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Needs[ " Mat hOpt i mi zer ` Opt i mi ze` " ] ;

$Cont ext Pat h

�Mat hOpt i mi zer ` Opt i mi ze` , Mat hOpt i mi zer ` CNLP` ,

Mat hOpt i mi zer ` MS` , Gl obal ` , Syst em̀ �
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?Opt i mi ze

Opt i mi ze�f , g, h, x, x i ni t , x l b, xub, opt s� i nt egr at es t he

cur r ent sol ver opt i ons of t he Mat hOpt i mi zer syst em of

packages. These packages t oget her ser ve t o f i nd � t hat i s,

t o numer i cal l y appr oxi mat e � t he sol ut i on of t he f ol l owi ng

gener al const r ai ned opt i mi zat i on pr obl em: mi ni mi ze f �x�
subj ect t o g�x��0 and h�x���0, x i s a r eal vect or f r om a

gi ven f i ni t e i nt er val r ange �xl b, xub�, x i ni t i s a l i st

of i ni t i al �nomi nal � val ues f or x. Al l model f unct i ons

ar e assumed t o be cont i nuous, g and h ar e l i st s of

Mat hemat i ca expr essi ons. Mat hOpt i mi zer i s based on a

combi nat i on of gl obal and l ocal scope sear ch pr ocedur es:

t hese can be used vi a cal l i ng Opt i mi ze i n a f l exi bl e

manner , i n sui t abl e combi nat i ons or i n a st and�al one mode,

wi t h cor r espondi ng set s of opt i ons. Opt i mi ze r et ur ns t he

sol ut i on vect or , and addi t i onal model i nf or mat i on �as

descr i bed i n det ai l wi t h r espect t o t he i ndi v i dual sol ver

opt i ons�. The symbol i c ar gument opt s denot es a l i st of

usage possi bl i t i es: pl ease use Opt i ons�Opt i mi ze� t o di spl ay

t hese. The cur r ent sol ver opt i on packages ar e MS and

CNLP: f or f ur t her i nf or mat i on on t hese, t ype ?MS or ?CNLP.
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Opt i ons�Opt i mi ze�

�Ver si on � 1. , Gl obal Sol ver Mode � 1,

Local Sol ver Mode � 1, Repor t Level � 0�
? Gl obal Sol ver Mode

Gl obal Sol ver Mode i s an Opt i mi ze opt i on. I t s def aul t set t i ng

i s 1: i n t hi s case t he gl obal scope sear ch mode opt i on

1 �cur r ent l y set t o t he al gor i t hm MS� i s appl i ed. The

gl obal sear ch mode can al so be used on i t s own, by set t i ng

Gl obal Sol ver Mode �� 1 and Local Sol ver Mode �� 0. For f ur t her

i nf or mat i on r egar di ng t he gl obal sol ver mode MS, t ype ?MS.

��



? Local Sol ver Mode

Local Sol ver Mode i s an Opt i mi ze opt i on. I t s def aul t set t i ng

i s 1: i n t hi s case t he l ocal scope sear ch mode opt i on 1

�cur r ent l y set t o t he al gor i t hm CNLP� i s appl i ed. The

l ocal sear ch mode can al so be used on i t w own, by set t i ng

Gl obal Sol ver Mode �� 0 and Local Sol ver Mode �� 1. For f ur t her

i nf or mat i on r egar di ng t he l ocal sol ver mode CNLP, t ype ?CNLP.

? Repor t Level

Repor t Level i s an Opt i mi ze opt i on. I f i t i s set t o 1, t hen al l

r esul t s ar e r epor t ed i n t he f or m of i t emi zed messages.

For t he def aul t set t i ng Repor t Level �� 0, t he sol ut i on

i nf or mat i on i s pr ovi ded onl y i n a conci se l i st f or mat .
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? MS

MS�f , g, h, x, x i ni t , x l b, xub, opt s� i s an adapt i ve

st ochast i c �Mul t i St ar t based� sear ch pr ocedur e whi ch

numer i cal l y appr oxi mat es t he gl obal sol ut i on of t he

f ol l owi ng gener al , possi bl y mul t i ext r emal const r ai ned

opt i mi zat i on pr obl em: mi ni mi ze f �x� subj ect t o g�x��0 and

h�x���0. I t i s assumed t hat t he r eal vect or x bel ongs t o

a gi ven f i ni t e i nt er val r ange �xl b, xub�, x i ni t i s a l i st

of i ni t i al �nomi nal � val ues f or x. The obj ect i ve f and t he

const r ai nt s g and h ar e assumed t o be cont i nuous, g and h

ar e l i st s of Mat hemat i ca expr essi ons. The col l ect i on of

r eal �val ued model f unct i ons �f , g, h� i s aggr egat ed by

a mer i t �exact penal t y� f unct i on. MS r et ur ns t he gl obal

est i mat e of t he sol ut i on vect or , t he cor r espondi ng mer i t

f unct i on val ue and i t s �st ochast i c� gl obal l ower bound

est i mat e, t he i ndi v i dual model f unct i on val ues, and t he

t ot al number of model f unct i on eval uat i ons. Al t hough MS

can be used i n st and�al one mode �especi al l y t o handl e

pur e box�const r ai ned model s�, i t i s r ecommended t o appl y

subsequent l y a mor e pr eci se l ocal sear ch met hod such as

CNLP. �Seaml ess sol ver mode combi nat i ons ar e suppor t ed by

t he package Opt i mi ze. � The ar gument ' opt s' denot es a l i st

of al gor i t hm f eat ur es: use Opt i ons�MS� t o di spl ay t hese.

Opt i ons[ MS]    

�Ver si on � 1. , Repor t Level MS � 0, Penal t yMul t i pl i er � 1,

MaxI t er at i ons � 0, MaxSampl e � 0, RandomSeed � 0�

��



?Repor t Level MS

Repor t Level MS i s an opt i on i n MS. I f i t i s set t o 1,

t hen al l r esul t s ar e r epor t ed i n t he f or m of i t emi zed

messages. For t he def aul t set t i ng Repor t Level MS �� 0, t he

sol ut i on i nf or mat i on i s pr ovi ded onl y i n a l i st f or mat .

?Penal t yMul t i pl i er

Penal t yMul t i pl i er i s an opt i on i n MS: i t i s t he penal t y

f act or ' p' used i n t he def i ni t i on of t he mer i t f unct i on.

The l at t er i s def i ned as mer i t f ct � f �x� � p����g�
x��� � ��Max�h�x�, 0����; her e t he absol ut e val ue �l 1��
nor m i s used. Penal t yMul t i pl i er can be set t o any non�

negat i ve val ue, i t s def aul t set t i ng i s 1. Not e t hat

t hi s set t i ng assumes t hat t he obj ect i ve and const r ai nt

f unct i ons ar e wel l �scal ed �i . e. t hat al l f unct i ons

ar e appr oxi mat el y of t he same or der of magni t ude�. I t

i s r ecommended t o pr e�scal e t he f unct i ons as much as

possi bl e, t o at t ai n good scal i ng. Lar ger Penal t yMul t i pl i er

val ues � as a r ul e � wi l l enf or ce model f easi bi l i t y,

but t hei r use may al so l ead t o numer i cal di f f i cul t i es.
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?MaxI t er at i ons

MaxI t er at i ons i s an opt i on i n MS: i t det er mi nes t he number of

mul t i st ar t i t er at i on cycl es. MaxI t er at i ons can be set

t o any non�negat i ve i nt eger val ue. I t i s r ecommended t o

set i t s val ue as an i ncr easi ng f unct i on of t he model

si ze, consi der i ng bot h t he number of var i abl es and

const r ai nt s. Not e t hat l ar ger val ues wi l l i ncr ease t he

r unt i me l i near l y. I f MaxI t er at i ons i s set t o 0, t hen t he

def aul t i nt er nal set t i ng wi l l t ake pl ace: t he l at t er

i s set i n l i ne wi t h t he r ecommendat i on above. �����

?MaxSampl e

MaxSampl e i s an opt i on i n MS: i t det er mi nes t he number of

sampl e poi nt s i n each mul t i st ar t i t er at i on cycl e �up t o

a r oundi ng oper at i on; a mi ni mal val ue f or t hi s par amet er

i s set i nt er nal l y�. MaxSampl e can be set t o any non�

negat i ve i nt eger val ue, t he def aul t set t i ng bei ng si mpl y

0. I t i s r ecommended t o set i t s val ue as an i ncr easi ng

f unct i on of t he model si ze, consi der i ng bot h t he number

of var i abl es and const r ai nt s. I f MaxSampl e i s set t o

0, t hen t he def aul t i nt er nal set t i ng wi l l t ake pl ace:

t he l at t er i s set i n l i ne wi t h t he r ecommendat i on above.

