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E n g e n h e i r o s ,  e c o n o mi s t a s ,  p e s q u i s a d o r e s 

o p e r a c i o n a i s ,  a d mi n i s t r a d o r e s e c i e n t i s t a s e s t a o f r e q u e n t e 

me n t e i n t e r e s s a d o s e m e n c o n t r a r  s o l u c o e s o t i ma s p a r a s e u s 

p r o b l e ma s .  T s s e s p r o b l e ma s p o d e m s e r :  d e t e r mi n a r  p r o j e t o s ,  

p r o g r a ma s ,  t r a j e t o r i a s ,  a l o c a r  r e c u r s o s ,  a p r o x i ma r  f u n g o e s ,  

p l a n e j a r  o p e r a g o e s o u p r o c e s s o s .  Ne s s e s e s t u d o s ,  d i f e r e n -

t e s s o l u g o e s ,  t o d a s s a t i s f a z e n d o a c o n d i g o e s i mp o s t a s ,  s a o 

c o mp a r a d a s e u ma s o l u g a o e e s c o l h i d a ,  t a l  q u e e me l h o r  e m 

t e r mo s d e s a t i s f a z e r  c r i t e r i o s d e o p t i ma 1 i d a d e .  Cr i t e r i o s 

d e o p t i ma l i d a d e s a o d e f i n i d o s p a r a c a d a p r o b l e ma e m p a r t i -

c u l a r  e r e p r e s e n t a d o s na f o r ma ma t e ma t i c a p o r  u ma f u n g a o 

quer n t er n n o me d e f u n g a o o b j e t i v a o u T n d i c e d e d e s e mp e n h o .  

Pa r a mi n i mi z a r  ( ma x i mi z a r )  a f u n g a o ob j e_ 

t i v a a p l i c a - s e d i f e r e n t e s t e c n i c a s d e o t i mi z a c a o ( p r o g r a ma _ 

g a o ma t e ma t i c a ) .  Do i s f a t o r e s t o r n a r a m i s s o p o s s T v e l  :  o d e 

s e n v o l  v i me n t o d e c o mp u t a d o r e s d i g i t a l ' s d e a l t a v e l oc i dade e 
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a a p l i c a g a o da a n a l i s e ma t e ma t i c a a o d e s e n v o l v i me n t o d e 

t e c n i c a s n u me r i c a s p a r a s e o b t e r  mT n i mo ( ma x i mo ) .  

t a g a o e m c o mp u t a d o r  d i g i t a l  d e a l g o r i t mo s e s c o l h i d o s ,  c o m 

c o n v e r g e n c i a q u a d r a t i c a ,  p a r a mi n i mi z a g a o d e f u n g o e s o b j e -

t i v a s q u a d r a t i c a s e n a o q u a d r a t i c a s ,  s e m r e s t r i g o e s .  A 

c o mp a r a g a o d o d e s e mp e n h o e e f i c i e n c i a d e s s e s a l g o r i t mo s e 

f e i t a na b a s e d e r e s u l t a d o s o b t i d o s ,  mi n i mi z a n d o e s c o l h i -

d a s f u n g o e s d e t e s t e s ;  t e s t e s c o m f u n g o e s q u a d r a t i c a s f o 

r a m f e i t o s s o me n t e p a r a a c o n f i r ma g a o d e n a o h a v e r  e r r o s 

na i mp l e me n t a g a o d o s a l g o r i t mo s .  

p o i mp o r t a n t e d e f u n g o e s n a o l i n e a r e s mu i t o c o mu m e m pr o_ 

b l e ma s p r a t i c o s d e p e s q u i s a o p e r a c i o n a l  e p r o g r a ma g a o ma t e -

ma t i c a .  Ex i s t e u ma s e r i e d e a l g o r i t mo s d e o t i mi z a g a o d e s e n _ 

v o l v i d o s e s p e c i a 1 me n t e p a r a mi n i mi z a g a o ( ma x i mi z a g a o )  d e 

f u n g o e s q u a d r a t i c a s ,  b a s e a d o s n a s p r o p r i e d a d e s ma t e ma t i c a s 

e s p e c T f i c a s d e s s a s f u n g o e s .  Uma d e s s a s p r o p r i e d a d e s e q u e 

a ma t r i z d a s d e r i v a d a s s e g u n d a s da f u n g a o q u a d r a t i c a e 

c o n s t a n t e .  

A f i n a l i d a d e d e s s e t r a b a l h o e a i mp l e me n 

F u n g o e s q u a d r a t i c a s c o n s i s t e m e m urn g r u -

Os a l g o r i t mo s e s c o l h i d o s p a r a a i mp l e me n 

t a g a o f o r a m o s s e g u i n t e s :  

-  A l g o r i t mo Ge r a l  d e Hu a n g ( 1 ,  2 )  

( Es t u d o f e i t o p a r a 1 5 d i f e r e n t e s g r u -

p o s d e v a l o r e s d o s p a r a me t r o s )  
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-  A l g o r i t mo s S i mp l i f i c a d o s d e Hu a n g ( l , 2 )  

-  A l g o r i t mo " Me mo r y g r a d i e n t "  -  d e Mi e l e 

- Ca n t r e l l  ( 3 ,  4 )  

As f u n g o e s o b j e t i v a s de t e s t e e s c o l h i d a s 

f o r a m:  

-  F u n g a o q u a d r a t i c a d e 10 v a r i a v e i s 

( Ap e n d i  e e l  -  F u n g a o 1 )  

-  F u n g a o n a o q u a d r a t i c a d e 3 v a r i a v e i s 

( Ap e n d i c e 1 -  F u n g a o 2 )  ( 4 ,  5 )  

-  F u n g a o n a o q u a d r a t i c a d e 4 v a r i a v e i s 

( Ap e n d i c e 1 -  F u n g a o 3 )  ( 4 )  

-  F u n g a o n a o q u a d r a t i c a d e 5 v a r i a v e i s 

( Ap e n d i c e 1 -  F u n g a o 4 )  

-  F u n g a o n a o q u a d r a t i c a s d e 1 0 v a r i a v e i s 

( Ap e n d i c e 1 -  F u n g a o 5 )  

0 s c r i t e r i o s e s c o l h i d o s p a r a a v a l i a g a o 

d o s a l g o r i t mo s s a o a p r e s e n t a d o s n o Ca p T t u l o 3 .  

A l i n g u a g e m u t i l i z a d a f o i  o F ORT RAN I V- G 

e o c o mp u t a d o r  u t i l i z a d o f o i  o I BM 3 7 0 / 1 4 5 ,  c o m me mo r i a 

p r i n c i p a l  d e 2 5 6 k b y t e s ,  o n d e f o i  e mp r e g a d a p r e c i s a o du 

p l a a t o d a s as v a r i a v e i s r e a i s .  
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2 -  DE F I Ni g OE S B A S I CA S 

Aq u i  s e r a o a p r e s e n t a d a s a s d e f i n i g o e s b i  

s i c a s n e c e s s a r i a s a o a t e n d i me n t o d e s s e t r a b a l h o .  

-  A l g o r i t mo -  e u ma s e q u e n c i a d e o p e r a ^  

g o e s ma t e ma t i c a s ( n u me r i c a s ,  a l g e b r i c a s )  q u e l e v a m a s o l u -

g a o r e q u e r i d a d e urn p r o b l e ma .  

em ur n n u me r o f  i  ni  t o d e i n t e r a g o e s ,  p a r a f  u n g a o o b j  e t i  v a qua_ 

d r a t i c a ,  s e m r e s t r i g o e s ;  Es s e t i p o d e c o n v e r g e n c i a n a o d e -

v e s e r  c o n f u n d i d o c o m c o n v e r g e n c i a d e o r d e m 2 .  

-  Di r e g o e s c o n j u g a d a s ( u ma e m r e l a g a o a 

o u t r a )  c o m r e s p e i t o a u ma ma t r i z p o s i t i v a d e f i n i d a A e ur n 

c o n j u n t o d e n v e t o r e s d i r e g o e s n a o n u l o s S Q ,  S n _ ^ t a l  

-  Co n v e r g e n c i a q u a d r a t i c a e c o n v e r g e n c i a 

q u e :  

= 0 p a r a 0 K L < n- 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

L 
> 0 p a r a 0 < K = L < n- 1 

( 2 . 1 )  
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-  F o r ma q u a d r a t i c a e uma f u n g a o do t i p o 

F ( X)  = X
T
A X 

On d e :  

X = v e t o r  n d i me n s i o n a l  de c o o r d e n a d a s do 

p o n t o 

A = ma t r i z s i me t r i c a Nx N d e c o e f i c i e n t e s 

-  F o r ma q u a d r a t i c a " n e g a t i v e d e f i n i t e "  e 

a f o r ma q u a d r a t i c a t a l  q u e :  F ( X)  < 0 p a r a X 0 .  

-  F o r ma q u a d r a t i c a " p o s i t i v e d e f i n i t e "  e 

a f o r ma q u a d r a t i c a t a l  q u e :  F ( X)  > 0 p a r a t o d o X 0 .  

-  F o r ma q u a d r a t i c a " s e mi d e f i n i t e "  e a 

f o r ma q u a d r a t i c a t a l  q u e :  F ( X)  >_ 0 p a r a t o d o XzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA =/ = 0 .  

-  F o r mu l a s p a r a c a l c u l o n u me r i c o d e de r i ^ 

v a d a s .  

Se j a X urn v e t o r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA n d i me n s i o n a l  d e c o o r d e -

n a d a s d o p o n t o .  Ne s s e t r a b a l h o ,  u t i l i z a - s e a s s e g u i n t e s f o r  

mu l a s d e d i f e r e n g a s c e n t r a i s .  

-  d e r i v a d a s p a r c i a i s de 1 -  o r d e m 

3 F F ( X 1 ,  .  . . . , X i + A X i ,  , X n )  -  F ( X 1 , . .  .  .  . X . - AX.  ,  , X ^  

a x .  *  2 . AX i  

( 2 . 2 )  

-  d e r i v a d a s Da r c i a i s d e 2 -  o r d e m 
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3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA F 1 

3 X? 4 . X? 

( F ( X 1 , . .  .  . , X i + 2 . A X i  , .  . .  .  , X n )  -  2 . F ( X 1 ,  . .  . .  

3
2

F 

x . x .  
1 J 

X . , . . . . , X n )  + F ( X 1 , . . . / X i - 2 . A X i , . . . . , X n ) )  

4 A X i  AX^ .  

F ( ( X ]  ,  

F ( X ]  ,  

F ( X r  

F ( X ]  ,  

, X. + AX 

, X. + AX 
1 

, X. - AX 

, X. - AX 

. . , X . + A X . ,  

. . . X r A X . ,  

. . , X . + A X . ,  

. . , X . - A X . ,  

( 2 . 3 )  

. . . x n ) -

. . . x n ) -

. . , x n ) + 

. . . x n » 

( 2 . 4 )  

-  F u n c a o q u a d r a t i c a -  e a f u n g a o q u e p o -

d e s e r  e x p r e s s a da f o r ma :  

f ( x )  = a + b
T
x + 1/ 2 x

T
c x 

o n d e :  

( 2 . 5 )  

x = v e t o r  d e c o o r d e n a d a s 

c = ma t r i z q u a d r a d a " p o s i t i v e d e f i n i t e "  

o u " n e g a t i  v e d e f i  ni  t e "  

b = v e t o r  c o 1 u na 

a = es c a l a r  

-  F u n g a o Un i mo d a l  no i n t e r v a l o [ a , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA b]  e 

f u n g a o u ni  d i  me ns i  o na 1 q u e t er n no i n t e r v a l o [ a ,  6 ]  urn s o mi _ 

n T mo ( ma x i  mo )  .  

-  Ma t r i z  He s s i a n a e uma ma t r i z c u j o s e l e 



7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

me n t o s s a o d e r i v a d a s p a r c i a i s s e g u n d a s c o n t T n u a s da f u n g a o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

F ( X )  ,  d e f i  ni  da p o r :  

H( X)  = 

1 1 

nl  

o n d e :  

h .  .  = 

3 F ( X)  

I n 

nn 

3 X i  X .  

( 2 . 6 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-  Ma t r i z  " p o s i t i v e ( n e g a t i v e )  d e f i n i t e "  

( ser ai  d e f  i  n i  t e )  e a ma t r i z q u a d r a d a AzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA =/ = 0 s e a f o r ma q u a -

d r a t i c a X
T
A X e p o s i t i v e ( n e g a t i v e )  d e f i n i t e ( s e mi  d e f  i  ni  t e ) .  

-  No r ma E u c l i d i a n a d e um v e t o r  X e ur n es_ 

c a l a r  d e f i  ni  do p o r :  

| | X| |  -  ( X
T

. X )
1 / 2 

-  Nu me r o s de F i b o n a c c i  e u ma s e r i e d e ni i  

me r o s  F ,  p = 0 , 1 ,  ,  d a d o p e l a r e l a g a o r e c u r s s i v a 

F = F t + F 9 , p > 2 e F _ = F 1 = l .  
p p - 1 p - 2 '

K
-  o 1 

So l u g a o d e s s a r e l a g a o r e c u r s s i v a e :  
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1 

P 5 

p = 0, 1 ,  

2 

(  1 -  / 5 ) P + 1 

2 

( 2 . 7 )  

-  Or d e m d e Co n v e r g e n c i a e a p o t e n c i a p_>l ,  

( s e e x i s t e )  na e x p r e s s a o :  

1 i  m X
k + 1 "

 X
o p t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A i A •  

k o p t  

= C ( 2 . 8 )  

o n d e :  

X = v e t o r  d e c o o r d e n a d a s d o p o n t o o t i  
o p t  -

mo 

X.  = v a l o r  d e c o o r d e n a d a s d o p o n t o r e 
K 

s u l t a n t e da i t e r a c a o k 

= Co n s t a n t e d e e r r o a s s i n t o t i c o 

-  Co n v e r g e n c i a d e o r d e m 1 ( c o n v e r g e n c i a 

l i n e a r )  e a q u e l a q u e o c o r r e q u a n d o p = 1 ,  c o m C < 1 .  

-  Co n v e r g e n c i a d e o r d e m ma i o r  q u e 1 ( con_ 

v e r g e n c i a s u p e r ! i n e a r )  e q u a n d o p 1 ,  C 1 .  

-  Ve t o r  g r a d i e n t e e o v e t o r  c u j o s c o mp o -

n e n t e s s a o d e r i v a d a s p a r c i a i s p r i me i r a s d e f u n g a o d i f e r e n -

c i a v e l  F ( X ) ,  d e f i n i d o p o r :  

9 F 3 F 8F 

g ( x )  = (  

8 F 

3 X 3 X 3 X 3 X 



q u a 1 

Ve t o r  n o r ma l i z a d o V e o v e t o r  p a r a o 

VI I  -  1 
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3 -  CR I T E RI OS PARA AV AL I AQAO DE UM AL GORI T MO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f  

0 a s p e c t o p r i n c i p a l  da t e o r i a da o t i mi z a _ 

g a o e o d e s en v o l  v i  me n t o d e t e c n i c a s e f i c i e n t e s e s i s t e ma t i _ 

c a s p a r a a d e t e r mi n a g a o d o s l o c a i s e v a l o r e s d e t o d o s o s 

e x t r e mo s r e l a t i v o s ,  c o m a d e t e r mi n a g a o s u b s e q u e n t e d o e x -

t r e mo a b s o l u t o .  I n f e l i z me n t e ,  e s t e o b j e t i v o n a o t er n s i d o 

c o n s e g u i d o p a r a t o d o s o s t i  p o s de p r o b l e ma s d e o t i mi z a g a o .  

Mu i t a s f u n g o e s p o s s u e m ma i s q u e urn ex t r e_ 

mo d e u ma d a d a e s p e c i e ( p o r  e x e mp l o ,  ma i s q u e ur n mf n i mo )  .  

L o g o ,  d e v e - s e r e c o n h e c e r  q u e o ma x i mo o u mi  n T mo q u e f o r  eni  

c o n t r a d o em a l g u m p o n t o e m p a r t i c u l a r  n a o e n e c e s s a r i a me n -

t e o ma x i mo g l o b a l  o u mi n T mo g l o b a l  na r e g i a o i n t e i r a d e 

i n t e r e s s e .  Uma d a d a t e c n i c a d e o t i mi z a g a o p o d e r i a ,  e m g e -

r a l  ,  e n c o n t r a r  s o me n t e ur n d o s l o c a i s o t i mo s .  Qu e p o n t o p o -

d e r i a s e r  s e l e c i o n a d o ,  d e p e n d e da t e c n i c a q u e e u s a d a ,  e a 

e s c o l h a do p o n t o i n i c i a l  de p e s q u i s a .  
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b 

Fi gur a 1 

A F i g u r a 1 , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA mo s t r a uma f u n g a o c o n t T n u a ,  

c o m d o i s mT n i mo s ,  urn no p o n t o b ,  g l o b a l ,  e o o u t r o no p o n -

t o d ,  r e l a t i v o .  T o d o s  os a l g o r i t mo s a p r e s e n t a d o s n e s s e 

t r a b a l h o ,  a d e p e n d e r d o p o n t o i n i c i a l  d e p e s q u i s a ,  na pr oc i u 

r a do mT n i mo ,  c h e g a r i a m a o mT n i mo g l o b a l ,  e m b o u a o mi n i -

mo r e l a t i v o ,  e m d.  Urn d o s p o n t o s ,  q u e p o d e r i a s e r  e s c o l h i -

do c o mo p o n t o i n i c i a l  de p e s q u i s a ,  p a r a s e c o n s e g u i r  o mT -

n i mo g l o b a l ,  e o p o n t o a ,  d e n t r e os mu i t o e x i s t e n t e s .  

Ur n a l g o r i t mo e g e r a l me n t e j u l g a d o d e 

a c o r d o c o m s u a e f i c i e n c i a na s o l u g a o d e d e t e r mi n a d o s p r o -

b l e ma s .  El e p o d e s e r  t e s t a d o e m p r o b l e ma s c o m g r a n d e o u pe_ 

q u e n o n u me r o de v a r i a v e i s e e m p r o b l e ma s c o m d i f e r e n t e s 

g r a u s d e n a o l i n e a r i d a d e .  
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Os c r i t e r i o s g e r a l me n t e a d o t a d o s na a v a -

1 i  a g a o s a o :  

-  Co n f i a b i 1 i d a d e -  Su c e s s o e m o b t e r  u ma 

s o l u g a o o t i ma ( d e n t r o d e c e r t a p r e c i _ 

s a o c o m r e s p e i t o a o v e t o r  d e c o o r d e n a -

d a s b e m c o mo o v a l o r  da f u n g a o no p o n -

t o o t i mo e e v e n t u a l  me n t e g r a d i e n t e e 

d e r i v a d a s d e s e g u n d a o r d e m,  p a r a u ma 

g r a n d e v a r i e d a d e d e p r o b l e ma s .  

-  Nu me r o d e a v a l i a g o e s da f u n g a o n e c e s s a _ 

r i a s p a r a c h e g a r  a s o l u g a o c o m p r e c i _ 

s a o r e q u e r i  d a .  

-  S i mp l i c i d a d e d o p r o g r a ma 

-  S i mp l i c i d a d e d e u s o ( t e mp o r e q u e r i d o 

p a r a mo d i f i c a r  o p r o g r a ma p a r a s o l u g a o 

d e c a d a n o v o p r o b l e ma )  

A c o n f i a b i 1 i d a d e e g e r a l me n t e a c e i t o c o -

mo c r i t e r i o p a r a o j u l g a me n t o de urn a l g o r i t mo .  0 a l g o r i t mo 

d e v e s e r  c a p a z d e r e s o l v e r  a ma i o r i a d o s p r o b l e ma s i mp o s ^ 

t o s ,  o s q u a i s p e r t e n c e m a g r u p o d e p r o b l e ma s p a r a o q u a l  

f o i  d e s e n v o 1 v i d o .  A s s o c i a d o c o m e s s e c o n c e i t o e o g r a u d e 

p r e c i s a o a t i n j i d o no v a l o r  da f u n g a o o b j e t i v a no p o n t o 6 t j _ 

mo ,  b e m c o mo n o s v a l o r e s d a s c o o r d e n a d a s .  Us u a l me n t e o 

g r a u d e p r e c i s a o na s o l u g a o d e p e n d e d o c r i t e r i o a d o t a d o pa_ 

r a d e t e r mi n a r  a c o mp u t a g a o ,  l i mi t e ma x i mo d e p r e c i s a o q u e 
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s e p o d e a t i n g i r ,  q u e d e p e n d e de f a t o r e s t a i s c o mo :  c o mp u t e 

d o r  e l i n g u a g e m de a l t o n T v e l  u t i l i z a d o s .  

Nu me r o de a v a l i a g o e s da f u n g a o n e c e s s i  

r i o s p a r a c h e g a r  a s o l u g a o c o m p r e c i s a o r e q u e r i d a n a o e 

c r i t e r i o s a t i s f a t o r i o p a r a me d i r  o d e s e mp e n h o de urn a l g o -

r i t mo p o r q u e s e a f u n g a o t er n mu i t a s v a r i a v e i s ,  o t e mp o r e -

q u e r i d o p e l o a l g o r i t mo p a r a d e t e r mi n a r  o p o n t o q u e a f u n -

g a o e c a l c u l a d a e mu i t a s v e z e s ma i o r  q u e o t e mp o p a r a c a l c t i  

l a r  a f u n g a o no p o n t o .  T a mb e m n u me r o de a v a l i a g o e s da f u n 

g a o p o d e - s e mu d a r  p o r  me i o de v a r i a s mo d i f i c a g o e s d e n t r o 

do p r o g r a ma .  

0 t e mp o de c o mp u t a g a o r e q u e r i d o p a r a o b -

t e r  a s o l u g a o de urn d e t e r mi n a d o p r o b l e ma n a o e c r i t e r i o s a 

t i s f a t o r i o p o r q u e e s s e t e mp o p o d e s e r  a f e t a d o p o r  mu i t o s 

f a t o r e s .  Pa r a p r o b l e ma s de t e s t e s i mp l e s o t e mp o p a r a l e r  

d a d o s e e s c r e v e - l o s e m p r o g r a ma s c o m o s c o ma n d o s de s a i d a 

na me d i a -  p o r  e x e mp l o -  e s c r e v e r  F e F ( X )  p a r a c a d a i t e r a .  

g a o p o d e s e r  2 o u 3 v e z e s o t e mp o de c o mp u t a g a o r e q u e r i d o 

q u a n d o e s s e s c o ma n d o s s a o d i s p e n s a d o s .  

A s i mp l i c i d a d e de u s o ,  b e m c o mo a s i mp l i _ 

c i d a d e de p r o g r a ma s a o i mp o r t a n t e s ,  p o r q u e a c o mp l e x i d a d e 

no f o r n e c i me n t o de d a d o s c o mo t a mb e m a c o mp l e x i d a d e do p r o 

g r a ma p o d e g e r a r  e r r o s g r a v e s .  

Ne s t e t r a b a l h o ,  o s c r i t e r i o s e s c o l h i d o s 

p a r a a v a l i a g o e s d o s a l g o r i t mo s s a o o s s e g u i n t e s :  
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-  C o n f i a b i l i d a d e 

-  Nu me r o de i t e r a g o e s n e c e s s a r i o s p a r a 

c h e g a r  a s o l u g a o c o m p r e c i s a o r e q u e r i -

da 

-  S i mp l i c i d a d e de u s o ( t e mp o r e q u e r i d o pa_ 

r a mo d i f i c a r  p r o g r a ma p a r a s o l u g a o de 

c a d a n o v o p r o b l e ma )  

-  S i mp l i c i d a d e do p r o g r a ma 

0 t e mp o de c o mp u t a g a o n a o f o i  e s c o l h i d o 

p o r q u e o s i s t e ma o p e r a c o m mu l t i p r o g r a ma g a o e d a d o o g r a n -

de v o l u me de J o b s ,  f i c o u d i f i c i l  c o n s e g u i r  t e mp o p a r a s o 

p a s s a r  os p r o g r a ma s r e l a c i o n a d o s c o m os a l g o r i t mo s .  
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4 -  P E S QUI S A L I NE AR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f  

0 Al g o r i t mo g e r a l  de H u a n g ,  b e m c o mo o s 

s i mp l i f i c a d o s ,  r e q u e r e m o us o de uma t e c n i c a de o t i mi z a g a o 

l i n e a r  e f i c i e n t e ,  p a r a a l o c a l i z a c a o de urn mi n i mo ( ma x i mo ) ,  

da q u a l  d e p e n d e mu i t a s ua e f i c i e n c i a .  

E x i s t e m v a r i a s t e c n i c a s de p e s q u i s a l i -

n e a r  ( u n i d i me n s i o n a 1 )  a o l o n g o de d a d o v e t o r  p e s q u i s a p a r a 

f u n c o e s q u e s a o u n i mo d a i s a o l o n g o d e s s e v e t o r  d e n t r o de 

c e r t o i n t e r v a l o de p e s q u i s a c o n s i d e r a d o .  F u n g a o u n i mo d a l  e 

a q u e l a q u e t er n a p e n a s urn mT n i mo ( ma x i mo ) ,  d e n t r o de urn c e r _ 

t o i n t e r v a l o de p e s q u i s a ,  i l u s t r a d o a s e g u i r .  
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xl 

F i g u ra 2 

A F i g u r a 2 i l u s t r a uma f u n g a o u n i mo d a l  ,  

c o m s u a s c u r v a s de n T v e l  .  

De n t r e a s v a r i a s t e c n i c a s de p e s q u i s a l i _ 

n e a r  q u e e x i s t e m,  a s q u e f o r a m e s c o l h i d a s n e s s e t r a b a l h o 

s a o :  

-  P e s q u i s a a c e l e r a d a s e m c a l c u l o de g r a -

d i e n t e p a r a i n t e r v a l o a b e r t o .  

-  P e s q u i s a " Go l d e n - Ra t i o "  p a r a i n t e r v a l o 

f e c h a d o .  

4 . 1 -  P E S QUI S A ACE L E RADA SEM CAL CUL O DE GRADI E NT E PARA 

I NT E RV AL O ABE RT O 

Ne s s a t e c n i c a de p e s q u i s a ,  d a d o urn p o n t o 

i n i c i a l  a n ,  o p r o x i mo p o n t o s e r a c a l c u l a d o p e l a r e l a c a o :  
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a k + 1 = a k + 2
k _ 1

 . A a K = 1 , 2 ,  ( 4 - 1 )  

Pa r a n o s s a f u n g a o o b j e t i v a d e N v a r i a -

v e i s ,  o p r o x i mo p o n t o o t i mo a p o s a p e s q u i s a l i n e a r  e ex-

p r e s s o p o r :  

X . ,  - X -  + a . P .  1 = 0 , 1 ,  . . .  
i + l  i  i i  

( 4 - 2 )  

No p o n t o a f u n g a o o b j e t i v a e d a d a 

p o r  

F ( X i + 1 )  -  F ( X i + 3 i  .  P . ) - = F ( a . )  ( 4 - 3 )  

Na e q u a g a o ( 4 - 3 ) ,  os v a l o r e s X^ e P.  s a o 

c o n s t a n t e s e a .  v a r i a de a c o r d o c o m a e q u a g a o ( 4 - 1 ) .  Co l o -

c a - s e a s s i m a f u n g a o de N v a r i a v e i s e m f u n g a o a p e n a s de 

u ma u n i c a v a r i a v e l ,  a . .  

Fi g u r a 3 

m ax 
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A F i g u r a 3 mo s t r a urn p o s s T v e l  c o mp o r t a -

me n t o da f u n g a o d e N v a r i a v e i s a o l o n g o do v e t o r  p e s q u i s a 

P. . ,  d e p e n d e n t e d a s v a r i a g o e s d o s a .  .  

Da d a a f i g u r a a c i ma ,  e c o n s i d e r a n d o - s e a 

f u n g a o c o mo s e n d o u n i mo d a l ,  v e - s e q u e ,  q u a n d o s e p r o c u r a o 

mT n i mo da f u n g a o n u ma c e r t a d i r e g a o d e p e s q u i s a , e n o t a n d o -

s e q u e F ( a m i n )  F( a - j )  F ( a 2 )
 F

(
a

m ^ '
 e n t i [ o 0 

mT n i mo e x i s t e n a q u e l a d i r e g a o de P e s q u i s a .  Qu a n d o o c o r r e r  

F ( a . )  < F ( a i  + - | )  s a b e - s e q u e o mT n i mo da f u n g a o e x i s t e d e n -

t r o do i n t e r v a l o f e c h a d o 

T e n d o - s e d e t e r mi n a d o o i n t e r v a l o ,  a p l i c a - s e a p e s q u i s a " GoJ 

d e n - R a t i o " ,  p a r a i n t e r v a l o f e c h a d o .  

4 . 2 -  P E S QUI S A " GOL DE N- RAT I O"  PARA I NT E RV AL O F E CHADO 

mi  n ma x 
p o n d o a 

ma x i  + 1 

T e n d o d e t e r mi n a d o o i n t e r v a l o f e c h a d o 

a .  ,  a  u a t r a v e s da p e s q u i s a a c e l e r a d a c o m i n t e r v a l o 
mi  n ma x 

a b e r t o ,  a p l i c a - s e a p e s q u i s a de " Go l d e n - R a t i o " .  Es s a t e c ni _ 

ca de p e s q u i s a c o n s i s t e e m d e t e r mi n a r  2 p o n t o s s i me t r i c o s 

e m r e l a g a o a o s e x t r e mo s do i n t e r v a l o ,  u s a n d o a r a z a o R e n -

t r e os n u me r o s de F i b o n a c c i ,  F e F ,  q u a n d o n •*  ° ° .  Es s a 

n- 1 n ^ 

r a z a o e a p r o x i ma d a me n t e i g u a l  a 0 . 6 1 8 0 3 4 .  ( 4 ,  5 ,  6 ,  7 ) .  

Pa r a s e c a l c u l a r  os p o n t o s s i me t r i c o s e m 

r e l a g a o a o s e x t r e mo s ,  u s a - s e a s e q u a g o e s a b a i x o :  

a „ = a •  + R .  ( a -  a .  )  ( 4 - 4 )  
2 m m

 v

 ma x m m '
 v

 '  
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a n = a .  + ( a -  a 0 )  
mi n

 v

 ma xzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA V 
( 4 - 5 )  

Se j a a f i g u r a a b a i x o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

F(xO) 

F(xi ) 
F(x2 

F(xr 

0 
'm m a 2 a m a x 

F i g u r a 4 

A F i g u r a 4 i l u s t r a o i n t e r v a l o d e t e r mi n e 

d o a t r a v e s da p e s q u i s a l i n e a r  a c e l e r a d a ,  s e m c a l c u l o de 

g r a d i e n t e ,  a o q u a l  e a p l i c a d o a p e s q u i s a Go l d e n - R a t i o ,  a- j  

e a, ,  s a os p o n t o s s i me t r i c o s i n i c i a i s ,  c o m r e l a g a o a o s e x -

t r e mo s do i  n t e r v a l o .  

