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OPTIM: A MULTIDIMENSIONAL NONLINEAR 

OPTIMIZATION CODE 

D .  R .  Haffner 

ABSTRACT 

The opt imiza t ion  computer code, OPTIM, i s  designed t o  optimize 

nonl inear  problems i t e r a t i v e l y  f o r  t e n  o r  l e s s  independent v a r i a b l e s  

by applying a d i f f e r e n t i a l  approach t o  a quadra t i c  func t ion  wi th  

i n t e r a c t i o n  terms der ived  from a l e a s t  square f i t t i n g  technique t o  a 

known sample s e t  of d a t a .  
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OPTIM: A MULTIDIMENSIONAL NONLINEAR 

OPTIMIZATION CODE 

D .  R .  Haffner 

INTRODUCTION 

The need f o r  a  gene ra l i zed  opt imiza t ion  code was r e a l i z e d  f o r  v a r i -  

ous opt imiza t ion  problems encountered i n  r e a c t o r  f u e l i n g  a n a l y s i s .  The 

u l t i m a t e  goa l  of  t h i s  op t imiza t ion  code was i t s  i nco rpora t ion  i n t o  t h e  

Fuel  Cycle Analysis  Chain of  computer codes named FULCYC,(l) so  t h a t  o p t i -  

mum f u e l i n g  of Hanford r e a c t o r s  can be i n v e s t i g a t e d  f o r  t h e  MFC-12 program. 

Many opt imiza t ion  codes have been developed wi th  var ious  l e v e l s  of  

complexity.  The requirements  t o  be met by t h e  opt imiza t ion  code, OPTIM, 

were : 

I. Must be capable of  handl ing nonl inear  op t imiza t ion  problems, 

2.  Must r e q u i r e  minimal c a l c u l a t i o n  t ime pe r  i t e r a t i o n  wi th in  OPTIM 

( l e s s  t han  one minute)  , 

3. Must be  f l e x i b l e  t o  a l low use  wi th  o t h e r  computes codes ,  

4. Must be capable o f  opt imizing a  system having t e n  o r  l e s s  inde- 

pendent v a r i a b l e s  (it was f e l t  t h a t  many op t imiza t ion  problems 

e x i s t  wi th  t e n  o r  l e s s  independent v a r i a b l e s ) ,  and 

5 .  Must be capable of converging t o  an optimum s o l u t i o n  i n  a reason- 

a b l e  number of  i t e r a t i o n s  ( l e s s  t han  10 i t e r a t i o n s ) .  

Af t e r  ex tens ive  r e sea rch  i n t o  opt imiza t ion  codes e x i s t i n g  and i n  use  
a ,  

at Hanford and many o f f s i t e  sources ,  dec i s ions  were made t o  develop a quad- 

r a e i c  r eg re s s ion  a n a l y s l s  technique  to f i t  a quadra t i c  func t ion  t o  each 



s e t  of d a t a  p o i n t s  genera ted  per  i t e r a t i o n .  Af t e r  f i t t i n g  t h e  d a t a  by a 

Least  Squares Method, a d i f f e r e n t i a l  approach would then  c a l c u l a t e  a pre- 

d i c t e d  optimum po in t  which would then  be used a s  t h e  b a s i s  f o r  t h e  next 

i t e r a t i o n .  

A ve r s ion  of  t h e  quadra t i c  r e g r e s s i o n  a n a l y s i s  technique  used i n  an  

opt imiza t ion  code, LOLA, ") developed he re  a t  Hanford was adopted f o r  

OPTIM. LOLA was developed b a s i c a l l y  a s  a r e sea rch  t o o l  and has bo th  l i n -  

e a r  and quadra t i c  r e g r e s s i o n  ana lyses  but  lacked  t h e  i t e r a t i v e  f e a t u r e s  

r equ i r ed ,  was t o o  slow f o r  our  purpose, and r equ i r ed  ex tens ive  modifica- 

t i o n  t o  become f l e x i b l e  f o r  use wi th  o t h e r  computer codes. 

To e l imina te  confusion a s  t o  t h e  meaning of experiment l i n k  and 

experiment,  t h e  fo l lowing  a r e  def ined:  

Experiment l i n k  r e f e r s  t o  t h e  a n a l y t i c a l  model used compute 

t h e  dependent v a r i a b l e  f o r  a given s e t  o f  va lues  of  t h e  indepen- 

dent v a r i a b l e s .  This l i n k  w i l l  change f o r  each d i f f e r e n t  o p t i -  

mizat ion problem. 

2 .  Experiment r e f e r s  t o  - a d a t a  no in t  def ined  by -- one s e t  of n indepen- 

dent  v a r i a b l e s .  