�#



?RandomSeed

RandomSeed i s an opt i on i n MS: i t det er mi nes t he way t he

i nt r i nsi c r andom number gener at or i s i ni t i al i zed. I t s val ue

can be set t o an ar bi t r ar y i nt eger whi ch t hen wi l l be used

t o seed t he gener at or : t hi s opt i on suppor t s t he gener at i on

of possi bl y di f f er ent numer i cal r esul t s i n di f f er ent r uns,

even i f al l ot her opt i on par amet er s ar e t he same. The

def aul t set t i ng i s 0, i n whi ch case t he r andom seed i s set

i nt er nal l y t o a f i xed val ue: t hi s opt i on guar ant ees t hat

i dent i cal l y par amet er i zed r uns wi l l l ead t o i dent i cal r esul t s.
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?CNLP

CNLP�f , g, h, x, x i ni t , x l b, xub, opt s� numer i cal l y

appr oxi mat es a l ocal sol ut i on t o t he f ol l owi ng gener al

const r ai ned opt i mi zat i on pr obl em: mi ni mi ze f �x� subj ect

t o g�x��0 and h�x���0. The r eal vect or x and t he gi ven

i ni t i al sol ut i on xi ni t ar e assumed t o bel ong t o t he

f i ni t e i nt er val r ange �xl b, xub�. The obj ect i ve f and t he

const r ai nt s g and h ar e ar bi t r ar y, possi bl y nonl i near

r eal �val ued f unct i ons, g and h ar e l i st s of Mat hemat i ca

expr essi ons. The l ocal C1�cont i nui t y �smoot hness� of al l

model f unct i ons i s assumed. CNLP i s based on a l ocal l y

conver gent Const r ai ned Non�Li near Pr ogr ammi ng al gor i t hm.

CNLP r et ur ns t he l ocal sol ut i on vect or , t he cor r espondi ng

l ocal opt i mum est i mat e and const r ai nt f unct i on val ues, and

addi t i onal model i nf or mat i on �r el at ed t o t he sat i sf act i on

of f easi bi l i t y, Kuhn�Tucker , and compl ement ar y sl ackness

condi t i ons�. I n or der t o sol ve mul t i ext r emal model s, i t i s

r ecommended t o appl y f i r st a gl obal scope met hod such as

MS. �Seaml ess sol ver mode combi nat i ons ar e suppor t ed by

t he package Opt i mi ze. � The ar gument ' opt s' denot es a l i st

of al gor i t hm f eat ur es: use Opt i ons�CNLP� t o di spl ay t hese.

Opt i ons[ CNLP]  

�Ver si on � 1. , Repor t Level CNLP � 0, Conver genceLevel � 6,

Pr eci s i onLevel � 6, Unconst r ai nedModel � Fal se�
?Repor t Level CNLP

Repor t Level CNLP i s an opt i on i n CNLP. I f i t i s set t o 1,

t hen al l r esul t s ar e r epor t ed i n t he f or m of i t emi zed

messages. For t he def aul t set t i ng Repor t Level CNLP �� 0,

t he sol ut i on i nf or mat i on i s pr ovi ded onl y i n a l i st f or mat .

�,



?Conver genceLevel

Conver genceLevel i s an opt i on i n CNLP. I t def i nes t he 10�based

negat i ve exponent par amet er used i n t he conver gence t est i n

CNLP i t er at i ons. �Exampl e: Conver genceLevel �� 6 set s t he

conver gence t est par amet er t o 10^�6. � For wel l �scal ed model s,

t hi s def aul t set t i ng shoul d be appr opr i at e. I ncr easi ng

val ues can be expect ed t o l ead t o hi gher pr eci s i on,

but r unt i mes may become l onger , and � due t o numer i cal

er r or s � such pr eci s i ons may not al ways be at t ai nabl e.

?Pr eci s i onLevel

Pr eci s i onLevel i s an opt i on i n CNLP. I t def i nes t he 10�based

negat i ve exponent par amet er used i n t he const r ai nt

f easi bi l i t y, Kuhn�Tucker condi t i ons and compl ement ar y

sl ackness t est s. �Exampl e: Pr eci s i onLevel �� 6 set s t he

r equi r ed pr eci s i on t o 10^�6. � For wel l �scal ed model s, t hi s

def aul t set t i ng shoul d be appr opr i at e. I ncr easi ng val ues

can be expect ed t o l ead t o hi gher pr eci s i on, but r unt i mes

may become l onger , and � due t o model i ng or numer i cal

er r or s � such pr eci s i ons may not al ways be at t ai nabl e.

? Unconst r ai nedModel

Unconst r ai nedModel i s an opt i on i n CNLP. I f i t i s set t o Tr ue �
and t he number of const r ai nt f unct i ons i s zer o i ndeed�,

t hen t he bui l t �i n f unct i on Fi ndMi ni mum i s l aunched f r om

wi t hi n CNLP. I t s def aul t set t i ng i s Fal se: i n t hi s case CNLP

i s appl i ed al so t o unconst r ai ned model s. Thi s may l ead t o

l onger execut i on t i mes, and i n some cases t o hi gher pr eci s i on.
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( *  Def i ne opt i mi zat i on model  * )

var s = { x1,  x2} ;  ( *  deci s i on var i abl es * )  

var nom = { 8. ,  - 14. } ;  ( *  nomi nal  ( i ni t i al )  val ues of  var i abl es 

* )  

var l b = { - 10. ,  - 15. } ;  ( *  l ower  bounds of  var i abl es * )   

var ub = { 20. ,  10. } ;  ( *  upper  bounds of  var i abl es * )  

obj f  = 10. * ( x1^2 -  x2) ^2 + ( x1 -  1) ^2;  ( *  obj ect i ve f unct i on,  

t o mi ni mi ze * )

eqs = { x1 -  x1* x2} ;  ( *  equal i t y const r ai nt s * )

i neqs = { 3. * x1 + 4. * x2 -  25. } ;  ( *  i nequal i t y const r ai nt s,  

st at ed i n <=0 f or m * )  

( *  Sol ve model  * )  

Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub,  

Gl obal Sol ver Mode - > 1,  Local Sol ver Mode - > 1,  Repor t Level  - > 1]

��1. , 1. �, 6. 91861 � 10�19, ��1. 68423 � 10�9�,

��18. �, �1. 68423 � 10�9, 7. 33364 � 10�15, 0. ��
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r esul t  = Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub,  

Gl obal Sol ver Mode - > 1,  Local Sol ver Mode - > 1,  Repor t Level  - > 0]

��1. , 1. �, 6. 91861 � 10�19, ��1. 68423 � 10�9�,

��18. �, �1. 68423 � 10�9, 7. 33364 � 10�15, 0. ��
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var opt  = r esul t [ [ 1] ] ;  

Pr i nt [ " est i mat ed opt i mal  sol ut i on vect or :  " ,  var opt ] ;  

est i mat ed opt i mal sol ut i on vect or : �1. , 1. �
f opt � r esul t ��2��;

Pr i nt �" opt i mum est i mat e: " , f opt �;

opt i mum est i mat e: 6. 91861 � 10�19

eqsopt  = r esul t [ [ 3] ] ;

Pr i nt [ " equal i t y const r ai nt  val ues at  opt i mum est i mat e:  " ,  

eqsopt ] ;

equal i t y const r ai nt val ues at opt i mum est i mat e: ��1. 68423 � 10�9�
i neqsopt  = r esul t [ [ 4] ] ;