Es s a t e c n i c a ,  q u e s o p o d e s e r  a p l i c a d a a 

f u n g o e s u n i mo d a i s ,  d e n t r o de urn d e t e r mi n a d o i n t e r v a l o d e 

p e s q u i s a ,  f u n c i o n a da s e g u i n t e ma n e i r a :  Ca l c u l a - s e F-j  e 

c o m r e l a g a o a a- j  e a 2 r e s p e c t i  v a me n t e .  Co mo a f u n g a o e uni _ 

mo d a l ,  e l i mi n a - s e urn d o s i n t e r v a l o s c o mo a s e g u i r ,  c a s o s e 

e s t e j a p r o c u r a n d o o mT n i mo da f u n g a o ,  



2 0 

mi  n 1 '  
s e F. j  > F 2 ( 4 . 6 )  

a

2 >
 a

ma x 
s e F-j  < F 2 ( 4 . 7 )  

0 a l g o r i t mo d e s s a p e s q u i s a t er n a c a r a c t e _ 

r T s t i c a de s e mp r e g e r a r  p o n t o s s i me t r i c o s e m r e l a g a o a o s 

e x t r e mo s e a c a d a i t e r a g a o ,  e l i mi n a r  urn d o s i n t e r v a l o s d e 

p e s q u i s a .  Co m a e l i mi n a g a o d e s s e s i n t e r v a l o s de p e s q u i s a ,  

a t e n d e n c i a d o s a .  ,  a „  e t o r n a r e m- s e c o i n c i d e n t e s ,  

mi n ma x 

p o i s a c a d a i t e r a g a o o i n t e r v a l o de p e s q u i s a d i mi n u i .  Est a_ 

b e l e c e n d o u ma ma r g e m de e r r o p a r a e s s a c o i n c i d e n e i a ,  t er n -

s e F ( X , )  = F ( X 2 )  e e s s e s e r a o mT n i mo da f u n g a o a o l o n g o da_ 

q u e l a d i r e g a o de p e s q u i s a .  

Os n o v o s p o n t o s s i me t r i c o s a^ e a 2 s a o 

c a l c u l a d o s c o mo a s e g u i r :  

S e n d o 

c a s o s e j a 

a 0 = a -  ( a ,  -  a .  )  
mi  n 

( 4 . 8 )  

a m i - n ,  a^ )  o i n t e r v a l o a b a n d o n a d o 

X

l
 = a

mi n
 +

 <
a

 —  -  X, )  

<
a

2 '
 a

ma x 

ma x 
( 4 . 9 )  

P a s s o s :  

A l g o r i t mo p a r a s e e n c o n t r a r  o mi n i mo ,  a o 

l o n g o do v e t o r  p e s q u i s a P . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

U N I V E R S i n A P f FP D zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- R A L n A PAR AJBA 

Pr6 -Kri,oria Par, ., . . , 

Coor de noc - ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Cleric] d9 Ic s - Pr e duc c a o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ma  Apr i gi o Veteo.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 832 W n>3;  3:1 v . i . i A :ft!> 
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I . l - a .  = 0 . , a = a .  ,  
rrn n ma xzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I  + I  

1. 2 -  a « = a .  + R ( a - a . )  

2 mi n
 v

 ma x mi n '  

1 . 3 -  a ,  = a .  + ( a -  a ~ )  
1 mi n

 v

 ma xzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2'  

1. 4 -  Ca l c u l o de e F ^ 

1. 5 -  Co mp a r a a p r o x i ma c a o e n t r e a .  e a 
r  r  Y

 mi  n ma x 

^
a

m a x "
 a

mi n ) "
 E

P
s l o n

)
 S e

 ma i o r ,  va a 1. 6 

me n o r  o u i g u a l  a E p s l o ,  va a 1 . 1 0 

Se 

1. 6 -  Co mp a r azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA F- j  e (  = ,  > ,  < )  

1 . 7 - ( F ,  > F „ ) -  Ab a n d o n a o i n t e r v a l o a .  ,  a ,  
x

 1 2 mi n '  1 

a .  = a ,  
mi  n 

a

l
 = a

2 

F

l
 = F

2 

a

2
 = a

ma x 
( a ,  -  a .  )  v

 1 m m '  

Ca l c u l o d e F ^  e va a 1. 5 

1- 8 -  ( FT -  F „ ) 

a .  = a ,  
m i  n 

a m , „  = a  0 e va a 1 . 2 
ma x c  

1. 9 - ( F- |  < F ^ ) e l i mi n a i n t e r v a l o 
r  

a

ma x >
 a

2
}  
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a a 
2 ma x 

a 

F 

a 
mi  n 

+ ( a 
ma x 

Ca l c u l o de F e v a a 1 . 5 

1 . 1 0 -  Pa r e 

Pe l  os p a s s o s 1 . 7 e 1 . 9 ,  v e - s e q u e urn d o s 

p o n t o s s i me t r i c o s e a p r o v e i t a d o ,  b e m c o mo o v a l o r  da f u n -

g a o n a q u e l e p o n t o .  I s s o d e c o r r e do f a t o q u e ,  s e t o d a v e z 

q u e f o s s e e l i mi n a d o urn i n t e r v a l o de p e s q u i s a ,  c a l c u l a s s e -

se n o v o s p o n t o s s i me t r i c o s c o m os p a s s o s 1. 2 e 1 . 3 ,  urn d o s 

p o n t o s s i me t r i c o s ma n t e r - s e - i a i n a l t e r a d o .  Pa r a s e e v i t a r  

t a l  c a l c u l o ,  a p r o v e i t a - s e o p o n t o s i me t r i c o do i n t e r v a l o 

na o a b a n d o n a d o ,  b e m c o mo o v a l o r  da f u n g a o n e s s e p o n t o .  
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5 -  AL GORI T MO GE RAL D E HUANG 

Uma f u n g a o q u a d r a t i c a d e n v a r i a v e i s i n -

d e p e n d e n t e s q u e t er n um mi n T mo ,  p o d e s e r  mi n i mi z a d o e m n 

p a s s o s ( o u me n o s ) ,  s e a s d e r i v a g o e s d e p e s q u i s a s a o t o ma d a s 

de ma n e i r a q u e s e j a m d e n o mi n a d a s de di  r e g o e s c onj uga da s .  . Em 

a l g u n s c a s o s o us o de t e c n i c a s de o t i mi z a g a o q u e mo s t r a m 

s e r  e f i c i e n t e s p a r a f u n g o e s q u a d r a t i c a s ,  p o d e m s e r  o c a s i o -

n a l me n t e n a o s a t i s f a t o r i  a s e n a o f o r n e c e r a o e m g e r a l  d i r e -

g o e s de p e s q u i s a c o n j u g a d a s ,  p a r a f u n g o e s o b j e t i v a s ma i s 

c o mp l e x a s .  ( 4 ,  5 )  

5 . 1 -  P ROP RI E DADE S GE RAI S 

0 a l g o r i t mo g e r a l  d e Hu a n g g o z a d a szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA s e  

g u i n t e s p r o p r i e d a d e s :  

a )  E mp r e g a s o me n t e p e s q u i s a l i n e a r  ( u n i -

d i me n s i o n a l )  
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b )  Pa r a uma f u n g a o q u a d r a t i c a ,  o a l g o r i t  

mo e c a p a z de c h e g a r  a o p o n t o d e mTnj _ 

mo da f u n g a o ,  c o m o n u me r o d e i t e r a -

g o e s i g u a l ,  no ma x i mo ,  a o n u me r o d e 

v a r i a v e i s da f u n g a o ,  p r o p r i e d a d e e s s a 

c o n h e c i d a c o mo c o n v e r g e n c i a q u a d r a t i -

ca .  

c )  0 a l g o r i t mo e mp r e g a s o me n t e a f u n g a o 

e s e u g r a d i e n t e .  

d )  0 a l g o r i t mo e mp r e g a s o me n t e a i n f or ma _ 

g a o do e s t a d o p r e s e n t e e do i me d i a t a -

me n t e a n t e r i o r .  

T o d a s e s s a s p r o p r i e d a d e s t er n s ua i mpoj r  

t a n c i a p o i s o a l g o r i t mo ,  d a d o o n u me r o d e o p e r a g o e s e n v o i -

v i d a s e do n u me r o de v a r i a v e i s da f u n g a o q u a n d o mu i t o gr aj i  

d e ,  t o r n a m- s e p r a t i c o s s o me n t e q u a n d o s e us a urn c o mp u t a d o r  

d i g i t a l .  A p r o p r i e d a d e ( a )  e v i t a a p e s q u i s a mu l t i d i me n s i o -

n a l ,  o q u e t o r n a o s a l g o r i t mo s ma i s e f i c i e n t e s do p o n t o d e 

v i s t a de t e mp o de c o mp u t a g a o e n v o l v i d o .  A p r o p r i e d a d e ( b )  

e i mp o r t a n t e ,  p o i s f u n g o e s n a o q u a d r a t i c a s c o mp o r t a m- s e na 

v i z i n h a n g a do p o n t o mT n i mo c o mo s e o f o s s e m.  A p r o p r i e d a d e 

( c )  e v i t a c a l c u l o de d e r i v a d a s de o r d e m ma i s e l e v a d a s .  A 

p r o p r i e d a d e ( d )  e r e q u e r i d a p a r a r e d u z i r  o t a ma n h o da me mo 

r i a u t i l i z a d a do c o mp u t a d o r ,  o q u e s e t o r n a mu i t o i mp o r t a r i  

t e ,  q u a n d o a f u n g a o p o s s u i  mu i t a s v a r i a v e i s .  
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5 . 2 -  DE SCR I QAO DO AL GORI T MO 

Da d o um p o n t o i n i c i a l  de p e s q u i s a ,  X zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQ , O 

p r o x i mo p o n t o s e r a e x p r e s s o p e l a r e l a g a o :  

X 4 j ,  = X.  + AX .  i  = 0 , 1 n ( 5 . 1 )  l  +1 l  l  . . .  \  /  

o n d e :  

AX .  = a . P.  i  = 0 , 1 ,  n ( 5 . 2 )  

i l l
 v

 '  

o n d e P . ,  um v e t o r  n - d i me n s i o n a l ,  i n d i c a a d i r e g a o de p e s -

q u i s a e a. ,  s a o e s c a l a r e s d e t e r mi n a d a s a t r a v e s da p e s q u i s a 

l i n e a r .  

Co mb i n a n d o a s e q u a g o e s ( 5 . 1 )  e ( 5 . 2 ) , t e r n 

- s e o p r o x i mo p o n t o de p e s q u i s a ,  q u e e d a d o p o r :  

X i + 1 = X.  + a i P i  i  = 0 , 1 ,  ,  n ( 5 . 3 )  

Co mo f o i  d i t o no p a r a g r a f o ( 5 . 1 ) ,  o a l g o 

t i mo s o e mp r e g a p e s q u i s a u n i d i me n s i o n a l  .  De v e - s e e n t a o c o -

l o c a r  a f u n g a o o b j e t i v a F ( X )  d e p e n d e n t e a p e n a s de a . ,  p o i s 

no p o n t o X.  + - | , F e d a d a p o r :  

F ( X i + 1 )  = F ( X .  + a .  .  P. )  i  = 0 ,  1 n ( 5 . 4 )  

Da r e l a g a o ( 5 . 4 ) ,  v e - s e q u e ,  a s d u a s 

q u a n t i d a d e s X^ e P.  s a o c o n s t a n t e s .  V a r i a n d o - s e a^ s e g u n d o 

a r e l a g a o ( 4 . 1 ) ,  t e m- s e a f u n g a o o b j e t i v a d e p e n d e n d o de 
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a p e n a s uma v a r i a v e l .  0 mT n i mo a o l o n g o do v e t o r  de p e s q u i -

sa P.  o c o r r e r a q u a n d o :  

d F ( X i  + a . P . ) / d a .  = 0 i  = 0 , 1 ,  ,  n ( 5 . 5 )  

Na e q u a g a o ( 5 . 3 ) ,  d e p e n d e d e a .  e 

do v e t o r  de p e s q u i s a P . .  Qu a n d o a p e s q u i s a e f e i t a s u c e s s i  

v a me n t e a o l o n g o d o s v e t o r e s d e p e s q u i s a d e f i n i d o s p e l a 

r e l a g a o :  

Pi  -  Hj  .  G.  i  = 0 ,  1 n ( 5 . 6 )  

o n d e a ma t r i z  H. .  e c a l c u l a d a de a c o r d o c o m a f o r mu l a r e -

c u r s s i v a v i s t a a s e g u i r ,  g a r a n t e q u e o s v e t o r e s de p e s q u i -

sa f o r me m um g r u p o de v e t o r e s c o n j u g a d o s e a p e s q u i s a e 

f e i t a c o m c o n v e r g e n c i a q u a d r a t i c a .  

0 v e t o r  p e s q u i s a P^ ,  de a c o r d o c o m a equa_ 

g a o ( 5 . 6 )  d e p e n d e da ma t r i z  H.  e do g r a d i e n t e da f u n g a o ,  

G. j  .  A ma t r i z  H. .  e e s c o l h i d a i n i c i a l me n t e c o mo s e n d o p o s i t i  

v e o u n e g a t i v e d e f i n i t e .  P o s i t i v e d e f i n i t e p a r a mi n i mi z a 

g a o e n e g a t i v e d e f i n i t e p a r a a ma x i mi z a g a o .  

Sua f o r mu l a r e c u r s s i v a ( 1 )  e :  

H i  + 1 -  H i +zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA W
 +

 C 2 . H | . A G i )
T 

( C ] A X i  + C 2 . H T . A 6 . ) T . A G.  { 5 7 )  

H. AG i  ( A X i  + K 2 . H J . A G i  )
T 

( K ^ X .  + K 2 . H T . A G i )
1

 .  G.  

1 = 0 ,  1 ,  n 
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o n d e ,  C-j  ,  C^ ,  K-j  e s a o c o n s t a n t e s r e a i s a r b i t r a r i a s ,  

c o m a u n i c a r e s t r i g a o q u e e C 2 ,  e K 2 n a o d e v e m s e r  

n u l o s s i mu l t a n e a me n t e .  

Na e q u a g a o ( 5 . 7 )  a s q u a n t i d a d e s AX. ,  e 

GzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ s a o e x p r e s s a s r e s p e c t i v a me n t e p o r :  

A X

i
 = X

i + 1 "
 X

i  i  = 0 ,  1 n ( 5 . 8 )  

AG. j  = G 1 + L -  G .  1 * 0 , 1 ,  ,  n ( 5 . 9 )  

De a c o r d o c o m a e q u a g a o ( 5 . 7 )  uma i n f i n i _ 

d a d e de a l g o r i t mo s p o d e m s e r  g e r a d a s .  A l g o r i t mo s g e r a d o s 

d e p e n d e m u n i c a me n t e d o s v a l o r e s da s c o n s t a n t e s ,  C- |  ,  C 2 ,  

K.  e K 2 .  

F o i  f e i t o um e s t u d o p a r a 1 5 d i f e r e n t e s 

c o n j u n t o s de c o e f i c i e n t e s da f o r mu l a r e c u r s s i v a d a d a p e l a 

e q u a g a o ( 5 . 7 ) .  Do s 1 5 a l g o r i t mo s e s t u d a d o s ,  os 11 p r i me i _ 

r o s c o n s t a n t e s na t a b e l a 1 ,  p e r t e n c e m a o g r u p o de a l g o r i t -

mo s p a r t i c u l a r e s n o s q u a i s a c o n s t a n t e p o d e a s s u mi r  os 

v a l o r e s 1 , 0 e - 1 r e s p e c t i  v a me n t e .  Os v a l o r e s d a s c ons t a j i  

t e s C|  ,  C 2 > K-j  e K 2 s a o d a d o s na me s ma t a b e l a ,  p a r a c a d a 

v a l o r  d e e m p a r t i c u l a r ,  e t o d o s e s s e s v a l o r e s s a o f o r n e -

c i d o s e m ( 1 ) .  Pa r a o s 4 a l g o r i t mo s r e s t a n t e s ,  n a o h o u v e 

c r i t e r i o s p a r a a e s c o l h a d o s v a l o r e s d a s c o n s t a n t e s .  T e n -

t o u - s e g e r a r  n o v o s a l g o r i t mo s e v e r i f i c a r  s e e l e s t er n r e a l _ 

me n t e c o n v e r g i n c i a q u a d r a t i c a .  
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AL GORI T MO ROU C

l  
C

2 
K

l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh 

1 1 1 0 0 1 

2 1 1 0 1 0 

3 1 0 1 0 1 

4 1 1 - 1 1 - 1 

5 0 0 0 0 1 

6 0 0 0 1 0 

7 0 0 0 1 - 1 

8 - 1 1 0 0 1 

9 - 1 1 0 1 0 

1 0 - 1 0 1 0 1 

11 - 1 1 - 1 1 - 1 

1 2 1 1 1 1 1 

1 3 1 - 1 1 - 1 1 

1 4 - 1 1 1 1 1 

1 5 2 - 1 3 - 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-1 

T ABE L A 1 -  Co e f i c i e n t e s E s c o l h i d o s p a r a Ge r a g a o de Al gor i _ t  

mo s 
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5 . 3 -  AP RE S E NT AQAQ DO AL GORI T MO GE RAL DE HUANG EM F OR -

MA CONV E NI E NT E PARA I MPL EMENT AQA* Q EM COMP UT ADOR 

DI GI T AL 

S u ma r i  z a n d o ,  o a l g o r i t mo g e r a l  de Hu a n g 

p o d e s e r  c o n s t i t u T d o d o s s e g u i n t e s p a s s o s .  

a )  A l o c a c a o de v a l o r  z e r o a o c o n t a d o r  d e 

i t e r a g o e s ( L C ON T ) .  

b )  A l o c a g a o do v a l o r  z e r o a o c o n t a d o r  pa_ 

r a t e s t e c o m o nP de v a r i a v e i s da f ur i  

g a o ( I T E R ) .  

c )  E s c o l h a de um p o n t o i n i c i a l  de p e s q u i _ 

sa X .  
o 

d )  E s c o l h a da ma t r i z  H e d o s v a l o r e s dos 
'  o 

c o e f i c i e n t e s ROU,  C|  ,  C^ ,  e K^ .  

e )  Ca l c u l o do g r a d i e n t e da f u n g a o G Q no 

p o n t o X ,  a t r a v e s da e q u a g a o ( 2 . 2 ) .  

f )  Ca l c u l o do v e t o r  p e s q u i s a ,  a t r a v e s 

da e q u a g a o ( 5 . 6 ) .  

g )  P e s q u i s a l i n e a r  e f e i t a p a r a e n c o n -

t r a r  n o v o p o n t o a t r a v e s da e q u a 

g a o ( 5 . 3 ) .  

h )  Ca l c u l o do v e t o r  d i f e r e n g a A X ^ ,  a t r a -

v e s da e q u a g a o ( 5 . 8 ) .  
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i )  Ca l c u l o do g r a d i e n t e no p o n t o 

X . + - j .  a t r a v e s da e q u a g a o ( 2 . 2 ) .  

j )  S u b s t i t u i g a o do v a l o r  de X. . +i  e m X. .  

k )  T e s t e de c o n v e r g e n c i a :  

-  Se c o n v e r g e n c i a s a t i s f e i t a ,  s a T d a 

d o s r e s u l t a d o s 

-  Se c o n v e r g e n c i a n a o s a t i s f e i t a , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA con i 

t i  n u e no p a s so £ , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I )  Ca l c u l o de AG^ ,  a t r a v e s da e q u a g a o 

( 5 . 2 ) .  I n c r e me n t a o s c o n t a d o r e s .  

m)  Ca l c u l o de a t r a v e s da e q u a g a o 

( 5 . 7 )  .  

n )  S u b s t i t u i g a o de H. .  p o r  H^ + ^ 

o )  Ca l c u l o de P. .  a t r a v e s da e q u a g a o ( 5 . 6 )  

p)  T e s t e do n<? de i t e r a g o e s com  o n9 d e 

v a r i a v e i s da f u n g a o ( f u n g o e s n a o q u a -

dr a t i  c a s )  

-  Se I T ER I g u a l  a o n9 d e v a r i a v e i s da 

f u n g a o ,  v a a r .  

-  Ca s o c o n t r a r i o v a a g .  

r )  H i + 1 .  H Q e v a a f .  

U N ' ^ R s , n A n PzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA F F fit n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1
 ar ai ba 
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FLUXOGRAMA DOS PASSOS ESSENCIAISzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA D C A L G O R I T M O 

GERAL DE HUANG, C O M AS SU8 R0 UTINAS 

PRI NCI PAI S 

L CON T — 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 / H 0 , R O U , C ,  , C 2 

K, , K 2 I TER « — 0 

/ H 0 , R O U , C ,  , C 2 

K, , K 2 I TER « — 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
•  

/ H 0 , R O U , C ,  , C 2 

K, , K 2 

I NI  C I O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CALCULO DE 

Gj EM  X, 

(SUBROUTINE 

DEPAR) 

j : 

CALCULO DE 

D ETER M I N E CJj OTlM O M INIM IZANOO 

F ( X j -a | . P | ) P ELA P ESQUI SA UN I D IM ENSIONAL 

COM R ESP EI TO A Q; (SUBROUTINE M I N I M ) 

CALCULE 
A X, — X i * l - X|  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

« r 

CALCULE G,+ l 

FACA X|  • — Xj + 1 

CONVERGENCIA S A T I S F E I T A ? 

N 

CALCULE A Gj 

K A C A :  L C O N T *  

I T E R = 

- Gj + 1 - Gj 

L C O N T -t- 1 

I TER +  1 

•  

C A L C U L E 

(SUBR OUTI N E 

Hj + 1 
H A G A R )  

SA IDA DOS,' 

RESULTADC 

f  FIM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. J 

FACA Hj «- H |  + ! 

< > 

CALCULE 

Pi Hj  •  Gi 
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6 -  A L G O R I T M O S S I MP L I F I C A D O S D E H U A N G 

Os a l g o r i t mo s s i mp l i f i c a d o s d e H u a n g ,  e m 

n u me r o de t r e s ,  t er n a s me s ma s c a r a c t e r T s t i c a s g e r a i s do aj _ 

g o r i t mo g e r a l  d e H u a n g ,  e x c e t o a ma t r i z  H ( N , N ) ,  q u e ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ex 

p r e s s a p e l a f o r mu l a r e c u r s s i v a ( 5 - 6 ) .  

Os a l g o r i t mo s t er n a s s e g u i n t e s f o r mu l a s 

r e c u r s s i v a s p a r a mo d i f i c a c a o da ma t r i z  h e s s i a n a H ( N , N ) .  

A l g o r i t mo 1 

H AG.  A x !  

H , + 1 -  H -  — zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA% — 1 —  = 1 = 0 , 1 ,  n ( 6 . 1 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 + 1 1

 x !  AG. j  

o n d e AX. j  e AG.  t er n o me s mo s i g n i f i c a d o q u e no c a s o do a l g o 

r i  t mo g e r a l  d e H u a n g .  

A l g o r i t mo 2 

H G .  P T 

H

i + 1
 = H

o
 +

 T
 1 1 1 =

 ° '
 ]

'
 N ( 6

-
2 )  

1 0

 P!  G-
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7 -  AL GORI T MO " ME MORY GRADI E NT "  DE MI  E L L E - CANT RE L L 

0 a l g o r i t mo g e r a l  d e H u a n g ,  b e m c o mo os 

s i mp l i f i c a d o s ,  t er n a c a r a c t e r T s t i c a de s o u s a r e m e m c a d a 

i t e r a c a o p e s q u i s a u n i - d i me n s i o n a l .  0 a l g o r i t mo " Me mo r y 

Gr a d i e n t "  de Mi  e l  1 e - Ca n t r e l 1 us a e m c a d a i t e r a c a o p e s q u i s a 

b i d i me n s i o n a 1 ,  c o l o c a n d o a f u n g a o de N v a r i a v e i s c o mo f u n -

g a o d e a p e n a s 2 ( d u a s ) ,  a d mi t i n d o d u a s d i r e c o e s de p e s q u i -

sa na p r o c u r a do mi n T mo .  

7 . 1 -  DE S CRI QAO DO AL GORI T MO 

Da d o urn p o n t o i n i c i a l  X Q ,  o p r o x i mo p o n -

t o e c a l c u l a d o p e l a r e l a c a V ( 3 ,  4 ) :  

X

i  + 1 =
 x

i
 + A X

i  1 -  0 ,  1 n ( 7 . 1 )  

o n d e 

AX i  = X . + ]  -  X .  i  = 0 ,  1 ,  n ( 7 . 2 )  
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c u j o v a l o r  e d a d o p o r :  

AX i  = a .  6 i  + b .  A X . _ T ( 7 . 3 )  

o n d e G.  e o g r a d i e n t e da f u n g a o no p o n t o X.  e A X .  d e n o t a o 

v e t o r  d i f e r e n c a da i t e r a g a o a n t e r i o r .  

De a c o r d o c o m a s e q u a g a o e s ( 7 . 1 )  e ( 7 . 3 )  

a f u n g a o no p o n t o X .  + ^ e d a d a p o r :  

F ( X i + 1 )  = F ( X .  -  a . . G i  + b .  AX . )  = F f a ^ b ^ ( 7 . 4 )  

Da e q u a g a o ( 7 . 4 ) ,  v e - s e q u e ,  o ma i o r  de_ 

c r e s c i mo da f u n g a o o c o r r e q u a n d o a e b s a t i s f a z e m a c o n d i -

g a o :  

F a = 0 e F b = 0 ( 7 . 5 )  

o n d e o s u b s c r i t o d e n o t a a s d e r i v a d a s p a r c i a i s .  

Pa r a s e e f e t u a r  a p e s q u i s a bi  - d i me n s i o 

n a l ,  u s a - s e a t e c n i c a d e q u a s i - l i n e a r i z a g a o ( 3 ) .  

S u p o n d o :  

o n d e a Q e b Q r e p r e s e n t a m v a l o r e s i n i c i a i s no i n T c i o de c a -

da p e s q u i s a .  

Da s e q u a g o e s ( 7 . 6 ) - l  e (  7 . 6 )  -  2 v e - s e que :  

a .  = a Q + Aa .  e b .  = b Q + A b i  ( 7 . 7 )  
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As q u a n t i d a d e s Aa ^ e Ab ^ p o d e m s e r  c a l c £ 

l a d a s a t r a v e s d a s r e l a g o e s :  

A 3 i  = -  u ( D -j  /  D g )  s i g n ( D 4 / D 3 )  ( 7 . 8 )  

Ab .  = -  y ( D 2 / D 3 )  s i g n ( D 4 / D 3 )  ( 7 . 9 )  

e y e uma v a r i a v e l  c u j o v a l o r  e s t a no i n 

t e r v a 1 o f e c h a d o :  

0 £zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ]i < 1 ( 7 . 1 0 )  

e a s q u a n t i d a d e s D-j  ,  D^ ,  e s a o d a d a s p e l a s e q u a g o e s 

a b a i  x o ( 3)  :  

Di  = F . F,  .  -  F. . F .  ( 7 . 1 1 )  
1 a b b b a b

 x

 '  

D 0 = F,  .  F -  F . F .  ( 7 . 1 2 )  
2 b aa a a b

 v

 '  

Do = F . F,  ,  -  F
2
 ( 7 . 1 3 )  

3 aa bb a b
 K

 '  

D.  = F
2
.  F.  .  -  2F F,  F ,  + F

2
F ( 7 . 1 4 )  

4 a bb a b a b b a a
 v

 '  

o n d e F F.  ,  F ,  F,  .  e F .  s a o c a l c u l a d a s no p o n t o X.  ,  
a » D a a D D 3 o 1 + 1 

d a d a p e l a e q u a g a o ( 7 . 1 ) .  

7. 2 -  RE P RE S E NT AQAO DO AL GORI T MO " ME MORY GRADI E NT "  DE 

MI E L L E - CANT RE L L EM F ORMA CONV E NI E NT E PARA I MP L E -

ME NT Ag AO EM CQMP UT ADOR DI GI T AL 

No A l g o r i t mo " Me mo r y Gr a d i e n t "  d e Mi e l e -

Ca n t r e l l  ( 3 ) ,  f o i  i n t r o d u z i d a uma p e q u e n a mo d i f i c a g a o .  No 

i n T c i o da p e s q u i s a o u a p o s N o u N + 1 i t e r a g o e s ,  f a z  -  s e 
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AX. ,  -j  i g u a l  a z e r o ,  e a p e s q u i s a l i n e a r  de ma n e i r a i d e n t i -

ca a do a l g o r i t mo g e r a l  ou s i mp l i f i c a d o d e Hu a n g e na o s e -

g u n d o a v e r s a o a p r e s e n t a d a p o r  Mi  e l e - Ca n t r e l 1 ( 3 , 4 ) .  

Pa s so s do a 1 go r  i  t mo :  

a )  A l o c a g a o do v a l o r  z e r o a o c o n t a d o r  d e 

i t e r a g o e s I T E R,  p a r a s e c o mp a r a r  c o m 

o n9 de v a r i a v e i s da f u n g a o ,  b e m c o mo 

a o c o n t a d o r  n o r ma l  de i t e r a g o e s I CONT.  

b )  E s c o l h a d o s v a l o r e s i n i c i a i s de a Q ,  

b e AX .  
o o 

c )  E s c o l h a d e urn p o n t o i n i c i a l  de pe s qu i _ 

sa X q e a a p r o x i ma g a o p a r a o c a l c u l o 

do g r a d i e n t e a t r a v e s da v a r i a v e l  

DE L T A .  

d )  Ca l c u l o do g r a d i e n t e G no p o n t o X^ 

'
 J

 o
 v

 o 

e )  V e r i f i c a s e e a p r i me i r a i t e r a g a o .  

-  Se I T ER i g u a l  a 1 ,  va a f  

-  Se ma i o r  q u e 1 ,  va a n 

f )  P e s q u i s a l i n e a r  e f e i  t a p a r a e n c o n t r a r  

X i + . j ,  a t r a v e s da e q u a g a o ( 7 . 4 ) ,  c o mo 

no a l g o r i t mo g e r a l  de H u a n g .  

g )  Ca l c u l o de AX^ ,  a t r a v e s da e q u a g a o 

( 7 . 2 )  .  

~ h )  Ca l c u l o X.  + - j ,  a t r a v e s da e qua ga o ( 7 . 1 ) .  
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F a g a a^ = 0 

Ca l c u l o do g r a d i e n t e G^ + ^ ,  no p o n t o 

T e s t e de c o n v e r g e n c i a 

-  Se c o n v e r g e n c i a s a t i s f e i t a ,  s a i d a 

do s r e s u l t a d o s 

-  Se c o n v e r g e n c i a n a o s a t i s f e i t a ,  v a 

a 1 .  

T e s t e N9 d e i t e r a g o e s c o m n 9 de v a r  i  £ 

v e i  s da f u n g a o 

-  Se I T ER ma i o r  q u e n 9 de v a r i a v e i s d a 

f u n g a o ,  va a m.  

-  Ca s o c o n t r a r i o ,  va a n .  

F a g a A X .  = 0 ,  a .  = 0 ,  b .  = 0 ,  I T E R = 0 

e i n c r e me n t e c o n t a d o r  n o r ma l  de i t e r a _ 

g o e s ,  e va a d .  

Ca l c u l o d a s d e r i v a d a s p a r c i a i s F .  F.  ,  

a D 

F -> *
 e

 F , K a t r a v e s d a s e q u a g o e s ( 2 . 2 ) ,  
a a a D 

( 2 . 3 )  e ( 2 . 4 ) ,  r e s p e c t i v a me n t e ,  no 

p o n t o X. .  +. |  .  

Ca l c u l o d o s v a l o r e s de D-j  ,  D^ ,  e 

D 4 a t r a v e s d a s e q u a g o e s ( 7 . 1 1 ) ,  ( 7 . 1 2 ) ,  

( 7 . 1 3 )  e ( 7 . 1 4 )  r e s p e c t i v a me n t e .  