The d i f f e r e n t i a l .  approach t o  op t imiza t ion  f o r  OPTIM was chosen over 

a s t e e p e s t  g rad ien t  (maximum ascent  o r  descen t )  method mainly because 

t h e o r e t i c a l l y  f o r  well-behaved systems which can be descr ibed  reasonably 

w e l l  wi th  a  quadrat,^ func t ion ,  t h e  reg ion  of t h e  optimum would be reached 

i n  much l e s s  t ime than  by a s t e e p e s t  g rad ien t  method which must "step1'  i t s  

way t o  t h e  optimum. Considerable computation t ime i n  t h e  experiment l i n k  

(FULCYC i n  t h e  p re sen t  v e r s i o n )  i s  t h e r e f o r e  saved by us ing  t h e  d i f f e r e n t i a l  



approach. However, i f  t h e  phys i ca l  system i s  not  well-behaved, OPTIM 

w i l l  r e v e r t  t o  a method very  s i m i l a r  t o  s t e e p e s t  g rad ien t  by "stepping" 

i t s  way t o  t h e  optimum. 

Only minor program modif ica t ions  a r e  necessary f o r  op t imiza t ion  prob- 

lems r e q u i r i n g  a d i f f e r e n t  computer code than  t h e  p re sen t  ve r s ion  coupled 

t o  t h e  Fuel  Cycle Analysis  Code, FULCYC ( ~ i g u r e  9 below).  The subrout ine ,  

GENRAT, must be converted t o  t ransform t h e  s e t  of reques ted  experiments 

i n t o  input  d a t a  f o r  t h e  experiment l i n k  used f o r  each p a r t i c u l a r  optimiza- 

t i o n  problem (such a s  FULCYC i n  t h e  p re sen t  v e r s i o n ) .  The present  ve r s ion  

of OPTIM has a l i m i t  o f  s i x  independent v a r i a b l e s  because of  core  l i m i t a -  

t i o n s  imposed by FULCYC. This l i m i t a t i o n  may be r a i s e d  simply by expand- 

i ng  t h e  a r r a y  dimensions wi th in  OPTIM. 

GENRAT 
( Comrnunicat ion  

  ink) 

Experiment 1 
Rout f ne 

I ( FULCY C ) 

Figure 1. ' inkage  of  OPTIM wi th  an Experiment Routine 



OPTIMIZATION TECHNIQUE I N  OPTIM 

The opt imiza t ion  technique used i n  OPTIM i s  based on t h e  d i f f e r e n t i a l  

approach. D i f f e r e n t i a l  approach r e f e r s  t o  t h e  f a c t  t h a t  t h e  s lope  o r  t h e  

f i r s t  d e r i v a t i v e  vanishes o r  equals  zero at t h e  optimum. 

The system t o  be optimized having n independent v a r i a b l e s  and one 

dependent v a r i a b l e  i s  assumed t o  be a func t ion  which can be ' r ep re sen ted  

approximately by a gene ra l i zed  quadra t i c  equat ion of t h e  form: 

where: 

y = dependent v a r i a b l e  o r  ob jec t ive  func t ion  

Xi Jj = independent v a r i a b l e s ,  x o 1 

n = number of  independent v a r i a b l e s  

@ 0 
= cons tan t  term c o e f f i c i e n t  

Bi = l i n e a r  term c o e f f i c i e n t s  

Bii = quadra t i c  term c o e f f i c i e n t s  

@i 
= i n t e r a c t i o n  term c o e f f i c i e n t s  

E s s e n t i a l  t o  t h e  d i f f e r e n t i a l  approach i s  t h e  assumption t h a t  t h e  objec- 

t i v e  func t ion  i s  continuous and d i f f e r e n t i a b l e  i n  t h e  reg ion  bounded by 

t h e  c o n s t r a i n t s  of t h e  system. 

To a r r i v e  a t  a func t ion  desc r ib ing  t h e  phys ica l  system, a sampling of 

experiments i n  a p a r t i c u l a r  reg ion  i s  necessary.  The sample s e t  assumes a 

base po in t  i s  e s t a b l i s h e d  about which sampling i s  done by changing t h e  



values of t h e  independent va r iab les ,  x by prescribed d e l t a s ,  &xi. Sampling 
i ' 

about t h e  base point  y i e l d s  a s e t  of da ta ,  

where m = t h e  number of experiments performed and mz t h e  number of 8 coef- 

f i c i e n t s  = 1 + 2n + n(n-11 
2 

By subs t i tu t ing  t h i s  s e t  of da ta  i n t o  t h e  general ized quadrat ic  equation 

