coefficients in the optimal tableau may be interpreted
as "substitution rates” in the following sense:

Suppose that the coefficient of anonbasic variable X;
in rowi is Oj.

Thenas X; increases, the basic variable inrow i decreases
at the rate oj; (perunit of X;).
(If ;< 0, then this means an increase in the basic variablel)

Thal 13, ome wmt oF Ky SubSIiiutes for” Oy wiits of e
BaEsic variahle i te oplims! solution

@Dennis Bricker, U. of lowa, 1998

1/30/98

equality constraint
we cannot predict
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LINDO reports, instead of the dual variables,
a quantity called "dual price” defined as:

Lual Price of a consiraint. the rate al
which the ebjective value will “improve”

as the right-hand-side of the consiraint
15 increased by a small amount

increase in a MAX problem

improve ={decrease ina MIN problem

MAX problem:
"dual price" = "dual variable"
@Dennis Bncker, U. of [owa, 1998

MIN problem:
"dual price" = -dual variable

Mote that 1F e constraint is nol "Eight” ie, IF the slack (or sunlusi?
i3 positive i that constraint, the dusl price nust be zero:

ROW  SLACK OR SURPLUS DUAL PRICES

2) 0.000000 0205833
3) 0.000000 0010833 il pprice 15 ¢

4)  3072.000000 0.000000 )& j:a ‘;“}’j;i’;fm“ "~

{7H15 15 &7 conseguence of the cormplementarn: siackness theorernm,
bt is understandsble i view of the economic mtenprelation

of the dusl prices: 1P g resource 15 nol complelel\ used st ihe
apliminmn, then additional guantities of that resource will not
result i incressed prolit or decreased costs i

@Dennis Bricker, U. of lowa, 1998

The LINGC oupul includes the Toliowing RAS ranges:

RIGHTHAND SIDE RANGES

ROW CURRENT ALLOWABLE ALLOWABLE
RHS INCREASE DECREASE
2 7680.000 2671.304199 2792727539
3 7680.000 4388571289  3840.000000
4 7680.000 INFINITY ~ 3072.000000

@Dennis Bricker, U. of lowa, 1998

The opitnmnal Lableau tor the Prodict - example is, sccording
to LINOOC

: TABLEAU

ROW  {BASIS) A B C D

1 ART 1.380 0.243 0.000 0.075

2 C 1.267 0.233 1.000 1.833

3 E 0.267 0.733 0.000 -0.667

4 SLK 4 -4.400 6.900 0.000 -8.500
ROW E SLK 2 SLK 3 SLK 4

1 0.000 0.226 0.011 0.000 1817.600
2 -0.000 0.183 -0.117 0.000 512.000
3 1.000 -0.067 0.133 0.000 512.000
4 0.000 -1.150 0.550 1.000 3072.000

@Dennis Bricker, U. of lowa, 1998
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The complete sofution can be written, according to the output
of the TABLEAU command in LINDO, as

SLK 4 3072.0 4.400 6.900 -8.500 -1.150 0.550

i we were fo prodiice e units of product A (even Lhowgh 1 15 not

aplimal fo do soll what will be the ettect om
e protit?
the amount of C {o be prodiiced?
e srmownt of £ o be prodiced?
the aimonnt of unised time on machine *37

@Dennis Bricker, U. of lowa, 1998

{7 Four fowurs oF QUeriinme 8o S1aiahle on s machiine of
Wour ofioice, 5t & cost of $10:Hour (e, S0 768 Fmintel

& should it e used?

& 017 WHICH IECHING OF IMachines SHold it be used?

& fow would the production plan change?

@Dennis Bricker, L. of lowa, 1998

7o gelemmine the eltect omn tfe prodiicl ion pian oF Increasing
machiine #1 usage Ll 290 minutes, we must decresse e
Sack varishle (unused Lime on machine #1.1 trom zero fo
negative J40 minites.

2) 12A+7B+8C+10D+7E +SLK2 = 7680
e \_V_/
Cerrent solition: 7680 0 = 7680

Revised soluticn 7920 -240 = 7680

{7The solution we obigin will, of course, have negalive stack
77 L2 imEciinG SVEiati L\ consiraint for machine #7, and
wit! be wmtessible i the orvgingl statement of the problemil

@Dennis Bricker, U. of lowa, 1998

rRoFIT] [1817.6 0.226
¢ |_| sizo 0.183
E =| s12.0| —|-0.067[(-240)
stk [30720] |-1.150

PROFIT = 18176 +240(0226) = 18176 +52.24 = 1869.84
C = 512 + 240(0.183) = 512 + 4392 = 55592
E = 512 - 240(0.067)= 512 - 18 = 494