Ca l c u l o d e Aa^.  e Ab ^ a t r a v e s d a s equa_ 

g o e s ( 7 . 6 ) - l  e ( 7 . 6 ) - 2 r e s p e c t i v a me n -

t e .  
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q )  V e r i f i c a c a o d o s v a l o r e s d e F f a - . b ^ )  e 

F ( a , b )  v

 o o '  

-  Se F ( a i  ,  b . )  < F ( a Q ,  b Q )  va a r  

-  Ca s o c o n t r a r i o ,  va a s 

r )  T e s t e de c o n v e r g e n c i a c o m r e l a c a o a 

a b 

-  Se c o n v e r g e n c i a s a t i s f e i t a ,  va a t  

-  Ca s o c o n t r a r i o v a a u 

s )  Di v i d a u p o r  2 e v a a p 

t )  Ca l c u l e AX^ a t r a v e s da e q u a g a o ( 7 . 2 )  

e X.  . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA i . F a c a a .  = 0 ,  b .  = 0 ,  u = 1 e 

va a j .  

u )  Ca l c u l e de F ,  F.  ,  F e F ,  a t r a v e s 
'  a b a a a b 

d a s e q u a g o e s ( 2 . 2 ) ,  ( 2 . 3 )  e ( 2 . 4 )  r e s 

p e c t i v a me n t e .  F a g a a^ = 0 ,  b^ = 0 e 

va a o .  
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I  N I  C i  0 

F L U X OGR A MA DOS P A S S OS ESSENCI A I S DO AL GORI T MO 

"  ME MO R Y GRA DI E NT "  DE MI E L E -  C A N T R E L 

I T E R — 0 

I C0 NTzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA *-0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m 

a 0 — 0 

b 0 — 0 

A X 0 — 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/  
X 0 

DEL T A 

i  

I T E R — 0 

I C0 NT *-0 

a 0 — 0 

b 0 — 0 

A X 0 — 0 

/  
X 0 

DEL T A 

i  

D E T E R MI N E Q\  OT I MO MI NI Ml Z A NDO 

F( Xj  + 1) » ( Xi -  Oi G^ b j i i Xj )  A T R A V E S DA PES-

QUI SA L I N E A R 

A X j —  0 

0 ;  —  0 

bl  — 0 

I T E R —  0 

I CONT A— 

I CONT —  1 
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C A L C U L E F a ,  Fb ,  F o a ,  Fa b U S A N D O A S 

E Q U A C O E S ( 2 . 2 )  ,  ( 2 . 3 )  E ( 2 . 4 )  

C A L C U L E :  

Dl  - —  F a .  F b b -  F b .  Fa b 

D2 - —  F b . F o o -  Fa .  Fa b 

D3 -
2 

—  F a a .  F b b -  Fa b 

0 4 - —  Fa . F b b -  2Fa. Fb. Fab •+ Fb
2
. Faa zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

J 

C A L C U L E :  

A Oj  —  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAu ( DI / D2 )  S I NG ( D 4 / D 3 )  

A bj  —  <i  ( D2 / D3 )  SI NG (  0 4 /  D3 )  

FAPA:  

M = 0 . 5 a 

F(  Oj  .  b |  )  <Z F(  a c .  b 0 )  

T E S T E DE CONV E RGE NCI A C OM 

R E L A QA O A Fa E F b 

S A T I S F E I T A ? 

C A L C U L E :  

AX|  = aj  Gj  b|  AX)  

Xi  + i  s Xj  + AXj  

[ FAp A:  OJ — 0 ,  f cj  — 0 ,  /J — 0 

C A L C U L E I  

F a ,  F b ,  F a a , F b b 

E Fab 

E QU A C OE S :  

( 2 . 2 ) , ( 2 . 3 )  E 

( 2 . 4 )  

F A C A :  

aj zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA — C 

bi  —  0 

4.  
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8 -  T E S T E S RE AL I Z ADOS COM AL GORI T MOS GE RAL DE H U A N G,  A L GO-

RI T MOS S I MP L I F I CADOS DE HUANG E AL GORI T MO " ME MORY GR A -

DI E NT E"  D E MI  EL E CANT RE L L COM AP L I CAQAO A F UNQQE S DE 

T E S T E S E S COL HI DOS 

Os t e s t e s r e a l i z a d o s a b r a n g e m urn t o t a l  

d e 5 f u n g o e s de t e s t e ,  c o m a p e n a s uma f u n g a o q u a d r a t i c a . O 

t e s t e c o m a f u n g a o q u a d r a t i c a f o i  f e i  t a p a r a v e r i f i c a r  s e 

a i mp l e r n e n t a g a o do a l g o r i t mo e r a c o r r e t a .  Da s 5 f u n g o e s ,  3 

( t r e s )  f o r a m d e s e n v o l v i d a s d u r a n t e o p r o c e d i me n t o d e s s e 

t r a b a l h o ,  p a r a s e r v i r e m c o mo f u n g o e s de t e s t e .  As o u t r a s 

d u a s f u n g o e s f o r a m t i r a d a s de b i b i 1 i o g r a f i a ( 2 ,  3 ,  4 ,  5 )  ,  

s e n d o a mb a s c o n s i d e r a d a s c o mo de c o n v e r g e n c i a d i f T c i l .  T o -

d a s a s f u n g o e s d e t e s t e a c h a m- s e no Ap e n d i c e 1 .  

Os r e s u l t a d o s dos t e s t e s a c h a m- s e n a s t a_ 

b e l a s 2 ,  3 ,  4 ,  5 e 6 .  A p r e c i s a o r e q u e r i d a ( mT n i ma )  p a r a 

t e r mi n a r  c o n p u t a g a o f o i :  

i  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
/ 
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GJ .  G i _ < e ( 8 . 1 )  

o n d e G.  e o g r a d i e n t e da f u n g a o a e e urn n 9 b a s t a n t e p e q u e 

n o .  Ne s s e t r a b a l h o f oi  e s t i ma d o e m 

1 0 "
8

 < e < 1 0 "
6

 ( 8 . 2 )  

Os r e s u l t a d o s c o l o c a d o s na t a b e l a c o n f i r  

ma m c o n f i a b i  1 i d a d e d o s a l g o r i t mo s ( s o l u g o e s o t i ma s a t i n j i -

d a s )  e i n f o r ma m s o b r e n u me r o d e i t e r a g o e s n e c e s s a r i a s p a -

r a c h e g a r  a s o l u g a o c o m p r e c i s a o r e q u e r i d a .  

A p r e c i s a o r e q u e r i d a p o r  ( 8 . 1 )  f a z  c o m 

q u e ,  p a r a t o d a s a s f u n g o e s d e t e s t e ,  a c o mp u t a g a o t e r mi n e 

c o m o v a l o r  ot i r no d a s f u n g o e s a p r o xi  ma d a me n t e i g u a l  a :  

o n d e p a r a t o d a s a s f u n g o e s de t e s t e ,  F .  = 0 .  v v

 '  m m 

Pa r a a l g u n s a l g o r i t mo s ,  ha i mp r e s s o a o 

l a d o d a s i t e r a g o e s ,  os s e g u i n t e s s T mb o l o s :  

•  -  Co mo f o i  d i t o a n t e r i o r me n t e ,  a p e s -

q u i s a l i n e a r  na p r o c u r a do mi n i ma e f e i t a a o l o n g o do ve 

t o r  de p e s q u i s a e s t a b e l e c i d a p e l a e q u a g a o ( 5 . 6 ) .  Po d e o c o r  

r e r  no e n t a n t o q u e ,  n a o h a j a mi n i ma a o l o n g o d e s s e v e t o r  

de p e s q u i s a .  T e n t a - s e e n t a o e n c o n t a r  o mT n i mo na . d i r e g a o 

c o n t r a r i a * o me s mo v e t o r .  Ca s o t a mb e m n a o h a j a mT n i mo n e s -

sa d i r e g a o ,  t o ma - s e c o mo v e t o r  de p e s q u i s a o g r a d i e n t e da 

f u n g a o .  A i mp r e s s a o de t a l  s T mb o l o s i g n i f i c a o q u e f o i  d i -

t o a ci  ma .  
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• •  -  S i g n i f i c a q u e ,  n a o f o i  e n c o n t r a d o 

mT n i mo a o l o n g o do v e t o r  d e p e s q u i s a d a d o p e l a e q u a g a o 

( 5 . 6 )  e q u e o mT n i mo da f u n g a o e p r o c u r a d o na d i r e g a o o p o £ 

t a a o me s mo .  
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AL GORI T MO 1 2 3 4 5 

1 8 2 5 5 7 3 8 9 2 

2 8 2 7 5 7 36 91 

3 8 2 5 5 7 36 9 0 

4 8 2 5 5 7 3 8 91 

5 8 1 8 61 36 9 3 

6 8 34 61 36 9 2 

7 8 3 4 61 36 9 3 

8 8 2 7 6 3 3 8 91 

9 8 2 6 6 3 36 91 

1 0 8 2 5 6 3 36 9 0 

11 8 26 6 3 36 8 7 

1 2 8 26 5 7 3 8 9 3 

1 3 8 2 5 6 3 3 6 9 2 

1 4 8 2 8 5 7 3 8 91 

1 5 8 31 5 0 3 9 9 3 

T ABE L A 2 -  F u n g o e s T e s t e s 

A l g o r i t mo Ge r a l  de H u a n g .  Re s u l t a d o s c o m 

a c o n d i g a o de r e p a r t i d a AN = N.  A n u me r a g a o d o s a l g o r i t mo s 

e s t a r  de a c o r d o c o m a T a b e l a 1 .  

U N I V F R S I P A D E F E D E R A L 0 A P A R A l B A 

Pr o- Kei t or i a Par a AFSUI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUOS d o I nt er i or  

Cooi denncSo Setcri cl  do I cs- Gr nduacao 

Rua Apri ui o Vel aso.  882 Tel  ( 083)  321 7222- I I  355 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

58. 100 -  Campi na Ur aude -  Har ai ba 
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AL GORI T MO 2 3 4 5 

1 3 0 4 4 3 6 6 7 

2 3 0 41 31 6 7 

3 30 4 3 36 6 7 

4 30 4 5 36 6 7 

5 30 6 6 39 9 0 

6 30 6 4 3 9 9 3 

7 3 0 6 9 36 9 0 

8 3 0 5 0 31 6 7 

9 3 0 5 0 31 6 7 

10 30 5 0 31 6 9 

1 1 3 0 5 0 3 2 6 7 

1 2 3 0 41 36 6 9 

1 3 3 0 5 0 31 6 7 

1 4 3 0 4 5 3 7 6 7 

1 5 3 0 4 9 3 7 6 7 

T ABE L A 3 -  F u n g o e s T e s t e s 

A l g o r i t mo Ge r a l  de H u a n g .  F u n g o e s T e s t e s 

n a o Qu a d r a t i c a s .  Re s u l t a d o s c o m a c o n d i g a o de r e p a r t i d a 

AN = N + 1 .  A n u me r a g a o d o s a l g o r i t mo s e s t a r  de a c o r d o c o m 

a T a b e 1 a 1 .  
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AL GORI T MO 1 2 3 4 5 

1 1 0 39 7 2 3 5 8 7 

2 1 0 39 7 2 3 5 8 7 

3 1 0 3 9 3 8 4 2 3 9 0 

T ABE L A 4 -  F u n c o e s T e s t e s 

AL GORI T MO 2 3 4 5 

1 3 2 5 8 41 9 0 

2 32 5 8 41 9 0 

.  3 3 2 5 4 6 4 2 5 7 

T ABE L A 5 -  F u n c o e s T e s t e s 

Al  g o r i  t mos S i mp l  i  f  i  c a d o s de H u a n g .  Re s u l t a -

d o s c o m a c o n d i c a o d e r e p a r t i d a AN = N e AN = N + l  ,  r e s p e c -

t  i  v a me n t e .  
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CONDi g f i O DE 

RE P ART I QAO 

1 2 3 4 5 

AN = N 1 0 2 0 3 5 6 2 1 6 2 

AN = N+ l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 2 2 1 3 4 4 1 4 9 

T ABE L A 6 -  F u n g o e s T e s t e s 

A l g o r i t mo " Me mo r y Gr a d i e n t "  de Mi e -

l e e C a n t r e l l . R e s u l t a d o s Ob t i d o s .  
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U N I V E R S i D A D E F E D E R A L D A P A R A l B A 

PI 6- Pc i i or i a Far a Assunt os d o I nt er i or  

Cooi denrci i o Sctcri nl  de l os- Gr nduagao 

RuaApr i - i o Ve! ; i  C32 ' VI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA C
r

)  321 7222- l i  355 

58. 100 -  Camp i nn Gr ande -  I ' ar ai ba 

9 -  DI S CUS S AO DOS RE S UL T ADOS OBT I DOS 

Os r e s u l t a d o s o b t i d o s a c h a m- s e n a s t a b e 

l a s 2 ,  3 ,  4 ,  5 e 6 ,  r e s p e c t i  v a me n t e .  A c o n d i g a o d e r e p a r t i _ 

d a ,  p a r a a s f u n g o e s n a o q u a d r a t i c a s s a o :  AN = N,  o n d e N 

r e p r e s e n t a o n u me r o de v a r i a v e i s i n d e p e n d e n t e s da f u n g a o e 

AN = N + l .  

T a i s r e s u l t a d o s f o r a m a n a l i s a d o s l e v a n d o 

- s e e m c o n t a 2 f a t o r e s :  n9 d e i t e r a g o e s p a r a s e c h e g a r  a o 

p o n t o o t i mo da f u n g a o e c o n f i a b i 1 i d a d e ,  e m r e l a g a o a o v a -

l o r  d a s c o o r d e n a d a s e da f u n g a o o b j e t i v a .  

Nu me r o de I t e r a g o e s -  Pa r a a f u n g a o q u a -

d r a t i c a ,  p e l o s d a d o s a p r e s e n t a d o s na t a b e l a 2 ,  v e - s e q u e 

os g r u p o s de a l g o r i t mo s :  1 . 4 ,  5 . 7 ,  8 . 1 5 ,  c o mp o r t a m- s e i dej i  

t i c a me n t e ,  t o d o s e l e s c h e g a n d o a o p o n t o d e mi n T mo da f u n -

g a o ,  c o m o n u me r o de i t e r a g o e s i g u a l  no ma x i mo a o n u me r o 

d e v a r i a v e i s i n d e p e n d e n t e s .  L o g o ,  q u a l q u e r  urn d o s a l g o r i t -

mo s d e s s e s g r u p o s ,  p o d e s e r  o r e p r e s e n t a n t e d o s me s mo s .  0 
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me s mo s e a p l i c a a t a b e l a 4 ,  d o s a l g o r i t mo s s i mp l i f i c a d o d e 

H u a n g .  

Pa r a a s f u n c o e s n a o q u a d r a t i c a s e c o m a 

c o n d i g a o d e r e p a r t i d a AN = N,  o b s e r v a - s e t a mb e m q u e e s s e s 

g r u p o s d e a l g o r i t mo s ,  j a a c i ma c i t a d o s ,  ma n t e m a s me s ma s 

c a r a c t e r T s t i c a s .  Os a l g o r i t mo s do g r u p o 5 . 7 ,  na ma i o r i a d a s 

v e z e s ,  a p r e s e n t a ma i s n u me r o d e i t e r a g o e s ,  p a r a e n c o n t a r  o 

p o n t o o t i mo da f u n g a o a d j e t i v a c o mo mo s t r a d o na t a b e l a 2 .  

A f u n g a o t e s t e no 3 ,  c o m os r e s u l t a d o s na t a b e l a c i t a d a mo s _ 

t r a ma i s c l a r a me n t e a s ca r a c t e r T s t  i  ca s de c a d a g r u p o d e al _ 

go r i  t mo .  

Os r e s u l t a d o s a p r e s e n t a d o s n a s t a b e l a s 4 

e 5 ,  s a o r e f e r e n t e s a o s a l g o r i t mo s s i mp l i f i c a d o s de H u a n g .  

Es s e s a l g o r i t mo s ,  e m g e r a l ,  a p r e s e n t a m ma i o r  n u me r o de i  t  e_ 

r a g o e s ,  p a r a a l c a n g a r  o p o n t o o t i mo .  0 a l g o r i t mo de Fl e t c he r  

- R e e v e s ,  q u e n e s s e t r a b a l h o f i c o u c o mo a l g o r i t mo s i mp l i f i -

c a d o n9 3 t er n a v a n t a g e m de r e q u e r e r  s o me n t e uma p e q u e n a 

a r e a de a r ma z e n a g e m do c o mp u t a d o r .  P o r e m,  o ma i o r  n u me r o de 

i t e r a g o e s c o mp a r a d o a o s o u t r o s a l g o r i t mo s ,  s i g n i f i c a q u e o 

me s mo n a o e mu i t o p r e c i s o na g e r a g a o d a s d i r e g o e s c o n j u g a ^ 

da s .  

Os r e s u l t a d o s do Al g o r i t mo " Me mo r y Gr a -

d i e n t " ,  a c h a m- s e na t a b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 6 ,  p a r a a s d u a s c o n d i g o e s de r e 

p a r t i d a .  A v a n t a g e m d e s s e a l g o r i t mo s o b r e os o u t r o s ,  e o 

u s o d e d u a s d i r e g o e s de p e s q u i s a ,  t e n d o p o r  i s s o ma i o r  " Li _ 

b e r d a d e "  d e mo v i me n t o ,  na p r o c u r a do mi n T mo .  I s s o p o d e l e -
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v a r ,  e m a l g u n s c a s o s ,  ha d i f e r e n g a s b a s t a n t e s s i g n i f i c a t i -

v a s no n u me r o de i t e r a g o e s ,  c o mo no c a s o da f u n g a o t e s t e 

n u me r o 3 ,  o n d e o me s mo p r e c i s o u d e 1 3 i t e r a g o e s p a r a e n c o n 

t r a r  o p o n t o o t i mo ,  com a c o n d i g a o de r e p a r t i d a AN = N + l  ,  

e t o d o s o s o u t r o s l e v a r a m no mT n i mo 3 1 .  P o r e m t a l  r e s u l t a -

do na o s i g n i f i c a q u e ,  e s s e a l g o r i t mo s e j a o me l h o r ,  p o i s 

p a r a a f u n g a o n9 5 ,  e n q u a n t o q u e os a l g o r i t mo s ,  c o m e x c e s -

s a o do s i mp l i f i c a d o n 9 3 de H u a n g ,  l e v a r a m no ma x i mo 9 3 

i t e r a g o e s ,  o me s mo l e v o u 1 6 5 .  

C o n f i a b i 1 i d a d e -  T o d o s os a l g o r i t mo s o b -

t i v e r a m s o l u g o e s o t i ma s ,  d e n t r o d e c e r t a p r e c i s a o c o m r e s -

p e i t o a o v e t o r  de c o r r d e n a d a s do p o n t o o t i mo e o v a l o r  da 

f u n g a o .  0 Ap e n d i c e 4 mo s t r a a l g u n s r e s u l t a d o s .  
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1 0 -  C0 NCL US 0 E S 

Os r e s u l t a d o s a p r e s e n t a d o s i n d i c a m q u e 

n a o s e p o d e a p r i o r i  d e n o mi n a r  um a l g o r i t mo c o mo " o me -

I h o r " ,  e m t e r mo s de e f i c i e n c i a e c o n f  i  a b i  1 i  da de b a s e a d o e m 

a l g u n s r e s u l t a d o s .  Um a l g o r i t mo p o d e s e r  mu i t o e f i c i e n t e e 

c o n f i a v e l ,  c o m r e l a g a o a d e t e r mi n a d o p r o b l e ma t e s t e ,  e 

s i mp l e s me n t e n a o e n c o n t r a r  s o l u c o e s s a t i s f a t o r i  a s p a r a 

o u t r o s .  Co m r e l a g a o a o s a l g o r i t mo s a q u i  e s t u d a d o s ,  t o d o s 

e l e s c o n s e g u i r a m e n c o n t r a r  a s s o l u g o e s c o r r e t a s d o s pr ob l e _ 

ma s p r o p o s t o s ,  a l g u n s d e l e s c o m c o n v e r g e n c i a b a s t a n t e di f T_ 

c i l ,  v a r i a n d o a p e n a s e n t r e e l e s ,  o n u me r o de i t e r a g o e s ,  pa_ 

r a e n c o n t r a r  a s o l u g a o o t i ma .  



1 1 - B I B L I O G R A F I A 

1 -  H U A N G,  H. Y -  Un i f i e d Ap p r o a c h t o Qu a d r a c t i c a 1 1 y C o n v e r -

g e n t  A l g o r i t h ms f o r  F u n c t i o n Mi n i mi z a t t o n -  J OT A*  :  

Vo l  .  5 ,  N9 6 ,  1 9 7 0 -  Pg 4 0 5 - 4 2 2 .  

2 -  H U A N G,  H. Y a n d L E V Y ,  A. V -  Nu me r i c a l  E x p e r i me n t s o n 

q u a d r a f i c a l l y C o n v e r g e n t  A l g o r i t ms f o r  F u n t i o n Mi n i -

mi z a t i o n -  J OT A -  V o l .  6 ,  NO 3 ,  1 9 7 0 -  PS 2 0 9 - 2 8 2 .  

3 -  MI E L E ,  A .  C ON T R E L L ,  J . W -  S t u d y on a Me mo r y Gr a d i e n t  Me 

t h o d f o r  t h e Mi n i mi z a t i o n o f  F u n c t i o n s -  J OT A -  V o l .  

3 ,  NQ 6 ,  1 9 6 9 -  pg 4 5 9 - 4 6 9 .  

4 -  H I MME L B L A U ,  DAV I D M.  -  Ap p l i e d N o n l i n e a r  P r o g r a mmi n g -

Mc Gr a w- Hi l l  -  1 9 7 2 .  

5 -  GOT T F R I E D ,  BY RON S .  -  WE I S MA N ,  J OEL -  I n t r o d u c t i o n t o 

o p t i mi z a t i o n t h e o r y -  P r e n t i c e Ha l l  -  1 9 7 3 .  

6 -  C OOP E R ,  L E ON -  S T E I N B E R G,  DAV I D -  I n t r o d u c t i o n t o Me t ho-

ds o f  Op t i mi z a t i o n -  W. B .  S a u n d e r s Co mp a n y -  1 9 7 0 .  

7 -  MA NGAS AR I AN,  OL V I  L .  -  No n - L i n e a r  P r o g r a mmi n g -  Mc G r a w -

Hi l l  -  1 9 6 9 .  

8 -  L A S D ON S ,  L E ON S .  -  Op t i mi z a t i o n T h e o r y f o r  L a r g e S y s -

t e ms Ma e i n i l l a n Co mp a n y -  1 9 7 0 .  

*  J o u r n a l  o f  Op t i mi z a t i o n T h e o r y a n d A p p l i c a t i o n s 
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FUNQf l O T E S T E 1 

F u n g a o d e s e n v o 1 v i d a d u r a n t e e s s e t r a b a l h o 

N9 de v a r i a v e i s :  1 0 

N9 de r e s t r i g o e s :  Ne n h u ma 

F u n g a o t e s t e :  

<* 1 
+ x 2 -  1 8 )

2 
+ ( x 2 + X

3 
-  3 4 )

2 

( x 3 + X

4 
-  6 0 )

2 

+ ( x 4 *  X
5 

-  7 8 )
2 

+ X

6 
-  9 4 )

2 

+ ( x 6 + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh 
- 1 20 )

 2 

( X ? 
+ X

8 
- 1 3 8 )

2 
+ ( x 8 + x 9 -  15 4 )

 2 

( Xg + 
X

1 0 
- 1 8 0 )

 2 

+ 
<

X

1 0 -
x

l  
-  9 0 )

2 

Po n t o de P a r t i d a :  

X .  = 1 i  = 1 ,  , 1 0 

S o l u g a o :  

X*  = f 7 , 1 1 , 2 3 , 3 7 , 4 1 , 5 3 , 6 7 , 7 1 , 8 3 , 9 7 J 

F ( X * )  = 0 
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FUNQf t O T E S T E 2 ( 4 ,  5 

N9 de v a r i a v e i s 

NO d e r e s t r i g o e s 

F u n g a o T e s t e 

Ne n h u ma 

F ( X )  = 1 0 0 {  •  X 3 -  1 O. 0 ( X 1 , X 2 )  H 

+ C (
X

i
 + X

2 >
V 2

 "
 1

 1
2

>
+ X

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

o ( x r x 2 )  = 

- 1 
1 / 2 I T t g ( X 2 / X 1 )  

- 1 

x 1 > 0 

1 / 2 + 1/ 2TT t g ( X 2 / X 1 )  X ]  < 0 

P o n t o d e P a r t i d a 

X = C - l  , 0 , 0 •  

So 1 uga o :  

X = [ J >
0

>
0

J 

F ( X )  -  0 
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F UNQAO T E S T E 3 ( 2 ,  3 ,  4 )  

N°  d e v a r i a v e i s :  4 

N9 de r e s t r i g o e s :  Ne n h u ma 

F u n g a o T e s t e :  

F ( X )  = 1 0 0 ( X 2 -  X
2

)
2

 + ( 1 -  X ^
2

 + 

9 0 ( X 4 -  X
2

)
2

 + ( 1 -  X 3 )
2

 + 

1 0 . 1 Q ( X 2 -  l )
2

 + ( X 4 -  l )
2

^ + 

1 9 . 8 ( X 2 -  1 )  .  ( X 4 -  1 )  

P o n t o d e Pa r t i  da :  

X = Q - 3 ,  - 1 ,  - 3 ,  - 1 H
T 

Sol  u g a o : .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

x *  = Q 1 ,  1 ,  1 ,  1 ] ]
T 

F ( X )  = 0 

U N I V F R S I D A D E F F D ' I ' U [ )  A P A R A J B A 

Pr 6- Kc i t or i a Par a Assunt os d o I nt er i or  

Cooi denccuo Setori al  de Cos- Trad uacao 

RuaApr i gi o Vel uso,  882 Tel  ( 083)  321 7222- K 355 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

58. t OO -  Campi na Gr ande -  Par ai ba 



FUNQf t O T E S T E 4 

F u n g a o d e s e n v o 1 v i d a d u r a n t e e s s e t r a b a l h o 

N9 de v a r i a v e i s :  5 

N9 de r e s t r i g o e s :  Ne n h u ma 

F u n g a o t e s t e :  

( x ] x 2 x 3 •  
"

 X

4
X

5 "  
-  1 1 8 )

2 

+ 

( x 2 x 3 x 4 •  
-  V i  •  

-  1 7 4 8 )
2 

+ 

( X

3
X

4
X

5 "  
X

1
X

2 
-  5 0 6 2 )

2 

+ 

( x 4 x 5 X l  - -  x 2 x 3 - -  "1 0 8 2 )
 2 

+ 

(
X

5
X

1
X

2 '  
-  x 3 x 4 - -  26 2 )

2 

P o n t o d e P a r t i  d a :  

X i  = 1 ,  i  = 1 ,  5 

S o l u g a o :  

X*  = Q 3 , 9 ,  6 , 3 ,  1 7 ,  1 5 ,  21zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA J 

F ( X * )  = 0 
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F U A O T E S T E 5 :  

F u n g a o d e s e n v o l v i d a d u r a n t e e s s e t r a b a l h o 

N9 d e v a r i a v e i s :  1 0 

N9 de r e s t r i g o e s :  Ne n h u ma zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

F( X)  = ( X ^ X ^ - X g ) -  9 8 p + ( X 2 ( X r X 
1 0 

( X 3 ( X 2 - X - , ) -  9 2 )
2

 + ( X 4 ( X 3 - X 2 

( X 5 ( X 4 - X 3 ) - 5 7 4 )
2

 + ( X 6 ( X 5 - X 4 

( X 7 ( X 6 - X 5 ) - 8 0 4 )
2

 + ( X 8 ( X 7 - X 6 

( X g ( X g - X y ) - 3 3 2 )
2

 + ( X 1 0 ( X g - X 8 

+ 9 9 0 T + 

-  4 4 4 )
 2

 + 

-  2 1 2 )
2

 + 

-  9 9 4 )
2

 + 

- 1 16 4 )
 2 

Po n t o d e Pa r t i  d a :  

X.  = 1 0 0 1 = 1 ,  , 1 0 

S o l u g a o :  

X = Q 7 ,  1 1 ,  2 3 ,  3 7 ,  41 ,  5 3 ,  6 7 ,  71 ,  8 3 ,  9 7 J 

F ( X )  = 0 



A P E N D I C E 2 
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1 5 0 DE L D( I  » 1 ) = 0 2 ( ]  , l ) - C l ( I , l )  

I  TE K = I  TF- v - U 

CAL L HAGA- ( . N , RGU, C1 , C2 , K1 , K2 , H , HT ,  DE L X ,  DEL D ,  H\ |  )  

C MAT RI Z T RANS P OS T A 

DC 1 5 o 1 = 1 , N 

DC 1 5 6 J = 1 , N 

1 5 6 H( I , J ) = HN(  I  ,  J )  

CAL L T R A N S ( N , H N , h T )  

DO 1 6 0 1 = 1 , N 

P ( 1 , 1 ) = 0 .  

DC 1 6 0 J = 1 , N 

C V F T OR DE P E S QUI S A 

< 1 6 0 P(  I  ,  1 )  =P(  I  , 1 )  + ( HT(  I  , J ) * D2 (  J , D )  

DO 1 7 3 I = 1 ,  N 

1 7 3 O K I  ,  1 ) = D2 ( I  , 1 )  

I F ( I T E R- N) 1 1 5 , 1 8 C,  1 8 0 

1 8 0 DC 1 8 5 I = 1 , N 

DC 1 8 5 J = 1 , N 

18 5 H (  I  ,  J )  =H I  (  1 ,  J )  

I T E R= 0 

GC TO 1 0 8 

l ^C J J = J J + 1 

I F ( J J - D 2 0 0 ,  1 9 5 , 2 0 0 

19 5 J J = 0 

2 0 C DO 1 9 3 1 = 1 , N 

DC 1 9 8 J = l  , N 

19 8 H (  I  ,  J )  =H I  (  I  ,  J )  

X CHAV = X CHAV 1 

I F ( L C GN T / 5 . - L C C N T / 5 ) 2 0 5 , 2 1 0 , 2 0 5 

2 0 5 GAL L V L F X ( X MI M, F 1 )  

V>RI  TE ( 6 ,  1 9 9 )  L C C M, F 1 ,  ( X MI N K I  ,  1 )  ,  I  = 1 , N)  

2 1 0 CONT I NUF 2 1 0 

S T OP 

F ND 



c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA P E S QUI S A L I NE AR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-

SUMP COT !  i \ f  MI NI M ( XCH AY;  t  K » N , P , X , DE L T ,  X MI N1 ,  DE L X ,  I  F L AG)  

RE AL ^ 8 Al  F A , 0 1 ( 1 0 , 1 ) , D 2 ( 1 0 , 1 ) , OE L T , P ( 1 0 , 1 J , F 1 , F 2 , X I 1 0 , 1 ) , X 3 ( 1 0 ,  1 )  ,  

X i , X 2 , X MI N 1 ( 1 0 , 1 ) , X M1 N , X MA X , R , E P S L O, X C H A V ,  D E L X ( 1 0 , 1 )  , F 3 

CCNMCf v AL F A, D 1, 02 

KK = C 

I T RCC= 0 

I F L AG= 0 

J J = 0 

3 CAL L V L F X 1 ( N , X C H A V , X , P , F 1 )  

AL F A= DE L T 

5 DC 1 0 1 = 1 , N 

X 3 ( I • 1 ) = X ( I i 1 ) - X CHAV * AL F A* P (  I ,  I )  
1 0 X MI N K I , 1 ) = X ( I  ,  1 ) + X C H A V * A L F A * P ( 1 , 1 )  

CAL L V L P X ( X 3 , F 2 )  

CAL L V L F X ( X MI N i , F 3 )  

, I F ( F 3 - F 1 ) 1 8 , 1 8 , 1 2 

1 2 I F ( F 2 - F 1 ) 2 5 , 2 5 , 1 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
•  

1 3 A L F A= 0 • 5 *  AL F A 
DO 1 4 1 = 1 ,  N 

I F ( DAB S ( X ( I , 1 ) - X 3 ( I , 1 ) ) - 1 0 « * * ( - 8 ) ) 1 4 , 1 4 , 5 

1 4 CONT I NUE 

0 0 1 5 1 = 1 , N 

1 5 P( I  ,  1 ) = 0 2 ( 1 , 1 )  

A L F A = 0 . 0 D + 0 0 

I F L AG = I F L AG+ 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I f  AI FLAG- 1) 3, 31130 

I  8 X CHAV = - X CHAV 

I T KGC= 1 

1 9 A L F A = 2 •  *  A L F A 

F 1 = F 3 

CAL L V L F X K N , X C H A V , X , P , F 3 )  

I F ( F 3 - F 1 ) 1 9 , 1 9 , 2 0 

2 0 WR1 T E ( 6 , 2 2 )  

2 2 F ORMAT ( 1 0 X,  » .  .  •  )  

GO TC 4 9 

2 5 AL F A = 2 . * AL F A 

F 1 = F 2 

CAL L V L F X K N , X C H A V , X , P , F 2 )  

I F ( F 2 - F 1 )  2 5 , 2 5 , 4 9 m 

GOL DE N RAT I O S E ARCH 

4 9 X MAX = AL F A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
•  •zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA . . . . . . . 