Pr i nt [ " i nequal i t y const r ai nt  val ues at  opt i mum est i mat e:  " ,  

i neqsopt ] ;

i nequal i t y const r ai nt val ues at opt i mum est i mat e: ��18. �
vi ol sopt  = r esul t [ [ 5] ] ;

Pr i nt [ " v i ol at i on l evel s of  opt i mal i t y condi t i ons at  opt i mum 

est i mat e:  " ,  v i ol sopt ] ;

vi ol at i on l evel s of opt i mal i t y condi t i ons at opt i mum est i mat e:

�1. 68423 � 10�9, 7. 33364 � 10�15, 0. �
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var s = { x1,  x2} ;  

var nom = { 8,  - 4} ;

var l b = { - 10,  - 10} ;

var ub = { 10,  10} ;  

obj f  = 100* ( x1^2 -  x2) ^2 + ( x1 -  1) ^2;  

eqs = { } ;  

i neqs = { } ;  

r esul t  = Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub,  

Gl obal Sol ver Mode - > 0,  Local Sol ver Mode - > 1,  Repor t Level  - > 1]

��1. , 1. �, 4. 94271 � 10�30, ��, ��, ��	, 9. 95 � 10�14, 0��
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CNLP�obj f , eqs, i neqs, var s, var nom, var l b, var ub,

Unconst r ai nedModel � Tr ue, Repor t Level CNLP � 1�

�0. , �x1 � 1. , x2 � 1. ��
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Fi ndMi ni mum[ obj f ,  { x1,  8} ,  { x2,  - 4} ]

�4. 19981 � 10�12, �x1 � 0. 999999, x2 � 0. 999998��
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i neqs = { x1 +x2 -  10} ;  

r esul t  = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub,

Unconst r ai nedModel �Tr ue,  Repor t Level CNLP�1]

��1. , 1. �, 2. 27534 � 10�23, ��, ��8. �, �0. , 1. 60561 � 10�11, 0. ��
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Pl ot 3D[ obj f ,  { x1, - 1, 2} ,  { x2, - 1, 2} ,  Col or Funct i on�Hue,  

Pl ot Poi nt s�50] ;

Cont our Pl ot [ obj f ,  { x1, - 1, 2} ,  { x2, - 1, 2} ,  Col or Funct i on�Hue,  

Pl ot Poi nt s�50] ;
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var s = { x1,  x2,  x3,  x4,  x5,  x6} ;  

var nom = { 1. ,  - 2. ,  3. ,  2. ,  - 3. ,  - 1. } ;  

var l b = Tabl e [ 0,  { Lengt h[ var s] } ] ;                  ( *  a s i mpl e 

way t o set  bounds * )

var ub = Tabl e [ 1000,  { Lengt h[ var s] } ] ;  

obj f  = - ( 3x1 + 2* x2 + 1* x3 + 1* x4 + 2* x5 + 1* x6) ;   ( *  

t r ansf or med f r om a maxi mi zat i on pr obl em * )

eqs = { } ;  

i neqs = {

- x1,  - x2,  - x3,  - x4,  - x5,  - x6,                   ( *  l ower  

bounds i ncl uded as const r ai nt s * )

x1 + x2 + x3 + x4 + x5 + x6 -  100,  

1* x1 -  2* x2 + 3* x3 -  4* x4 + 5* x5 -  6* x6 -  200,  

6* x1 + 5* x2 + 4* x3 + 3* x4 + 2* x5 + 1* x6 -  200} ;  

CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

��6. 25, �1. 39548 � 10�8, 1. 28622 � 10�9, �2. 25678 � 10�8, 68. 75, 25. �,

�181. 25, ��, ��6. 25, 1. 39548 � 10�8, �1. 28622 � 10�9, 2. 25678 � 10�8,

�68. 75, �25. , �1. 85248 � 10�8, 1. 94493 � 10�9, 4. 07945 � 10�9�,

�2. 25678 � 10�8, 1. 81375 � 10�7, 3. 68772 � 10�9��
5
���������
���?��'
����
����
��:8��

�8�������������
�$��(��'����
E���
���'
�����
�
������������������

�
�������������'�?��:
��?�

i neqsCM = { - x1 < 0,  - x2 < 0,  - x3 < 0,  - x4 < 0,  - x5 < 0,  - x6 

<0,

x1 + x2 + x3 + x4 + x5 + x6 -  100 <0,  

1* x1 -  2* x2 + 3* x3 -  4* x4 + 5* x5 -  6* x6 -  200 <0,  

6* x1 + 5* x2 + 4* x3 + 3* x4 + 2* x5 + 1* x6 -  200 <0} ;  

Const r ai nedMi n[ obj f ,  i neqsCM,  var s]

�� 725












4
, �x1 �

25








4

, x2 � 0, x3 � 0, x4 � 0, x5 �
275












4
, x6 � 25		
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N[ %]

��181. 25, �x1 � 6. 25, x2 � 0. , x3 � 0. , x4 � 0. , x5 � 68. 75, x6 � 25. ��
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var s = { x1,  x2} ;  

var nom = { 10,  - 10} ;  

var l b = Tabl e [ - 100,  { Lengt h[ var s] } ] ;   

var ub = Tabl e [ 100,  { Lengt h[ var s] } ] ;  

obj f  = ( 2* x1^2- x2) ^2 + ( x2 -  6* x1^2) ^2;

eqs = { x1 -  10x2 -  x1* x2,  x1 -  3* x2} ;  

i neqs = { x2 + x1 -  1,  x2 -  x1 - 2} ;  

r esul t  = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub,  

Repor t Level - >0]

���1. 26272 � 10�8, �1. 94303 � 10�9�,

7. 55072 � 10�18, �6. 8031 � 10�9, �6. 7981 � 10�9�,

��1. , �2. �, �6. 8031 � 10�9, 7. 36977 � 10�11, 0. ��
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eqs = { x1 -  10x2 -  x1* x2 -  10. ,  x1 -  3* x2} ;  

r esul t  = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

���1. 17537, �1. 17239�, 105. 006, ��0. 829487, 2. 34179�,

��3. 34776, �1. 99701�, �2. 34179, 2. 90436 � 10�6, 0. ��
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var s = { x1,  x2} ;  

var l b = Tabl e [ - 10,  { Lengt h[ var s] } ] ;   

var ub = Tabl e [ 10,  { Lengt h[ var s] } ] ;  

var nom = { - 4,  - 2} ;  ( *  t hi s l eads t o an i nf easi bl e sol ut i on. . .  * )

obj f  = ( 2* x1^2- x2^2) ^2 + ( x2 -  6* x1^2) ^2;

eqs = { x1 -  10x2 -  100* Si n[ 2x1+3x2] } ;  

i neqs = { x2 + x1 -  2} ;

r esul t  = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

���0. 897538, �3. 4753�, 178. 585, ��7. 44338 � 10�8�,

��6. 37284�, �7. 44338 � 10�8, 5. 88178 � 10�10, 0. ��
var nom = { - 2,  - 1} ;  ( *  t hi s l eads t o a l ocal  opt i mum. . .  * )

r esul t  = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

���0. 391571, �1. 77519�, 15. 3558, �9. 73077 � 10�9�,

��4. 16676�, �9. 73077 � 10�9, 4. 73715 � 10�12, 0. ��
var nom = { 1,  - 1} ;  ( *  t hi s ' suf f i c i ent l y c l ose guess'  l eads t o 

t he gl obal  opt i mum. . .  * )

r esul t  = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub,  

Repor t Level - >1]

���1. 5432 � 10�11, �7. 05692 � 10�20�, 5. 18394 � 10�39,

�3. 07097 � 10�9�, ��2. �, �3. 07097 � 10�9, 5. 82826 � 10�14, 0. ��
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( *  one can i nt r oduce a penal t y f act or ,  t o t r y bet t er  

' enf or ci ng'  f easi bl e sol ut i ons * )

( *  a ' good'  par amet er  choi ce may need some subj ect i ve 

exper i ment at i on. . .  t r y a f ew val ues.  * )  

penmul t  = 10;    

