
THE SOLUTION OF LEAST SQUARES PROBLEMS 

BY STANDARD AND SVD CODES 
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whi le  f o r  t h e  o r t h o g o n a l  m a t r i x  A we have  

T h i s  c o r r e s p o n d s  t o  t h e  c a s e  of  t h e  t c t a l l y  indeyendez t  pa ramete r s ,  x. 

A subsequen t  a n a l y s i s  of  t h e  found s i n g u l a r  v a l u e s  (SVA) provi i les  

not  o n l y  t h e  f u l l  s e t  of  t h e  f i t t e d  p a r a m e t e r s ,  b u t  a l s o  some a d d i t i -  

o n a l  i n f o r m a t i o n  t o  choose a n  optimum s u b s e t .  Such a n  ap:>roach is  
e x e m p l i f i e d  by t h e  program system S A L S / ~ / .  

3. A v a i l a b l e  SVD codes  

The well-known program l i b r a r y  LIBCERN, i ~ c c r p o r a t e d  a s  LIB!. 

LIBRARIES on t h e  computer EC-1055M. c o n t a i n s .  a s  i ts  member FSOC, t h e  

s i n g l e  p r e c i s i o n , s u b r o u t i n e  3VD b e i n g  a r e a l  v e r s i o n  o f  t h e  P ~ r t r a n  

s u b r o u t i n e  developed by Eus inge r  and ~ o l u b / ~ / .  

The same a l g o r i t h m  i s  r e a l i s e d  i n  a n o t h e r  s i n ~ l e  ! ) r e c i s i o n  SVD 

s u b r o u t i n e  ~ r o m / ~ / .  We have a l . so  produced i t s  d s u b l e  p r e c i s i o n  v e r s i o n .  

F i n a l l y ,  we have implemented t h e  program PHOG4 wi th  t h e  SVD sub- 

r o u t i n e ,  SVA/", a s  a n  o r i g i n a l  s i n g l e / d o u b l e  p r e c i s i o n  v e r s i o n  and 

a  new doub le  p r e c i s i o n  ve r s ion . ,  SVAD. To p r o v i d e  c r o s s c h e c k  p o s s i b i -  

l i t i e s .  we have a l s o  used t h e  program PRCG2 wi th  HPTI and COV a l g o -  

r i t h m s  i n c o r p o r a t e d  i n  it. 

4. An i l l u s t r a t i v e  example 

To cornpare a d e q u a t e l y  t h e  computa t iona l  r e s u l t s ,  we have used t h e  

p a r a m e t r i z a t i o n  Gauss i an  fromI6' 

a*.~) = G(A) [ + ( ~ j l - l / ~  exp 

where q A )  a r e  i s o b a r i c  y i e l d s ,  c,(A) i s  t h e  c h a r g e  d i s p e r s i o n  width  

pa ramete r  f o r  t h e  mass number A,  and 2  (A) i s  t h e  most p robab le  a t o -  
mic :lumber f o r  t h a t  A. The s z n p l e  i n p u i  d a t a  s e t / 7 /  f o r  t h e  r e a c t i o n  

12c  + 2 3 8 ~  a t  an  energy of 3.65 AGeV is p r e s e n t e d  i n  Table  *. 
The main t e c h n i c a l  d i f f e r e n c e  between t h e  SVD and s t a n d a r d  MINEIT 

codes  c o n s i s t s  i n  t h e  p r e s e n t a t i o n  method of t r i a l  f u n c t i o n s .  The SYD 

codes  r e q u i r e  a  s p e c i a l  d e s i g n  m a t r i x  A t o  be c o n s i s t e n t  w i t h  t h e  

l i n e a r  LSQ prcblem i n  q u e s t i o n ,  wh i l e  t h e  s t a n d a r d  codes  a l l o w  t h e  

a n a l y t i c a l  f i t t i n g  fo rmulas  i n c l u d i n g  n o n l i n e a r  ones  t o  be used i n  

t h e i r  o r i g i n a l  form. 

The MIKUIT t o u b l e  p r e c i ~ i o n  v e r s i o n  h a s  been u s e d . a s  a  mass produc- 

t i a n  f i t t i n g  code, w h i l e  t h e  SVD and complenentary  HPTI codes  se rved  
a s  check ing  t o o l s ,  e.g. i n  someambiguous c a s e s  wi th  abnormal ly  low o r  

h igh  val.ues of  $/XDF. 
The a n ~ l g t i c a l  expression f o r  p r e s e n t i n g  Formula 6 a s  a n  i n p u t  

d e s i g c  m a t r i x  i s :  

where 

XI + X2.A = Zp(A) , 

The r e s u l t s  ob ta ined  by means of  t h e  MIKUIT, SVD and HPTI codes  a r e  

p r e s e n t e d  i n  Table  2. I t  can be e a s i l y  shown t h a t  t h e  b e s t  SVD s o l u -  

t i o n  co r re sponds  t o  t h e  4-th s u b s e t  of  t h e  sea rched  p a r a m e t ~ r s .  