SLK4 = 3072 - 240(1.15) = 3072-276 = 2796

From the profit above, we must subtract the cost of four hours'
overtime at $10/hour, i.e, the net profit will be $1829.84

(Fote that, with the use of avertime, the oulput of prodict £
decreases, wiile, as one might expect, that of C incressesil

@Dennis Bricker, U. of lowa, 1998
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PROFIT 18176 1.380 0.245 0.075 0.226 0.011
C _ | 5120 1.267 0.233 1.833 0.183 -0.117
E | s12.0( 7| 0.267 A_ 0.733 B — |-0.667 D ~|-0.067 82_ 0.133 83

If the nonbasic variable A increases by 10 units,

rRoFIT] [1817.6 1.380
¢ |_| sizo 1267
E =1 si1z0| | 0.267| A- ..
stk 4] [307z0] |-4.400

Profit will decrease by 10x 1.380 ($)

Production of C will decrease by 10x 1.267

Production of E will decrease by 10x 0.267

Slack time on machine#3 will increase by 10x 4.400 (minutes)

@Dennis Bricker, U. of lowa, 1998

ROW SLACK OR SURPLUS DUAL PRICES grester then the
2) 0.000000 0.225833 ¢— o ;
3) 0.000000 0.010833 ‘?‘j‘j.",’;"‘?{”’;”j
4) 3072.000000 0.000000 {0 Sab e,

RANGES IN WHICH THE BASIS 1S UNCHANGED
RIGHTHAND SIDE RANGES

ROW CURRENT ALLOWABLE ALLOWABLE
RHS NCREA DECREASE
2 7680.000 2792727539
3 7680.000 I5EE S TTZEY 3840.000000
4 7680.000 INFINITY /\ 3072.000000

G LHE TaUr BaUrs {EA0 min )
Clearil, increasing the RHS of row 2 (Le, machine #1 svailable

Limrad b 240 it es will incresse the protit more e enough
fo ottsel the overtime cost.

@Dennis Bricker, L. of lowa, 1998

The "substitution rates” for SIK 2 ie, siack varisble Ss,
are fownd i the TASLEALL

ROW  (BASIS) A B [> D
1 ART 1.380 0.248 0.000 0.075
2 C 1.267 0.233 1.000 1.833
3 E 0.267 0.733 0.000 -0.667
4 SLK 4 -4.400 6.900 0.000  -8.500
ROWY E SLK3  SLK 4
1 0.000 0.011 0.000 1817.60
2 -0.000 0.117 0.000 512.00
3 1.000 0.133 0.000 512.00
4 0.000 0.550 1.000 307200
7hHat 13, PROFIT 1817.6 0.226
[> _ | 5120 0.183
E = | s1zo0| —|-0.067|9;
SLK 4 3072.0 -1.150

@Dennis Bricker, U. of lowa, 1998

e can now see how the ALl OWABEE INCREASE”
n the RAES Range oulpul 1s computed:

PROFIT 1817.6 0.226
c _ | s1zo0 0.183
E = | s1zo| —|-0067|S2
stk 4| |30720]  |-1.150

In order for the current basis to remain unchanged,

we must have
512

0<C=512-01835, = S,¢ w2 = 2792727
0<E=512+ 00675, = $,» —2Z  =-767906]

0<SLK 4 =3072+ 1.1508,=5,273072 = 2471304  , Sreewst

1.150 Lower Bound
ALLOWABLE ALLOWABLE
INCREASE DECREASE ('The silo\sbie gecresse in the
Sisck \arisble = silowsbie incresse
ond 2671.304 2792727 i the RHSE
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In general, in the RHS of constraint #] is changed by an amount §,
then the vector of basic variables  Xg(8) is changed from its

current value of X to

0
K(8) = (AB)'[b+a] where &= |
§ — ron j
o
0
- _1 ~ .
= (AR b + (AT A = Ry o+ (U

Let Bj; denote the element inrow #i, column #j of the basis
inverse matrix. Then the basic variable inrow #i, Xgqy, 15

X6 = Agey * Byd
@Dennis Bricker, U. of lowa, 1998

frr @it ion o RIGHT-HAND-SI0E RANGES, LINGG will a/s0
provide us with OBECTIVE COFFFICIENT RANGES. For the
Frodgiict -1lix example, thase are:
RANGES IN WHICH THE BASIS IS UNCHANGED
0BJ COEFFICIENT RANGES

VARIABLE CURRENT ALLOWABLE ALLOWABLE
COEF INCREASE DECREASE
A 1.417000 1.379667 INFINITY
B 1.430000 0.243334 INFINITY
[ 1.850000 0.092857 0.041091
D 2.183000 0.075334 INFINITY
E 1.700000 0.113001 0.081250