X WI N= 0 . 0 0 + 0 0 
4 4 X2 = X MI N+ R* ( X r " AX - X MI N)  

A L F A = X 2 

CAL L V L F X 1 ( N , X C H A V , X , P , F 2 )  

X 1 = X V I N + ( X V A X - X 2 )  

A L FA =X 1 

CAL L V L F X K N , X C H A V , X , P , F 1 )  

5 5 0 0 5 6 1 = 1 , N 

X 3 U , 1 ) = X ( I » l ) - ( X C H A V * X 2 * P ( I ,  1 ) )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-

X MI N K I  , l ) = X ( I  ,  i ) - ( X CHAV * X l * P < 1 , 1 ) )  

5 6 CONT I NUE 

I F (  J J - 1 0 ) 5 8 ,  7 8 ,  7 6 

5 8 DO 5 9 1 = 1 , N 

I F ( DABS ( X 3 (  I  ,  1 ) - X MI N K I ,  1 )  ) - 1 0 . * * ( - 1 0 )  )  5 9 ,  5 9 ,  6 8 

5 9 CONT I NUE 

GO TC 9 5 ,  ,,  

. 



6 3 I F CF 1 - F 2 )  7 0 ,  7 9 , S C 

7 C X P AX = X 2 

X2 = X1 

F 2 ? F 1 

XI  = XWI  f\  + ( X MA X - X 2 )  

AL F A= X 1 

CAL L V L F X 1 ( N ,  X CHAV , X , P , F 1 )  

J J = J J + 1 

GC TC 5 5 

7 8 X MAX = X 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
X. * I N = X1 

J J = 0 

.  GO T C 4 4 

7 9 X MAX = X 2 

X MI N= X 1 

GC TC 4 4 

8 C X M N = X 1 

X 1 = X 2 

X2 = X NA X—  (  X 1 —  X MI  fv J 

F 1 = F 2 

AL F A= X 2 

CAL L V L F X K N , X C H A V , X , P , F 2 )  
JJ = J J + 1 

GO TC 5 5 

9 5 DG 9 7 1 = 1 ,  l\  

9 7 - D E L X U , 1 ) = X V I M U , U - X < I , 1 )  

I F ( 1 T H C C ) 1 0 5 , 1 1 C , 1 0 5 

1 0 5 X CHAV = - X GHAV 

1 1 C I F ( I F L AG- l )  1 3 0 , 1 1 5 , 1 3 0 

1 1 5 WR I T E ( 6 , 1 2 0 )  

1 2 0 F C P MA T d O X , ' .  »)  

. 13 0 RE T URN 

END zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-

S UBROUT I NE L E R( N ,  R OU , C I , C 2 , K l , K 2 , X )  

RE AL * 8 X ( 1 0 , l )  , C l , C2 , K l , K2 , * u U C OE F I C I E N T E S OADOS 

RF AD( 5 , 6 0 ) R 0 U , C 1 , C 2 , K 1 , K 2 

6 C F CF NAT 1 5 D3 . 0 )  

WRI TE. ( 6 . j 63 . |  

RE AD( 5 , 7 0 ) 1 X 1 1 , 1 )  , I  = 1 . N)  

7 0 F OR MA T ( 0 8 . 5 )  

RE T URN 



C CAL CUL O MAT RI Z f cj  

SzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA L B R C L T I  NE H AG A R ( N ,  R GU » C 1 ,  C2 ,  K 1 ,  K 2 ,  H ,  HT ,  D FL X , DEL D, HN )  

RE AL MS DE L X (  1 0 ,  1 ) , DE L D( 1 0 , 1 ) , H ( 1 0 , 1 0 ) , HT (  1 0 , 1 0 ) , H N ( 1 0 , 1 0 )  ,  

* B ( 1 0 , 1 0 )  t C(  1 J ,  1 C )  , V ( 1 0 , 1 ) , V I ( 1 0 )  , V2 (  1 0 ,  1 )  , D , E t C i , C2 , K1 , K2 

2 0 

2 5 

2 8 

3 0 

. 9 0 

1 0 0 

1 0 3 

1 1 0 

1 2 C 

DC 1 0 J = 1 , N 

(  I  t  J }  0 •  

C ( I , J ) = 0 .  

o r  2 0 1 = 1 , N 

W I  , 1 ) = 0 .  

0 0 2 0 ' J = l  , N 

V( I  ,  1 )  = V(  I  , 1 ) + H T ( I ,  J ) * D E I D ( J ,  1 )  

T F ( R 0 U ) 2 5 , 5 5 , 2 5 

DC 2 8 1 = 1 , N 

VI (  I  )  = ( C 1 * 0 E L X ( I ,  1 ) + C2 * V ( 1 , 1 ) )  

0 = 0 .  

DC 3 0 1 = 1 , N 

D = D+ (  (  Cl - OEI  X (  1 , 1 )  + C2 * V ( 1 , 1 )  )  *  DEL 0 ( 1 , 1 )  j  

DO 5 0 1 = 1 , N 

DP 5 0 j = l , M 

5 0 B ( I , J ) = 8 ( I , J ) + ( ( OE L X ( I , 1 ) * V 1 ( J J ) / 0 )  

5 5 DO 9 0 1 = 1 , N 

V2 ( I  , 1 ) = 0 .  

DC 9 0 J = i  , N 

V 2 ( I » 1 ) = V 2 ( I , 1 ) + H ( 1 , J ) * D E L D ( J , 1 )  

DC 1 0 0 I  = 1 ,  N 

V I ( I ) f ( K 1 * D E 1 X ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA} t  1 ) + K 2 * V ( 1 , 1 ) )  

F = 0 .  

OC 1 C3 1 = 1 , N 

E = E+ ( (  Kl  * DE L x l  I  ,  11 + K2 * V (  1 , 1 )  )  * D E L D (  1 , 1 )  j  

DO 1 1 0 I = 1 ,  N 

DC 1 1 0 5 = 1 , N 

C( I  , J ) = C(  I , J )  + (  ( V2 ( 1 , 1 ) * V l ( J ) ) / E )  

DC 1 2 0 1 = 1 , N 

DO 1 2 0 5 =1 , 1 
HN' (  I  ,  J )  = H ( I  ,  J )  + RCU* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¥ i 1, 5)  - C (  f ,  5)  

RE T URN 

END 



SUBROUTI NEzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA V L F X 1 ( \ , x CHAV , X , P , F P }  

C C ? ! & ^ ; ; ^ ^
, n

'
n 2 l l l J

'
1

' ^
< 1 J

'
1

' ' " ' X ( 1 0 , l , . X C H A v , P l , X n i 0 , 1 )  

n c 10 1 = 1 , N 

L£ x n i , l ) = X ( I , l )  -  ( X C H A V * A L F A * P ( 1 , 1 ) )  

CAL L V L F X ( X 1 , F1 )  

FF = F 1 

RE T URN 

END 

S UBROUT I NE V L F X ( X , F )  

RE A L * 8 F , X ( 1 0 , 1 )  

RE AL * 8 F 1 , F 2 , F 3 , F 4 , F 5 

F i = ( X ( l , l ) * X ( 2 t l ) * X ( 3 , l ) - X ( 4 , l ) * X ( 5 , 1 ) - 1 1 8 ) * * 2 

F 2 = ( X ( 2 , 1 ) * X ( 3 , 1 ) * X ( 4 , 1 ) - X ( 5 , 1 ) * X ( 1 ,  1 ) - 1 4 7 8 1 * * 2 

F 3 = ( X ( 3 , L ) * X ( 4 , 1 ) * X ( 5 » 1 ) - X ( 1 , 1 ) *  X ( 2 ,  1 ) - 5 0 6 2 ) * * 2 

P 4 = ( X ( 4 , 1 ) * X ( 5 , l ) * X ( l , l ) - X ( 2 , i ) * X ( 3 , 1 ) - 1 0 8 2 ) * * 2 

F 5 = ( X ( 5 , 1 ) * X ( I t 1 ) * X ( 2 , 1 ) - X < 3 , 1 ) * X ( 4 , l ) - 2 6 2 ) * * 2 

F = F 1 + F 2 + F 3 + F 4 + F 5 

RE T URN 

END 

C DE RI V ADAS P A R C I A I S 

S L BRCUT I NE OF F AR ( \ , X , OF L I A)  

RE AL * 8 AL F A, 0 1 (  1 0 ,  1 ) , 0 2 1 1 0 , 1 ) , F 1 , F 2 , X ( 1 0 , 1 ) , D E L T A 

CCMMON A L F A , 0 1 , 0 2 

DC 1 0 1 = 1 , N 

X ( I , 1 ) = X ( I , 1 ) + OE L T A 

CAL L V L F X ( X , F 1 )  

X ( I , 1 ) = X ( 1 , 1 ) - 2 . * 0 E L T A 

CAL L V L F X ( X , F 2 )  

D2 ( I  , 1 )  = ( F 1 - F 2 ) / ( 2 . * 0 E L T A )  

1 0 X(  I  ,  1 )  =X(  I  ,  1 H- 0 E L T A 

RE T L RN 

I  

C C A L C U L O M A T R I Z T R A N S P O S T A 

S C B R OU T I N F T R A N S t  N » H J H T I  

RE AL * 8 H U P , 1 0 )  , P T ( 1 0 , 1 0 )  

D C 1 0 1 =1 ,  N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

DC 1 0 J = 1 , N 

1 0 H T ( J , !  ) =H( 1 , JJ 

RE T L RN -

E N D zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

U N I VF R S I P A D F F F O ' WM OA P A R A l B A 

PI 6 - P< H- i i a Par a A J . S . t l "  I nt er i or  

•  •  Ceo de-  •  pr o Set cr i cl  de I cs- Cr nduccOo 

Bua Apr i gi o Vel ar ; o 832 Tfi i  ( CS3)  321 7222- 11355 

58. 100 -  Campi na Gr ande -  Par ai ba 



RE AL * 8 A L F A , D 1 ( 1 Q , 1 ) , D 2 ( 1 0 , 1 ) , P (  1 0 , 1 ) ,  OE L X ( 1 0 , 1 ) , D E L D ( 1 0 ,  1 ) ,  

* 0 E L T , X ( 1 0 , 1 ) , X MI N 1 ( 1 0 , 1 ) , H ( 1 0 , 1 0 ) , H T ( 1 0 , 1 0 ) , H N ( 1 0 , 1 0 ) , H I ( 1 0 , 1 0 ) ,  

* R , D E L T A , S OMA , C I  , C 2 , K l , K 2 , F 1 , F 2 , X C H A V , E , 0 ,  MP ( 1 0 , 1 0 )  

COMMON A L F A , 0 1 , D 2 

R = 0 . 6 1 8 0 3 4 D + 0 0 

R E A D ( 5 , 3 ) X C H A V 

3 F ORMAT ( D3 • 0 )  

X CHAV 1 = X CHAV 

RE AD( 5 , 5 ) N 

5 F OR MA T ( 1 2 )  

RE AD( 5 , 7 ) E 

7 F OR MA T ( D 1 5 • 1 2 )  

RE AD( 5 , 1 0 ) DE L TA 

1 0 F OR MA T ( 0 8 . 5 )  

MAT RI Z I NI CI AL H 

RE AD( 5 , 2 0 ) ( ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAHi  I , J ) , J = l , N) , 1 = 1 , N)  

2 0 F OR MA T ( 1 0 D 5 . 2 )  

J J = 0 

I T E R= 0 

I F (  J J ) 2 5 , 1 7 , 2 5 

1 7 WRI T E ( 6 , 3 0 )  

3 0 F OR MA T (
1

1 ' , / / )  

2 5 CAL L L E R( N , X )  

WR I T E ( 6 , 6 6 )  

6 6 F OR MA T ( 1 5 X , ' A L GOR I T MO S I MP L I F I C A D Q DE H U A N G' , 2 5 X , • F U N C A O T E S T E 5 

* ' , / / , 1 5 X , ' A L GOR I T MO HUM » , / / , 6 X , « I T E R A C A O• , 8 X , • F * , 2 1 X , ' C OOR OE N A D A 

* S « , / )  

L CONT = 0 

DO 3 5 1 = 1 , N 

. DO 3 5 J = 1 , N 

3 5 HI  ( I  , J ) = H( I , J )  

DE RI V ADAS P A R C I A I S 

CAL L D E P A R ( N , X , D E L T A )  

DO 1 0 5 1 = 1 , N 

10 5 O K I  , 1 ) = D2 ( I  , 1 )  

MAT RI Z T R A N S P OS T A 

1 0 8 CAL L T RANS (  N ,  H ,  HT )  

V E T OR DE P E S QUI S A 

DO 1 1 0 1 = 1 , N 

P(  I  ,  1 )  = 0 .  

DO 1 1 0 J = 1 , N 

1 1 0 P ( I , 1 ) = P (  I , 1 )  + ( HT ( I , J ) * D 1 (  J , 1 )  )  

1 1 5 DE L T = 0 .  

DO 1 1 7 1 = 1 , N 

1 1 7 D E L T = D E L T + P ( I , 1 ) * P ( I , 1 )  

D E L T = 1 . / D S QR T ( D E L T )  

P E S QUI S A L I NE AR 

AL F A= 0 . 0 0 + 0 0 

CAL L MI N I M( X C H A V , R , N , P , X , OE L T , X MI N 1 , D E L X ,  I  F L AG)  

CAL L V L F X ( X , F 1 )  

CAL L V L F X ( X MI N l  , F 2 )  

I F ( F 2 - F 1 ) 7 8 0 , 7 8 0 , 1 9 0 

7 8 0 LC ONT = L CONT + 1 

I  F ( I F L A G- 1 ) 8 0 0 , 8 0 0 , 1 9 0 

8 0 0 I F ( L C D N T - 1 ) 1 1 6 , 1 1 6 , 1 1 8 

1 1 8 I F ( L C 0 N T / 5 . - L C 0 N T / 5 ) 1 1 9 , 1 1 6 ,  1 1 9 

1 1 6 CAL L V L F X ( X MI N 1 , F 1 )  

WR I T E ( 6 , 1 9 9 ) L C 0 N T , F 1 ,  ( XM I N 1 ( I , 1 ) , I = 1 , N )  



1 9 9 

1 1 9 

1 2 0 

F OR MA T ( 5 X , 1 3 , 5 X , D 1 0 . 3 , 3 X , 1 0 0 9 . 2 )  

DO 1 2 0 1 = 1 , N 

X(  I , l ) = X MI Ni ( I  , 1 )  

C DE RI V ADAS P A R C I A I S 

CAL L DE P AR( N, X , DE L T A)  

C C ON D I C A O DE P ARADA 

DO 1 3 0 1 = 1 , N 

I F ( D A B S { D 2 ( I , 1 ) * D 2 ( I , 1 ) ) - E ) 1 3 0 , 1 3 0 , 1 4 0 

1 3 0 CONT I NUE 

GO T O 1 9 0 

1 4 0 DO 1 5 0 I  = 1 ,  N 

1 5 0 D E L D ( I , 1 ) = D 2 ( I » 1 ) - D 1 ( I , 1 )  

I T ER = I T E R+ i  

D = 0 .  

DO 1 5 1 1 = 1 , N 

1 5 1 D = 0 + D E L X ( I , 1 ) * D E L D ( I , 1 )  

DO 1 5 2 1 = 1 , N 

DO 1 5 2 J = 1 , N 

1 5 2 MP( I  , J ) = D E L D ( I ,  1 ) * DE L X ( J , 1 )  

DO 1 5 3 1 = 1 , N 

DO 1 5 3 J = 1 , N 

HN( I  , J ) = 0 .  

DO 1 5 3 K= 1 , N 

1 5 3 HN (  I  ,  J )  = HN (  I  , J ) + ( H I ( I , K ) * MP ( K , J ) ) / D 

DO 1 5 4 1 = 1 , N 

DO 1 5 4 J = 1 , N 

1 5 4 H N ( I , J ) = H ( I , J ) - H N ( I , J )  

C MAT RI Z T RANS P O ST A 

CAL L T R A N S ( N , H N , H T )  

DO 1 5 5 1 = 1 , N 

DO 1 5 5 J = 1 , N 

1 5 5 H ( I , J ) = H N ( I , J )  

DO 1 6 0 I = 1 , N 

P ( I , 1 ) = 0 .  

DO 1 6 0 J = 1 , N 

C V E T OR DE P E S QUI S A 

16 0 P(  I , 1 ) = P ( I , 1 ) + ( H T ( I , J ) * D 2 ( J , 1 ) )  

DO 1 7 3 1 = 1 , N 

1 7 3 O K I  , 1 ) = D2 ( 1 , 1 )  

I F(  I T E R - N ) 1 1 5 , 1 1 5 , 1 8 0 

1 8 0 DO I  8 5 I  = 1 , N 

DO 1 8 5 J = 1 , N 

1 3 5 HzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(  I  ,  J ) = HI  ( I , J )  

I T E R= 0 

GO TC 1 0 8 

1 9 0 I F ( L C 0 N T / 5 . - L C QN T / 5 ) 2 0 5 , 2 1 0 , 2 0 5 

2 0 5 CAL L V L F X ( X MI N l , F 1 )  

WR I T E ( 6 , 1 9 9 ) L C ON T , F l , ( X MI N 1 ( I , 1 ) , I = 1 , N )  

2 1 0 ST OP 

END 



P E S QUI S A L I NE AR 

S UBROUT I NE MI N I M( X C H A V , R , N , P , X , OE L T , X MI N I  , DE L X , I  F L AG)  

RE AL * 8 A L F A , D 1 ( 1 0 , 1 ) , D 2 ( 1 0 , 1 ) , D E L T , P ( 1 0 , 1 ) , F 1 , F 2 , X ( 1 0 , 1 ) , X 3 ( 1 0 ,  

* X 1 , X 2 , X MI N 1 { 1 0 , 1 ) , X MI N . X MA X , R , E P S L O, X C H A V , D E L X ( 1 0 , 1 ) , F 3 

COMMON A L F A ,  Dl  ,  0 2 

KK= 0 

I T ROC= 0 

I  F L AG= 0 

J J = 0 

3 CAL L V L F X 1 ( N , X C H A V , X , P , F 1 )  

AL FA = D EL T 

5 0 0 1 0 1 = 1 ,  N 

X 3 ( I , 1 ) = X ( I , 1 ) - X C H A V * A L F A * P ( 1 , 1 )  

1 0 X MI N K I ,  1 )  = X (  I  » 1 ) + X C H A V * A L F A * P ( I , 1 )  

CAL L V L F X { X 3 , F 2 )  

CAL L V L F X I X MI N 1 , F 3 )  

I F { F 3 - F 1 ) 1 8 , 1 8 , 1 2 

1 2 I F ( F 2 - F 1 ) 2 5 , 2 5 , 1 3 

1 3 A L F A = 0 . 5 * A L F A 

0 0 1 4 1 = 1 , N 

T F { DAB S ( X { I , 1 ) - X 3 ( 1 ,  1 ) ) - 1 0 . * * ( - 6 5 ) 1 4 , 1 4 , 5 

1 4 CONT I NUE 

DO 1 5 1 = 1 , N 

1 5 P ( I ,  1 ) = D2 ( 1 , 1 )  

AL F A= 0 . 0 0 + 0 0 

I F L AG= I F L AG+ 1 

I F ( I  F L A G- 1 ) 3 , 3 , 1 3 0 

1 8 X C H A V = - X C H A V 

I T R0 C= 1 

1 9 AL F A= 2 . * AL F A 

F 1 = F 3 

CAL L V L F X 1 ( N , X C H A V , X , P , F 3 )  

I F ( F 3 - F 1 ) 1 9 , 1 9 , 2 0 

2 0 WR I T E ( 6 , 2 2 )  

2 2 F OR MA T ( 1 0 X ,  » . . •  )  

GO T O 4 9 

2 5 A L F A = 2 . * A L F A 

F 1 = F 2 

CAL L V L F X 1 ( N , X C H A V , X , P , F 2 )  

I F ( F 2 - F 1 ) 2 5 , 2 5 , 4 9 

GOL DE N RAT I O S E ARCH 

4 9 X MAX = AL F A 

X MI N = O. OD + 0 0 

4 4 X 2 = X MI N + R * { X MA X - X MI N )  

AL F A= X 2 

CAL L V L F X 1 ( N , X C H A V , X , P , F 2 )  

X l = X MI  N- M X MAX - X 2 )  

AL FA =X 1 

CAL L V L F X 1 ( N , X C H A V , X , P , F 1 )  

5 5 DO 5 6 1 = 1 , N 

X 3 ( I , 1 ) = X ( I , 1 ) - ( X C H A V * X 2 * P ( 1 , 1 ) )  

X MI N K I  , 1 )  = X (  I  ,  1 ) - ( X CHAV * X 1 * P {  I ,  1 )  )  

5 6 CONT I NUE 

I F ( J J - 1 0 ) 5 8 , 7 8 , 7 8 

5 8 DO 5 9 1 = 1 , N 

I F ( DABS ( X 3 (  I  ,  D - X MI N 1 (  I  ,  1 )  ) - 1 0 .  * *  ( -  1 0 )  )  5 9 ,  5 9 ,  6 8 

5 9 CONT I NUE 

GO T O 9 5 



6 8 I F { F 1 - F 2 ) 7 0 , 7 9 , 8 0 

7 0 X MAX = X 2 

X 2 = X 1 

F 2 = F 1 

X 1 = X MI N + ( X MA X - X 2 )  

AL F A= X I  

CAL L V L F X 1 ( N , X C H A V , X , P , F 1 )  

J J = J J + 1 

GO TO 5 5 

7 8 X MAX = X 2 

X MI N= X 1 

J J = 0 

GO T C 4 4 

7 9 X MAX = X 2 

X MI N = X 1 

GO TO 4 4 

8 0 X MI N= X 1 

X1 = X2 

X 2 = X MA X - ( X l - X MI N )  

F l = F 2 

AL F A= X 2 

CAL L V L F X K N , X C H A V , X , P , F 2 )  

J J = J J + 1 

GO T O 5 5 

9 5 DO 9 7 1 = 1 , N 

9 7 OE L X ( I , 1 ) = X MI N 1 ( I » 1 ) - X ( I » 1 )  

CAL L V L F X ( X MI N 1 , F 1 )  

I F l I T R C C ) 1 0 5 , 1 1 0 , 1 0 5 

1 0 5 X C H A V = - X C H A V 

1 1 0 I F ( I F L A G- 1 ) 1 3 0 , 1 1 5 , 1 3 0 

1 1 5 WR I T E ( 6 , 1 2 0 )  

1 2 0 F OR MA T ( 1 0 X , ' . • )  

1 3 0 RE T URN 

END 



C A L C U L O MAT RI Z T RANS P OS T A 

S UBROUT I NE r RANS ( N , H , HT )  

RF AL * 8 H ( 1 0 , 1 0 )  , HT ( 1 0 , 1 0 )  

0 0 1 0 I » 1 , N 

0 0 1 0 J = 1 , N 

1 0 H T ( J 1 1 ) = H U , J )  

RE T URN 

E NO 

S UBROUT I NE L E R( N , X )  

RE AL * 8 X ( 1 0 , l )  

C 

R E A D ( 5 , 7 0 ) ( X { I  ,  1 )  , 1 * 1 , N)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TO F OR MA T ( D 3 . 5 )  

RE T URN 

END 

S UBROUT I NE V L F X 1 ( N, X CHAV , X , P , F F )  

RE AL * 8 A L F A , D 1 ( 1 0 , 1 ) , D 2 ( 1 0 , 1 ) , P { 1 0 , 1 ) , F F , X ( 1 0 , I ) , X C H A V , F 1 , X I ( 1 0 , 1 )  

COMMON A L F A , D l , 0 2 

DO 1 0 1 = 1 , N 

1 0 X H I  , 1 ) = X(  I  ,  1 ) - ( X CHAV * AL F A* P {  I ,  1 )  )  

CAL L V L F X ( X 1 , F 1 )  

FF =F 1 

RE T URN 

END 

P ONT O I NI CI AL DE P E S QUI S A 

S UBROUT I NE V L F X ( X , F )  

RE AL * 8 F , X ( 1 0 , i )  

RE AL * 8 F 1 , F 2 , F 3 , F 4 , F 5 , F 6 , F 7 , F 8 , F 9 , F 1 0 

F 1 = X { 1 , 1 ) * ( X ( 1 0 , 1 ) - X ( 9 , 1 ) ) - 9 8 .  

F 2 = X ( 2 , l ) * ( X ( l , l ) - X ( 1 0 , L ) ) + 9 9 0 .  

F 3 = X ( 3 , 1 ) * ( X ( 2 , 1 ) - X ( 1 , 1 ) ) - 9 2 .  

F 4 = X < 4 , 1 ) * ( X ( 3 , 1 ) - X t 2 , l ) ) - 4 4 4 .  

F 5 = X ( 5 , 1 ) * ( X ( 4 , 1 ) - X ( 3 , 1 ) ) - 5 7 4 .  

F 6 = X ( 6 , 1 ) * ( X ( 5 , l ) - X ( 4 , 1 ) ) - 2 1 2 .  

F 7 = X ( 7 , 1 ) * ( X ( 6 , 1 ) - X ( 5 , 1 ) ) - 8 0 4 .  

F 8 = X ( 8 , 1 ) * ( X ( 7 , 1 ) - X ( 6 , 1 ) J - 9 9 4 .  

F 9 = X ( 9 , 1 ) * ( X ( 8 , 1 ) - X < 7 , 1 ) ) - 3 3 2 .  

F 1 0 = X {  1 0 , 1 ) * ( X I 9 , 1 ) - X { 8 ,  1 ) ) - 1 1 6 4 .  

F = F 1 * * 2 + F 2 * * 2 + F 3 * * 2 + F 4 * * 2 + F 5 * * 2 + F 6 * * 2 + F 7 * * 2 + F 8 * * 2 + F 9 * * 2 + F 1 0 * * 2 

RE T URN 

ENO 

D E R I V A D A S P A R C I A I S 

S UBROUT I NE D E P A R ( N , X , D E L T A )  

R E A L *  8 AL F A, 0 1 (  1 0 , 1 ) , D2 (  1 0 , 1 ) , F 1 , F 2 , X I 1 0 ,  1 ) , DE L T A 

COMMON A L F A , 0 1 , D 2 

DO 1 0 1 = 1 , N 

X(  I , 1 ) = X(  I , 1 ) + DE L T A 

CAL L V L F X ( X , F 1 )  

X < I , 1 ) = X ( I » 1 ) - 2 . * D E L T A 

CAL L V L F X ( X , F 2 )  

D 2 ( I , 1 ) = ( F 1 - F 2 ) / 1 2 . * D E L T A )  

1 0 X ( I , 1 ) = X (  I , 1 ) + OE L T A 

RE T URN 

END 
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APt t NDI CE 3 

I NS T RUCAO AO USUf l RI O PARA AP L I CAQAO DOS 

P ROGRAMAS A P R E S E N T A D OS NO AP E NDI CE 2 

Aq u i  s e r a o a p r e s e n t a d o s os d a d o s n e c e s s a 

r i o s a o us o d o s p r o g r a ma s .  

3 . 1 -  AL GORI T MO GE RAL DE HUANG E AL GORI T MOS S I HP L I F I -

CADOS DE HUANG 

0 p r o g r a ma do a l g o r i t mo g e r a l  de H u a n g ,  

b e m c o mo o s s i mp l i f i c a d o s ,  d a d o s no Ap e n d i c e 2 ,  c o n s i s t e m 

do p r o g r a ma p r i n c i p a l ,  7 e 6 s u b r o u t i n a s r e s p e c t i v a me n t e .  

Pa r a t o d a s v a r i a v e i s r e a i s do p r o g r a ma f o i  d e f i n i d a p r e c i -

s a o d u p l a .  Co mo o a l g o r i t mo g e r a l  de Hu a n g e os s i mp l i f i c a 

d o s d i f e r e m a p e n a s no c a l c u l o da ma t r i z  H ( N , N ) ,  os d a d o s 

p a r a o us o d o s me s mo s s e r a o f o r n e c i d o s e m c o n j u n t o .  

3 . 1 . 1 -  S UBROUT I NAS RE QUE RI DAS 

F o r a m r e q u e r i d a s a s s e g u i n t e s s u b r o u -

t i n a s :  



86 

-  S UBROUT I NA L ER ( N ,  R O U , C } , C 2 , K ] , K ? , X )  

Es t a s u b r o u t i n a l e r  o s v a l o r e s d a s c o n s -

t a n t e s RO U ,  C- ,  ,  C ^ ,  K,  ,  K, - ,  q u e a p a r e c e m na f o r mu l a r e c u r s s i v a 

p a r a o c a l c u l o da ma t r i z  H ( N . N ) ,  a t r a v e s da e q u a g a o ( 5 . 7 ) .  

N i n d i c a o n9 de v a r i a v e i s da f u n c a o .  Pa r a os a l g o r i t mo s 

s i mp !  i  f  i  c a d o s de H u a n g ,  s u a s f o r mu l a s r e c u r s s i v a s p a r a o 

c a l c u l o da ma t r i z  H( N, N)  na o a p a r e c e m a s c o n s t a n t e s ROU,  

i  

C- p Cg . K^ e ! <2,  d e f o r ma q u e os u n i c o s p a r a me t r o s d e f i n i d o s 

s e r a o N,  X .  X ,  v e t o r  de c o o r d e n a d a s ,  i n d i c a o p o n t o i n i -

c i a l  de p e s q u i s a .  

-  S UBROUT I NA DE P AR ( N, X , DE L T A)  

Es t a s u b r o u t i n a c a l c u l a n ume r i  c a me n t e ,  

u s a n d o a f o r mu l a de d i f e r e n c a s c e n t r a i s ,  ( 2 . 2 ) ,  o g r a d i e n -

t e da f u n c a o .  

-  S UBROUT I NA MI NI M ( X C H A V , R , N , P , X , X MI N 1 ,  

DEL X ,  I  F L AG)  

Es t a s u b r o u t i n a f a z a p e s q u i s a l i n e a r  a o 

l o n g o do v e t o r  de p e s q u i s a d a d o p e l a e q u a c a o ( 5 . 6 ) .  A p e s -

q u i s a e s t a d i v i d i a e m 2 e t a p a s :  

-  P e s q u i s a a c e l e r a d a c o m i n t e r v a l o a b e r -

t o 

-  P e s q u i s a Go l d e n - Ra t i o p a r a i n t e r v a l o f e 

c h a d o 
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Na p r i me i r a e t a p a d e t e r mi n a - s e o i n t e r v a 

To d e n t r o do q u a l  s e e n c o n t r a o mT n i mo da f u n g a o ,  a o l o n g o 

d a q u e l e v e t o r  d e p e s q u i s a .  Na s e g u n d a e t a p a ,  c o m a p e s q u i -

sa Go 1 d e n - Ra t i o ,  d e t e r mi n a - s e o mT n i mo da f u n c a o c o n f o r me 

t e c n i c a d e s c r i t a no Ca p T t u l o 4 ,  p a r a g r a f o 4 . 2 .  

