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b\renfiew of the Optimization Package

¥ Calling Sequence
Optimization[command](arguments)
| command{arguments)

¥ Description

which involve finding the minimum or maximum of an objective function possibly subject to
constraints. The package takes advantage of built-in library routines provided by the Numerical
Algorithms Group (NAG).

* The package solves linear programs (LPs), guadratic programs (QPs), nonlinear programs (NLPs), and
both linear and nonlinear |east-squares problems. Both constrained and unconstrained problems are
accepted. In general, variables are assumed to be continuous, and local solutions are computed for
problems that are not convex. However, the LPSolve command does accept integer programs and the
NLPSolve command provides a global search algorithm for limited situations.

*For an overview of the Optimization package and additional examples, see the Optimization Package
Example Worksheet.

* You can choose the easy-to-use Minimize and Maximize commands, the Interactive Maplet, or the
specialized commands for the various problem classes.

* Some commands allow alternatives to the default method of specifying an optimization problem.
Matrix form, described on the Optimization/MatrixForm help page, is more complex but offers greater
flexibility and efficiency. The Optimization/InputF orms help page summarizes all the forms of input
that the solvers in the Optimization package allow.

*For an overview of the Matrix input form and additional examples, see the Optimization Package
Matrix Form Example Worksheet

* The Optimization Options help page summarizes common options accepted by the commands in the
Optimization package. The OptimizationMethods help page summarizes methods used by the

commands for solving optimization problems.

*The SIIJ'IVE‘I': perform computations in eﬂher the hardware floating-point environment or the arbitrary-
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* The Optimization package is a collection of commands for numerically solving optimization problems,
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> Maximize( ObjectiveFunctionLP1, ConstraintEquationsLP!)
110.5000000000000, = 4, y=6.50000000000000]] o)
> Minimize ObyectiveFunctionLPl, ConstraintEquationsLP! ) e
[LUTTILL, [x=0.222222222220222, y=0.888888888888889] ] (4)
> LPSolve ObjectiveFunctionLPl, ConstraintEquationsLP] ) —
(LTI, [£=0.22222222220022), v=0.888888888888889]] (3)
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[10.5000000000000, [ x= 4, y=6.50000000000000] (6)
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optionsfeasible = (colowr = yvellow) ) :
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IPSolve(oby, crsts)

[ —1.530000000000000, [x* =0.166666666666667., v= 1.16666666666667 1] &)
I PSolve(oby, crsts[1 ..2]. assume — nonregative)
[ —1.530000000000000, [x =0.166666666666667, = 1.16666666666667 1] CH)



> i Ctinatn)

> i plt):
> =1t y4z
ohy:=1rt yt 2
> 1= pSdrt ]',)’S '5X+2,Z=-H-ﬂ+2_0
: R
mits:= | y<4xe %,yg -5x+2,z=-%x- %J“f %]

=> LPSolve{ oby, cnss assume= nonnegative manimze

Warning, problem appears to be unbounded
10.800000000000000, | x=(0.400000000000000, =0, 2=
> |

()

y

y
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min cx
subjectto Ax< b
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oS e a1 ) slesile Jgl JBe gl

S sie N5 2 S ol (5513 0 o6 ) O se lgmms e i pei sl )
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P> Units (1) 1.16666666666667
[I its (FP5) L. ; ! N

# Ready Memory: 0,74 Time: - Math Mode




DS e DB 315 ) asi Al Koo s

min cx
subjectto Ax< b
Er=f e

 wherecisin & Adsin B and bisin K% Esin B and fis in &




with( Optimizati orn) :
with( plots) :

c=4£2. 1., 1)

A == 4|1]0}. (5]1]03:

o= (3.3)
LD

=(3")

VYV

FR2TFFTEFTITTTITTTTTE,

AN
w[n
[
o—]

20
3

_> I PSolve(c, [A, b, . 1. assurme = nonrnegative, maximize)

0.166666666666667
1.16666666666667
SEFTFFTITTITTTFE

(€

&)
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cterm,define_zero,display,dual,
feaSiblermaXimize,minimiZe,pivot,pivoteqn,pivotvar” g
ratio,

tandardize
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[ -1.25000000000000, [ x=0.187500000000000, y=1.06250000000000]] (1)

b N

: D
]fd_r J.f dx |sum|[f,i:k..n];| [} L
& TR
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[ras J.f'df ZR" S| > casts= {3*x+4%53%2<23 5*x-4%p-3*2< 10,
a o T*x+4*y+ 11*2< 30)
"
i)
Il di_;' =7 L e L e ?)
- 'Y 'r r a
53 B[ i 88 8 e
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49 1
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S e e 1 A Gl )3 3 se Gl s ()5S
ASae padidia ) ) 4 gla e basis(C) &)

| > with(simplex):