5. Conclus ion 

The a v l i l a b l e  SVD codes  produce t h e  f u l l  s e t  of  t h e  sea rched  pa ra -  

m e t e r s  wi th  some a d d i t i o n a l  i n f o r m a t i o n  t o  choose a n  optimum s u b s e t .  

The l a t t e r  can be used ,  e.g.. a s  a n  i n i t i a l  seed f o r  t h e  c o n v e n t i o n a l  

codcs  of t h e  MINUIT type t o  y i e l d  a  f i n 2 1  h i g h  p r e c i s i o n  r e s u l t  w i th  

accompanying e r r o r  a n a l y s i s ,  c o n t o u r  d i ag rams  and o t h e r  s e r v i c i n g  

t o o l s .  

The a u t h o r s  would l i k e  t o  e x p r e s s  t h e i r  g r a t i t u c l e  t o  Drs.Yu.A.Troyan 

and V.N.Pechenov f o r  c r i t i c a l  d i s c u s s i o n  o f  t h e  p resen ted  r e s u l t s .  



Table 1. Input data seti7/ 

Table 2. Computational results 

Code X 1 X2 X3 X4 X 5 6 
MINCIT 1.63 0.42 21.0 ---- ---- ---- 
HPT I 1.se 0.41 17.1 ct. 83 0.16 ---- 
SVD-1 0.OC2 0.1 20.0 -C. 4E-2 -0.11 0.9E4 
SVD-2 0.327 0.45 20.0 -0.03 C.2 0.2E3 

SVD-3 0.033 C.45 19.9 -0.04 6.2 24.9 
SVD-4 1.97 0.41 22.8 C.83 0.17 0.31 

SVD-5 2.01 C.41 1 1  -8 0.83 0.17 0.01 
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I lyushchenko V . I . ,  Kozma P. E10-89-521 
The So lu t ion  of Least Squares Problems 
by Standard and SVD Codes 

The method of s i n g u l a r  va lue  decomposition (SVD) ena- 
b l e s  one t o  so lve  t he  l e a s t  squares  problem (Ax = b) i n  
a most gene ra l  manner producing t h e  f u l l  s e t  of searched 
f o r  parameters ,  x. The only t e c h n i c a l  p e c u l i a r i t y  of t h i s  
method c o n s i s t s  i n  t ransforming an i n i t i a l  a n a l y t i c a l  
f i t t i n g  formula i n t o  t h e  app rop r i a t e  design mat r ix ,  A. 
A combination of any SVD code wi th  a s t anda rd  one, e.g.  
MINUIT, provides  a r e l i a b l e  t o o l  t o  crosscheck t h e  ob ta in-  
ed r e s u l t s .  

The i n v e s t i g a t i o n  has been performed a t  t he  Laboratory 
of  High Energ ies ,  J I N R .  
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h r q e H ~ 0  B .M. K o s ~ a  n. E10-89-52] . 
Peme~we s w a s  MHK c npmeHeHaeM cTamapTHm 
H SVD IIPOrPaMM 

M e ~ o a  cwxrynRpHoro p a 3 n o x e ~ ~ ~  (SVD)ITO~BOJIR~T pemaTb 
s a a a s ~  MHK (Ax = b) B o614e~ BHae, 0 6 e c n e s ~ ~ a ~  non~b&i Ha- 
60p UCKOMbIX ITapaMeTpOB . E ~ W H C T B ~ H H O ~ ~  ~e~Hl l r l eC~0f i  0C06eH- 
HOCTSKJ 3 T O r 0  MeTOaa RBnReTCR lTpe06pa30~aHHe H C X O ~ H O ~ ~  @HTH- 

py10tQefi &Op~yJIbl B aaeKBaTHylo MaTpHuy nJTaHa A.  K O M ~ U H ~ U H H  
I43 SVD ?i CTaHaapTHbIX nporpaMM THlTa MINUIT 06eClTesHBae~ 
B03MOXHOCTH AnR B3aHMHOrO KOHTPOnff lTOny'4eHHblX Pe3YnbTaTOB. 

P a 6 o ~ a  BblnOnHeHa B na60pa~opHH BblCOKHX 3 ~ e p I ' ~ f i  OmM. 
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