-  S UBROUT I NA HAGAR ( N ,  ROU, C ,  C ? , K ]  , K 2 , H ,  

H T , D E L X , D E L D , H N )  

Es t a s u b r o u t i n a c a l c u l a a ma t r i z  H ( N , N ) ,  

e x p r e s s a pe l  a e q u a g a o ( 5 . 7 ) .  Es t a s u b r o u t i n a n a o c o n s t a 

no p r o g r a ma d o s a l g o r i t mo s s i mp l i f i c a d o s de H u a n g .  Pa r a ca 

da a l g o r i t mo e m p a r t i c u l a r ,  a ma t r i z  H( N, N)  e c a l c u l a d a no 

p r o g r a ma p r i  nc i  pa l  .  

-  S UBROUT I NA VL F X ( X , F )  

Es t a s u b r o u t i n a c a l c u l a o v a l o r  da f un 

c a o .  

-  S UBROUT I NA VL F X1 ( N , X CHAV , X , P , F F )  

Es t a s u b r o u t i n a c a l c u l a o p r o x i mo p o n t o 

de p e s q u i s a ,  s e g u n d o a e q u a g a o ( 5 . 4 ) ,  b e m c o mo o v a l o r  da 

f u n c a o .  

-  S UBROUT I NA T RANS ( N. HN. HT )  

Es t a s u b r o u t i n a c a l c u l a a t r a n s p o s t a da 

ma t r i z  H N ( N , N ) ,  u s a d a no c a l c u l o do v e t o r  de p e s q u i s a P i .  
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3 . 1 . 2 -  DE S CRI QAO DAS V ARI AV E I S E PARf i MET ROS DO 

P ROGRAMA P RI NCI P AL E S UBROUT I NAS 

N -  Nu me r o de v a r i a v e i s i n d e p e n d e n t e s da f u n g a o o b 

j e t i  va 

ROU -  Co n s t a n t e da e q u a g a o ( 5 . 7 ) .  

C- j  e C2 -  Co n s t a n t e da e q u a g a o ( 5 - 7 ) ,  q u e p o d e m a s s u mi r  

q u a l q u e r  v a l o r ,  c o m a r e s t r i g a o de a mb o s n u l o s 

a o me s mo t e mp o .  

K-j  e Kg -  Co n s t a n t e s da e q u a g a o ( 5 . 7 ) ,  q u e p o d e m a s s u mi r  

q u a i s q u e r  v a l o r e s ,  c o m a r e s t r i g a o de a mb o s ni i  

l o s a o me s mo t e mp o .  

X ( N ,  1 )  -  V e t o r  de c o o r d e n a d a s da f u n g a o o b j e t i v a .  

H( N, N)  -  Ma t r i z  q u a d r a d a ,  i n i c i a l me n t e e s c o l h i d a c o mo 

" p o s i t i v e d e f i n i d e "  o u " n e g a t i v e d e f i n i d e " ,  s i  

me t r i c a o u n a o .  

HT ( N. N)  -  Ma t r i z  t r a n s p o s t a da ma t r i z  H ( N , N ) .  

HI  (  N,  N)  -  Ma t r i z  a u x i l i a r  p a r a a r ma z e n a r  v a l o r i n i c i a l  da 

ma t r i z  H( N, N)  .  

HN( N, N)  -  No v a ma t r i z  H( N, N)  c a l c u l a d a a t r a v e s da e qua ^ 

g a o ( 5 . 7 ) .  

X CHAV -  V a l o r  c o n s t a n t e ,  q u e i n i c i a l me n t e p o d e s e r  1 

o u - 1 ,  s e a ma t r i z  H( N, N)  f o r  " p o s i t i v e de f i n i _ 

d e "  o u " n e g a t i v e d e f i n i d e " ,  r e s p e c t i v a me n t e .  
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R -  V a l o r  c o n s t a n t e ,  u s a d o na p e s q u i s a l i n e a r ,  q u e 

r e p r e s e n t a a r a z a o e n t r e o s n u me r o s d e F i b o -

n a c c i ,  Fn_ - |  / F n q u a n d o N e q u e e a p r o x i ma d a 

me n t e i g u a l  a 0 . 6 1 8 0 3 4 .  

P ( N, 1 )  -  V e t o r  p e s q u i s a ,  c a l c u l a d o a t r a v e s da e q u a g a o 

( 5 . 6 ) .  

DE L T -  V a r i a v e l  c u j a f i n a l i d a d e e c o n t r o l a r  o i n c r e 

me n t o d a d o no c a l c u l o da n o v a c o o r d e n a d a 

X ( N, 1 )  .  

X MI N I ( N . l ) -  V a l o r  o t i mo e n c o n t r a d o p a r a a c o o r d e n a d a ,  no 

f i n a l  da p e s q u i s a l i n e a r .  

DE L X ( N, 1 )  -  V a l o r  q u e r e p r e s e n t a a d i f e r e n g a e n t r e a s c o o r  

d e n a d a s da i t e r a g a o a t u a l  e da i me d i a t a me n t e 

a n t e r i o r .  

F - i . F g . F j F F -  V a l o r  da f u n g a o 

D1 ( N, 1 )  e 

D2 ( N, 1 )  

AL F A 

X CHAV 1 

V a r i a v e i s do COMMON q u e r e p r e s e n t a m o s g r a d i e n 

t e s da f u n g a o no p o n t o a n t e r i o r  e no p o n t o 

a t u a l ,  r e s p e c t i v a me n t e .  

V a r i a v e l  u s a d a e m p e s q u i s a l i n e a r ,  q u e d e t e r m^ 

na os v a l o r e s o t i mo s d a s n o v a s c o o r d e n a d a s .  

V a r i a v e l  a u x i l i a r  p a r a g u a r d a r  v a l o r  i n i c i a l  

de X C H A V .  

L CONT -  Co n t a d o r  p a r a o n u me r o de i t e r a g o e s do p r o g r a 

ma .  
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I T ER -  Co n t a d o r  p a r a i n d i c a r  q u a n d o o n u me r o d e i t e r a 

g o e s e i g u a l  a o n u me r o de v a r i a v e i s da f u n g a o .  

E -  P a r a me t r o c u j o v a l o r  s e r v e c o mo c o n d i g a o de pa 
•  

r a d a d o p r o g r a ma .  

DE L T A -  P a r a me t r o u s a d o no c a l c u l o d a s d e r i v a d a s p a r  -

c i a i s ( g r a d i e n t e ) ,  a t r a v e s da e q u a g a o 1 . 1 .  

3 . 2 -  AL GORI T MO " ME MORY GRADI E NT "  DE MI  E L E - CANT RE L L 

0 p r o g r a ma d e s s e a l g o r i t mo c o n s i s t e de 

urn p r o g r a ma p r i n c i p a l  e 5 s u b r o u t i n a s .  

3 . 2 . 1 -  S UBROUT I NAS RE QUE RI DAS 

F o r a m r e q u e r i d a s a s s e g u i n t e s s u b r o u t i -

n a s :  

-  S UBROUT I NA DE P AR ( N,  X ,  DE L T A)  

Es t a s u b r o u t i n a c a l c u l a n u me r i c a me n t e ,  

u s a n d o a f o r mu l a de d i f e r e n g a s c e n t r a i s ( 2 . 2 ) ,  a s d e r i v a -

d a s p a r c i a i s da f u n g a o e m r e l a g a o a o v e t o r  de c o o r d e n a -

d a s X .  

-  S UBROUT I NA DE RI P ( N, X , X 1 )  

Es t a s u b r o u t i n a c a l c u l a a s d e r i v a d a szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA par  

c i a i s e m r e l a g a o a a_ e b ,  b e m c o mo a s d e r i v a d a s p a r c i a i s de 
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s e g u n d a o r d e m,  a t r a v e s d a s ( 2 . 2 ) ,  ( 2 . 3 )  e ( 2 . 4 )  r e s p e c t i v a 

me n t e .  

-  S UBROUT I NA MI NI M ( N ,  R ,  X ,  X1 ,  DE L T )  

Es t a s u b r o u t i n a f a z a p e s q u i s a l i n e a r  a o 

l o n g o do v e t o r  p e s q u i s a ,  n e s s e c a s o o g r a d i e n t e da f u n g a o ,  

i d e n t i c a a d o s a l g o r i t mo s g e r a l  e s i mp l i f i c a d o s d e H u a n g .  

-  S UBROUT I NA VL F X ( X , F )  

Es t a s u b r o u t i n a c a l c u l a o v a l o r  da f u n -

g a o e m p o n t o q u a l q u e r .  

-  S UBROUT I NA VL F X1 ( N ,  X, X1 , F F )  

Es t a s u b r o u t i n a c a l c u l a o p r o x i mo p o n t o 

d e p e s q u i s a ,  s e g u n d o a e q u a g a o ( 7 . 1 ) .  

3 . 2 . 2 -  DE S CRI CAO DAS V ARI AV E I S E P ARAME T ROS DO 

P ROGRAMA P RI NCI P AL E S UBROUT I NAS 

N -  Nu me r o de v a r i a v e i s i n d e p e n d e n t e s da f u n g a o o b 

j  e t i  va .  

X ( N)  -  V e t o r  de c o o r d e n a d a s da f u n g a o o b j e t i v a .  

G( N)  -  V a r i a v e l  do COMMON e q u e r e p r e s e n t a a s d e r i v a -

d a s p a r c i a i s e m r e l a g a o a o v e t o r  de c o o r d e n a -

d a s X ( N)  .  
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6 1 ( 2 )  -  V a r i a v e l  do COMMON e q u e r e p r e s e n t a a s d e r i v a -

d a s p a r c i a i s de 1 -  o r d e m e m r e l a g a o a a_ e b_.  

G2 ( 2 )  -  V a r i a v e l  do COMMON e q u e r e p r e s e n t a a s d e r i v a -

d a s p a r c i a i s de s e g u n d a o r d e m e m r e l a g a o a a e 

b .  

G3 -  V a r i a v e l  do COMMON e q u e r e p r e s e n t a a s d e r i v a -

d a s p a r c i a i s d e s e g u n d a o r d e m e m r e l a g a o a a b .  

DE L X ( N)  -  V a r i a v e l  q u e r e p r e s e n t a a d i f e r e n g a e n t r e o s 

v a l o r e s d a s c o o r d e n a d a s no p o n t o a t u a l  e do i me 

d i a t a me n t e a n t e r i o r .  

X 1 ( 2 )  -  V a r i a v e l  q u e r e p r e s e n t a o s v a l o r e s a s s u mi d o s 

p a r a a e b ,  s e n d o X l ( l )  a v a r i a v e l  a e X l ( 2 )  a 

v a r i a v e l  b .  

XMI  -  V a r i a v e l  d a s e q u a g o e s ( 7 . 8 )  e ( 7 . 9 ) .  

DAL F A -  V a r i a v e l  q u e r e p r e s e n t a o i n c r e me n t o d a d o a a ,  

ou XI  ( 1 )  .  

DBE T A -  V a r i a v e l  q u e r e p r e s e n t a o i n c r e me n t o d a d o a b 

o u X I ( 2 )  .  

DEL T -  V a r i a v e l  q u e r e p r e s e n t a o c o n t r o l e do i n c r e me n 

t o d a d o a o v e t o r  de c o o r d e n a d a X ( N ) ,  na p e s q u i ^ 

s a 1i  n e a r .  

R -  V a l o r  c o n s t a n t e ,  u s a d o na p e s q u i s a l i n e a r e q u e 

r e p r e s e n t a a r a z a o e n t r e os n u me r o s de F i b o -

n a c c i ,  F _ - i / F q u a n d o n e q u e e a p r o x i  ma d a me n 

t e i g u a l  a 0 . 6 1 8 0 3 4 .  
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DE L T A -  P a r a me t r o u s a d o no c a l c u l o d a s d e r i v a d a s p a r -

c i a i s de p r i me i r a o r d e m c o m r e l a c a o .  

DEL T A1 -  P a r a me t r o u s a d o n o s c a l c u l o s d a s d e r i v a d a s p a r  

c i a i s de 1—  e 2—  o r d e m c o m v e l a c a o a a .  

DE L T A2 -  P a r a me t r o u s a d o n o s c a l c u l o s d a s d e r i v a d a s p a r  

c i a i s d e 1—  e 2—  o r d e m,  c o m r e l a c a o a b .  

F - J . F ^ . F ^ J F ^ -  V a r i a v e i s q u e r e p r e s e n t a m o v a l o r  da f u n c a o e m 

p o n t o q u a l q u e r .  

3 . 3 -  RE QUE RI ME NT OS DO DI ME NS I ON E COMMON NO AL GORI T MO 

GE RAL E S I MP L I F I CADOS DE HUANG 

g r a ma p r i n c i p a l  e s u b r o u t i n a s p o d e m s e r  mo d i f i c a d o s p a r a 

c o mp o r t a r  p e l o me n o s ,  o t a ma n h o mT n i mo r e q u e r i d o a urn p r o -

g r a ma e m p a r t i c u l a r .  No p r o g r a ma a q u i  a p r e s e n t a d o ,  t a n t o o 

D I ME NS I ON c o mo o COMMON a l o c a m a r e a na me mo r i a a t e no ma x i _ 

mo de 1 0 p o s i g o e s p o i s a s f u n g o e s de t e s t e a q u i  a p r e s e n t a -

d a s t er n no ma x i mo 1 0 v a r i a v e i s i n d e p e n d e n t e s .  

na s e g u i n t e s e q u e n c i a ,  p a r a o a l g o r i t mo g e r a l  e s i mp l i f i c a 

d o s d e H u a n g .  Pa r a os s i mp l i f i c a d o s ,  s u p r i me - s e a p e n a s o 

p a s s o f .  

A d e c l a r a g a o DI ME NS I ON E COMMON no p r o 

3 . 3 . 1 -  E NT RADA DE DADOS 

Os c a r t o e s de d a d o s d e v e m s e r  f o r n e c i d o s 
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a )  L e i t u r a do c a r t a o c u j o v a l o r  d e p e n d e 

da ma t r i z  s e r  p o s i t i v e o u n e g a t i v e de 

f i n i t e ,  s e g u n d o o f o r ma d o :  

Co 1 u n a s :  1 a 3 

b )  L e i t u r a do c a r t a o q u e c o n t e m o n9 de 

v a r i a v e i s da f u n g a o o b j e t i v a .  

Co l u n a s :  1 a 2 

c )  L e i t u r a do c a r t a o q u e c o n t e m o v a l o r  

p a r a a c o n d i g a o de p a r a d a do p r o g r a ma .  

Co 1 u n a s :  1 a 1 5 

d )  L e i t u r a do c a r t a o q u e c o n t e m o v a l o r  

c o m o q u a l  a s d e r i v a d a s s a o c a l c u l a _ 

d a s n u me r i c a me n t e .  

C o l u n a s :  1 a 8 

e )  L e i t u r a d o s c a r t o e s q u e c o n t e m os v a -

l o r e s i n i c i a i s da ma t r i z  H .  A ma t r i z  

o 

H q e l i d a p o r  l i n h a ,  s e n d o n e c e s s a r i a 

mo d i f i c a r  o F O R M A T O de l e i t u r a ,  p a r a 

f u n g o e s q u e t er n n u me r o de v a r i a v e i s 

i n d e p e n d e n t e s d i f e r e n t e s .  

f )  L e i t u r a do c a r t a o q u e c o n t e m o s v a l o -

r e s d a s c o n s t a n t e s q u e a p a r e c e m na f o_r  

mu l a r e c u r s s i v a ( 5 . 7 ) ,  p a r a o c a l c u l o 

da ma t r i z  H.  -,  ,  b e m c o mo o v a l o r  i  ni  -
1 + 1 

c i a l  de X.  So e x i s t e n t e no p r o g r a ma do 

A l g o r i t mo g e r a l  de H u a n g .  

Co l u n a s :  1 a 1 5 
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g )  L e i t u r a dos c a r t o e s q u e c o n t e m o va 

l o r  i n i c i a l  da s c o o r d e n a d a s da f u n g a o 

o b j e t i v a .  So e x i s t e n t e n o s a l g o r i t mo s 

s i mp l i f i c a d o s de H u a n g .  

Co l u n a s :  1 a 8 

3 . 3 . 2 -  CART OE S DE CONT ROL E 

Co mo o p r o g r a ma f oi  c o mp i l a d o e e x e c u t a -

do no Co mp u t a d o r  I BM 3 7 0 / 1 4 5 ,  na l i n g u a g e m F ORT RAN I V / G. o s 

c a r t o e s de c o n t r o l e s a o os s e g u i n t e s :  

1 9 CART AO:  

/ / NOME J OB MS GL EVEL = 1 

On d e NOME e o n o me do J OB e p o d e c o n f e r  

no ma x i mo 8 c a r a c t e r e s .  

2 9 CART AO:  

/ / E X E C F ORT GCL D 

3 9 CART AO:  

/ / F ORT . S Y S I N DD *  

Ap o s e s s e s t r e s c a r t o e s de c o n t r o l e ,  v e m 

o p r o g r a ma p r i n c i p a l ,  j u n t a me n t e c o m a s s u b r o u t i n a s .  T e r mi ^ 

n a n d o o p r o g r a ma p r i n c i p a l  e s u b r o u t i n a s v e m o c a r t a o - .  
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4 9 CART AO:  

/ / *  

5 9 CART AO:  

/ / GO S Y S I N DD *  

Ap o s e s s e s c a r t o e s ,  v e m os d a d o s do p r o -

g r a ma ,  s e gundo a s e q u e n c i a d a d a no p a r a g r a f o a n t e r i o r .  T e r mi  

n a n d o o s c a r t o e s de d a d o s ,  c o l o c a - s e o c a r t a o - .  

6 9 CART AO:  

/ *  

3 . 3 . 3 -  S Al DA DOS RE S UL T ADOS 

Co mo r e s u l t a d o s s a o i mp r e s s o s a p e n a s ,  o 

n u me r o de i t e r a c o e s ,  o v a l o r  da f u n c a o e os v a l o r e s d a s c o 

r d e n a d a s ,  e m o r d e m a s s i m d e s c r i t a .  

3 . 4 -  S UMARI O DOS RE QUE RI MOS PARA 0 US UARI O 

-  A j u s t a r  o t a ma n h o d o s a r r a y s na s de c l a _ 

r a g o e s COMMOM e D I ME N S I ON ,  c a s o o n u me 

r o de v a r i a v e i s i n d e p e n d e n t e s e x c e d a m 

a o e s p e c i f i c a d o no p r o g r a ma p r i n c i p a l  

e s u b r o u t i  n a .  
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-  E s p e c i f i c a r  a s u n i d a d e s de e n t r a d a e 

s a T d a no p r o g r a ma p r i n c i p a l  e s u b r o u t i  

n a s .  

-  A j u s t a r  a s d e c l a r a g o e s F OR MA T ,  n a s d e -

c l a r a g o e s de e n t r a d a e s a T d a s ,  d e a c o r  

d o c o m o p r o b l e ma e m q u e s t a o .  

-  E s c o l h e r  v a l o r e s p a r a os p a r a me t r o s de 

c o n v e r g i n c i a .  

-  Mo d i f i c a r  a S u b r o u t i n a D E P A R ,  q u e c a l -

c u l a r  a s d e r i v a d a s n u me r i c a me n t e ,  c a s o 

s e d e s e j a ma i s p r e c i s a o n o s r e s u 1 t a d o s ,  

p a r a c a l c u l a r  a s d e r i v a d a s a n a l i t i c a -

me n t e .  T e n t a t i v a s de me l h o r e s r e s u l t a -

d o s p o d e r i a m s e r  f e i t a s ,  v a r i a n d o DE L -

T A ,  i n c r e me n t o q u e e d a d o a c a d a c o o r -

d e n a d a .  

3 . 5 -  RE QUE RI ME NT O DO DI ME NS I ON E COMMOM NO AL GORI T MO 

" ME MORY GRADI E NT "  DE M I  E L E - CANT RE L L 

A d e c l a r a g a o DI ME NS I ON e COMMON no r e p r o 

g r a ma p r i n c i p a l  e s u b r o u t i n a s p o d e m s e r  mo d i f i c a d o s p a r a 

c o mp o r t a r  p e l o me n o s ,  o t a ma n h o mT n i mo r e q u e r i d o a urn p r o -

b l e ma e m p a r t i c u l a r .  No p r o g r a ma a q u i  a p r e s e n t a d o ,  t a n t o 

o DI ME NS I ON e COMMON a l o c a m a r e a na me mo r i a a t e no ma x i mo 

de 1 0 p o s i c o e s ,  p o i s a s f u n g o e s t e s t e a q u i  a p r e s e n t a d o s 

t er n n o ma x i mo 1 0 v a r i a v e i s i n d e p e n d e n t e s .  
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3 . 5 . 1 -  E NT RADA DE DADOS 

Os c a r t o e s d e d a d o s d e v e m s e r  l i d o s na 

s e g u i  n t e o r d e m:  

a )  L e i t u r a do c a r t a o c o n t e n d o o n u me r o de 

v a r i a v e i s i n d e p e n d e n t e s da f u n c a o ,  e 

v a r i a v e l  p a r a c a l c u l o d a s p a r c i a i s nu 

me r i c a s ,  s e g u n d o o f o r ma t o .  

C o l u n a s :  1 a 2 e 3 a 1 8 ,  r e s p e c t i v a -

me n t e .  

b )  L e i t u r a d o s c a r t o e s c o n t e n d o o p o n t o 

i n i c i a l  d e p e s q u i s a .  

3 . 5 . 2 -  CART AO DE CONT ROL E 

Os c a r t o e s de c o n t r o l e s a o i d e n t i c o s a o 

do p r o g r a ma do a l g o r i t mo g e r a l  de H u a n g .  

3 . 5 . 3 -  SAT A DOS RE S UL T ADOS 

Co mo r e s u l t a d o s s a o i mp r e s s o a a p e n a s ,  o 

n u me r o de i t e r a c o e s ,  o v a l o r  da f u n c a o e o s v a l o r e s d a s c o 

o r d e n a d a s ,  e m o r d e m a s s i m d e s c r i t a .  

3 . 6 -  S UMARI O DOS RE QUE RI ME NT OS P ARA 0 US UARI O 

-  A j u s t a r  o t a ma n h o d o s a r r a y s n a s d e c l a 
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r a c o e s COMMOM e D I ME N S I ON ,  c a s o o n u me 

r o de v a r i a v e i s i n d e p e n d e n t e s e x c e d a m 

a o e s p e c i f i c a d o no p r o g r a ma p r i n c i p a l  

e s u b r o u t i n a .  

E s p e c i f i c a r  as u n i d a d e s de e n t r a d a e 

s a T d a no p r o g r a ma p r i n c i p a l  e s u b r o u t ^ 

na .  

A j u s t a r  a s d e c l a r a c o e s F OR MA T ,  na s d e -

c l a r a t o r s de e n t r a d a e s a T d a s ,  de a c o £ 

do c o m o p r o b l e ma e m q u e s t a o .  

E s c o l h e r  v a l o r e s p a r a os p a r a me t r o s de 

c o n v e r g e n c i  a .  

Mo d i f i c a r  a S u b r o u t i n a D E P A R ,  q u e c a l -

c u l a a s d e r i v a d a s n u me r i c a me n t e ,  c a s o 

s e d e s e j e ma i s p r e c i s a o n o s r e s u l t a d o s ,  

p a r a c a l c u l a r  a s d e r i v a d a s a n a l i t i c a -

me n t e .  T e n t a t i v a s de me l h o r e s r e s u l t a -

d o s p o d e r i a m s e r  f e i t a s ,  v a r i a n d o - s e 

DE L T A,  i n c r e me n t o q u e e d a d o a c a d a 

c o o r d e n a d a .  
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A L G C R I T W C CF. f cAL OF.  HUANG 

C O N S T A N T E S OA F O R M U L A R F C U R S S I V 4 P A K A 0 C A L C U L O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

\ CM-  F C C O R C E N A D A S 

0 .  1 1 9 C 0 4 - 0 •  1 3 0 0 2 J .  1 3 0 0 2 0 . 2 4 0 0 2 0 . 3 6 0 0 2 

o .  2 9 6 0 C 3 - 0 . 8 7 1 )  0 1 J .  2 2 0 0 2 0 . 2 3 0 0 2 O . J 5 0 0 2 

c .  8 3 C 0 C 2 - o . 3 2 0 0 1 J .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 CD 0 2 0 . 1 7 0 0 2 0 . 3 7 C U 2 

0 .  3 2 9 0 0 2 - 0 . 8 SO CO J .  1 8 0 0 2 0 . 1 7 1 )  0 2 0 . 4 1 0 J 2 

o .  6 7 1 0 - 0 2 0 . 7 0 0 Oi  J .  1 1 C 0 2 0 . 2 3 0 0 2 0 . 3 7 0 J 2 

0 .  1 2 2 0 - C 6 0 . 7 0 0 0 1 0 .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 

c .  9 0 3 0 - 1 2 0 . 7 0 0 0 1 J .  1 I D ' , 17 0 . 2 3 0 0 2 • J . 3 7 0 0 2 

F UNCAO T E S T E 1 

DA MAT k l Z H zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: 1 1 .  o .  o .  1 .  

0 . 4 5 0 3 2 0 .  5 6 0 0 2 0 . 6 7 D 0 2 0 . 7 6 D 0 2 0 . 8 7 0 0 2 0 .  7 1 0 0 2 

C .  4 1 0 0 2 J .  5 2 0 0 2 0 . 6 4 0 0 2 0 . 7 0 0 0 2 0 . 9 4 0 0 2 0 .  3 2 0 0 2 

0 . 4 2 0 0 2 0 .  5 4 0 0 2 0 .  6 3 0 0 2 C . 6 5 0 0 2 0 . 9 2 0 0 2 0 .  3 7 0 C 2 

0 . 4 0 0 0 2 0 .  5 2 0 0 2 0 . 7 1 0 0 2 0 . 6 5 0 0 2 0 . 9 0 0 0 2 0 .  8 9 0 0 2 

C . 4 1 0 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 C . 7 1 0 0 2 0 . 8 3 0 0 2 J .  9 7 0 0 2 

0 . 4 1 0 0 2 J .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 . 8 3 0 0 2 0 .  9 7 0 C 2 

0 . 4 1 0 0 2 J .  5 3 0 0 2 0 . 6 7 0 0 2 0 . 7 1 0 0 2 0 . 8 3 0 0 2 0 .  9 7 0 0 2 



A L GC P I T f C GF RAL Df  HUANG 

CON S T ANT E S CA F ORMUL A Hb CURS S I V A P ARA 0 CAL CUL O 

i CAO F C C C H C E MA D A S 

0 . 1 1 9 0 0 4 - 0 . 1 8 0 0 2 0 . 1 3 0 u 2 0 . 2 4 0 0 2 0 . 3 6 0 0 2 

C. 2 9 6 0 0 3 - 0 . 8 7 0 0 1 3 . 2 2 D 0 2 0 . 2 3 0 0 2 0 . 3 5 0 0 2 

C. i HOO 0 2 - 0 . 3 2 0 0 1 3 . 2 0 0 0 2 0 . 1 7 0 0 2 0 . 3 7 0 0 2 

0 . 3 2 9 0 0 2 - C OS ! )  0 0 3 .  1 8 D 0 2 0 .  1 7 0 0 2 0 . 4 1 C 0 2 

0 . 7 5 6 ^ - 0 , .  0 . 7 0 0 0 1 0 .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 

0 .  1 5 7 0 - C8 0 . 7 0 0 0 1 0 . 1 I D 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 

F UNCAO T h ST E 1 

0 4 MAT R I  Z :  H 1 1 .  0 .  1 .  0 .  

n .  4 5 0 0 2 0 .  5 6 0 0 2 0 . 6 7 0 0 2 0 .  7 6 0 0 2 0 .  8 70 3 2 0 .  7 1 0 C2 
0 .  4 1 0 0 2 0 .  5 2 0 0 2 0 . 6 4 0 0 2 3 .  7 0 0 0 2 0 .  9 4 0 3 2 0 .  8 2 0 0 2 

0 .  4 2 0 0 2 0 .  5 4 0 0 2 0 .  6 9 0 0 2 0 .  0 5 0 0 2 3 .  9 2 0 3 2 0 .  S 7 D 0 2 

C .  4 C0 0 2 0 .  5 2 0 0 2 0 . 7 1 0 0 2 0 .  6 5 0 0 2 0 .  9 0 0 0 2 0 . 8 9 0 C2 
0 .  4 1 0 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 3 2 0 . 9 7 0 0 2 

0 .  4 1 0 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  710 0 2 0 .  3 3 0 0 2 0 . 9 7 0 0 2 



AL GCKl T V f  GFR/ 8L DE HUANG F UNCAO T E S T E 1 

CON S T ANT E S CA F ORMUL A P E CU^ S S I V A P ARA •  CAL CUL O DA WAT RI ZzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Hi  1 .  0 .  1 .  0 .  1 .  

k CAQ F CCCi v CENACAS 

0 . 1 1 9 0 0 4 - C . 1 8 0 0 2 0 .  1 3 0 0 2 0 . 2 4 0 0 2 0 . 3 6 0 3 2 0 . 4 5 0 0 2 0 .  5 6 0 0 2 0 .  6 7 0 0 2 0 .  7 6 0 0 2 0 . 8 7 0 0 2 0 .  7 1 0 0 2 

C. 2 9 6 0 0 3 - 0 . 8 7 0 0 1 0 .  2 2 0 0 2 0 •  2 3 0 0 2 0 . 3 5 0 0 2 0 . 4 1 0 0 2 0 .  5 2 0 0 2 0 .  6 4 0 0 2 0 .  7 0 0 0 2 0 . 9 4 0 0 2 0 .  8 2 0 0 2 

C .  '  9 CO 3 2 - 0 . 3 2 0 0 1 3 .  2 0 0 0 2 0 . 1 7 0 0 2 0 . 3 7 0 0 2 0 . 4 2 0 0 2 0 .  5 4 0 0 2 0 .  6 3 0 0 2 0 .  6 5 0 0 2 0 . 9 2 0 0 2 0 .  3 7 0 0 2 

0 . 3 2 9 0 0 2 - C . 8 9 0 0 0 0 .  1 8 C 0 2 0 .  1 7 0 0 2 0 . 4 1 C 0 2 0 . 4 CO 0 2 0 .  5 2 0 0 2 0 .  7 1 0 0 2 0 .  6 5 0 0 2 0 . 9 U0 0 2 0 .  6 9 0 0 2 

0 . 6 7 2 0 - 0 2 0 . 7 0 0 0 1 0 .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 C. 4 1 D 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 G.  7 1 0 0 2 0 .  8 3 0 0 2 0 .  9 7 0 0 2 

C. 9 5 C0 - C7 0 . 7 0 0 0 1 0 .  n o 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 D 0 2 0 . 3 3 0 0 2 0 .  9 7 0 C2 

0 . 1 2 7 0 - 1 1 0 . 7 0 0 0 1 0 .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 . 7 1 0 0 2 0 . 8 3 0 0 2 0 .  9 7 0 0 2 



A L GC R I T MC Gf r i / U.  OE HUANG 

C ON S T A N T E S CA F ORMUL A RE CURS S I V A P ARA U CAL CUL O 

r i CAO F C C GR C E N A D A S 

0 .  1 1 9 0 0 4 - C .  1 3 D 0 2 0 .  1 3 0 0 2 0 . 2 4 0 0 2 3 .  3 6 0 0 2 

c .  2 9 6 0 0 3 . 6 7 0 0 1 0 . 2 2 0 0 2 0 . 2 3 0 0 2 0 .  3 5 0 0 2 

c .  3 8 0 0 3 2 - c . 3 2 0 0 1 J .  201;  3 2 0 .  1 7 0 0 2 0 .  3 7C 0 2 

0 .  3 2 9 0 C2 - 0 . 8 8 0 0 0 0 . 1 9 0 0 2 0 . 1 7 0 0 2 0 .  4 1 0 0 2 

0 .  6 1 9 0 - 0 2 0 . 7 0 0 0 1 0 .  i i ?;  0 2 0 . 2 3 0 0 2 0 .  3 7 0 0 2 

0 .  1 4 1 3 - 0 7 Q . 7 0 0 0 1 0 .  l  l o 0 2 0 . 2 3 0 0 2 0 .  3 7 0 0 2 

0 .  2 1 4 0 - 1 3 0 . 7 0 0 0 1 0 . 1 1 0 0 2 0 . 2 3 0 0 2 0 .  3 7 0 0 2 

F UNCAO T E S T E 1 

OA ^ AT R I  Z H •  1 •  1 .  - 1 •  1 .  - i  .  