( *  aggr egat ed mer i t  f unct i on * )

mer i t f ct  = obj f  + penmul t * ( eqs. eqs + Map[ Max, { i neqs,  

0} ] . Map[ Max, { i neqs,  0} ] ) ;  
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Pl ot 3D[ mer i t f ct ,  { x1, - 5, 5} ,  { x2, - 10, 10} ,  Col or Funct i on�Hue,  

Pl ot Poi nt s�50] ;

Cont our Pl ot [ mer i t f ct ,  { x1, - 5, 5} ,  { x2, - 10, 10} ,  Col or Funct i on�

Hue,  Pl ot Poi nt s�50] ;
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var s = { x1,  x2,  x3,  x4} ;  

var nom = { 4. ,  - 2. ,  3. ,  5. } ;

var l b = Tabl e [ - 100,  { Lengt h[ var s] } ] ;   

var ub = Tabl e [ 100,  { Lengt h[ var s] } ] ;   

obj f  = 2* ( x1 + x3 -  x4) ^2 + ( x2 -  x1 + x3 -  x4) ^2 + ( x1* x2 -  

x3* x4) ^2;  

eqs = { x1^2 -  Si n[ x2]  -  x4,  x1* x3 -  x2* x4* x1} ;  

i neqs = { 2* x1 + 5* x2 + x3 + x4 -  10,  3* x1 -  2* x2 + x3 -  4* x4 -  

5} ;  

r esul t  = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

��3. 39568 � 10�13, 6. 56941 � 10�13, 1. 00604 � 10�12, 1. 32411 � 10�12�,

9. 24767 � 10�28, ��1. 98105 � 10�12, 3. 41619 � 10�25�,

��10. , �5. �, �1. 98105 � 10�12, 1. 0265 � 10�13, 0. ��
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var s = { x1,  x2,  x3,  x4,  x5,  x6} ;  

var nom = { 1. ,  - 2. ,  1. ,  2. ,  1. ,  - 1. } ;  

var l b = Tabl e [ - 100,  { Lengt h[ var s] } ] ;   

var ub = Tabl e [ 100,  { Lengt h[ var s] } ] ;  

obj f  = ( x1 + x2) ^2 + ( x3 -  x5) ^2 + ( x6 -  x4) ^2 + 2* ( x1 + x3 -  

x4) ^2 + ( x2 -  x1 + x3 -  x4) ^2 + 

    10* Si n[ x5 -  x6 + x1] ^2;  

eqs = {

x1^2 -  Si n[ x2]  -  x4 + x5 + x6,  

x1* x3 -  x2* x4* x1 -  x5 -  Si n[ x6 -  x1 -  x3] ,  

    x2* x6* Cos[ x5]  -  Si n[ x3* x4]  + x2 -  x5,

   x1* x2 - x3^2 -  x4* x5 -  x6^2

   } ;  

i neqs = {

2* x1 + 5* x2 + x3 + x4 -  1,  

3* x1 -  2* x2 + x3 -  4* x4,  

    x1 + x2 + x3 + x4 + x5 + x6 -  2

    } ;  

CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

��2. 03184 � 10�7, 1. 41507 � 10�7, 2. 32282 � 10�7,

1. 43425 � 10�7, 5. 47783 � 10�8, 3. 2716 � 10�7�, 4. 03276 � 10�13,

�9. 70055 � 10�8, 5. 35285 � 10�8, 8. 67291 � 10�8, �1. 40093 � 10�13�,

��0. 999999, �1. 4881 � 10�8, �2. �,

�9. 70055 � 10�8, 4. 21914 � 10�8, 8. 74061 � 10�15��
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var nom = { 10. ,  - 10. ,  10. ,  10. ,  10. ,  - 10. } ;  

CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

���0. 472344, �0. 848764, 0. 469209,

0. 660639, �1. 34795, 1. 03502�, 7. 18862,

��2. 08203 � 10�8, �5. 70788 � 10�8, 2. 68579 � 10�8, �8. 2118 � 10�9�,

��5. 05866, �1. 89285, �2. 50419�, �5. 70788 � 10�8, 9. 5235 � 10�8, 0. ��
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eqs = { } ;  i neqs = { } ;   
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f 1= Exp[ - x]  -  ( Si n[ x] ) ^3;  l b1 = - 5;  ub1 = 10;  xnom1 = 1;
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f 2= x^2 -  Cos[ 18x] ;  l b2 = - 5;  ub2 = 5;  xnom2= 2;
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f 3= Si n[ x] ( Cos[ x]  -  Si n[ x] ) ^2;  l b3 = 0;  ub3 = 10;  xnom3 = 3;
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f 4= ( 2x^4 -  13x^3 + 18x^2 -  10x + 3) ^2;  l b4 = - 1;  ub4 = 4;  

xnom4 = 3;
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f 5= Sum[ k* Si n[ ( k+1) x+k] ,  { k, 1, 5} ] ;  l b5 = - 10;  ub5 = 10;  xnom5 = 

5;
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f 6= 0. 1x + Sqr t [ Abs[ x] ] * Si n[ x] ^2;  l b6 = - 10;  ub6 = 5;  xnom6 = 

- 6;
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f 7= 0. 01* ( 0. 2* x^5 -  1. 6995* x^4 + 0. 998266* x^3 -  0. 0218343* x^2 -  

0. 000089248* x) ;  l b7 = 0;  ub7 = 8;  xnom7 = 2;
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f 8= 2* x^2 -  1. 05* x^4 + 0. 1666667* x^6 -  x;  l b8 = - 2;  ub8 = 2. 5;  

xnom8 = 1;
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Pl ot [ f 1,  { x,  l b1,  ub1} ] ;
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Pl ot [ f 2,  { x,  l b2,  ub2} ] ;
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Pl ot [ f 3,  { x,  l b3,  ub3} ] ;
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Pl ot [ f 4,  { x,  l b4,  ub4} ] ;
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Pl ot [ f 6,  { x,  l b6,  ub6} ] ;

- 10 - 8 - 6 - 4 - 2 2 4
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Pl ot [ f 7,  { x,  l b7,  ub7} ] ;
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Pl ot [ f 8,  { x,  l b8,  ub8} ] ;
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r esul t 1 = CNLP[ f 1,  { } ,  { } ,  { x} ,  { xnom1} ,  { l b1} ,  { ub1} ] / / Ti mi ng

r esul t 1 = MS[ f 1,  { } ,  { } ,  { x} ,  { xnom1} ,  { l b1} ,  { ub1} ] / / Ti mi ng

r esul t 1 = Opt i mi ze[ f 1,  { } ,  { } ,  { x} ,  { xnom1} ,  { l b1} ,  

{ ub1} ] / / Ti mi ng

�0. 05 Second,

��1. 63604�, �0. 798881, ��, ��, ��	, 1. 98452 � 10�14, 0���
�0. 17 Second,

��7. 84478�, �0. 999481, �0. 999578, �0. 999481, ��, ��, 490��
�0. 22 Second,

��7. 85411�, �0. 999612, ��, ��, ��	, 2. 80557 � 10�11, 0���
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r esul t 2 = CNLP[ f 2,  { } ,  { } ,  { x} ,  { ( l b2+ub2) / 2} ,  { l b2} ,  { ub2} ]

r esul t 2 = MS[ f 2,  { } ,  { } ,  { x} ,  { ( l b2+ub2) / 2} ,  { l b2} ,  { ub2} ]

r esul t 2 = Opt i mi ze[ f 2,  { } ,  { } ,  { x} ,  { ( l b2+ub2) / 2} ,  { l b2} ,  

{ ub12} ]

��0. �, �1. , ��, ��, ��	, 0. , 0��
��0�, �1, �1, �1, ��, ��, 490�
��0. �, �1. , ��, ��, ��	, 0. , 0��
r esul t 3 = CNLP[ f 3,  { } ,  { } ,  { x} ,  { ( l b3+ub3) / 2} ,  { l b3} ,  { ub3} ]

r esul t 3 = MS[ f 3,  { } ,  { } ,  { x} ,  { ( l b3+ub3) / 2} ,  { l b3} ,  { ub3} ]

r esul t 3 = Opt i mi ze[ f 3,  { } ,  { } ,  { x} ,  { ( l b3+ub3) / 2} ,  { l b3} ,  { ub3} ]