I @ ofjective coerticient remaing witfin e range given fv

e ALLCIWABLE INCREASE & ALLOWHABLE DECREASE, thenm the

ceirent basis (& the current basic solutionl remains oplimal
Wsrring: THIS 885nes 16t &
SINGLE caarficiant is chenged,

@Denis Bricker, L. of lowa, 1998 wihile the athers sre fixed

The variable X, 15 NONBAS/IC

This is the simpler case, since the change in ¢y effects on the
optimality condition for the nonbasic variable X,:
The new reduced cost is

¢, ~mAK =(c,+8)- mA'= (¢-mAY)+8 = oldreduced cost +§

and this remains nonnegative if § » - old relative profit

or, if we are maximizing, the relative profit remains nonpositive
if
§ < - old relative profit

@Dennis Bricker, U. of lowa, 1998

CASE Tier

The varishie X, is S45/C

This is the more difficult case to analyze, since a change in ¢,
will change the simplex multipliers, and therefore will effect
the reduced costs of all of the variables!

If ¢y = ¢, +8 andvariable X, is basic inrow #i, then the new
simplex multiplier vector is

-1

Cp (BT = (cyt ) (AR where A =[00 .8.00]

COmponent® i

n

colABT v a(ABT" = 4+ a(aB]"

_ ran = jal the )
@Dennis Bricker, U. 5?‘7&&&: ke
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/nn order that the basis B remains oplimal, it must be
feasible, and so the basic variables must be nonnegsative:

0¢ Kgep(8) = Ry *+ Byd

.
5 2 gl_i_(]) o Bij> 0
= Byd 2 Rpy = AU
- X
5 < B{i) - N
< B, r B <0
; e - “Ragy
= Maximum | —80) < 8 < Minimum d ZBUL
Bij> 0 ij Bij <0 ij

ALLOWABLE DECREISE ALLOWHEBLE IRCREISE

@Dennis Bricker, U. of lowa, 1998

How are these ofyective coaltticient ranges conmpiited?
Synpose sl the coelficient of varisble K ofanges fv &
amount 8 (which may be positive ornegativel
ch = ¢ +8
There are two cases {o consider
CASE ONE: The variable X, 15 NONBASIC

CASE TG The variable X, 15 BASIC

Since the change being considerad 7135 na ettect on the
Foasiilil\ of the current basic salulion, we need (o consider
and\e faow Lhe change eltects the oplimalily conditions, ie,

redirced cost 2 & (1 minimizing.
relaiive protit 2 O (I8 maximizingd

@Dennis Bricker, L. of lowa, 1998

For the Froduct i probiem, variables A, 8 sind 8 sre nonbasic

YARIABLE YALUE RED DCOST 4 & MAX prolien, ihe
B 0.000000 1.579667 I r@/&ﬁwﬁmﬁz«* ‘;re
B 0.000000 0.243334 ’ ’ et ere
c 512.000000 0.000000 ¥ O &t the aptimi.
D 0.000000 0.075334 The relstive pralils
E 512.000000 0.000000 &re the negetives af
288 MNnGEErs SHaW.
RANGES IN WHICH THE BASIS 15 UNCHANGED There
0BJ COEFFICIENT RANGES 75 e
bawid
YARIABLE CURRENT ALLOWABLE ALLOWABLE a7 24e
COEF DECREASE =
A 1.417000 1.379667 INFINITY f‘f{”‘ ¢
B 1.430000 0.248334 INFINITY
c 1.850000 0.092857 0.041091
D 2.183000 0.075334 INFINITY
E 1.700000 0.113001 0.081250

@Dennis Bricker, U. of lowa, 1998

The new reduced cost of variable X; (j # k) will be

. 0. A .
- WA= o5 [m+a(ABT 1A =[c;-mAl]l- a(aBT'A)

= ¢ i A A ald reguced cast
. N cajum of substitution retes
=Cj - (Xijﬁ
This reduced cost is nonnegative if Cj .
~ N 6 < O if OCij >0
0< ¢ - o8 = oyd< ¢ = "
¢j

5 2 oy If o< 0
= Maximim o < 8 < Minimum o
Olij <0 Olij> 0 J

@Dennis Bricker, U. of lowa, 1998
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Lonsider again the Product-flix problem. variable € is