0 . 4 5 0 0 2 0 .  5 6 0 0 2 0 .  6 7 0 0 2 3 .  76 0 0 2 0 . 8 7 0 0 2 0 .  7 1 D 0 2 

0 . 4 1 0 0 2 0 .  5 2 0 0 2 0 .  6 4 0 0 2 0 .  7 0 0 0 2 3 . 9 4 0 0 2 0 .  6 2 0 0 2 

0 . 4 2 0 0 2 0 .  5 4 0 0 2 0 .  6 8 0 0 2 0 .  6 5 0 0 2 0 . 9 2 J 3 2 0 .  3 7 0 0 2 

0 . 4 C0 0 2 0 .  5 2 0 0 2 0 .  7 1 0 0 2 0 .  6 5 0 0 2 0 . 9 0 0 0 2 0 .  8 9 0 0 2 

0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 0 . 8 3 0 3 2 0 .  9 7 D 0 2 

0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 0 2 0 .  9 70 0 2 

0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 0 . 8 3 0 0 2 0 .  S7 D 0 2 



AL GCKJ T Y C GE RAL OE H U A N G 

C ON S T A N T E S DA F ORMUL A RE CURS S I V A P ARA U CAL CUL O 

F C C GR C E N A D A S 

0 .  l l 9 0 0 4 - 0 . 1 8 0 0 2 0 .  1 3 0 0 2 0 . 2 4 0 u 2 0 . 3 6 0 0 2 

0 .  2 9 6 0 0 3 . 8 7 0 0 1 0 . 2 2 0 0 2 0 . 2 3 0 0 2 0 . 3 5 0 0 2 

C.  8 8 CD 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-  u . 3 2 0 J  1 J . ? o n 0 2 0 .  1 7 0 0 2 0 . 3 7 0 3 2 

0 . 3 2 9 0 C2 - 0 . 9 0 0 0 0 0 . 1 8 0 0 2 0 .  1 7 D 0 2 0 . 4 1 0 0 2 

C.  9 8 I D —  n ^ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
\ j  - *  

0 . 7 0 0 0 1 0 .  1 1 C 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 

0 .  1 8 7 0 - 0 3 c . 70i J 0 1 0 .  1 I T 0 2 0 . 2 3 0 0 2 0 .  3 7 0 0 2 

0 . 5 6 9 0 - 0 4 0 . 7 0 0 0 1 o . 1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 

0 . . 2 C1 0 - 0 4 Q . 7 0 0 0 1 J . l i t .  0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 

0 .  7 6 50 •  n t.  c . 7 0 0 CI  0 .  1 I D 0 2 0 . 2 3 0 C2 0 . 3 7 D 0 2 

0 .  3 3 5"!  _ rj  u i  . 7 0 0 0 1 )  .  1 10 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA L 0 . 2 3 0 0 2 0 . 3 7 0 0 2 

0 .  1 3 2 0 - 0 5 0 . 7 0 0 0 1 0 . 1 1 0 0 2 o . 2 3 0 0 2 0 . 3 7 C 0 2 

- 0 6 (  0 1 . 1 1 : :  fl  " P 0 . 2 3 0 0 2 0 .  3 7I J 32 

0 . 7 3 20 - 0 6 c . 7 0 0 CI  j  . 1 1 0 0 2 0 . 2 3 0 C2 0 . 3 7 0 0 2 

C.  9 4 9 0 - 1 1 . 7 0 )  CI  0 •  111 0 2 c . 2 3 0 0 2 3 . 3 7 0 3 2 

F UNCAO T E S T E 1 

OA MAT RI Z H zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA•  0 .  0 .  0 •  0 .  1 .  

0 . 4 5 0 0 2 3 .  5 6 0 0 2 0 . 6 7 0 0 2 0 .  76 0 0 2 0 .  8 7 0 0 2 0 . 7 1 0 0 2 

0 . 4 1 0 0 2 0 .  5 2 0 0 2 0 . 6 4 0 0 2 0 .  7 0 0 0 2 0 .  9 4 0 0 2 0 .  8 2 0 0 2 

0 . 4 2 0 0 2 0 .  5 4 0 0 2 C . 6 8 0 0 2 0 .  6 5 0 3 2 0 .  9 2 0 3 2 0 .  3 7 0 0 2 

0 . 4 0 0 0 2 0 .  5 2 0 0 2 0 . 7 1 3 0 2 0 .  6 5 0 0 2 0 .  9 0 D 0 2 0 . 8 9 0 0 2 

0 . 4 10 0 2 0 .  5 3 0 0 2 0 . 6 70 0 2 /  \  7 1 0 0 2 0 .  9 3 0 0 2 0 . 9 7 0 0 2 

0 . 4 1 0 0 2 0 .  5 3 D 0 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 3 2 0 .  9 7 0 0 2 

0 . 4 10 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 c .  7 1 0 0 2 0 .  3 3 0 0 2 0 .  9 7 D C2 

0 . 4 1 0 0 2 o .  5 3 0 o 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 0 2 0 . 9 7 0 0 2 

0 . 4 1 0 0 2 3 .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 0 2 0 . 9 7 0 0 2 

0 . 4 1 0 0 2 3 .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 0 3 2 0 .  8 3 0 0 2 0 .  9 7 0 0 2 

0 . 4 1 0 0 2 3 .  5 3 0 0 2 0 . 6 7 0 0 2 U •  7 1 0 0 2 3 .  8 3 0 0 2 0 . 9 7 0 0 2 

0 . 4 1 0 0 2 J .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 .  3 3 0 3 2 0 .  9 7 0 0 2 

0 . 4 1 0 0 2 r i  
\ j  .  

5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 0 2 0 .  9 7 0 0 2 

0 . 4 10 fl  -)  0 .  5 3 0 0 2 0 .  6 7 0 0 2 7 1 0 0 2 0 .  3 3 0 0 2 0 .  9 7 0 0 2 



i  

f l LGCR I T V C GF R2 L OF HUANG F U N C A O T E S T E 1 

C ON S T A N T E S FA F ORMUL A RE CURS S I V A P A R A 0 C A L C U L O O A V A T R I Z H :  0 .  0 .  0 .  1 .  0 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

t ACAC F C C C R C E N A D A S 

1 0 . 1 1 9 0 0 4 - C .  1 3 0 0 2 0 .  1 3 0 0 2 0 . 2 4 0 0 2 0 . 3 6 0 0 2 0 . 4 5 0 0 2 0 .  5 6 0 0 2 0 .  6 7 0 0 2 0 .  7 6 0 0 2 0 .  8 7 0 0 2 0 .  7 1 0 C2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
> C. 2 9 6 0 0 3 - 0 . 3 7 0 0 1 0 . 2 2 0 0 2 0 . 2 3 0 0 2 0 . 3 5 0 0 2 0 . 4 1 0 0 2 0 .  5 2 0 0 2 o .  6 4 0 0 2 0 .  7 0 0 0 2 0 .  9 4 0 0 2 0 . 8 2 0 0 2 

c . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA J 9 o n 2? zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA~~ \_ . 3 2 0 0 1 0 .  2 0 0 0 2 0 . 1 7 0 0 2 0 . 3 7 0 0 2 c . 4 2 0 0 2 0 .  5 4 0 0 2 0 .  6 3 0 0 2 0 .  6 5 0 0 2 0 .  9 2 0 0 2 0 . 3 7 0 C2 

4 0 .  3 2 9 0 0 2 - 0 . 9 C0 0 0 0 .  1 3 C 0 2 0 . 1 7 0 0 2 J . 4 1 0 0 2 0 . 4 0 0 0 2 0 .  5 2 0 0 2 0 .  7 1 0 0 2 0 . 6 5 0 0 2 0 .  9 0 0 0 2 0 . 8 9 0 0 2 

5 C. 9 8 10 - 0 3 •  . 7 0  J 0 1 0 . 1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 0 2 0 . 9 7 0 0 2 

6 0 .  1 3 7 0 - 0 3 0 . 7 0 0 0 1 0 . 1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 o . 4 10 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 0 .  8 3 0 0 2 0 . 9 7 0 0 2 

7 0 . 5 5 9 0 - 0 4 0 . 7 0 0 0 1 J .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 o .  6 7 D 0 2 0 .  7 1 0 0 2 0 .  3 3 0 0 2 0 . 9 7 0 0 2 

A 0 . 2 G1 0 - 0 4 . 7 0 0 0 1 0 . 1 1 0 0 2 0 . 2 3 0 C2 C .  3 7 0 J 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 0 .  3 3 0 0 2 0 .  9 7 0 0 2 

0 . 7 6 9 0 . 7 0 0 CI  0 .  1 10 0 2 0 . 2 3 0 C2 0 . 3 7 0 0 2 C . 4 10 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 . 7 1 0 0 2 0 .  3 3 0 0 2 0 . 9 7 0 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

*  

:  .  i  560 . 7 0 0 0 1 J . 1 1 0 0 2 0 . 2 J O 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  c. 70 0 2 C.  7 1 0 0 2 0 .  3 3 0 0 2 0 . 9 7 3 0 2 

1 C .  1 9 2 0 - J
C 

0 . 7 0 0 0 1 0 .  1 10 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 C.  7 1 0 0 2 0 .  8 3 0 0 2 0 . 9 7 0 0 2 

2 0 .  8 }  8 0 . 7 ) 0 01 J . 1 1 0 2 0 . 2 3 0 0 2 C. 3 70 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 3 .  8 3 0 32 0 .  9 7 0 0 2 

0 . 7 3 3 0 - 0 4 G . 7 0 3 0 1 0 .  1 I D 0 2 0 . 2 3 0 0 2 C. 3 7 0 J 2 C . 4 10 0 2 o .  5 3 0 C2 0 . 6 7 0 0 2 0 . 7 1 0 0 2 0 .  3 3 0 32 0 . 9 7 0 0 2 

4 C. 3 1 5 0 - 1 1 0 . 7 0 0 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA;• .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 .  6 7 0 0 2 0 .  7 1 0 0 2 0 .  3 3 0 3 2 Q .  9 7 0 0 2 

UNI VF. RSI DAOF Ff D' l t M OA P A R AI B A 

Pr6-Kei tori a Para Assumes do Interior  

Cooi de na c a o Sel or i al  de l os - Gr a dua c a o 

Ru a Ap r i g i o Vel oso.  8 8 2 -  Tel  ( 083)  321 7 2 2 2 - R 3 5 5 

58. 100 -  Campi na Gr ande -  Far ai ba 



A L GC R I T MO GE RAL OF HUANG 

C ON S T A N T E S CA F ORMUL A R E C U R S S I V A P A R A 0 CAL CUL O 

ACAO F C C GR C E N A D A S 

0 . 1 1 9 0 OA - 0 . 1 8 0 0 2 0 .  1 3 0 0 2 0 . 2 4 3 0 2 0 . 3 6 0 3 2 

0 .  2 0 6 0 0 3 - 0 . 8 70 0 1 0 . 2 2 0 0 2 0 . 2 3 0 3 2 0 . 3 5 0 0 2 

r  3 azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA n n 0 2 - 0 . 3 2 0 0 1 3 .  2 0 0 0 2 0 .  1 7 0 0 2 0 .  3 7 C 0 2 

0 . 3 2 9 0 0 2 - 0 . 9 0 0 0 0 3 . 1 8 0 0 2 0 . 1 7 0 0 2 0 . 4 1 0 0 2 

C 9 3 1 0 - 0 3 0 . 7 0 0 0 1 0 . 1 1 0 0 2 u . 2 3 3 0 2 0 . 3 70 0 2 

0 . 1 3 7 0 - 0 3 0 . 7 0 0 0 1 0 .  1 10 0 2 0 . 2 3 3 0 2 0 . 3 7 0 0 2 

0 . 5 6 9 0 - 0 4 0 . 7 0 0 0 1 0 . 1 1 0 3 2.  0 . 2 3 0 0 2 0 . 3 7 0 0 2 

0 . 2 C1 D - 0 4 0 . 7 0 0 0 1 3 . 1 1 0 0 2 0 . 2 3 0 0 2 C. 3 7 0 0 2 

0 . 7 7 CO - 0 5 C . 7 0 0 0 1 0 .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 3 2 

0 . 3 3 7 0 - 0 5 0 . 7 0 0 0 1 0 .  i  10 i 2 0 . 2 3 0 0 2 0 .  3 7 0 3 2 
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0 .  2 9 6 0 0 3 - C . 8 7 0 0 1 0 . 2 2 0 0 2 0 . 2 3 0 0 2 0 . 3 5 0 0 2 0 .  4 1 0 0 2 0 .  5 2 0 0 2 0 . 6 4 0 0 2 0 . 7 0 0 0 2 0 .  9 4 0 0 2 0 . 8 2 0 0 2 

C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 8 8 0 0  0 2 —0 . 3 2 0 0 1 0 .  2 0 0 0 2 0 . 1 7 0 0 2 0 . 3 7 0 0 2 0 .  4 2 0 0 2 0 .  5 4 0 0 2 0 .  6 8 0 0 2 0 . 6 5 0 0 2 0 .  9 2 0 3 2 0 . 6 7 0 0 2 

0 .  3 2 9 0 C2 - 0 . 3 8 0 0 0 0 . 1 8 0 0 2 0 . 1 7 0 0 2 0 . 4 1 0 0 2 0 .  4 C0 0 2 0 .  5 2 0 0 2 0 . 7 1 0 0 2 0 . 6 5 0 0 2 0 .  9 0 0 0 2 0 . 8 9 0 0 2 

0 . 6 5 3 0 - 0 2 rj . 7 o n 0 1 J .  1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 .  4 10 3 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 0 . 7 1 0 0 2 0 .  8 3 0 32 0 . 9 7 0 0 2 

0 .  1 0 5 0 - 0 6 0 . 7 0 0 0 1 3 . 1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 .  4 1 0 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 D 0 2 0 .  8 3 0 0 2 0 . 9 7 0 0 2 

0 . 5 2 0 0 - 1 2 . 7 0 0 0 1 0 . 1 1 0 0 2 0 . 2 3 0 0 2 . 3 7 0 0 2 0 .  4 1 0 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 0 . 7 1 0 3 2 0 .  3 3 0 0 2 0 .  9 7 D 0 2 



I TERACAO 

I  

5 
10 
15 

20 
25 
27 

ALGORI TMO GERAL DE HUANG 

CONSTANTES DA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H 

FUNCAO TESTE 2 

2.  - 1 .  3 .  - 2 .  - 1 

C. 520D 03 
0 . 1100 02 
0 . 4240 0 1 
0. 5 3 20 CO 
0.  1 4 4 0 - 0 2 
C.  UCD- 0 7 
0 . 2 2 1 0 - 1 3 

CCORCENAOAS 

• 0. 10D 
• 0. 49D 
0 . 270 
0 . 9 4 0 
0. 10D 
0 . 1 0 0 
0 . 1 0 0 

0 1 0. 24D 
00 0 . 9 5 0 
00 0. 96D 

0 0 0 . 430 
0 1 0 . 18 0-
0 1 0. 66D-
0 1 - 0 . 6 7 0 -

0 1 0. 15D 0 1 
0 0 0 . 3 3 0 0 1 
00 0. 2LD 0 1 
00 0 . 6 7 0 00 

• 01 0 . 3 1 0 - 0 1 
• 34 0 . 1 0 0 - 0 3 
• 07 - 0 . 110 - 06 



ALGCR I  TMO GFRAL DE HUANG FUNCAO TESTE 2 

CON STANTES OA FORMULA RECURSSI VA PARA U CALCULO DA MATRI Z H :  1 .  1 .  - 1 .  1 .  - 1 .  

I TERACAO F CCORCENADAS 

L C. 520O 0 3 - 0 . 1 0 0 0 1 0 . 2 4 0 0 1 0 . 1 5 D 0 1 

5 G. 1100 02 - 0 . 49D 0 0 0 . 9 5 0 0 0 0 . 3 2 D 0 1 
10 C. 417D 0 1 0 . 2 8 0  0 0 0 . S6D 0 0 0 . 2 0 0 0 1 

15 C. 5690 00 0 . 950 00 0 . 4 2 0 00 0 . 6 6 0 0 0 

20 C. 1110- 02 0 . 100 0 1 0 . 1 6 0 - 0 1 0 . 2 6 0 - 0 1 
25 C. 4670- C8 0 . 100 0 1 0 . 4 3 D- 0 4 0 . 6 8 0 - 0 4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

.... -. 



ALGCRI Tr ^C GERAL DE HUANG __.  .  

CON ST AN TES DA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H :  

I TERACAO F CCCRCENADAS 

1 C. . 52CO 0 3 - 0 . 1 0 0 Oi  0 . 2 4 0 0 1 0 . 1 5 0 0 1 

5 0 . 1090  0 2 /  - 0 . 4 8 0 0 0 0 . 9 5 D 0 0 0 . 3 2 0 0 1 

10 C. 4130 0 1 0 . 2 9 0 00 0. 95D 00 0 . 2 0 0 0 1 

15 C. 5650 OC 0 . 9 5 0 00 0. 42D 00 0 . 6 6 0 00 

FUNCAO.  TESTE,  

- 1 .  1 .  1 .  1 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

\ 

20 

2 5 
27 

0 . 1 3 5 0 - 0 2 0 . 1 0 0 0 1 3 . 1 8 0 - 0 1 0 . 3 0 0 - 0 1 

0 . 8 4 9 0 - 0 8 0 . 100 0 1 0 . 5 8 0 - 0 4 0 . 9 2 0 - 0 4 
C. 3300- 13 0 . 1 0 0 0 1 - 3 . 5 2 0 - 0 7 - 0 . 9 0 0 - 0 7 



•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
J,  



ALGCRI  TMC GERAL DE HUANG _ _ . ^ I i S HB i  

CON STANTE S OA FORMULA RECURSSI VA PARA 0 CAL. CULOJ J A. J l f i  

I TERACAD F COOROENADAS 

1 C. . 52CD.  C3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA - Qt i QQM̂ * t e$U&^< 1S. GJ U -. :  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 !  

25 0.  8 3 9 0 - 0 3 O. J.  0 0 ^ 0 1 . 0 . 5 8 0 - 0 4 0 . 9 1 0 - 0 4 

£ - 0 . 280- Q6 



A LGCRI  T' MC GERAL DP HUANG 

CON STANTES DA FORMULA RECURSSI VA PARA U CALCULO DA MATRI Z H 

I T
 C

RACAQ
 c

 CCORCENADAS 

1 0. 52. 00 03 - 0 . 1 0 0 0 1 0. 24D 0 1 0 . 1 5 0 0 1 

5 C. I C90 0?  - 0 . 4 30 00 0 . 950 00 0 . 323 0 1 

1C C.  4130 0 1 0 . 2 9 0 00 0 . 950 00 0 . 200 0 1 

15 C. 55 1)  CO 0. 95D 00 0. 4 I D 00 0 . 6 50 0 0 

20 C. 97 70- C3 0 .  1 00 0 1 0 .  1 6 0 - 0 1 0 . 2 6 0 - 0 1 

-
;

5 C.  4 3 60- C6 0. 10D 0 1 0. 42C- Q4 0 . 6 6 0 - 0 4 

FUNCAO TESTE 2 

- 1 .  1 .  0 .  1 .  0 .  



ALGCRI TMC GERAL DE HUANG FUNCAO TES TEzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 

CONSTANTFS PA FORMULA RECURS S I VA PAAA 0 CALCULO OA MATRI Z H :  - 1 •  0 .  1 .  0 .  1 .  

I TT ACAO F GC OR DEN.  A OAS 

1 C. 5 2 CD 0 3 - 0 . 1 0 0 0 1 0 . 2 4 0 0 1 0 . 1 5 0 0 1 

0 . 1 C9 0 C2 - 0 . 4 3 D 0 0 C. 9 5 D OC 0 . 3 2 0 Ul  

1 C. 4 1 3 3 0 1 0 . 2 9 0 OJ  C. 9 5 0 0 0 0 . 2 0 0 0 1 

1 5 C.  5 7 2 0 CO 0 . 9 5 0 0 0 0 . 4 2 0 0 0 O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 6 0 O 0 0 

2 0 G. 1 3 4 0 - C2 C. 1 0 0 0 1 0 . 1 8 0 - 0 1 0 . 3 0 0 - 0 1 

2 :  C. 9 8 4 0 - C8 0 . 1 ) 0 0 1 0 . 6 2 D- 0 4 0 . 9 9 0 - 0 4 

2 7 0 . 1 2 1 0 - 1 4 G. 1 0 0 0 1 0 . 3 8 0 - 0 8 0 . 6 2 0 - 0 3 



ALGCRI TMC GERAL 3E HUANG \  FUNCAO TESTE 2 

CON ST ANTES OA FOR ML)  L A RECURSSI VA PARA U CALCULO DA MATRI Z H :  - 1 .  1 .  0 .  0 .  1 

T8RACA0 F CCGRCENADAS •  

1 C. 5200 03 - 0 * 1 0 0 OL 3. 240 0 1 0 . 1 5 0 0 1 

0.  1C90 02 - 0 . 4 8 0 00 3. 950 00 0 . 3 2 0 0 1 

10 C. 4139 0 1 0 . 200zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 00 0 . 950 00 0 . 2 0 0 0 1 

15 C.  5 720 C:  0 . 950 00 0 . 420 00 0 . 6 6 0 00 

20 C.  1 3 5 0 - 0 2 0 . t d p 0 1 0 . 1 8 0 - 0 1 0 . 3 0 0 - 0 1 

<
: c

 C.  3350- C8 O. I OD OL 0. 59C- 04 0 . 9 4 0 - 0 4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<>- ~t  C. 9900- 13 0 . 100 01 0. 20D- 06 0 . 3 1 0 - 0 6 



ALGC' r UTMG GERAL DE HUANG FUNCAO TESTE 2 

CONSTANTES DA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H :  0 .  0 .  0 .  1 .  - 1 .  

I TERACAQ F CCORDENADAS 

1 G.
r

»2CD 03 - 0 . 1 0 0 0 1 0. 24D 0 1 0. 15D 0 1 

•  •  
C. 94CD 0 1 0 . 340 00 0 . 1 1 0 0 1 0 . 2 2 0 0 1 

10 0 . 1 4 4 0 0 1 0 . 7 3 0 00 0 . 6 8 0 0 0 0 . 1 2 0 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

}d 0 . 68CD- 01 0 . 1 0 0 0 1 0 . 1 2 0 00 0 . 2 0 0 00 

20 G. 6S20- C3 0 . 100 0 1 0 . 6 0 0 - 0 2 0 . 1 1 0 - 0 1 
25 0. 3C3D- 08.  0 . 100 0 1 0 . 56D- 05 0 . 7 2 0 - 0 5 
26 0 . 5 8 6 0 - 1 0 0 . 1 0 0 0 1 0 . 4 8 0 - 0 5 0 . 7 6 0 - 0 5 

=33 

3»S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

—  CO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ft zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
an "  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 3 CD -

o 

m 
O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ft . , ~ 

ex B LL 
C3 -  —  

Co zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 | , -Em >•  

CD 



. . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ALGQRI TMG GERAL Of  HUANG FUNCAO TESTE 2 

CON STANTES DA FORMULA RECURSSI VA PARA •  CALCULO DA MATRI Z H :  0 .  0 .  0 .  1 .  0 

I TER AC AO F CCORDEN ADAS 

1 0 . 5200 03 - 0 . 1 0 0 0 1 0 . 2 4 0 0 1 0 . 1 5 0 0 1 

5 0 . 1 0 2 0 02 - 0 . 4 2 0 00 0 . 980 00 0 . 3 1 0 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  e 

10 C. 569D 0 1 .  0 . 6 7 0 - 0 1 0 . 9 9 0 00 0 . 240 0 1 

15 C.  12 90 0 1 0 . 840 00 0 . 6 3 0 00 0 . 1 0 0 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a •  

20 C. 3190 CO 0 . 9 8 0 00 0 . 3 0 0 00 0. 48D 00 

25 C. 3 6 4 0 - 0 1 0. 10D 0 1 0 . 1 1 0 00 0 . 1 7 0 00 
30 0 . 4 3 5 0 - 0 3 0 . 1 0 0 0 1 0 . 1 3 0 - 0 1 0 . 2 1 0 - 0 1 
34 C. 17 70- 08 0 . 1 0 0 0 1 0 . 27D- 04 0 . 4 2 0 - 0 4 



FUNCAO TESTE 2 

CONSTANTES DA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H :  C.  0 .  0 .  0 .  1 .  

I TFRACAO F . "  CCORCENADAS •  

1 0. 520D 03 - 0 . 1 0 0 0 1 0 . 240 0 1 0 . 1 5 0 0 1 
5 C.  15 80 02 - 0 . 7 4 0 00 0 . 7 9 0 00 0 . 350 0 1 

10 C.  8920 0 1 - 0 . 3 0 0 00 0. 95D 00 0 . 3 0 0 0 1 

15 C.  23 90 0 1 0 . 5 9 0 00 0 . 890 00 0 .  160 0 1 

•  •  

20 C. 5 3 90 00 0. 96D 03 0 . 3 8 0 00 0 . 6 2 0 00 

25 C.  3CCD- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAci  0 . 9 9 0 00 0 . 1 7 0 00 0 . 280 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  *  

30 C.  1 0 0 0 -02 0 .  100 0 1 0. 20D- - 01 0 . 320 - - 01 

3 5 0 . 3 7 1 0 - 12 0 . 100 0 1 0 . 330 - • 06 0 . 5 8 0 - - 06 



ALGCRI TMC GERAL DE HUANG FUNCAO TESTE 2 

CONSTANTES DA FORMULA RECURS S I VA PARA 0 CALCULO DA MATRI Z H : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA U - 1 .  1 -  ~. U 

I TERACAO F COORDENADAS 

1 0 . 5200 0 3 - O. l OO 0 1 0 . 2 4 0 0 1 0 . 1 5 D 0 1 

5 C. 1' 100 0 2 - 0 . 4 9 0 0 0 0 . 9 5 0 0 0 0 . 3 2 D 0 1 

10 G. 4170  0 1 0 . 2 8 0 0 0 0 . 9 6 0 0 0 0 . 2 0 D 0 1 

15 C. 569D 0 0 0 . 9 5 0 00  0 . 4 2 D 0 0 0 . 6 6 0 0 0 

20 C. 1 1 1 0 - 0 2 0 . 1 0 0 0 1 0 . 1 6 D- 0 1 0 . 2 6 0 - 0 1 

25 C. 4670- 08 0 . 1 0 0 0 1  0 . 4 3 0 - 0 4 0 . 6 8 0 - 0 4 



ALGCRI TMC GERAL DE HUANG FUNCAO TESTE 2 

CONSTANTES DA FORMULA RECURS S I VA PARA 0 CALCULO DA MATRI Z H :  1 .  1 .  0 .  1 .  0 .  

I TERACAO F CCORDEN ADAS 

1 0.  520O 0 3 - 0 . 1 0 0 0 1 0 . 2 4 D 0 1 0 . 1 5 D 0 1 

5 C. 11C0 0 2 - 0 . 4 9 0 00 0 . 95D 0 0 0 . 3 2 D 0 1 

10 0. 417D 0 1 0 . 2 8 0 0 0 0 . 9 6 D 0 0 0 . 2 0 D 0 1 

15 C. 5 6 SD. 0 G 0 . 9 5 0 00 0 . 4 2 0 0 0 0 . 6 6 0 0 0 

20 0 . 1 1 8 0 - 0 2 0 . 1 0 0 0 1 0 . 1 7 0 - 0 1 0 . 2 8 0 - 0 1 

2
C

 C. 5940- 08 0. 10D 0 1 0 . 4 9 0 - 0 4 0 . 7 7 0 - 0 4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
71 0 . 1 4 6 0 - 1 5 0 . 100 0 1 - 0 . 2 7 0 - 0 8 - 0 . 4 3 0 - 0 3 



ALGCRI TMC GERAL OE HUANG 

CONSTANTES DA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H 

I TERACAO F CCOR CENADAS 

L 0 . 5200 03 - 0 . 1 0 0 0 1 0. 24D 0 1 0 . 1 5 0 0 1 

5 C. 1100 02 - 0 . 4 90 00 0. 95D 0 0 0 . 3 2 0 0 1 

10 0 . 4170 0 1 0 . 2 8 0 00 0. 96D- 00 0. 20D 0 1 
15 0 . 5690 00 0 . 950 00 0. 42D 00 0. 66D 0 0 

20 C. 1130- 02 0 . 1 0 0 0 1 0 . 1 6 0 - 0 1 0 . 2 7 0 - 0 1 
2 5 0. 4 8 90 - 08 0 . 1 0 0 0 1 0 . 4 4 0 - 0 4 0 . 7 0 0 - 0 4 

FUNCAO TESTE 

1 .  0 .  1 .  



ALGCRI TMO GERAL DE HUANG ,  FUNCAO TESTE 2 

CONSTANTES DA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H :  1. .  1 .  0 .  0 .  1 

I TFRACAO F COORDEN ADAS
 :

:  

J  0. 520O 0 3 - 0 . 1 0 0 . 0 1 0 . 2 4 0 0 1 0 . 1 5 0 0 1 

5 0.  110O 02 - 0 . 4 0 0 00 0 . 950 00 0 . 3 2 0 0 1 
10 G. 4170 0 1 •  0 . 280 0 0 0 . 9 6 0 00 0. 20D 0 1 

15 0 . 5690 00 0 . 9 5 0 00 0 . 420 00 0 . 6 6 0 00 
20 C.  1 1 3 0 - 0 2 0 . 1 0 0 0 1 0 . 1 6 D- 0 1 0 . 2 7 0 - 0 1 

C. 475D- C8 G. 100 0 1 0 . 4 3 0 - 0 4 0 . 6 9 0 - 0 ^ 



ALGCRJ TMC GERAL DE HUANG FUNCAO TESTE 3 

CONSTANTES DA FORMULA RECURSSI VA PARA 0 CALCULO DA.  MATRI Z H :  1 .  1 .  0 .  0.  1 .  

I T r  R A CA11 F CCORDENAOAS 

U L340 0 . 2 9 0 00- - 0 . 430 00-- O. i oO- - 01- - 0 . 480 00 
0. 23 I D 02 0 . 5 6 0 00 0. 30D 00-- 0 . 590 00 0 . 2 8 0 0 0 

1 CI  C .  11D 0 1 0 . 120 01 - - 0 . 630 00 0 . 450 00 
L5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 . 26 I D 0 1 0 . 13 0 0 1 0. 18D 0 1 - - 0 . 420 00 0 . 1 4 0 00 

0 . 140 01 D. 20D 01- - 0 . 190 00 0 . 270- - 01 
" . 1373 0 . 1 4 0 0 1 0 . 200 0 1 0 . 1 3 0 00 0. 99 0-- 02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

.  0 . 1 2 0 0 1 0. 15D Oi  0 .  760 00 0 •  5 ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA J  00 
35 C.  8390 - 02 0 . 1 0 0 0 1 0. 11D 0 1 0 . 9 8 0 00 0. 9oO 00 

- 05 O. l UD 0 1 0 . 100 0 1 0 . 1 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOX 0.  10 0 0 1 

4 + C •  19 CO - 08 0 . 100 0 1 0. 10D 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 

I  



ALGCRI TMC GERAL DE HUANG FUNCAO TESTE 3 

CONSTANTES OA FORMULA RECURSSI VA PARA 0 CALCULO OA MATRI Z H :  I  •  0 .  1 .  0 .  1 .  