��5. 22406�, �1. 61642, ��, ��, ��	, 4. 49254 � 10�8, 0��
��5. 22191�, �1. 61641, �1. 61705, �1. 61641, ��, ��, 490�
��5. 22406�, �1. 61642, ��, ��, ��	, 3. 39045 � 10�10, 0��
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r esul t 4 � Opt i mi ze�f 4, ��, ��, �x�, ��l b4 � ub4�� 2�, �l b4�, �ub4��

��1. �, 3. 5412 � 10�27, ��, ��, ��	, 5. 9508 � 10�13, 0��
r esul t 5 � Opt i mi ze�f 5, ��, ��, �x�, ��l b5 � ub5�� 2�, �l b5�, �ub5��

���7. 39728�, �14. 838, ��, ��, ��	, 1. 07154 � 10�6, 0��
r esul t 6 � Opt i mi ze�f 6, ��, ��, �x�, ��l b6 � ub6�� 2�, �l b6�, �ub6��

���9. 44999�, �0. 943045, ��, ��,

��	,

����������������������������������������������������������������������������������������������������������0. 0549709 � 0. 000103404 Abs ���9. 44999��2 , 0		

r esul t 7 � Opt i mi ze�f 7, ��, ��, �x�, ��l b7 � ub7�� 2�, �l b7�, �ub7��

��6. 32565�, �4. 43673, ��, ��, ��	, 4. 78973 � 10�8, 0��
r esul t 8 � Opt i mi ze�f 8, ��, ��, �x�, ��l b8 � ub8�� 2�, �l b8�, �ub8��

��1. 75767�, �0. 686072, ��, ��, ��	, 4. 46512 � 10�8, 0��
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var s = { x1,  x2} ;  

var l b = Tabl e [ - 10,  { Lengt h[ var s] } ] ;   

var ub = Tabl e [ 20,  { Lengt h[ var s] } ] ;  

var nom = { 1,  - 1} ;   ( *  t hi s ' suf f i c i ent l y c l ose guess'  l eads t o 

t he gl obal  opt i mum. . .  * )

obj f  = ( 2* x1^2- x2^2) ^2 + ( x2 -  3* x1^2) ^2;

eqs = { x1 -  4* x2 -  5* Si n[ 2x1+3x2] } ;  

i neqs = { x2 + x1 -  1} ;  
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r esul t CNLP = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  

var ub] / / Ti mi ng

�0. 11 Second, ��6. 54931 � 10�16, �1. 17658 � 10�17�, 1. 38434 � 10�34,

��5. 67083 � 10�15�, ��1. �, �5. 67083 � 10�15, 2. 87933 � 10�14, 0. ���
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r esul t MS = MS[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  

var ub] / / Ti mi ng

�1. 43 Second, ��0. 146901, �0. 0710351�, 0. 0206712,

�0. 0304424, 0. 0198875, �0. 0279942�, ��0. 924134�, 3080��
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r esul t MS = MS[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub,  

MaxI t er at i ons- >100,  MaxSampl e- >100 ] / / Ti mi ng

�12. 69 Second, ���0. 0489743, 0. 0236219�, 0. 000352839,

�0. 00772462, 0. 000287799, ��0. 00806477�, ��1. 02535�, 27500��
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var nom = { - 2,  3} ;  ( *  t hi s l eads t o a l ocal  opt i mum,  when usi ng 

CNLP. . .  * )

r esul t CNLP2 = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  

var ub] / / Ti mi ng

�1. 48 Second, ��0. 65855, 0. 774751�, 0. 34837, ��0. 0443739�,

�0. 433301�, �0. 433301, 4. 06583 � 10�6, 49. 1793���
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var nom = { 5,  - 8} ;  ( *  t hi s l eads t o an i nf easi bl e sol ut i on,  when 

usi ng CNLP. . .  * )

r esul t CNLP3 = CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  

var ub] / / Ti mi ng

�1. 43 Second, ���4. 28779, �2. 81537�, 4192. 59,

�2. 13799�, ��8. 10316�, �2. 13799, 0. 000269123, 0. ���
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r esul t MS2 = MS[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  

var ub] / / Ti mi ng

�1. 37 Second, ��0. 146901, �0. 0710351�, 0. 0206712,

�0. 0304424, 0. 0198875, �0. 0279942�, ��0. 924134�, 3080��
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Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub] / / Ti mi ng 

�1. 48 Second, ��1. 0985 � 10�11, �3. 92067 � 10�18�, 1. 53745 � 10�35,

��9. 88652 � 10�11�, ��1. �, �9. 88652 � 10�11, 5. 5676 � 10�15, 0. ���
>���'���
 ��
�
����������
���
���
������:�����������������E�����8����:�����������������
���?�����8
�����8�

�
��������

�����

��������
�A����
���������
�������:����
�������
�����
��8B�?'
�����
��
�����
��'
��


��
����:������
��
����������

�����
����

� ���������*���������*��.���%�����(����������� �����

#��	�����������'���������

���������
����
��������
����
����@�������������'�������������8��
�
���
�����
���?��'�2��?��A
�
�
�����

�������8��
�B������������&'
������?����
 ��
�
��'�?�����'������
��������

#-



( *  deci s i on var i abl es * )  

var s = { x1,  x2,  x3} ;

   

( *  number  of  deci s i on var i abl es;  needed onl y f or  easi er  model  

set up * )

nvar s = Lengt h[ var s] ;   

( *  f i ni t e l ower  bounds;  component - wi se scal i ng t o 0 i s 

r ecommended * )

var l b = Tabl e[ 0,  { nvar s} ] ;

( *  f i ni t e upper  bounds;  component - wi se scal i ng t o 1 i s 

r ecommended  * )

var ub = Tabl e[ 1,  { nvar s} ] ;     

( *  r andoml y gener at ed sol ut i on t o t est  pr obl em * )

sol  = Tabl e[ Random[ ] ,  { nvar s} ] ;   

( *  obj ect i ve f unct i on * )

obj f  = ( x1 -  sol [ [ 1] ] ) ^2 + 2* ( x2 -  sol [ [ 2] ] ) ^2 + 3* ( x3 -  

sol [ [ 3] ] ) ^2;  

( *  l i s t  of  equal i t y const r ai nt s * )

eqs = {

Si n[ 5* ( x1 -  sol [ [ 1] ] ) ]  -  12* ( x3 -  sol [ [ 3] ] ) * ( x2 -  

sol [ [ 2] ] ) ,  

Exp[ ( x1 -  sol [ [ 1] ] ) * ( x2 -  sol [ [ 2] ] ) * ( x3 -  sol [ [ 3] ] ) ] - 1 

} ;

( *  l i s t  of  i nequal i t y const r ai nt s * )

i neqs = {

( ( x1- sol [ [ 1] ] ) * ( x2- sol [ [ 2] ] ) * ( x3- sol [ [ 3] ] ) ) ^2 + 

Si n[  15* ( x1* x2* x3 -  sol [ [ 1] ] * sol [ [ 2] ] * sol [ [ 3] ] )  ]  -  0. 05

} ;

( *  def i ne nomi nal  sol ut i on;  def aul t  set t i ng:  sear ch r ange 

cent r e * )

var nom = ( var l b+var ub) / 2;    

( *  penal t y mul t i pl i er  * )

penmul t  = 1;

( *  aggr egat ed mer i t  ( exact  penal t y)  f unct i on * )

mer i t f ct  = obj f  + penmul t  *  Sum[  eqs[ [ i ] ] ^2,  { i ,  Lengt h[ eqs] } ]  

+ penmul t  *  Sum[  Max[ i neqs[ [ i ] ] , 0] ^2,  { i ,  Lengt h[ i neqs] } ] ;  
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( *  det er mi ne mer i t  f unct i on val ue at  nomi nal  opt i mum est i mat e * )

mer i t f ct nom = mer i t f ct  / .  Thr ead[ var s- >var nom] ;

( *  t est  onl y:  check opt i mum val ue at  t est  model  sol ut i on sol  * )    

opt val  = mer i t f ct  / .  Thr ead[ var s - > sol ] ;    

( *  t est  pr i nt out s * )

Pr i nt [ " r andoml y gener at ed opt i mal  sol ut i on " ,  sol ] ;