If we are maximizing, the relative profit must remain < 0, basic in the second row

ie,

03 Sj - o8 3 ogb 2 gj The apinms! tablesy, according fo LINDG, is
N ROW (BASIS) A B C D

82 gl if @0 1 ART 1380 0248 0000 0075

> % 2 C 1267 0233 1000 1833

5¢ S i 3 E 0267 0733 0000 -0.667

Soy %<0 4 SLK 4 -4400 6900 0000 -8500

. . ROW E SLK2 SLK 3 SLK 4
Maximum {&} <5< Mimimmn {i} 1 0000 0226 0011 0000 1817600
o> 0 L i< 0 Ciij 2 -0000 0183 -0.117 0000 512000
3 1000 -0067 0133 0000 512000
4 0000 -1.1S0 0550 1.000 3072.000

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

Sirce s 15 & MAXmization probiem, the relaiive profils niust be
nonpositive gt the aplimn, theretors, 1t gppesars that LINDO fias
reversed the signs in the obiective row

Therefore, i the profit coefficient of the variable €
mereases by an amourtt no grealer than $0 09285 pound

or decreases by an amount ne greater than

Computation of the objective coelticient range tor basic varisble ¢ 00471081 -pound, the current solutron will remain
oplimal.
ALLOWABLE INCREASE
8¢ Minimum { S0} = 0092857
ALLOWABLE DFCRFASE

-1.380 -0.248 -0.075 -0.226
1.267° 0.2337 1.833° 0.183

§ > Maximum {-1.089187, -1.064378,-.041091, -1.234973}
8 > -0041091

6 2 Maximum {

@Dennis Bricker, U. of lowa, 1938 @Dennis Bricker, U. of lowa, 1998

Sensitivity to Changes in In the product mix LP, for example,
Several Right-hand-sides what happens if the available time on EACH of
the 3 machines is reduced by 24 hours (1440 min.)?

The previous discussion considered whether the Note that 1440 minutes is less than the "ALLOWABLE
optimal basis might change when a single bi is DECREASE" for all three machines:
altered--
What happens when several right-hand-sides are ROW CURRENT | ALLOWABLE HALLOWABLE
altered simultaneously, each by less than the RHS INCREASE DECREASE
"ALLOWABLE INCREASE or DECREASE"? 2 7680000 | 2671304199 || 2792727539

3 7680000 | 4388571289 | 3840.000000

4 7680.000 INFINITY § 3072.000000

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

100% Rule for Changing
Right-Hand-Sides

100% Rule for Changing
Right-Hand-Sides

Case [: A4 constraint whose RHS is being
altered is “tight”

& constraint whose RHS is being
altered is "tight”

Case II: 4z /east one constraint whose RHS is
being altered is "tight”

The current basis remains optimal if & only if ...

SIMPLE CASE

each right-hand-side remains within its
allowable range!

@Dennis Bricker, U. of lowa, 1998 @Dennis Bricker, U. of lowa, 1998
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100% Rule for Changing
Right-Hand-Sides

Ay least one constraint whose RHS is
being altered is "tight”

Let bj= current RHS of row j
Abj = change in the RHS of row j
I; = ALLOWABLE INCREASE in bj
Dj = ALLOWABLE DECREASE in b

@Dennis Bricker, U. of lowa, 1998

"Product Mix LP"

ROV SLACK OR SURPLUS DUAL PRICES ) .
2) 0.000000 0.225833(2 tight constraints)

S 3) 0.000000 0.010833 =~ .
[ 4) 3072.000000 0.000000 Case Il applies
3 RANGES IN WHICH THE BASIS IS UNCHANGED
5 RIGHTHAND SIDE RANGES
£ ROW  CURRENT  ALLOWABLE  ALLOWABLE p, = _1440 _ ¢ 5156
S RHS INCREASE DECREASE 2792.73

2 7680.000 2671.304199 2792727539 _1440 _ (375

3 7680.000 4388.571289 3840.000000 T3 Fegy = M

4 7680.000  INFINITY 3072.000000

_ 1440 _
r=1340.=  0.46875

> 1y = 1.35935
j

@Dennis Bricker, U. of lowa, 1938

For each constraint j,

compute the ratio

T

page 7

It Ab; =0,
L Ab,
l_l_j

It Ab, =0,
LAY,
=D

—— e, 5=

~ ]A b]-|
Dy

It 2. r=1, the current basis remains optimal (altho'
the values of the basic variables will likely
changel!)

j
If er>1
j

@Dennis Bricker, U. of lowa, 1998

RANGES IN WHICH THE BASIS 1S UNCHANGED
0BJ COEFFICIENT RANGES

{ARIABLE

A
B
C
D
E

@Dennis Bricker, U. of lowa, 1998

CURRENT
COEF
1.417000
1.430000
1.850000
2.183000
1.700000

ALLOWABLE
INCREASE
1.379667
0.243334
0.092857
0.075334
0.113001

the current basis is not guaranteed to be
optimal!

ALLOWABLE
DECREASE
INFINITY
INFINITY
0.041091
INFINITY
0.081250



