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Feb 15, 2024
Fitting curves to data continues.

:
p o i n t p l o t ( p o i n t s ) ;

pointp lot (points ,symbols ize=19,s ize=[ .7 , .5 ] ,axes=box) ;

We can save our favorite options, so we don't have to keep retyping them:
plots[setopt ions] (symbols ize=19,s ize=[ .7 , .5 ] ,axes=box)
p o i n t p l o t ( p o i n t s )
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But we can override these options if we want.
pointplot(points,axes=normal)

Back to fitting curves
w i t h ( C u r v e F i t t i n g ) :
p:=Polynomia l In terpolat ion(points ,x ) ;

p l o t ( [ p , p o i n t s ] , x = - . 0 5 . . 5 , s t y l e = [ l i n e , p o i n t ] )

Least-squares fitting minimizes the sum of the squares of the difference between the line (or function) 
and the y value at each of the points.

lsq:=LeastSquares(points,x)
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p l o t ( [ l s q , p , p o i n t s ] , x = - . 0 5 . . 5 , s t y l e = [ l i n e $ 2 , p o i n t ] , s y m b o l =
sol idbox)

Let's do this by hand, to minimize the sum of the squares of the error between
our data points and our "trial" line.
Assume line is y=m*x+b,   error at is 

err :=p->m*p[1 ]+b  -p [2 ]

E : = p t s - > a d d ( e r r ( p t s [ i ] ) , i = 1 . . n o p s ( p t s ) )
W a r n i n g ,  ( i n  E )  ` i `  i s  i m p l i c i t l y  d e c l a r e d  l o c a l

E ( p o i n t s ) ;

Not what I want, since given any m, there is a b that makes E=0.
er r :=p-> (m*p[1 ]+b  -p [2 ] )^2

E ( p o i n t s ) ;

Note that E is quadratic in b and m, with a unique minimum:
p l o t 3 d ( E ( p o i n t s ) , m = 0 . 8 . . 1 . 2 , b = - 0 . 2 . . 0 . 2 )
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Next, take partials with respect to m and b, set to zero and solve.
dm:=d i f f (E (po in ts ) ,m) ;

d b : = d i f f ( E ( p o i n t s ) , b ) ;

solve({dm=0,db=0});

lsq:=subs(%,m*x+b);
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Of course, this is exactly the answer maple got (well ok, up to digits)
maplesanswer:=LeastSquares(points,x)

Let's try another example with nonlinear data.
n e w d a t a : =  [  o p ( p o i n t s ) ,  [ 6 , 7 ] ] ;

newline:=LeastSquares(newdata,x);

p l o t ( [ n e w d a t a , n e w l i n e , l s q ] , x = - 0 . 1 . . 7 ,  s t y l e = [ p o i n t , l i n e $ 2 ]  )

maybe this isn't well approximated by a line.  Let's do the same stuff with 
y=a*x^2 + b*x +c

f :=x->  a*x^2+b*x+c;

newdata[2];

f ( 1 ) ;

e r r : = p - > ( f ( p [ 1 ] ) - p [ 2 ] ) ^ 2

err (newdata [2 ] )
2

E(newdata)

da :=d i f f (E (newdata ) ,a ) ;
db:=d i f f (E (newdata ) ,b ) ;
dc :=d i f f (E (newdata ) ,c ) ;
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so lve( {da=0,db=0,dc=0} , {a ,b ,c} )

parab:=subs(%, f (x ) ) ;

LeastSquares(newdata,x,curve=a*x^2+b*x+c)

BUT... the function we fit has to be linear in the coefficients  (so that we have a system of linear 
equations with a unique solution).

LeastSquares(newdata,x,curve=a*sin(b*x))
E r r o r ,  ( i n  C u r v e F i t t i n g : - L e a s t S q u a r e s )  c u r v e  t o  f i t  i s  n o t  l i n e a r  i n  
the  pa ramete rs