> basis( [ x=3*y + 2z, w= 2%y - 2 ] );
[x w] o

UAMA \J P AT AC gada LAaa e convexhu"(P)/ ).u.nd V T
xS 2 )l 5 )y convexhull(P, output= ploD BEE JS‘ J
Hph e adls (el 3o Wi S84
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[= convexhulll P)
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> convexhulll P, output= plot)
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Al K e b adalaab b adabas jo el palia cterm(C) &b.Y

M o QW rhs AU o) Gaes o

> oterm{ [ 3%x + y<= 5, %y =~ =3 =3 7] );

> with(simplex) :
[5.6]

.//

//)
/
Qi 1) oBdun e U CuaS o 52 S define_zero(err) 5.
1S Gt | Ol B8] 2laad Digits JJLMJEQL;;&JMGA




with (simplex) :
defing_zero();

100000000010

Digits := 50;
Digits:=50

define_;ero();

1.0000000000000000000000000000000000000000000000000 10

Digits := 4;

Digits:=4
defing_zero();

0.01000
define_zero(lO“(-S));

100010

defing_zero();

100010



e Gl )y Wad oo yile o 3 display(C) &B.8

with(simplex) :
display( { x + 3*y + =2z <= 0, w - 2%y - =z <= 2 } )
w
1 3 1 x 0
=
10 -2 -1]| » 2
zZ

e Gllad | Al 8 3 dual(f, G, y) 267

with (simplex) :
dual ( x+y, {3*x+4*y <= 4, 4*x+3*y <= 5}, z );
4z1+52{1<321+4221L4z1+322)



JAiSae Jaad (s gl 4a )y W (5 gbusls convert(s, equality) L siwa,Y

[> with (simplex) :

> convert( {3*x+d*y <= 4, 4*x+3*y <= 5}, equality );
{(3x+4y=44x+3y=5)

ASae o 0 1 4aali g2 o S feasible(C) @l A

=> with (simplex) :

| > feasible({4*x+3*y <= 5, 3*x+4*y = 4}, NONNEGATIVE) ;
true

> feasible ({4*x-3*y <= 5, 3*x-4*y = 4, x>=0, y>=0 });
false




paddia |y o Al aanSle maximize(f, C, vartype) &U. 4
padida )y Al aaie minimize(f, C, vartype) U 5 25w
" A5

with (simplex) :

maximize( xty, {(4*x+3*y <= §, 3*x+4*y <= 4 } );

[=3.~7] _

maximize( x-y, {3*xt+d*y <= 4, 4*x+3*y <= -3} );

{}

—

- 48 350s ) type(expr, 'NONNEGATIVE' ) cls 5)

maximize ( x-y, {3*x+4*y <= 4, 4*x+3*y <= -3}, NONNEGATIVE ) ; P



c i L A (3aa g>=0 by sadi saly A
> with(simplex):
> type( —a <= 0, 'NONNEGATIVE' ) ;

> type/( 0 <= a, 'NONNEGATIVE' ) ;

true
> type( a = 0, 'NONNEGATIVE' ) ;

3lse
> type( O <= a+b, 'NONNEGATIVE' ) ;

&lse

sl ke 0538 L 1 W setup(C, NONN




TS e oAl (5 glud 4y SS

| > with(simplex):

> setup( {3*x+4*y <= 4, 4*x+3*y = 5} );
e & V... & .85
[— ~T3 TRy 3]

B paddie | laad ) sana s pivot(C, x, eqn) i) V//
| ol S IS ol () s 2t ailia setup @l saliiul (5 0 48

_&%J‘ﬁb%ﬂ)d%ﬂ}bdﬁd&%%ﬁ

| > with(simplex) :
2 PAVEEL { S ' B=rn-a%y, SR = §-3%x-0%y),; E; [ Sl = BRI
vl )i

- 7 3 . o B
{_sz.z- ¥+ o Sl x= = v 4_SLI}

1
4




3 giiza 03 0 Canad (yga )l 52 4S ) 528 pivoteqn(C, var) &l Y

il Sae b1

| > with(simplex):
> pivoteqn( { SL1 = 5-4*x-3*y, _SL2 = 4-3*x-4*y}, x ); J
[ SLI=5—4x—34]

=
o O 1 cha ali G i 0 55 e pivotvar(f, List)yﬁ o
M\‘Jé;u»dﬁdﬂd)‘ju)mwé\scfw‘)d .J.'\\.J)g

> with(simplex) :

> pivotvar( x1 + 3*x3 - xd );
xI

> pivotvar( x1 + 3*x3 - x4, [x4,x3,x1] );
x3




M LS X e ) ) Gl gyl alaa ratio(C, x) &l

=> with (simplex) :

> ratiol [_SL]. = 5-4*x-3*y, L2 4-3*x-4*y], x );

—S =
29 y
4" 3

1S sl <= a8 40 | Wad 4w standardize(C

_/—7-7

=> with (simplex) :

> standardize( {3*x+4d*y <= 4, 4*x+3*y = 5} );
{(-4x=3y<-53x+4y<4,4x+3y< 5}
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