Pr i nt [ " i ni t i al  nomi nal  ( cent r e)  sol ut i on " ,  var nom] ;

Pr i nt [ " i ni t i al  nomi nal  f unct i on val ue " ,  mer i t f ct nom] ;

Pr i nt [ " gl obal l y opt i mal  f unct i on val ue " ,  opt val ] ;

r andoml y gener at ed opt i mal sol ut i on

�0. 370966, 0. 782398, 0. 597549�
i ni t i al nomi nal �cent r e� sol ut i on � 1






2

,
1





2

,
1





2
	

i ni t i al nomi nal f unct i on val ue 0. 278018

gl obal l y opt i mal f unct i on val ue 0.
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Pl ot 3D[ mer i t f ct  / .  x1- >sol [ [ 1] ] ,  { x2, 0, 1} ,  { x3, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;

Cont our Pl ot [ mer i t f ct  / .  x1- >sol [ [ 1] ] ,  { x2, 0, 1} ,  { x3, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - >Hue] ;

Pl ot 3D[ mer i t f ct  / .  x2- >sol [ [ 2] ] ,  { x1, 0, 1} ,  { x3, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;

Cont our Pl ot [ mer i t f ct  / .  x2- >sol [ [ 2] ] ,  { x1, 0, 1} ,  { x3, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;

Pl ot 3D[ mer i t f ct  / .  x3- >sol [ [ 3] ] ,  { x1, 0, 1} ,  { x2, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;

Cont our Pl ot [ mer i t f ct  / .  x3- >sol [ [ 3] ] ,  { x1, 0, 1} ,  { x2, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;

#N



0

0. 25

0. 5

0. 75

1 0

0. 25

0. 5

0. 75

1

0

5

10

0

0. 25

0. 5

0. 75

0 0. 2 0. 4 0. 6 0. 8 1

0

0. 2

0. 4

0. 6

0. 8

1

#=



0

0. 25

0. 5

0. 75

1 0

0. 25

0. 5

0. 75

1

0
0. 5

1
1. 5

2

0 0. 2 0. 4 0. 6 0. 8 1

0

0. 2

0. 4

0. 6

0. 8

1

#�



0

0. 25

0. 5

0. 75

1 0

0. 25

0. 5

0. 75

1

0
0. 5

1
1. 5

2

0

0. 25

0. 5

0. 75

0 0. 2 0. 4 0. 6 0. 8 1

0

0. 2

0. 4

0. 6

0. 8

1

���"����������������+,�������.�����.�����*��.���������	�������	��

>��'���'��'
�����������
����:��
���
������������
�����
����'
8���
�������������
��'
��

�5
���������
���?��'
�����
������
���������
��>����
�����������'
��
������:����
��A�

�:
��?B�?��'��'
�

�������8��
�
���
�����������A���
��8
���:��
������'
�$��
��J
�������������:�
�����B��������
���'����'
�

�
�'�����������	
���������

�����?��2�?
��������
���������'
�
��������������8��
�
���
���
������
���

,+



Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

��0. 370966, 0. 782398, 0. 597549�, 1. 53084 � 10�20,

�6. 18636 � 10�10, 0. �, ��0. 05�, �6. 18636 � 10�10, 5. 77464 � 10�14, 0. ��

� ������������*��.���%�����(�����1�#�������+,������
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var s = { x1,  x2,  x3} ;  

var l b = Tabl e [ 0,  { Lengt h[ var s] } ] ;   

var ub = Tabl e [ 1,  { Lengt h[ var s] } ] ;  

var nom = { 0. 5,  0. 5,  0. 5} ;   

obj f  = - 32. 174* ( 255. * Log[ ( x1+x2+x3+0. 03) / ( 0. 09* x1+x2+x3+0. 03) ]  

+ 280* Log[ ( x2+x3+0. 03) / ( 0. 07* x2+x3+0. 03) ]  + 

290* Log[ ( x3+0. 03) / ( 0. 13* x3+0. 03) ] ) ;

eqs = { 100* ( x1 + x2 + x3 -  1) } ;   ( *  expl i c i t  const r ai nt  scal i ng 

i s used,  t o f or ce f easi bi l i t y * )

i neqs = { } ;  

Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

��0. 617813, 0. 328202, 0. 0539851�, �26272. 5,

��1. 00975 � 10�7�, ��, �1. 00975 � 10�7, 0. 000120306, 0��
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penmul t  = 0. 01;

mer i t f ct  = obj f  + penmul t  *  Sum[  eqs[ [ i ] ] ^2,  { i ,  Lengt h[ eqs] } ] ;  

xsol  ={ 0. 617813,  0. 328202,  0. 0539851} ;

Pl ot 3D[ mer i t f ct  / .  x1- >xsol [ [ 1] ] ,  { x3, 0, 1} ,  { x2, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;

Pl ot 3D[ mer i t f ct  / .  x2- >xsol [ [ 2] ] ,  { x1, 0, 1} ,  { x3, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;

Pl ot 3D[ mer i t f ct  / .  x3- >xsol [ [ 3] ] ,  { x1, 0, 1} ,  { x2, 0, 1} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;
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var s = { x1,  x2,  x3,  x4,  x5,  x6} ;  

var l b = { 0,  0,  1,  0,  1,  0} ;   

var ub = { 10,  10,  5,  6,  5,  10} ;   

var nom = { 1,  1,  1,  1,  1,  1} ;   

obj f  = - 25* ( x1- 2) ^2 -  ( x2- 2) ^2 -  ( x3- 1) ^2 -  ( x4- 4) ^2 -  ( x5- 1) ^2 

-  ( x6- 4) ^2;  

eqs = { } ;   

i neqs = { - x1,  x1- 6,  - x2,  x2- 6,  1- x3,  x3- 5,  - x4,  x4- 6,  1- x5,  

x5- 5,  - x6,  x6- 10,

( - ( x3- 3) ^2- x4+4) / 4,

( - ( x5- 3) ^2- x6+4) / 4,  

( x1- 3x2- 2) / 2,  

( - x1+x2- 2) / 2,  

( x1+x2- 6) / 6,  

( - x1- x2+2) / 2} ;  

penmul t  = 100;

i neqs = penmul t * i neqs;

mer i t f ct  = obj f  + penmul t  *  Sum[  eqs[ [ i ] ] ^2,  { i ,  Lengt h[ eqs] } ]  

+ penmul t  *  Sum[  Max[ i neqs[ [ i ] ] , 0] ^2,  { i ,  Lengt h[ i neqs] } ] ;  
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var nom = { 1,  1,  1,  1,  1,  1} ;

CNLP[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  var ub]

���8. 67393 � 10�13, 2. , 1. , �2. 07525 � 10�12, 1. , �2. 07525 � 10�12�,

�132. , ��, �8. 67393 � 10�11, �600. , �200. , �400. , 5. 30231 � 10�10,

�400. , 2. 07525 � 10�10, �600. , 5. 30231 � 10�10, �400. ,

2. 07525 � 10�10, �1000. , �4. 78361 � 10�10, �4. 78361 � 10�10,

�400. , �5. 3535 � 10�10, �66. 6667, 6. 2208 � 10�10�,

�6. 2208 � 10�10, 1. 24847 � 10�6, 1. 19936 � 10�10��
Opt i mi ze�obj f , eqs, i neqs, var s, var nom, var l b, var ub�

��5. , 1. , 5. , �5. 19599 � 10�12, 5. , 10. �,

�310. , ��, ��500. , �100. , �100. , �500. , �400. ,

2. 41752 � 10�8, 5. 19599 � 10�10, �600. , �400. ,

�2. 51621 � 10�9, �1000. , �4. 26255 � 10�9, �2. 40453 � 10�8,

�250. , 3. 95306 � 10�9, �300. , 9. 66259 � 10�8, �200. �,

�9. 66259 � 10�8, 7. 41437 � 10�10, 6. 53593 � 10�7��
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xsol  ={ 5. ,  1. ,  5. , 0. ,  5. ,  10. } ;