I TFRACAD F COOROENADAS 

1 .  1 3 40 03 0 . 290 00- - 0 . 430 00 - 0 . 380- - 0 1 - - 0 . 430 30 
0 . 2310 02 0 . 5 6 0 00 0. 30D 00 - 0 . 590 00 0 . 2 8 0 00 

1 J  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.  0 1 0 . 1 1 0 0 1 0 .  120 01 - 0 . 680 00 0. 45C 00 
15 0. 26 10 0 1 0 . 130 0 1 0. 1BD 0 1 - 0 . 420 00 0 .  140 00 

0.  I 9 6 0 0 . 14zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 0 0 1 0 . 2 0 0 0 1 - 0 . 190 00 0 . 270- - 01 

• . 1370 0 1 •  0 . 140 0 1 0 . 2 0 0 01 0 . 130 00 0 . 990- - 02 

C. 24 7Q 0 . 1 2 )  01 0 . 1 5 0 0 1 0 .  7oO 00 0 . 5 6 0 00 
35 0 . 86 SO - 02 0 . 1 0 0 0 1 0 . 1 1 0 0 1 0 . 980 00 0. 96D 00 

3 . 15 20 - 05 0 .  t o o 0 1 0 .  10D 01 0 .  100 0 1 0.  100 J l  

44 19 50 - 08 0 . 1 0 0 0 1 0. 10D 0 1 0 . 100 0 1 0 . 1 0 0 0 1 



ALGCRI T MO GERAL DE HUANG FUNCAO TESTE 3 

CONSTANTES DA FORMULA RECURSSI VA PARA U CALCULO DA MATRI Z H :  1 .  1 .  0 .  1 .  0 .  

I Tt KACAi  Cr OROENADAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0.  13 40 0 . 290 00-- 0 . 430 00 - 0 . 380- - 0 1 - - 0 . 480 00 

3. 2310 02 0 . 560 00 0. 30D 00 - 0 . 5 9 0 00 0 . 2 8 0 00 
CI  0 . 1 1 0 0 1 0. 12 0 0 1 - 0 . 68 0 00 0 . 4 5 D 0 0 

15 0 . 26 10 CI  0 . 1 3 0 0 1 0 . 1 8 0 0 1 - 0 . 4 2 0 00 0 . 1 4 0 0 0 
C.  1 >60 0 1 0 . 1 4 0 0 1 0 . 200 0 1 - 0 .  190 0 0 0 . 2 7 0 - 01 
C.  1 3 70 CI  0 . 1 4 0 0 1 0 . 2 0 0 0 1 0 . 130 00 0 . 9 9 0 - 02 
0.  2 4 70 oc 0 . 1 2 )  0 1 U .  14C 0 1 0 . 7 6 0 00 0 . ^ 6 0 00 
C. OC70 - 02 0 . 1 0 0 0 1 0. . 11D 0 1 0 . 9 8 0 00 0. 96D 00 

0.  2 2 50 - 05 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 . 10 0 01 
4zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 0. 4C9D- - 09 0 .  100 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 .  100 0 1 



MGCRI TMC GERAL OF HUANG 

CONSTANTES HA FORMULA RECURSSI VA PARA 0 CALCULO OA 

F CCCROENADAS 

0. 1
 :

-  •  >zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 3 03 0 . 2 90 00-- 0. 4 30 00-- 0 . 380- - 01- - 0 . 480 00 
0. 23LD 02 . 560 00 0 . 3 0 0 00-- 0 . 390 00 0 . 2 8 0 0 0 

3. 39 70 0 1 0 . 110 0 1 0 . 120 01- - 0 . 6 80 0 0 0 .  4 5 D oo 
0 1 0 . 130 0 1 0 .  180 01- - 0 . 420 00 0 .  140 00 

01 . 140 0 1 ) . 20D 01- - 0 . 190 00 0 . 27 D-- J  1 
. 13 7. )  0 1 . 140 0 1 0 . 200 0 1 0 . 130 00 0 . 990 - - 02 

C. 24 80 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.  . 120 0 1 ) . 150 01 0 . 763 00 3 . 560 00 
C.  8 7 70 - 02 0 . 100 0 1 0 . 110 0 1 0 . 980 00 0 . 9 6 0 00 
0.  1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA l b- i  - 05 0 . 100 01 0 .  I CO 0 1 0 . 100 0 1 0 .  100 0 1 
0. 2C60 - 06 0 . 100 0 1 0 . 100 0 1 0 . 100 0 1 0 .  100 0 1 

FUNCAO TESTE 



U N I V E R S I D A D E F E j D F R A L D A P A R A i B *  

Pr 6- Kei t or i a Par a Assui i t og do I nt er i or  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Coordenocao Set or i al  de  Pos-Graduacao 

RuaApr i gi o Velaso.  832 -  Tel  (083)  321-7222-R 355 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

68. 100 -  Cqmpi na Gr ande -  I ' ar ai ba zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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ALGCRI TMC GERAL DE HUANG 

C0NSTANTE5 DA FORMULA RECURSSI VA PARA i j  CALCULO 

I TF NACAO F COORDENADAS 

1 1 U1 3 4 0 0 3 0 , 2 9 0 0 0 - 0 . 4 3 0 0 0 - 0 .  3 6 0 - 0 1 - 0 . 4 3 0 0 0 

C 2 3 1 0 0 2 C. 5 6 0 0 0 0 . 3 0 D 0 0 - 0 . 5 9 D 0 0 0 . 2 9 0 0 0 

10 C.  4 3 6 0 CI  C . l l p 0 1 3 . 13 . 0 0 1 - 0 . 7 9 0 0 0 0 . 5 4 0 ! ) 0 

1 5 0 . 2 8 8 0 0 1 0 . 1 3 0 0 1 0 . 1 6 D 0 1 - 0 . 5 9 0 0 0 0 . 3 3 0 0 0 

2 0 C. 2 4 8D Ci  0 . 1 3 D 0 1 0 . 1 8 0 0 1 - 0 . 3 6 0 0 0 0 . 1 0 0 0 0 

C. 1 9 5 D 0 1 0 . 1 AH 0 1 0 . 2 0 0 0 1 - 0 . 1 3 0 0 0 - 0 .  1 3 0 - J 1 

C. 1 4 S0 CI  0 . 1 4 0 0 1 0 . 1 9 0 0 1 0 . 8 5 0 - 0 1 - 3 . 1 7 C - 0 1 

3 5 C. 1 C6 0 0 1 0 . 1 4 0 0 1 0 . 1 9 0 0 1 0 . 3 3 0 0 0 0 . 7 2 0 - 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

• • 

C. 6 6 C0 0 0 0 . 1 3 0 0 1 0 . 1 7 D 0 1 0 . 5 2 0 0 3 0 . 2 4 0 0 0 

4 5 C. 35- ? 0 CC 0 . 1 3 0 0 1 0 . 1 6 0 0 1 0 . 7 0 0 0 0 0 . 4 7 0 0 0 

5 0 G. 9 3 7 D- J 0 1 0 . 1 I f )  0 1 0 .  1 3 0 0 1 0 . 8 7 0 0 0 0 . 7 4 0 0 0 

0 . 1 6 8 0 - 0 1 0 . 1 1 0 0 1 O. UD 0 1 0 . 9 6 0 0 0 0 . 9 1 0 JO 

C. 7 5 2 0 - C4 0 . 1 0 0 0 1 3 . 1 0 D 0 1 0 . 1 0 0 0 1 0 . 9 9 0 0 0 

C. 1 3 6 D- C7 U. 1 0 0 0 1 0 . 1 0 0 0 1 0 . 1 0 0 J l  0 . 1 0 0 0 1 

c 6 0 . 2 0 2 0 - 0 9 0 . 1 0 D 0 1 0 . 1 0 0 0 1 0 .  1 0 0 0 1 0 . 1 0 0 0 1 

FUNCAO TESTE 3 

MATRI Z H :  0 .  0 .  0 .  1 .  0 .  



A LG OR I TMQ GFKAL DE HUANG FUNCAO TESTE 3 

CONSTANTES 0A FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H :  0.  0 .  0 .  1 .  - 1 

Tr - ACAO F CCORDENADAS 

1 0 . 1340 03 0 . 290 0 0 - 0 . 4 3 0 0 0 - 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 3 8 0 - 0 1 - 0 . 48 0 00 

5 C. 2 3L0 02 0 . 560 00 0 . 3 0 0 00 - 0 . 590 00 0. 280 00 

10 0.  63 80 CI  0 . 100 Oi  0. 10: )  D1- 0 . 720 00 0 . 4 5 0 J O 

15 C. 2 990 0 1 0 . 130 0 1 0. 160 0 1 - 0 . 5 6 0 00 0 . 2 9 0 00 
?

)  0 . 2360 01 0 . 140 0 1 0 . 1 9 0 0 1 - 0 . 350 00 0 . 9 4 0 - 0 1 
25 0 . 1900 0 1 0 . 1 4 0 0 1 3. 190 0 1 - 0 . 8 9 0 - 0 1 - 0 . 1 3 0 - 0 1 

30 C.  1410 0 1 . . 0. 1A0 0 1 0 . 20D 01 0 . 120 00 - 0 . 110 - 01 

35 C. 9220 CO 0 . 140 0 1 0 . 180 0 1 0 . 3 50 0 0 0 . 1 1 0 0 0 
40 0 . 5110 00 0 . 130 01 0 .  160 01 0. 650 00 0. 390 00 
45 0.  1 7 70 GO 0 . 120 0 1 0. .  140 0 1 0 . 7 9 0 00 0 . 6 0 0 00 

^0 C. 7470 - 02 0 . 100 QJ  0 . 100 0 1 0 . 1 0 0 01 0. 990 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

b
:
j  0 . 1 3 7 0 - 05 0 . 1 0 0 01 0 . 100 01 0 . 100 01 0. 100 01 

57 0 . 3 1 0 0 - 0 7 0 . 100 0 1  0 . 1 0 0 0 1  0 .  100 0 1 0 . 1 0 0 0 1 



•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

T TFR ACAO 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

|  

20 

25 

AL6CRI TMC GERAL DE HUANG 

CONSTANTES PA FORMULA RECURSSI VA PARA G CALCULO DA MATRI Z H 

F COORDENADAS 

0. 13 40 03 0 . 290 0 0 - 0 . 4 3 0 0 0 - 0 . 3 8 0 - 0 1 - 0 . 4 3 0 00 

C. 23CD 02 0 . 5 6 0 00 0. 3CD 0 0 - 0 . 5 9 0 00 0 . 2 9 0 00 

0. 4 o i l  CI  0 . 100 01 0 .  110 01- 0 . 750 00 0 . 5 4 0 00 

0*2900 01 0 . 130 0 1 0 .  170 01- 0 . 520 00 0 . 2 4 0 00 

0. 216O 0 1 C. 14D 0 1 0 . 2 0 0 0 1 - 0 . 2 2 0 00 0 . 1 3 0 - 0 1 

0 . 1370 0 1 0 . 1 4 0 0 1 0. 20D 0 1 0 . 1 6 0 0 0 - 0 . 1 7 0 - 0 2 

30 

3 5 

4 0 

45 

50 

C. 6510 CO 0 . 130 0 1 0 . 1 7 0 0 1 0 . 5 3 0 00 0 . 2 5 0 . 0 0 

C.  23CO CC 0 . 120 0 1 0 .  140 0 1 0 . 730 00 0 . 5 3 0 OC 

0. 33 50- C1 0 . 110 OL 0 . 1 1 0 0 1 0 . 9 3 0 00 0 . 8 6 0 00 

C.  21 CD- 03 O. i OD 0 1 0 . 1 0 0 0 1 0 . 9 9 0 00 0 . 9 9 0 00 

0 . 1110- C8 0 . 1 0 0 0 1 O. I OD 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 

FUNCAO TESTE 3 

1 .  1 .  0 .  0.  1 .  



LGCRI I MG GERAL DE HUANG 

ONSTANT^S DA F. OBWI A FECURSSI VA PARA 0 CALCULG OA 

F CGORDENADAS 

13 4; )  03 0 . 2^ 0 0 0 - 0 . 4 3 0 0 0 - 0 . 3 8 0 - 0 1 - 0 . 4 8 0 0 0 

•3 00 0 2 0 . 560 00 0. 30D 0 0 - 0 . 5 9 0 00 0 . 2 9 0 00 

4610 01 0 . 100 0 1 0. 11D 0 1 - 0 . 7 5 0 00 0 . 5 4 0 00 

25C0 Cl  0 . 130 0 1 0 .  17D 0 1 - 0 . 5 2 0 00 0 . 2 4 0 00 

2160 0 1 0 . 1 4 0 0 1 0 . 2 0 0 0 1 - 0 . 2 2 0 0 0 0 . 1 3 0 - 0 1 

1J 70 Cl  0 . 14O 0 1 0 . 2 0 0 0 1 0 . 1 6 0 0 0 - 0 . 1 7 0 - 0 2 

6610 00 O. BO 0 1 0 .  170 0 1 0 . 530 0 0 0 . 2 4 D 0 0 

22^ 0 CO 0. 12D 0 1 0 . 1 4 0 0 1 0 . 7 4 0 00 0 . 5 3 0 0 0 

3 1 7 0 - 0 1 0 . 1 10 0 1 0 . 1 1 0 01 0 . 9 3 0 00 0. 36 3 00 

1 7 V) - 0 3 0 . 100 OL 0 . 1 0 0 0 1 0 . 9 9 0 00 0 . 9 9 0 00 

9^60- CS 0 . 100 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 

FUNCAO TESTE 

1 .  0 .  1. .  



ALGCRI TI C GERAL DE HUANG 

CONSTANTES OA FORMULA RECURSSI VA PARA 0 CALCULO OA MATRI Z H 

I TERACAG F CCORDENADAS 

1 0 . 1340 03 0 . 290 0 0 - 0 . 4 3 0 0 0 - 0 . 3 8 D- 0 1 - 0 . 480 00 

5 0. 2 300 02 0 . 560 00 0 . 300 0 0 - 0 . 5 9 0 00 0 . 2 9 0 00 

10 C. 4610 0 1 0 . 100 0 1 0 . 110 0 1 - 0 . 7 5 0 00 0 . 5 4 0 00 

15 0. 29CO 01 0 . 130 0 1 0 . 170 0 1 - 0 . 5 2 0 00 0 . 2 4 0 00 

20 : . 216D 0 1 0 . 140 Ql  0. 20D 0 1 - 0 . 2 2 0 00 0 . 1 3 0 - 0 1 

25 0 . 1370 0 1 0 . 1 4 0 0 1 0 . 2 0 0 0 1 0. 16D 0 0 - 0 . 2 4 0 - 0 2 

30 O. o7*0 CO 0 . 130 0 1 0. 17D 0 1 0 . 5 2 0 00 0 . 2 3 0 00 

•  25 0 . 2330 00 0 . 120 0 1 0 . 1 4 0 0 1 0 . 7 4 0 00 0 . 5 4 0 00 

40 0 . 3 0 8 0 - 0 1 0. 1. 10 0 1 0 . 1 1 0 0 1 0 . 9 3 0 00 O. doO 00 

45 0.  16 60. - 03 0 . 100 0 1 0 .  100 0 1 0 . 990 00 0 . 9 9 0 00 

50 0 . 9 7 3 0 - 0 9 0 . 1 0 0 0 1 0 .  100 0 1 0 .  100 0 1 0.  100 0 1 

FUNCAO TESTE 3 

1 .  1 .  0 .  1 .  0 .  



<=3 

ERA C AO 

1 

5 

10 

]  5 

30 

40 

45 

5 0 

A LGCR I . TWC GERAL OE HUANG 

CONSTANTES R A FORMULA RECURSSI VA PAR A 0 CALCULO DA MATRI Z H 

F C COR CEN ADAS 

0 .  1340 0 3 0 . 2 9 0 0 0 - 0 .  4 3 D 0 0 - 0 . 3 8 0 - 0 1 - 0 . 4 8 0 0 0 

G. 2 3 0 D 0 2 0 . 5 6 0 0 0 0 . 3 0 D 0 0 - 0 . 5 9 0 0 0 0 . 2 9 0 0 0 

0 . 4610 0 1 0 . 1 0 0 0 1 0 . 1 1 0 0 1 - 0 . 7 5 D 0 0 0 . 5 4 0 0 0 

C. 2 9 C0 0 1 0 . 1 3 0 0 1 0 . 1 7 D 0 1 - 0 . 5 2 0 0 0 0 . 2 4 0 0 0 

C. 2 1 6 0 0 1 C. 1 4 0 0 1 0 . 2 0 D 0 1 - 0 . 2 2 0 0 0 0 . 1 3 0 - 0 1 

C. 1 3 7 0 0 1 0 . 1 4 0 0 1 0 . 2 0 0 0 1 0 . 1 6 0 0 0 - 0 . 1 9 0 - 0 2 

0 . 6 6 7 0 OC 0 . 1 3 0 0 1 0 . 1 7 D 0 1 0 . 5 2 0 0 0 0 . 2 4 0 00 

C.  2 3 2 0 OC 0 . 1 2 0 0 1 0 . 1 4 D 0 1 0 . 7 4 0 0 0 .  0 . 5 3 0 0 0 

C . 3 1 4 0 - 0 1 0 . 1 1 0 0 1 0 . 1 1 0 0 1 0 . 9 3 0 0 0 0 . 3 6 0 0 0 

0 . 1 8 9 0 - 0 3 0 . 1 0 0 0 1 0 . 1 0 D 0 1 0 . 9 9 0 0 0 0 . 9 9 0 0 0 

0 . 1 1 6 0 - 0 8 0 . 1 0 0 0 1 0 . 1 0 D 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 

FUNCAO TESTE 

- 1 .  1 .  - 1 .  



H6 C R I J MC GFRAL DE HUANG 

CONSTANTES PA F OKMUI A RECURS S I VA PARAzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 6 CALCULO 

I TFRACAf ]  F CCORDENADAS 

i  134")  03 0 . 2 9 0 00 - 0 . 430 00 - 0 . 33 0-- 01- - 0 . 480 00 
0.  2310 02 0 . 5 6 0 00 0 . 3 0 0 00- - 0 . 5 9 0 00 0 . 2 8 0 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  
01 0. 11O 0 1 0 .  120 01 - - 0 . 6 8 0 00 0 . 4 5 0 0 0 

16 0.  2510 0 1 0 .  130 0 1 0 .  13D 01- - 0 . 420 00 0 . 140 00 
•  01 0 .  140 0 1 0 . 200 01- - 0 . 190 0 0 0 . 270 - - 01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

- « L i  / - )  Cl  0 . 140 0 1 0 . 200 0 1 0 . 130 00 0 . 990 - -0 2 

•  
2 * 8 D 0 0 0 . 12 0 0 1 0 .  150 01 0 . 7 6 0 0 0 0 •  56 0 00 

25 C.  8. 650 - 02 0 . 1 0 0 0 1 0. 11C 0 1 0 . 980 00 0. 96C 00 

40 c.  1660 - 05 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 . 100 0 1 0 .  100 0 1 

44 0.  13 SO - 03 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 .  100 0 1 

FUNCAO TESTE 3 

DA MATRI Z H :  1 .  1 .  U 1 .  1 .  



• L̂ L- UTMC GFRAL DE HUANG 

CONSTANTES DA FOf ?VULA RECURSSI VA PARA 0 CALCULO DA 

I TERACAD F ,  CCQRCENADAS 

.  !  4 )  03 0 . 290 00 - 0 . 430 o o - 0 . 380 - - 0 1 -0 . 4. 30 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  02 0 . 56 0 00 0 . 300 00- 0 .  590 00 0 . 29 0 00 

0. 461Q 0 1 O. l uD 0 1 0 . 110 0 1 - 0 . 750 0 )  0 . 5 4 0 00 

0.  29CO Cl  0 . 130 01 0 .  1 70 0 1 - 0 . 520 00 0 . 2 4 0 00 

20 C. 2160 0 1 0 . 1 4 D 0 1 0 . 2 0 0 0 1 - 0 . 2 2 D 0 0 0 . 1 3 0 - 0 1 

25 C.  13 70 Gl  0 . 1 4 D 0 1 0 . 2 0 0 0 1 0 . 1 6 D 0 0 - 0 . 1 8 0 - 0 2 

C.  6510 CO 0 . 1 3 0 0 1 . 0 . 1 7 0 0 1 0 . 530 0 0 0 . 250 0 0 

Q.  ?  3 GO 00 0 . 1 2 0 0 1 0 . 1 4 0 0 1 0 . 730 00 0 . 53C 00 

C.  3 3 6 9 - Cl  0 . 1 1 0 01 0 . 110 0 1 0 . 9 3 0 00 0. 06 0 00 

4 5 0 . 2 1 3 0 - 03.  C. 100 0 I  0 .  1. 00 P I  0 . 990 00 0. 99 0 00 
# 

P I  0 . 990 

0.  1 2 4 0 -C8 0 . 100 0 1 0 . 1 0 0 0 1 0 .  1 0 0 0 1 0 .  100 0 1 0 .  1 0 0 0 1 

FUNCAO TES TE 

1 ATRI Z H :  - 1 .  1 .  1 .  



ALGCRI TMC GERAL DE HUANG FUNCAO TESTE 3 

CONSTANTES PA FORMULA RECURSSI VA PAKA 0 CALCULO DA MATRI Z H :  1 .  1 .  - 1 ,  L« HU 

I TERACAO F CCCRCENADAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 3.  1340 C3 0 . 2 9 0 00- - 0. 4 30 00-- 0 . 380- - 01- - 0 . 430 00 
5 0.  231D'  02 0. 560^ 00 0 . 3 0 0 00-- 0 . 590 00 0 . 2 8 0 00 

I  3 •  3 9 70 Cl  0 . 110 0 1 ) .  12 D 01- - 0 . 680 00 0 . 4 5 0 00 

L5 26 20 0 1 0. 13D 0 1 0 . 1 8 0 01 - - 0 . 420 00 0 . 1 4 0 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  1960 Cl  0 . 140 0 1 0 . 200 01- - 0 .  190 00 - 01 
C.  13 70 Cl  0 . 1 4 0 0 1 0 . 200 0 1 0 . 130 00 0 . 990- - 02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

\ j  •  2 4 80 CO 0. 12 0 0 1 0 . 1 5 0 0 1 0 . 760 00 0 .  560 00 
35 C.  2 7 7 0 - •C2 0 . 100 0 1 O. l l D 0 1 0 . 980 00 0 . 960 00 

3 .  1 7 6 3 - •C5 0 . 1 ) 0 0 1 0 . 100 0 1 0 .  100 0 1 0 .  100 0 1 
44 U •  2C60- • C3 0 . 100 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 



ALGGRJ. TMC GERAL DE HUANG FUNCAO TESTE 3 

CONSTANTES OA FORMULA RECURSSI VA PARA Q CALCULO DA MATRI Z H :  2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA - 1 .  3 .  - 2 .  - 1 .  

F TER ACAO r  CCGRDENAOAS 

1 0 •  1340 03 0 . 290 00- - 0. 43D 00-- 0 . 3 8 0 - - 0 1- - 0 . 480 00 
5 c  232D 02 0 . 560 00 0. 30D 00- - 0. 59D 00 0. 280 00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

* 3 5 10 Cl  0 . 120 0 1 0. 13D 01- - 0 . 64 0 00 0 . 4 0 0 00 
I

r

> 0.  2460 0 1 0 . 140 0 1 0. 13D 01- - 0 . 3 6 0 00 0 . 920- - 01 
13 CD 0 1 0 . 140 0 1 0 . 2 0 0 01- - 0 . 9 5 0 - - 01- - 0 . 840- - 03 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

L .  1 C 30 0 1 0 . 140 0 1 0 . 190 0 1 0 . 340 00 0. 8 50-• 01 
•  

.  •  31 20 00 0. 12 )  0 1 0 .  140 0 1 0 . 7 0 0 00 0 . 480 00 
35 C.  4650- - 0 1 O. l i J  0 1 O. l l D 0 1 0 . 910 00 0 . 8 3 0 00 
40 0.  4 5 90-- C3 0 . 100 0 1 0 .  100 . 01.  0 . 9 9 0 00 0 . 9 3 0 00 
45 0.  43 5D-- ca 0 . 100 01 O. I OD 01 0 . 1 0 0 01 O. I OD 01 



A I  GzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f V I  T v c GERAL DE HU A NG 

CI YNSTANTES DA FORMULA RECURSSI VA PARA 0 CALCULO DA ^ AT RI Z 

C C C R CENADAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

: a - o' . ai b 0 1 - 0 . 6 7 0 o i  0 . 110 02 0 . 14b 02 0 . 970 OL 

0 8 - 0 . 1 2 0  0 2 - 0 . 6 0 0 0 0 0 . 1 0 0 0 2 0 . 2 2 0 02 0 . 4 9 0 0 1 

C5 6 . 4 5 0 0 1 0 . 5 1 0 01 0 . 1 0 0 02 0 . 1 7 C 02 0 . 1 5 D 02 
04 0 . 4 1 0 01 0 . 6 1 0 0 1 0 . 1 7 0 0 2 O. I OD 02 0 . 1 9 0 02 

0 . 400 0 1 0 . 6 1 C 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0 . 200 02 
01 0 . 3 9 0 0 1 0 . 6 3 D 0 1 0 . 1 7 0 02 0 . 1 5 C 0 2 0 . 2 1 0 0 2 

12 0 . 390 01 0 . 6 3 0 01 0 . 1 7 0 0 2 0 . 1 5 D 02 0 . 2 10 02 



A L G CzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA° I  T NT GERAL DE HUANG 

CJ N S TAMP S DA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H :  

I TERACAO F CCGRDESADAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

]  Kj •  0 8 - C . 8 1 0 0 1 - 0 . 6 7 C 0 1 0 1 1 D 0 2 0 .  1 4 0 0 2 0 . 9 7 0 0 1 

•  o.  2 3 80 0 8 - 0 . 1 2 0 0 2 - 0 . 6 1 0 0 0 0 1 0 0 0 2 0 .  2 2 0 ) 2 0 . 4 9 0 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c .  '  34 )  0 5 0 . 4 5 0 0 1 0 . 5 2 0 0  1 0 1 9 0 0 2 0 .  i  r e 0 2 0 .  1 5 0 0 2 

1 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA16 30 0 4 0 . 4 1 0 0 1 0 . 6 0 0 0 1 0 1 7 0 0 2 0 .  1 5 0 0 2 0 .  1 0 0 0 2 

r  1 6 40 0 4 0 . 400 0 1 0 . 6 1 0 0 1 0 1 7 0 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA# 1 5 0 02 0 .  2 C 0 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

25 c .  S i  80 CO 0 . 3 9 0 0 1 0 . 6 3 0 0 1 c •  1 7 0 0 2 0 .  1 50 0 2 0 . 2 1 0 0 2 

0.  2 6 4 0 - OS 0. 3  9 0 0 1 0 . 6 3 0 0 1 0 •  1 7 0 0 2 0 .  1 00 0 2 0 . 2  1 0 0 2 

35 c .  20 5 0 - 1 4 0 . 3 9 D 0 1 0 . 6 3 0 0 1 0 1 7 0 0 2 0 .  1 5 0 0 2 0 . 2 1 0 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  

3 

FUNCAO TESTE 4 

1 .  1 .  - 1 .  I .  - 1 



I  TERAC4Q 

1 

25 

ALGCKI TMC GERAL DE HUANG 

CONSTANTES DA FORMULA RECURS Sr VA PARA 0 CALCULO OA MATRI Z H 

F COORDENADAS 

C .  2 3
c

 3 C 8 
0.  23 80 03 

CzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . .9C. 3D 05 

C.  7420 C4 

C. 7 712 C3 

C. . 1250 CC 

C.  7 0 1 0 - 1 2 

" 0 . 8 1 0 0 1 - 0 . 6 7 0 0 1 0 . 110 02 0 . 140 02 0. 9 70 0 1 
- 0 . 1 2 0 0 2 - 0 . 6 2 0 . 0 0 0 . 1 0 0 02 0 . 2 2 0 02 0 . 490 0 1 

0 . 450 0 1 0 . 530 0 1 0 . 1 3 0 02 0 . 170 02 0 . 160 02 

0 . 410 0 1 0. 58D 0 1 0 . 1 7 0 02 0. 15C 32 Q. 19D 02 

0 . 4 0 0 0 1 0 . 6 1 0 0 1 0 . 1 7 0 02 0. 15C 02 C. 2C0 02 

0. 39D 0 1 0 . 6 3 0 0 1 0 . 1 7 0 02 0. 15C 02 0. 21C 02 

0 . 3 9 0 0 1 0 . 6 3 0 0 1 0 . 1 7 0 02 0. 15C 02 C. 210 02 

FUNCAO TESTE 4 

- I .  1 .  1 .  1 .  1 .  



.—1 r H zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACM CM I \ J  r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA\j r\ j 

o O o O o o o 

o O O o Q Q 
r— i n t r  o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. . .—i  r -4 

r - l  r - l  f M CM f M CM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
• zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA» o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
••• e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA« • 

o o o o o O o 

OJ  CM CM CM CM 
o o o O o O o O 

o Q o O t_) Q o 

- r CM i n i n i n m i n 

—i CM r - l  —4 r-4 —i —i  —i 

o o o o o O o o 

CM CM CM CM r\ i  

O O o O O O O o 
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ALGCRI TWO GERAL DE HUANG 

CONSTANTES DA F CzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA RH\ J L A P E CURS S I  V A PARA Q CALCULO OA MATRI Z H 

I TFSACAO F CCOR DENADAS 

1 0 . 2 3 9 0 C8 - 0 . 8 I O 01- 0 . 67D Cl  0 . 1 1 0 02 0. 14C 02 0. 97C 0 1 

0. 23*30 08 - 0 . 1 2 0 0 2 - 0 . 6 2 0 0 0 0 . 1 0 0 02  0. Z2D 02 0 . 490 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  « 

10 0. 9C30 05 0 . 450 0 1 0. 530.  0 1 0 .  130 02 0 . 170 02 0 . 160 02 

15 0 . 7420 04 0 . 4 1 0 0 1 0. 5SD 01 0 . 1 7 0 02 0 . 1 5 0 02 0. 19D 02 

20 0 . 7^ 80 03 0 . 400 0 1 0 . 61D 0 1 0 . 170 02 0. 15C 02 0 . 200 02 

25 C. 129)  OC 0 . 3 9 0 0 1 0 . 6 3 0 0 1 0 . 1 7 D 0 2 0 . 1 5 0 02 0. 21D 02 

30 C.  7 3 4 0 - 1 2 0 . 3 9 0 0 1  0 . 6 3 0 0 1 0 . 1 7 0  0 2 0 . 1 5 0 32 0. 21D 02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

^? - a <r-3 —  

s g-  o < 

.  § •  g -  o .  » 

5 a.  s  3-  .o 

t o 

S?zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA OO CD -n 

6 SSS g- n 
S .  a.-  - n 

c:  H °  > °  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i  ee  -n 

c  — B-  -  =:  
*« CD ^ 

£-  2S <=>
:  3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  C O C- 3 = £,  

*t  T"  £ .  2 - n 

a  v,  = T ^ on 

FUNCAO TESTE 



ALGCR I  TMC GERAL DE HUANG 

CONSTANTES HA FORMULA RECURSSI VA PAR A 0 CALCULO OA MATRI Z H 

1 r . . .  AC AC F C COR DEN A DAS 

!  0 . 2 3 9 0 08"  - 0. 6LO 0 1 - 0 . 6 7 0 0 1 0 .  I  10 02 0 . 1 4 0 02 0. 97D 0 1 

5  C. 2 3 8 0 08 - 0 . 1 2 0 0 2 - 0 . 6 2 0 00 0 . 1 0 0 02 0. 22C 02 0 . 490 0 1 

LC C. 912D 05 0 . 450 0 1 0. 53C 0 1 0 . 1 8 0 02 0. 17C 02 0 . 160 02 

15 C. 7640 04 Q. . 410 0 1 0 . 580 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0 .  190 02 

2 0 0 . 8 4 1 0 93 0. 40D 0 1 0 . 6 1 0 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0. 2C0 02 

2 5 0.  7 9 9 0 - 0 1 C. 390 0 1 0. 63D 0 1 0 .  170 02 0. 15D 02 . 0. 210 02 

3 0 0 . 2 4 6 0 - 0 0. 39D 0 1 0. 63D 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0. 21D 02 

FUNCAU TESTE 

1 .  1 .  0 .  



