
lmalg

This subroutine has the interface for calling the function lmder from MINPACK. lmder is a modified levenberg-marquardt algorithm

with analytically calculated jacobian.

[called by: solvers.] [calls: packdof.]

General

Levenberg-Marquardt algorithm is one of the most famous minimization algorithms. There is a brief introduction on Wikipedia.

In FOCUS, we use the subroutine lmder from MINPACK.

Documentation

The cost functions (targets) are stored in LM fvec(1:LM mfvec), and the jacobian is stored in LM fjac(1:LM mfvec, 1:Ndof).

The number of targets (LM mfvec) must be not be smaller than the number of parameters (Ndof).

The targets are consistant of different terms. The following table lists the details. Here are the comments from lmder. The four

Table 1: LM fvec components

cost functions physiccal meaning switch length

bnormal B · n on each surface element weight bnorm > 0 Nteta*Nzeta

bmnharm wBmni(Bmni −Bmno
i ) for each reasonant harmonics weight bharm > 0 2*NBmn in target.harmonics

torflux Ψi − Ψo at each toroidal cross-sections weight tflux > 0 Nzeta

length length penalty of each coil, Li − Lo or exp(Li)/expLo weight ttlen > 0 Ncoils - Nfixgeo

surfsep potential energy between each coil and a control surface weight cssep > 0 Ncoils - Nfixgeo

input parameters for L-M optimizer are LM maxiter, LM xtol, LM ftol and LM factor. Please look at initial for more details.

c the subroutine statement i s

c

c subroutine lmder ( fcn ,m, n , x , fvec , f j a c , l d f j a c , f t o l , xto l , g to l ,

c maxfev , diag , mode , f a c to r , npr int , in fo , nfev ,

c njev , ipvt , qt f , wa1 , wa2 , wa3 , wa4)

c

c where

c

c f cn i s the name o f the user supp l i ed subroutine which

c c a l c u l a t e s the f u n c t i o n s and the jacob ian . f cn must

c be dec l a r ed in an external statement in the user

c c a l l i n g program , and should be wr i t t en as f o l l o w s .

c

c subroutine f cn (m, n , x , fvec , f j a c , l d f j a c , i f l a g )

c integer m, n , l d f j a c , i f l a g

c double precision x (n) , f v e c (m) , f j a c ( l d f j a c , n )

c

c i f i f l a g = 1 c a l c u l a t e the f u n c t i o n s at x and

c return t h i s vec to r in f v e c . do not a l t e r f j a c .

c i f i f l a g = 2 c a l c u l a t e the jacob ian at x and

c return t h i s matrix in f j a c . do not a l t e r f v e c .

c

c return

c end

c

c the value o f i f l a g should not be changed by fcn u n l e s s

c the user wants to terminate execut ion o f lmder .

c in t h i s case s e t i f l a g to a negat ive integer .

c

c m i s a p o s i t i v e integer input v a r i a b l e s e t to the number

c o f f u n c t i o n s .

c

c n i s a p o s i t i v e integer input v a r i a b l e s e t to the number

c o f v a r i a b l e s . n must not exceed m.

c

c x i s an array o f l ength n . on input x must conta in

c an i n i t i a l e s t imate o f the s o l u t i o n vec to r . on output x

c contains the f i n a l e s t imate o f the s o l u t i o n vec to r .

c
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c f v e c i s an output array o f l ength m which contains

c the f u n c t i o n s eva luated at the output x .

c

c f j a c i s an output m by n array . the upper n by n submatrix

c o f f j a c contains an upper t r i a n g u l a r matrix r with

c d iagona l e lements o f non inc r ea s ing magnitude such that

c

c t t t

c p ∗( j a c ∗ j a c ) ∗p = r ∗ r ,

c

c where p i s a permutation matrix and ja c i s the f i n a l

c c a l c u l a t e d jacob ian . column j o f p i s column ipvt ( j )

c ( s ee below ) o f the i d e n t i t y matrix . the lower t r a p e z o i d a l

c part o f f j a c contains i n fo rmat ion generated during

c the computation o f r .

c

c l d f j a c i s a p o s i t i v e integer input v a r i a b l e not l e s s than m

c which s p e c i f i e s the l e ad ing dimension o f the array f j a c .

c

c f t o l i s a nonnegat ive input v a r i a b l e . t e rminat ion

c occurs when both the ac tua l and pred i c t ed r e l a t i v e

c r educ t i on s in the sum of squares are at most f t o l .

c t h e r e f o r e , f t o l measures the r e l a t i v e e r r o r d e s i r e d

c in the sum of squares .

c

c x t o l i s a nonnegat ive input v a r i a b l e . t e rminat ion

c occurs when the r e l a t i v e e r r o r between two conse cu t i v e

c i t e r a t e s i s at most x t o l . t h e r e f o r e , x t o l measures the

c r e l a t i v e e r r o r d e s i r e d in the approximate s o l u t i o n .