Pl ot 3D[ mer i t f ct  / .  Thr ead[ var s- >xsol ] ,  { x2, 0, 3} ,  { x1, 3, 6} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;
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Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;
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Pl ot 3D[ mer i t f ct  / .  Thr ead[ var s- >xsol ] ,  { x5, 0, 5} ,  { x6, 0, 10} ,  

Pl ot Poi nt s- >50,  Col or Funct i on - > Hue] ;
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Cl ear [ d,  h,  w] ;  

var s = { d,  h,  w} ;  

var nom = Tabl e[ 50. ,  { 3} ] ;  

var l b = Tabl e[ 10. ,  { 3} ] ;  

var ub = Tabl e[ 300. ,  { 3} ] ;  

eqs = { } ;  

i neqs = { - 2* ( h* d + h* w + d* w)  + 888,  - h* d* w + 1512. ,  h/ w -  

0. 718,  - h/ w + 0. 518,  d* w -  252. } ;  

obj f  = 0. 1* ( d* w + d* h)  + 0. 2* w* h;  

r esul t  = Opt i mi ze[ obj f , eqs, i neqs, var s, var nom, var l b, var ub,  

    Gl obal Sol ver Mode - > 1,  Local Sol ver Mode - > 1,  Repor t Level  - > 

1]

��23. 031, 6. 86566, 9. 56219�, 50. 9651, ��,

��1. 36165 � 10�8, �3. 10472 � 10�8, 1. 10654 � 10�7, �0. 2, �31. 7734�,

�1. 10654 � 10�7, 0. 0000888699, 2. 53612 � 10�7��
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Cl ear [ goal , obj f , obj ect i ve, C0, R0, Rs, Rl , Rd, Rr , Lr , Cb, Cg, �, �, �, Cs, Ls

, Ll , Cl , Cd, Ld] ;
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goal [ x_] : =N[ 1- Cos[ Pi  x] ^2] ;  

obj ect i ve[ �_, Cs_, Ls_, Ll _, Cl _, Cd_, Ld_] : = 

-  Sum[ goal [ f ]  *  Modul e

[ { Y, w=N[ 2 Pi  f ] , Zr , Z1, Z2, Z3, V1, V2, V3, I 0, I 1, V0=1,

power out , power i n} , (   ( *  Begi n Modul e cal cul at i ons * )

Zr =1/ ( 1/ Rr +1/ ( w I  Lr ) ) ;     ( *  i mpedance t o gnd at  Rr  * )

Z1=1/ ( w I  Cs)  + w I  Ls + Rs+ Zr / �^2;  ( *  i mpedance t o gnd at  

i nput  t o Cs * )

( *  i mpedance t o gnd at  i nput  t o bet a t r ansf or mer  * )

Z2=1/ ( 1/ ( Rl +w I  Ll +1/ ( w I  Cl ) )  + �^2/ Z1) ;  

Z3=1/ ( w I  Cg) + 1/ ( w I  Cb+ 1/ ( Rd+1/ ( w I  Cd) + w I  Ld + Z2) ) ;  

( *  i mpedance at  i nput  t o Cg * )

Y=( 1/ R0 + w I  C0 +�^2/ Z3) ;  ( *  i nput  admi t t ance * )  

I 0= Y *  V0;  ( *  t he i nput  cur r ent  * )

V1= � V0( 1- 1/ ( I  w Cg Z3) ) ;

V2= V1 *  Z2/ ( Z2+Rd+1/ ( w I  Cd) +w I  Ld) ;

V3=� � V2 * ( Zr / �^2) / ( Zr / �^2+Rs+w I  Ls+1/ ( w I  Cs) ) ;

power out =Re[ V3 Conj ugat e[ V3/ Rr ] ] ;  ( *  acoust i c power  Wat t s * )

power i n=Re[ V0 Conj ugat e[ I 0] ] ;  ( *  i nput  el ect r i cal  power  Wat t s * )

power out / power i n )  ( *  r et ur n val ue:  r el at i ve ef f i c i ency * )

] , { f ,  0. 1,  1. ,  0. 01} ] ;  ( *  End of  Modul e cal cul at i ons * )

( *  Const ant s * )

{ C0, R0} ={ . 5,  10^5} ;

{ Rs, Rl , Rd} ={ . 01,  . 01,  . 01} ;

{ Rr , Lr } ={ . 01,  . 2} ;

{ Cb, Cg} ={ 20. ,  20. } ;

{ �, �} ={ . 01, . 06} ;

( *  Opt i mi zat i on par amet er s:  �,  Cs,  Ls,  Ll  ,  Cl ,  Cd,  Ld.  * )

var s = { �, Cs, Ls, Ll , Cl , Cd, Ld} ;

var nom = Tabl e[ . 1, { Lengt h[ var s] } ] ;

var l b = Tabl e[ 0. 001, { Lengt h[ var s] } ] ;

var ub = Tabl e[ 5. 0, { Lengt h[ var s] } ] ;

( *  Obj ect i ve f unct i on * )

obj f  = obj ect i ve[ Appl y[ Sequence, var s] ] ;

eqs = { } ;

i neqs = { } ;   
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obj ect i ve[ Appl y[ Sequence, var nom] ]

�0. 0526404

obj ect i ve�Appl y�Sequence, var l b��

�9. 68541 � 10�10

obj ect i ve�Appl y�Sequence, var ub��

�0. 0885071
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r esul t MS � Opt i mi ze�obj f , eqs, i neqs, var s, var nom, var l b, var ub,

Gl obal Sol ver Mode � 1, Local Sol ver Mode � 0� �� Ti mi ng

�740. 765 Second,

��4. 43451, 3. 08985, 0. 539311, 3. 09438, 3. 27806, 3. 58907,

0. 00103298�, �42. 794, �43. 2231, �42. 794, ��, ��, 7952��
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Cl ear [ h,  p,  hp,  h2p,  h3p] ;

var s = { p,  hp,  h2p,  h3p} ;

var nom = Tabl e[ . 01,  { 4} ] ;

var l b = Tabl e[ 10^ - 20,  { 4} ] ;

var ub = Tabl e[ 0. 1,  { 4} ] ;

h = 10^ - 8;    ( *  deduced di r ect l y f r om t he f our t h equat i on * )

( *  Logar i t hmi c model  f or m:  l eads t o numer i cal  er r or s due t o 

poor  scal i ng. . .  

eqs = {

Log[ h2p]  + Log[ h]  -  Log[ h3p]  -  Log[ . 0075] ,

Log[ hp]  + Log[ h]  -  Log[ h2p]  -  Log[ 6. 2 *  10^ - 8] ,

Log[ h]  + Log[ p]  -  Log[ hp]  -  Log[ 4. 8 *  10^ - 13] ,

h3p + h2p + hp + p -  0. 1

} ;

* )

( *  Nat ur al  scal e model  f or m:  seems t o wor k bet t er  f or  our  

cur r ent  set  of  sol ver s. . .  * )

eqs = 

{ h2p* h -  0. 0075* h3p,

hp* h -  6. 2* 10^ ( - 8) * h2p,

h* p -  4. 8* 10^ ( - 13) * hp,

h3p + h2p + hp + p -  0. 1

} ;

( *  i neqs = Fl at t en[ { var l b -  var s,  var s -  var ub} ] ;  * )

( *  One has t o add t hese const r ai nt s,  t o avoi d numer i cal  er r or s 

due t o poor  model - scal i ng. . .  * )

i neqs = { var l b -  var s} ;

( *  The obj ect i ve i s t o sat i sf y al l  equat i ons s i mul t aneousl y * )

obj f  = Sum [ eqs[ [ i ] ] ^2,  { i , 4} ] ;

-�



Opt i mi ze[ obj f , eqs, i neqs, var s, var nom, var l b, var ub,  

    Gl obal Sol ver Mode - > 1,  Local Sol ver Mode - > 1,  Repor t Level  - > 

1,  

    Conver genceLevel - >12,  Pr eci s i onLevel - >20]  