I LGCRI TMC GFRAL DE HUANG 

CONSTANTES DA FORMULÂ  RECURSSI VA PARA U CALCULO D\  MATRI Z H 

PR AC AC
 f :

 CCCRCENADAS 

1 0.  2 3
C

, D 0 8 - 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 2 10 01- 0 . 67D 0 1  0 . 1 1 0 02  0 . 1 AC 0 2 0 . S 7 0 0 1 
5 0 . 2J - 8D 0 3 - 0 . 1 2 0 0 2 - 0 . 6 2 0 00 0 . 1 0 0 02 0 . 2 2 0 0 2 0 . 4 9 0 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

r  •  

10 C. 9 C3 0 2 5 0 . 4 5 0 0 1 0 . 530 01 0 . 1 8 0 02 0 . 1 7 0 0 2 0 . 1 6 0 0 2 

15 C. 7 4 2 0 0 4 0 . 4 1 0 0 1 0 . 530 01 0 . 170 0 2 C. 15C 0 2 0 . 1 9 0 02 

2 0 C.  7690 03.  0 . 4 0 0 0 1 0 . 6 1 D 0 1 0 . 1 7 D 0 2 0 . 15C 02 C. 2C0 02 

2 5 0 . 1290 CO 0 . 390 0 1 0 . 6 3 D 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 0 . 2 1 0 02 

2 0 C . 2 6 7 0 - 1 1 0 . 390 0 1 0 . 6 3 U 0 1 0 . 1 7 0 0 2 0 . 1 5 C 02 0. 21D 02 

FUNCAO TEST 



I T ER AC AC 

I  

i  

20 

25 

A LG CR1T M C GERAL OE HUANG 

CONS T ANT E S OA FORMULA RECURSSI VA PARA 0 CALCULO DA MATRI Z H 

F CCCRCENADAS 

C. 2390 Q8 - 0 . 8 1 0 0 1 - 0 . 6 7 0 0 1 0 . 1 1 0 02 O. I 4 0 02 0• 970'  0 1 

0, 23 60zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA C8 - 0 . 1 2 0 0 2 - 0 . 6 2 0 00 0 . 1 0 0 02 0 . 2 2 0 02 0 . 400 0 1 

0. 9C2D C5 0 . 4 5 0 0 1 0 . 530 0 1 0 . 1 8 0 02 0. 17C 02 0 . 160 02 

0 . 7420 04 0 . 410 0 1 0 . 5 8 0 0 1 0 . 1 7 0 02 0 . 150 02 0 . 100 02 

C. 7710 C3 0 . 400 0 1 0 . 6 1 0 0. 1 0 . 1 7 0 02 0 . 1 5 0 02 0. 2C0 02 

C. 12S0 00 0 . 390 0 1 0 . 6 3 0 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0 . 2 1 0 02 

C. 73CQ- 12 0 . 390 0 1 0. 63D 0 1 0 , 1 7 0 02 0 . 150 02 0 . 2 1 0 02 

FUNCAO TESTE 4 

- 1 .  1 .  0 .  0 .  1 .  



ALGCRI TMO GERAL DE HUANG FUNCAO TESTE 

CONST ANTEŜ  DA FORMULA PECURSSI VA PARA 0 CALCULO DA MATRI Z H :  C.  C.  0 .  

T T FRAGAO
 F

 CCCRCENAUAS 

i  0 . 2390 08 - 0 . 8 1 0 0 1 - 0 . £ 7 0 .  0 1 0 . 1 1 0 02 0 * 1 4 0 02 0 . 970 0 1 

0 . 2380 08 - 0 . 1 2 0 0 2 - 0 . 6 2 0 00 0 . 1 0 0 02 0 . 2 2 0 02 0 . 4 9 0 0 1 

A ...  C 3120 05 0 . 330 0 1 0 . 570 0 1 0 . 1 6 0 02 0. 17C 02 0 . 150 02 
15 0 . 3380 04 0 . 400 0 1 0 . 6 I D 0 1 0 . 18 )  02 0. 15D 02 0. 2CD 02 
20 C. 1680 C3 0 . 4 0 0 0 1 0. 62D 0 1 0 . 1 7 0 02 0 . 1 5 0 02 C. 200 02 

25 C. 136Q- C1 0 . 3 9 0 Ol '  0 . 6 3 0 0 1 0 . 1 7 0 02 0 . 1 5 0 0 2 0 . 2 1 0 02 
30 C. 2130- 06 0. 301)  0 1 0 , 6 3 0 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0 . 2 1 0 02 

35 C. 3150- 13 C. 390 0 1 0 . 6 3 0 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0. 21D 02 



ALGCRI  TMC GERAL DE HUANG FUNCAO TESTE 

CON STANTES DA FORMULA R ECU R S SI V A PARA 0 CALCULO OA MATRI Z H :  C.  0.  0 .  1 .  0 .  

I TERACAC F CCQRCENADAS 

1 0. 23SO C8 - G. 8 10 0 1 - 0. 67C 0 1 0 . 1 1 0 02 0. 14D 02 0 .  970 01 

n C.  2 3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 90 08 - 0 . 1 2 0 02 - 0 . 620 00 0 .  100 02 0 . 2 2 0 02 0 .  490 0 1 
C.  16 60 0 7 0 . 59O 0!  0 . 140 0 1 0 . 340 02 0 . 3 0 0 0 2 0 .  4 80 0 1 

15 0 . 7 8 7 )  C6 0 . 010 0 1 0 . 220 0 1 0 . 330 02 0 . 21 D 02 0 .  7 30 0 1 

C.  .  L •••  C 6 0 . 610 0 1 0 .  24 0 0 1 0 . 260 02 0 .  130 02 0 .  1 10 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  •  

1 C .  6 5 4zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 C5 0 . 5 0 0 Cl  0. 49D 0 1 0 . 210 02 0 . 1 6 0 0 2 r> 
.  160 02 

30 C.  1770 05 . 0. 450 0 1 0. 55. 0 0 1 0 .  190 0 2 0 . 15D 0 2 0 .  180 02 

35 C. 2 1 10 C4 .  0 . 40 0 0 1 0 . 6 I D 0 1 0 . 1 7 0 02 0 . 1 5 0 0 2 0 .  200 0 2 

•  •  

40 0. . 2720 CC 0. 39 0.  0 1 0 . 630 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 0 .  210 02 

* •  

45 0 . 2 2 4 0 - C2 0 . 390 0 1 0 . 63D 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 0 .  210 02 

0 . 2 9 1 0 - 07 0. 39D 0 1 0 * 6 3 0 0 1 0 . 1 7 0 0 2 0 . 1 5 D 0 2 0 .  21D 02 
5 3 C. 2830- 10 C. 39 0 0 1 0 . 6 3 0 0 1 0 .  170 0 2 0 . 1 5 0 0 2 0 .  210 02 



ALGCRI  TVC GERAL DE HUANG 

CONSTANTES DA F OR
V

U LA RECURSSI VA PARA 0 CALCULO OA MATRI Z H 

I T F A CAC F COORCENAOAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

C .  C8 - C. 8 1 0 0 1 - - 0 . 670 0 1 0 . 1 1 0 02 0 . 1 4 0 02 C. 97C 0 1 

C .  2 3 80 03 - 0 . 1 2 0 02-- 0 . 620 00 0 . 100 02 0 . 2 2 0 02 0 . 4 9 0 01 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  •  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
\- •  

' . 7 SU C6 0 . 4 1 0 0 1 0 . 310 0 1 0 .  160 02 0 . 3 1 0 02 C.  990 0 1 

1 0 .  

« •  

'  C6 C. 4 5 0 0 1 0 . 4 4 0 0 1 0 .  160 02 0 . 2 3 0 02 0 .  14D 02 

2 0 c .  9 5 3 0 C5 0. 41D.  0 1 0 . 500 0 1 0 . 1 6 0 02 0. 20D 02 0 . 1 6 0 02 

2 5 c .  1 9 9 0 0 5 0 . 4 1 0 0 1 0 . 570 0 1 0 . 1 7 0 02 0 . 1 7 0 0 2 0 . 1 8 0 02 

30 0 .  2  4 5 0 C4 C. 390 0 1 0 . 6 2 0 0 1 0 . 1 7 0 02 0 . 1 5 0 0 2 0. 20D 02 
•a K c .  02 C . 390 0 1 0 . 630 0 1 0 . 1 7 0 02 0 . 1 5 0 32 0 . 210 02 

4 0 c .  13 5 0 CO 0 . 3 9 0 0 1 0 . 6 3 0 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0 . 2 1 0 02 

•  •  

4 5 c .  1 4 4 0 - 05 0 . 3 9 0 0 1 0 . 6 3 0 0 1 0. 17D 02 0 . 1 5 0 02 0 .  2 1.0 02 

5 0 0 .  t >5 3 0 - 12 0 . 3 9 0 0 1 0 . 630 0 1 0 . 1 7 0 02 0 . 1 5 0 02 0 . 2 1 0 02 

FUNCAO TESTEzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 4 

C* 0.  0 .  0.  1 .  



MoCi - UTvc  GFRAL DE HUANG FUNCAO TESTE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 

CON STANTPS DA F OR MU LA RECURSSI VA PARA 0 CALCULO DA MATRI Z H :  1 .  - 1 .  1 .  - 1 .  1 .  

I T BRA C AO F ™"  CCORDEN AD AS 

08 - 0 . 8 1 0 0 1 - - 0. 6 70 01 0 .  110 02 0 . 1 4 0 02 0. 97D 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r  2 3 60 - 0 . 1 2 0 02- - 0. 61D 00 0 .  100 02 0. 22D 02 0 . 490 0 1 

1 •  0 . 4 5 0 0 1 0 . 520 01 0 .  190 02 0 . 1 7 0 0 2 0 . 1 5 0 02 

7 c 3 0 C. 41D 0 1 0 . 6 0 0 0 1 0 .  170 02 0. 15C 02 0 . 1 9 0 02 
V. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a 1 5 4 0 0 . 4 0 0 0 1 0 . 6 1 0 0 1 0 .  1 7 .  02 0 . 1 0 0 02 0 . 2 CD 02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
'.. • 9 1 8 0 U O 0 . 3 9 D 0 1 0. 63D 0 1 0 .  170 02 0. 15C 02 0. 21D 02 
r > - 0 9 0 . 3 9 0 0 1 0 . 630 0 1 0 .  170 02 0 . 150 0 2 0 . 210 0 2 

3 5 r  g 2 0 5 0 - - 14 0 . 3 9 0 0 1 0. 63D 0 1 0 .  170 02 0. 15D 02 0 . 210 0 2 



•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. • zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A! .  OCR I  TMC GFRAL DE HUANG 

CONS J ANTES DA FORMULA RECURS S I VA PARA U CALCULO DA MATRI Z H :  

I TER AGAR F COORDENADAS 

0. 23*50 08 - 0 . 8 10 0 1 - - 0 . 670 0 1 0 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAn o 02 0 .  140 02 0. 9 70 0 1 

C.  23 80 08 - 0 . 1 2 0 02- - 0. 610 00 0 .  100 02 0 .  2 2 0 02 0 . 4 9 0 0 1 
10 C.  9290 05 0. 4 50 0 1 0 .  5 1 D 0 1 0 .  190 02 0.  17C 0 2 0 . 150 0 2 

0 . 8080 04 0 . 4 1 0 0 1 0 . 600 0 1 0 .  170 02 0 .  150 02 0 . 1 90 0 2 
C.  117' )  C4 0. 40! )  0 1 0 . 6 1 0 0 1 0 .  170 02 0 .  150 02 0. 2C0 0 2 

C.  4100 0 0 0 . 390 0 1 0 . 630 0 1 0 .  170 02 0 .  150 02 0 . 210 02 
•  C .

 7

 5 6 0 -- 10 0 . 3 9 0 0 1 0. 63D 0 1 0 .  170 02 0 .  150 0 2 0. 2 10 0 2 

22zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I  C. 1370- - 10 0 . 3 9 0 0 1 0 . 6 3 0 0 1 0 .  170 02 0 .  15D 02 0 . 2 1 0 02 

FUNCAO TESTE 

I .  1 .  0 .  1 .  0.  



ALGCRI TWC GERAL DE HUANG 

0 I N S T AME S DA FORMULA RECURS S I VA PARA 0 CALCULO DA MATRI Z H :  

I  T-•' . ' <".  A-  F CCORCENADAS 

. 8 1 0 0 1 - 0 . 6 7 D 0 1 0 •  1 1 0 0 2 0 .  1 4 0 0 2 C.  9 7 0 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

- .  1 2 0 0 2 - 0 . 6 1 0 •  1 0 0 0 2 0 .  2 2 0 0 2 C.  4 9 0 0 1 

.  4 5 b 0 1 0 . 5 2 0 0 1 0 1 9 0 0 2 0 .  1 7 0 0 .  L5 C 0 2 

. 4 I D 0 1 0 . 6 0 0 0 1 0 1 7 0 0 2 0 .  1 5  (J  0 2 0 .  1 9 0 0 2 

. 40 0 0 1 0 . 6 1 0 0 1 0 1 7 0 0 2 0 .  1 5 0 0 2 0 .  2 00 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

C •
 :
 ^ 5 )  c c  . 3 0 0 0 1 0 . 6 3 0 0 1 0 1 7 D 0 2 0 .  L. 5C 0 2 0 .  2 1 0 0 2 

.  3 9 0 0 1 0 . 6 3 0 0 1 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA•  1 7 0 0 2 0 .  1 5  0 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
•  

2 10 0 2 

C .  7 C1 - 1 4 . 3 9 0 0 1 0 . 6 3 C 0 1 0 1 7 0 0 2 0 .  1 5 C 0 2 0 .  2 1 0 0 2 

FUNCAO TESTE 

1 .  C.  1 .  



A LGCRI TMC GFRAL DE HUANG FUNCAO TESTE 4 

CONSTANTES PA FQRMUJLA RECURS SI VA PARA 0  CALCULO DA MATRI Z H :  1 .  1 .  0 . .  0.  I .  

I  T FR ACAO F CCORCENACAS 

1 0 , 2390 C8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 0 .  8 1 0 0 1 - - 0 . 670 0 1 0 .  11D 02 0. 14D 02 0. 9 70 01 

r,  C.  2380 C8 - 0 . 120 02- - o . 610 00 0 . 100 02 0. 22D 02 0 . 4 9 0 0 1 

C.  3 940 C5 0 . 4 5 0 0 1 o . 5 2 0 01 0 .  1 9 0 02 0 .  17C 02 0 .  150 0 2 

1 5 0.  7o3 0 04 0 .  4 1 0 0 1 0 . t o o 0 1 0 . 170 02 0 . 1 5 0 02 0 .  190 02 
C.  1550 04 . 40 0 0 1 0 . 6 1 0 0 1 0 . 1 7 0 02 0 .  15C 02 0. 2CD 02 

•  C.  0 1 6 0 CO . 3 9 0 0 1 0 .  630 0 1 0 . 17D 02 0 .  1 5  C 02 0 . 2 1 0 02 

C.  2  4 30-- 09 . 3
C

<0 0 1 0 . 6 3 0 0 1 0 . 170 0 2 0 . 1 50 0 2 0 . 2 1 0 02 

35 C.  1 1 9 0 - - 13 0 . 3 9 0 0 1 0 . 630 0 1 0 . 170 02 0. 15D 02 0 . 2 1 0 02 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  
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8 5 0 . 5 5 6 0 ~ C7 C. 7 0 0 0 1 0 . 1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 . 5 3 0 0 2 0 . 6 7 D 0 2 0 .  7 1 0 0 2 0 . 8 3 0 0 2 0 . 9 7 0 0 2 

9 0 0 . 5 0 6 0 - 1 1 0 . 7 0 0 0 1 0 . 1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  710 0 2 0 .  8 3 0 0 2 )  . 9 7 0 0 2 

9 1 0 . 5 0 6 0 - 1 1 C. 7 0 0 0 1 0 . 1 1 0 0 2 0 . 2 3 0 0 2 0 . 3 7 0 0 2 0 . 4 1 0 0 2 0 .  5 3 0 0 2 0 . 6 7 0 0 2 0 .  7 1 0 0 2 0 . 3 3 0 0 2 0 . 9 7 0 0 2 



v Dv f )  D a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: - o - o o > O o o u o - > j N 
H O ' j i O i n o o i o J i o o i o 

UJ >u rvzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA "N JzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA r —  I —  

o o w i o \ J o Cn •  

o o o o O O o o O o O O CO O 6 o o O o 

4> UO f —  OJ o-> COzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA r —  o r o o OJ o i—' r —•  r —  r —  ro 

1 XJ (O u o sO o vO ro O 4> UO o o t— ro ro i n 
o o UJ r—

1 

r° 
2 0 UO o uo. ro ro ro OJ oo u3 CO o o C O 

o 

1 

o 
1 

a 
i  

P 
i  O 

1 

O a P a a  O o a o w O CJ p o 
1 

H 

1 
r —'  

i  

o 

1 

o 

1 

o 
o o o CD O o o o o o O o o o o 

p-« 1—•  o on o f O UJ 4> -J > Ul on r> c r -o •O ">J - 4 

CD O O O P O O O O O O o o o o o o o o 

- « j - o - o - - N j - o - - v j - o - o c D a o o p - - K j t \ i J > u i j j , D * r . v O 
o o o o o o OJ o i J > »— oo ro sC uo uo r- r j O J  uo o 
p o o o p p p p p p O p :  O O P o c o c o 

O O O O O O O O O O O O O O O O O O O O 

r -  f t —  r —  r - -  r - « r —  r —  r —  r —  f O ^  h j  t V)  K J f \ ;  1 \ J ^  l \ )  

o o o o o o o o o o o o ' o o o o o o o o 

i - M I - H c r - I - rO IV) N w O O O 

o o o o o o o o o o o o o o o 

o o o o o o o o o o o o o o o 
r o r ^ r o r o r o r o r o r o r o r o r o r o M M I M 

J > cc 
CO CD 
O O 

o o 
ro ro 

CDzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA sC vQ 
UO rv uD 
O O O 

o c o 
ro ro ro 

o o o o o o o o o o o o o o o o o o o o 

ro ro 
O J O J 

o o 

c o 
ro ro 

ro f o 
OJ  U 

p o 

o o 
(o r v 

ro ro 
O J O J 

O O 

o o 
ro rv 

ro ro 
O J O J 

O o 

o o 
ro ro 

ro ro 
4> J > 

O O 

O O 
ro ro 

ro ro 
-J> o 
o o 

o o 
ro ro 

r o r o J > 

sC o J > 

p o o 

c o o 
ro ro ro 

OO sD 

OJ o 
a p 

o o 
r o r~ 

UO UO U3 
O O J  uO 

o o o 

o o o 
ro ro ro 

o o o o o o o o o o o o o o o o o o o o 

O J o-
- O -U zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a  cp  

o o 
ro ro 

O J o-
~U "O 

o c 

o o 
ro r v 

OJ  OJ 
- J - 4 

O O 

O O 
ro ro 

O J O J 

-O -si 
o a 

o o 
ro ro 

O J OJ 

•o cc 
o o 

o c  
ro ro 

CC vO 

o O 

o p 
ro ro 

J > J > U l 

ro r— ro 

o o o 
o o c 
ro r o ro 

OO v£ 
uo ro 
o c 

o o 
ro ro 

UO UO 
O J 00 O 
O O O 

O O O 
ro ro O J 

O O 

4> J > 

' I — 

O O 

o o 
r o r o 

O C 

J > 4> 

r—  

O O 

O O 

t \ j ro 

o o 

J > 4> 

a o 

o o 
ro r o 

o o o o o o o o o o o o o o 

4> 4> 

O O 

r —  ro 

o o 

4> J > 

ro O J 

o o 

J > J> Ul 
O - J J > 

a o . o 

oo 0 0 

-O r —  

o o 

U3 UO UD 
ro J> CD 
o o o 

o o 

ro ro 

o o 
ro r o 

O o 
ro ro 

o o o 
r o ro ro 

O O 
ro ro 

O O O 
ro ro ro 

o o o o o o o o o o o o o o o o o o o o 

V. r .  <o O 0 on OO Lin oo OO Ul  i n 
O J O J O J O J O J O J O J O J U J J > 4> O 0 

P P a P o p a P o p O O 

o o o P o P o o b o O o 
r o ro ro ro r o rv ro ro ro f o 

o o o p 6 O o b o o o o 
•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA» zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA•  •  •  •  •  •  •  •  •  
o- c r cr o- o o o c r o o o 

- j •si ->] - 4 7 *  • 4 CO uo 
a o P O p O z> o p O o o 

o p o O o P o o 6 P o o 
ro N ro ro ro ro r o ro ro ro ro ro 

o O o C O b C c:  o o 

>—zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA• i -- i * i - r— h- f o ro 

Cp P o P O P P O O o c 

o o o o O P o o o O o o 
' o ro ro ro ro ro r o r o N ro. ro ro 

o o c o O O O o o o o o 

0 0 Co CO CC 0 0 CD CO CO CO CD CD 0 0 

O J OJ 0 . O J 0 J Ul O J J> J> OO oo 
p P p p O o a o O P o p 

o P o o O O o o o o o o 
ro ro r o ro ro ro r o r . r o ro ro 

o o o o o o o o o o o o 

J 0 sC UO UO UO uD vO C CD CD 

•o - J -J -si -o •o 0 r o 
o o O p O o o a p O o c  

O o o o o o o o o o o o 
r o t o ro ro ro ro ro ro ' O ro ro ro 

Ul O O 
O O O J 

o p o 

o o o 
r o r o r o 

O vO 
J > O 

a  P 

o o 

r o ro 

U3 vO UD 
o Cc v0 
P P P 

p o o 
ro ro ro 

o o o o o o o o 

O - J  - J 
UO O J  O 0 

w P o 

P O O 

ro ro r o 

- O K -

J > o 
o c  

o o 
ro OJ 

o o o 

o o o 

o o o 
O J O J O J 

o o o o o o o o 

U O N 

o o o 

o o o 
ro ro ro 

P p o 

O J o 

o c  
o o 
ro O J 

O O 

0 0 r—  

o o 

o o 

ro OJ 

H -  r -  ao 
O -4 
O P O 

O O O 

O J O J r o 

o o o 
CD CC CD 
O co uo 
P O O 

o o o 
ro ro ro 

r —  * • —  O 

P O P 
O O O 
O J O - O J 

O O O O O o o 

CO CD CD 
O O OO 
O O P 

O O O 

ro ro rv 

-o 
J > r - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
p p 

o o 
ro OJ 

r —  O 

O O P 

o o o 

0J 0v OJ 



A L GORI T MC S I MP L I F I CA DO DE HUANG F UNCA O T EST E 2 

A L GORI T MC H U
M 

I T ERACAO F COORDE NA DA S 

I  0 . 5 2 0 0 0 3 - 0 . 1 0 0 0 1 0 . 2 4 0 0 1 0 . 1 5 0 0 1 

5 0 . 7 2 9 0 0 1 - 0 . 8 2 0 - - 01 0 .  1 0 0 0 1 0 . 2 6 0 0 1 

1 0 0 .  3 3 60 0 1 0 . 3 4 0 0 0 0 . 9 4 0 0 0 0 . 2 0 D 0 1 

15 C.  9 9 80 0 0 0 . 8 3 0 0 0 0 . 5 6 0 0 0 0 . 8 9 0 0 0 

2 0 C.  2 4 0 0 0 0 0 . 9 5 0 0 0 0 . 3 0 0 0 0 0 . 4 9 D 0 0 

2 5 0 . 1 2 6 0 - 0 2 0 . 1 0 0 0 1 0 . 2 0 0 - - 01 0 . 3 3 0 - 0 1 

3 0 0 . 5 5 2 0 - 1 0 0 . 1 0 D 0 1 - - 0 . 2 0 0 - • 07 0 . 3 3 0 - - 07 

3 2 0 . 3 7 1 0 - 1 5 0 .  1 0 0 0 1 0 . 8 7 D- - 08 0 . 1 4 0 - 0 7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

« 



A L GORI T MO S I MP L I F I CA DO OE HUANG F UNCA O T E S T E 3 

AL GORI T MC,  HUM 

I T ERACAO F COORDE NA DA S 

i  0 .  13 40 0 3 0 . 2 9 D 00 - - 0 .  4 3 0 0 0 - 0 . 3 8 0 - - 0 1 - - 0 . 4 8 D 0 0 
5 0 .  18 00 0 2 0 . 6 1 0 0 0 0 .  4 2 D 0 0 - 0 . 5 2 0 0 0 0 .  3 9 0 0 0 

10 0 . 3 8 70 0 1 0 . 1 0 0 0 1 0 .  1 0 D 0 1 - 0 . 9 0 0 0 0 0 . 8 2 0 0 0 

15 0 .  3 2 9 0 0 1 0 . 1 1 0 0 1 0 .  1 3 0 0 1 - 0 . 7 7 0 0 0 0 . 6 1 0 0 0 

2 0 0 . 2 6 9 0 0 1 0 . 1 3 D 0 1 0 .  1 8 0 01- - 0 . 5 1 0 0 0 0 . 2 5 0 0 0 

2 5 C. 2 3 6 0 CI  0 . 1 3 0 0 1 0 .  1 7 D 01- - 0 . 3 6 0 0 0 0 . 1 4 D 0 0 

3 0 .  

•  •  

0 .  1 2 3 0 0 1 0 . 1 3 0 0 1 0 .  1 7 D 0 1 0 . 3 9 0 0 0 0 . 1 5 0 0 0 

•  •  

35 0 . 6 2 T '  0 0 0 . 1 3 0 0 1 0 .  1 8 0 0 1 0 . 4 9 0 0 0 0 . 2 4 0 0 0 

4 0 0 . 2 5 9 0 0 0 0 . 1 2 0 0 1 0 .  1 4 0 0 1 0 . 7 4 0 0 0 0 . 5 3 0 0 0 

4 5 0 . 7 8 6 0 - 0 1 0 . 1 1 0 0 1 0 .  1 3 0 0 1 0 . 8 5 0 0 0 0 . 7 2 D 0 0 

5 0 0 . 1 2 2 0 - 0 1 0 . 1 1 D 0 1 0 .  1 1 D 0 1 0 . 9 4 D 0 0 0 . 8 8 0 0 0 
55 0 . 3 8 4 0 - 0 3 0 . 1 0 0 0 1 0 .  1 0 0 0 1 0 . 9 9 0 0 0 0 . 9 8 0 0 0 

5 8 0 . 4 5 3 0 - 0 7 0 . 1 0 D 0 1 0 .  1 0 0 0 1 0 . 1 0 0 0 1 0 . 1 0 0 0 1 



A L GORI T MO S I MP L I F I CA DO CE HUA NG F UNCA O T EST E 4 

A L GCRI X K C HUM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
• 

I T ERACAO . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA F COORDE NA OA S 

1 0 . 2 3 9 0 0 8 - 0 . 8 1 0 0 1 - - 0 . 6 7 0 0 1 0 . 1 1 0 0 2 0 . 1 4 0 0 2 0 . 9 7 0 0 1 

5 C. 2 3 9 0 0 8 - 0 . 8 2 D 0 1 - - 0 . 6 8 0 0 1 0 . 1 1 0 0 2 0 . 1 4 0 0 2 0 . 9 7 0 0 1 

1 0 0 .  7 3 7 0 0 4 0 . 4 3 0 0 1 0 . 6 0 0 0 1 0 . 1 8 0 0 2 0 . 1 4 0 0 2 0 . 1 9 0 0 2 

.  1 5 0 . 3 1 3 0 0 4 0 . 4 2 0 0 1 0 . 6 0 0 0 1 0 . 1 8 0 0 2 0 . 1 5 D 0 2 0 . 2 0 0 0 2 

2 0 0 . 3 4 9 0 0 3 0 . 4 0 0 0 1 0 . 6 2 0 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 0 . 2 0 0 0 2 

2 5 0 . 2 1 3 0 0 2 0 . 4 0 0 0 1 0 . 6 3 0 0 1 0 . 1 7 0 0 2 0 . 1 5 D 0 2 0 . 2 1 0 0 2 

3 0 0 .  1 2 50 0 0 0 . 3 9 0 0 1 0 . 6 3 0 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 0 . 2 1 D 0 2 

3 5 0 . 3 9 3 0 - 0 6 0 . 3 9 0 0 1 o . 6 3 0 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 0 . 2 1 0 0 2 

4 0 0 .  2 3 70 - 1 C C. 3 9 0 0 1 0 . 6 3 0 0 1 0 .  1 7 0 0 2 0 . 1 5 0 0 2 0 . 2 1 0 0 2 

41 0 . 2 3 1 0 - 1 0 0 . 3 9 0 0 1 0 . 6 3 0 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 0 . 2 1 0 0 2 
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i  0 * 2 3 9 0 0 6 - 0 . 8 1 0 0 1 — 0 . 6 7 0 0 1 0 . 1 1 0 0 2 0 . 1 4 D 0 2 0 . 9 7 0 0 1 

5 0 . 2 3 9 D CC - C. o 4 D 0 1 - 0 . ( 1 9 0 Gl  0 . 1 1 0 0 2 0 . 1 4 C 0 2 0 . 9 9 0 0 1 

1 0 C. 5 C2 D C4 C . M J O 0 1 0 . 5 9 0 0 1 0 . 1 8 0 0 2 0 . 1 4 0 0 2 0 . 1 9 0 0 2 

t *  C. 2 3 C0 C3 0 . 4 0 0 0 1 0 . 6 2 C 0 1 0 . 1 7 0 0 2 G. 1 5 C 3 2 C. 2 CC 0 2 
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I t  C. 1 1 CC Cl  C . 3 9 C Gl  J . c 3 C 0 1 0 . 1 7 0 0 2 0 . 1 5 0 0 2 C. 2 1 C 0 2 

3 0 C. 8 1 1 0 - 0 1 0 . 3 9 0 0 1 0 . 6 3 0 0 1 0 . 1 7 0 0 2 0 . 1 5 C 0 2 0 . 2 1 O 0 2 

2 5 C . 6 C6 0 - C2 0 . 3 9 0 Cl  J . 6 3 C Gl  0 . 1 7 0 0 2 C. 1 5 C 0 2 0 . 2 1 C 0 2 

4 0 0 . 4 5 1 0 - C3 C. 3 9 0 Oi  J . t 3 L 0 1 . 0 . 1 7 0 0 2 0 . 1 5 0 0 2 C. 2 1 0 0 2 

45 C . 3 3 6 D- C4 C. 3 9 C 0 1 0 . 6 3 0 0 1 0 . 1 7 0 0 2 C I S C 0 2 C. 2 1 C 0 2 

5 0 C . 9 2 6 0 - C7 O. j y O 0 1 0 . 6 3 0 0 1 0 . 1 7 0 0 2 0 . 1 3 0 J 2 0 . 2 1 0 0 2 

5 5 C . 3 3 2 C- C9 C. 3 9 C 0 1 0 . 6 3 C 0 1 C. 1 7 D 0 2 C. 1 5 C 0 2 C. 2 1 C 0 2 

m L . 2 1 5 0 - 1 C 0 . 3 9 0 Ul  0 . 6 3 0 0 1 0 . 1 7 0 0 2 G. 1 5 U 0 2 0 . 2 1 0 0 2 

C. 1 7 2 0 - 1 1 C- . 3 9 0 0 1 0 . 6 3 C Oi  0 . 1 7 0 0 2 0 .  1 5 0 J 2 C. 2 1 D 0 2 
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