c

c g t o l i s a nonnegat ive input v a r i a b l e . t e rminat ion

c occurs when the c o s i n e o f the ang le between fve c and

c any column o f the jacob ian i s at most g t o l in abso lu t e

c va lue . t h e r e f o r e , g t o l measures the o r thogona l i t y

c d e s i r e d between the function vec to r and the columns

c o f the jacob ian .

c

c maxfev i s a p o s i t i v e integer input v a r i a b l e . t e rminat ion

c occurs when the number o f c a l l s to f cn with i f l a g = 1

c has reached maxfev .

c

c diag i s an array o f l ength n . i f mode = 1 ( see

c below ) , d iag i s i n t e r n a l l y s e t . i f mode = 2 , diag

c must conta in p o s i t i v e e n t r i e s that s e rve as

c m u l t i p l i c a t i v e s c a l e f a c t o r s f o r the v a r i a b l e s .

c

c mode i s an integer input v a r i a b l e . i f mode = 1 , the

c v a r i a b l e s w i l l be s c a l e d i n t e r n a l l y . i f mode = 2 ,

c the s c a l i n g i s s p e c i f i e d by the input diag . other

c va lue s o f mode are equ iva l en t to mode = 1 .

c

c f a c t o r i s a p o s i t i v e input v a r i a b l e used in determining the

c i n i t i a l s tep bound . t h i s bound i s s e t to the product o f

c f a c t o r and the euc l i d ean norm o f diag ∗x i f nonzero , or else

c to f a c t o r i t s e l f . in most ca s e s f a c t o r should l i e in the

c i n t e r v a l ( . 1 , 1 0 0 . ) . 1 0 0 . i s a g e n e r a l l y recommended value .

c

c npr int i s an integer input v a r i a b l e that enab l e s c o n t r o l l e d

c p r i n t i n g o f i t e r a t e s i f i t i s p o s i t i v e . in t h i s case ,

c f cn i s c a l l e d with i f l a g = 0 at the beg inning o f the f i r s t

c i t e r a t i o n and every npr int i t e r a t i o n s t h e r e a f t e r and

c immediately p r i o r to return , with x , fvec , and f j a c

c a v a i l a b l e f o r p r i n t i n g . f v e c and f j a c should not be

c a l t e r e d . i f npr int i s not p o s i t i v e , no s p e c i a l c a l l s

c o f f cn with i f l a g = 0 are made .

c

c i n f o i s an integer output v a r i a b l e . i f the user has

c terminated execut ion , i n f o i s s e t to the ( negat ive )

c va lue o f i f l a g . s e e d e s c r i p t i o n o f f cn . otherwise ,

c i n f o i s s e t as f o l l o w s .

c
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c i n f o = 0 improper input parameters .

c

c i n f o = 1 both ac tua l and pred i c t ed r e l a t i v e r educ t i on s

c in the sum of squares are at most f t o l .

c

c i n f o = 2 r e l a t i v e e r r o r between two conse cu t i v e i t e r a t e s

c i s at most x t o l .

c

c i n f o = 3 c o n d i t i o n s f o r i n f o = 1 and i n f o = 2 both hold .

c

c i n f o = 4 the c o s i n e o f the ang le between fve c and any

c column o f the jacob ian i s at most g t o l in

c abso lu t e va lue .

c

c i n f o = 5 number o f c a l l s to f cn with i f l a g = 1 has

c reached maxfev .

c

c i n f o = 6 f t o l i s too smal l . no f u r t h e r r educt i on in

c the sum of squares i s p o s s i b l e .

c

c i n f o = 7 x t o l i s too smal l . no f u r t h e r improvement in

c the approximate s o l u t i o n x i s p o s s i b l e .

c

c i n f o = 8 g t o l i s too smal l . f v e c i s or thogona l to the

c columns o f the jacob ian to machine precision .

c

c nfev i s an integer output v a r i a b l e s e t to the number o f

c c a l l s to f cn with i f l a g = 1 .

c

c njev i s an integer output v a r i a b l e s e t to the number o f

c c a l l s to f cn with i f l a g = 2 .

c

c ipvt i s an integer output array o f l ength n . ipvt

c d e f i n e s a permutation matrix p such that j a c ∗p = q∗ r ,

c where j a c i s the f i n a l c a l c u l a t e d jacobian , q i s

c orthogona l ( not s to r ed ) , and r i s upper t r i a n g u l a r

c with d iagona l e lements o f non inc r ea s ing magnitude .

c column j o f p i s column ipvt ( j ) o f the i d e n t i t y matrix .

c

c q t f i s an output array o f l ength n which contains

c the f i r s t n e lements o f the vec to r ( q t ranspose ) ∗ f v e c .

c

c wa1 , wa2 , and wa3 are work ar rays o f l ength n .

c

c wa4 i s a work array o f l ength m.

c

c subprograms c a l l e d

c

c user supp l i ed . . . . . . f cn

c

c minpack supp l i ed . . . dpmpar , enorm , lmpar , q r f a c

c

c fo r t ran supp l i ed . . . dabs , dmax1 , dmin1 , dsqrt , mod

c

c argonne na t i ona l l abo ra to ry . minpack p r o j e c t . march 1980 .

c burton s . garbow , kenneth e . h i l l s t r om , j o r g e j . more
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