��0. 0393242, 0. 0508666, 0. 00980916, 1. 27395 � 10�8�, 1. 6462 � 10�19,

�2. 54529 � 10�12, �9. 95018 � 10�11, 3. 93218 � 10�10, �9. 62085 � 10�12�,

���0. 0393242, �0. 0508666, �0. 00980916, �1. 27395 � 10�8��,

�3. 93218 � 10�10,
�
��8. 32932 � 10�13

� ����1, 0, 0, 0��, ��0, �1, 0, 0��,

��0, 0, �1, 0��, ��0, 0, 0, �1���. �0. ��2
�

��6. 05524 � 10�13
� ����1, 0, 0, 0��, ��0, �1, 0, 0��,

��0, 0, �1, 0��, ��0, 0, 0, �1���. �0. ��2
�

��6. 05415 � 10�13
� ����1, 0, 0, 0��, ��0, �1, 0, 0��,

��0, 0, �1, 0��, ��0, 0, 0, �1���. �0. ��2
�

��6. 05366 � 10�13
� ����1, 0, 0, 0��, ��0, �1, 0, 0��,

��0, 0, �1, 0��, ��0, 0, 0, �1���. �0. ��2�, 0. 		
.������
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Log��0. 017960613045001034, 0. 047525366787566775,

0. 03451401759870644, 2. 5710327551048025* ^ - 9��

��4. 01957, �3. 04649, �3. 36639, �19. 779�
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Cl ear �x, y, obj f �;

obj f � Exp�Si n�50 � x�� � Si n�60 �Exp�y�� � Si n�70 �Si n�x�� �

Si n�Si n�80 � y�� � Si n�10 ��x � y�� � �x ^ 2 � y ^ 2�� 4;
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Pl ot 3D�obj f , �x, �20, 20�, �y, �20, 20�,

Pl ot Poi nt s � 50, Col or Funct i on � Hue�;
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Pl ot 3D�obj f , �x, �10, 10�, �y, �10, 10�,

Pl ot Poi nt s � 50, Col or Funct i on � Hue�;
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Pl ot 3D�obj f , �x, �5, 5�, �y, �5, 5�,

Pl ot Poi nt s � 100, Col or Funct i on � Hue�;
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Pl ot 3D�obj f , �x, �3, 3�, �y, �3, 3�,

Pl ot Poi nt s � 100, Col or Funct i on � Hue�;
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var s ={ x, y} ;

var l b = { - 3, - 3} ;   ( *  The bounds ar e chosen on t he basi s of  t he 

pi ct ur es gener at ed above * )

var ub = { 3, 3} ;  

var nom = { 0, 0} ;   

eqs = { } ;  

i neqs = { } ;  

obj f  = Exp[ Si n[ 50* x] ]  + Si n[ 60* Exp[ y] ]  + Si n[ 70* Si n[ x] ]  + 

Si n[ Si n[ 80* y] ]  -  Si n[ 10* ( x + y) ]  + 

   ( x^2 + y^2) / 4;  
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�B�����������������(

N[ obj f  / .  Thr ead[ var s- >var nom] ]

0. 695189
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r esul t CNLP � CNLP�obj f , eqs, i neqs, var s, var nom, var l b, var ub�

���0. 0223022, �0. 00472762�,

�0. 713075, ��, ��, ��	, 1. 31233 � 10�12, 0��
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r esul t MS � MS�obj f , eqs, i neqs, var s, var nom, var l b, var ub�

���0. 0271588, 0. 2191�, �2. 96668, �3. 71271, �2. 96668, ��, ��, 1161�
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r esul t Opt  = Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  

var ub]

���0. 0244031, 0. 210612�, �3. 30687, ��, ��, ��	, 3. 90871 � 10�11, 0��
opt val � r esul t Opt ��2��

�3. 30687
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Set Pr eci s i on�opt val , 10�

�3. 306868647
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r esul t MS � MS�obj f , eqs, i neqs, var s, var nom, var l b, var ub,

MaxI t er at i ons � 1000, MaxSampl e � 1000�

���0. 024627, 0. 211789�, �3. 3, �3. 30906, �3. 3, ��, ��, 999000�
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var nom� ��0. 02462697605211417, 0. 21178911411097368�;

r esul t CNLP � CNLP�obj f , eqs, i neqs, var s, var nom, var l b, var ub�

���0. 0244031, 0. 210612�, �3. 30687, ��, ��, ��	, 3. 17515 � 10�7, 0��
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var opt � ��0. 024403079644709905, 0. 21061242716594214�;
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N[ obj f  / .  Thr ead[ var s - > var opt ] ]

�3. 30687
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�3. 30687 ��3. 30906

0. 999338
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Pl ot 3D[ obj f ,  

{ x, var opt [ [ 1] ] - 0. 1, var opt [ [ 1] ] +0. 1} , { y, var opt [ [ 2] ] - 0. 1, var opt [ [ 2

] ] +0. 1} , Pl ot Poi nt s�100,  Col or Funct i on�Hue] ;

- 0. 1

- 0. 05

0

0. 05

0. 15

0. 2

0. 25

0. 3

- 2

0

2

4

- 0. 1

- 0. 05

0

0. 05

Pl ot 3D[ obj f ,  

{ x, var opt [ [ 1] ] - 1. , var opt [ [ 1] ] +1. } , { y, var opt [ [ 2] ] - 1. , var opt [ [ 2] ] +

1. } , Pl ot Poi nt s�100,  Col or Funct i on�Hue] ;

- 1

- 0. 5

0

0. 5
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0

0. 5

1

- 2
0
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Cl ear [ f ,  a,  x] ;

f [ a_,  x_] : = ( 2+Si n[ 10* a] )  *  x^a *  Si n[ a/ ( 2- x) ] ;       

I nt egr at e[ f [ a,  x] ,  { x, 0, 2} ]                   
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NI nt egr at e[ f [ 0. ,  x] ,  { x, 0, 2} ]        

0.

&?����'
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NI nt egr at e[ f [ 5. ,  x] ,  { x, 0, 2} ]

0. 0907006

NI nt egr at e[ f [ 2. 5,  x] ,  { x, 0, 2} ]

�0. 167812
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Cl ear [ g] ;

g[ a_]  : = NI nt egr at e[ f [ a,  x] ,  { x, 0, 2} ] ;

Pl ot [ g[ a] ,  { a,  0. ,  5. } ] ;

1 2 3 4 5

- 1

1

2

3

Pl ot [ g[ a] ,  { a,  0. 5,  1. } ] ;

0. 65 0. 7 0. 75 0. 8 0. 85 0. 9 0. 95

2. 75

2. 8

2. 85

2. 9

2. 95

3. 05
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Pl ot [ g[ a] ,  { a,  0. 7,  0. 8} ] ;

0. 72 0. 74 0. 76 0. 78 0. 8

2. 7

2. 8

2. 9

Pl ot [ g[ a] ,  { a,  0. 77,  0. 79} ] ;

0. 775 0. 78 0. 785 0. 79

3. 03

3. 04

3. 05

3. 06

3. 07
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Pl ot [ g[ a] ,  { a,  0. 782,  0. 788} ] ;

0. 783 0. 784 0. 785 0. 786 0. 787 0. 788

3. 025

3. 035

3. 04

3. 045
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var s = { a} ;  

var l b = { 0. } ;  

var ub = { 5. } ;  

var nom = { 2. 5} ;  

eqs = { } ;  

i neqs = { } ;  

( *  Change of  s i gn,  f or  maxi mi zat i on pr obl em * )  

Cl ear [ obj f ] ;

obj f  = -  NI nt egr at e[ ( 2+Si n[ 10* a] )  *  x^a *  Si n[ a/ ( 2- x) ] ,  { x,  0,  

2} ] ;

r esul t Opt  = Opt i mi ze[ obj f ,  eqs,  i neqs,  var s,  var nom,  var l b,  

var ub]
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Cl ear �obj f �;

obj f �a_ ? Number Q� : �

�NI nt egr at e��2 � Si n�10 � a��� x ^ a �Si n�a ��2 � x��, �x, 0, 2��;

r esul t Opt �

Opt i mi ze�obj f �a�, eqs, i neqs, var s, var nom, var l b, var ub�

��0. 786714�, �3. 04498, ��, ��, ��	, 0. 0109141, 0��
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�0. 785934 � 0. 786714�� 0. 785934

�0. 00099245
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NI nt egr at e�f �0. 785934, x�, �x, 0, 2��

3. 02697
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