(Eq, 1) and rearranging, t h e  x. g s  and y % can be t r e a t e d  a s  knowns and w e  can 
1 

now solve f o r  t h e  B coef f i c ien t s  which w i l l  approximate t h e  physical  system, 

If we def ine  t h e  following: 

then 
' * 

+ 
X3Bii = y. 

i=1 



To express t h i s  i n  

formed ; 

I- 

matrix form we a l s o  define f o r  t h e  m 

- - 
60 

' i 
'ii 

'ij 
- - 

and [Y] = 

such t h a t  f o r  t h e  given s e t  of da ta ;  

Af ter  inver t ing  and.solving f o r  11 s 

experiments per- 

I (Eq. 5a)  

This method of inver t ing  an n m  matrix where n # m i s  r e f e r r e d  t o  as 

a general ized matrix inverse.  (3'  A d e f i n i t e  advantage i s  gained by using 

t h i s  matrix invers ion rou t ine  i n  t h a t  it appl ies  a l e a s t  squares f i t t i n g  

t o  t h e  d a t a  simultaneously i n  t h e  matrix inversion,  



A t  t h i s  point we have determined a pa r t i cu l a r  quadratic equation repre- 

sent ing approximately our physical system which we are  attempting t o  optimize, 

Having t h e  approximate function describing the  system, we determine t he  

point  a t  which a l l  slopes equal zero ( t h e  predicted optimum) by taking t he  

first p a r t i a l  der ivat ives  with respect  t o  each independent var iable  and s e t  

these  equal t o  zero as follows: 

OP i n  simpler matrix form 

[ B * * ]  [P] = [-8#] 

where 

[-@"I = first order coeff ic ient  vector 

[ B""] = second order coeff ic ient  matrix, and 

[xS] = optimum independent var iable  vector,  

(Eq. 9) 

From Equation 9 t h e  values of each independent var iable  at the  optimum 

a re  determined, 



These values a re  then considered f o r  t h e  next i t e r a t i o n  t o  be t h e  base 

point  about which sampling w i l l  occur, This base point  is  then compared 

with t h e  previous base point  and when a l l  independent va r iab les  have 

moved l e s s  than a spec i f i ed  to lerance ,  E , t h e  optimum i s  assumed t o  have 
x : 
A 

been a t t a ined ,  



APPLICATION OF OPTIM TECHNIQUE 

Constraints  

Essen t i a l ly  a l l  phys ica l  systems have cons t ra in t s ;  i , e . ,  each inde- 

pendent va r i ab le  has a maximum value and a minimum value t h a t  physica l ly  

a r e  inva l id ,  impract ica l  o r  impossible, Therefore t o  cons t ra in  a l l  inde- 

pendent va r i ab les  wi th in  t h e i r  spec i f i ed  bounds, whenever t h e  derived 

quadrat ic  function p r e d i c t s  an optimum ou t s ide  t h e  boundary, OPTIM moves 

t h e  va r i ab le  i n  v i o l a t i o n  t o  t h e  nea res t  boundary. Although const ra in ing 

one o r  more independent va r i ab les  may r e s u l t  i n  a base point  not exact ly  

on t h e  surface  of t h e  funct ion ,  t h i s  problem i s  resolved i n  t h e  next 

i t e r a t i o n ,  

Sampling Methods 

The choice of the  bes t  sampling method about t h e  base point  depends 

mostly on t h e  behavior of t h e  physica l  system and i n  some cases on t h e  

computakion times necessary f o r  each experiment. I f  t h e  system is  re la -  

t i v e l y  well-behaved and can be represented q u i t e  accura te ly  by t h e  derived 

quadrat ic  f'unct ion a f u l l  r e p l i c a t e ' 4  o r  f r ac t iona ted  r e p l i c a t e  design ( 5 )  

about t h e  base point  may r e s u l t  i n  r ap id  convergence t o  an optimum, How- 

ever,  i f  t h e  quadrat ic  function can only approximate t rends  of t h e  system 

and/or t h e  computation time pe r  experiment i s  l a r g e ,  a minimal sampling 

s e t  (only t h e  experiments needed t o  measure each B c o e f f i c i e n t )  may be 

advisable. The f l e x i b i l i t y  of OPTIM allows f o r  t h e  use of any sampling 

method chosen, 

Normalization t o  Reduce Errors  

Because of t h e  p o s s i b i l i t y  of a l a rge  range of numbers between inde- 

pendent va r i ab les  appreciable roundoff and t runca t ion  e r r o r s  a r e  l i k e l y  t o  



occur i n  t h e  process of optimization, e spec ia l ly  i n  t h e  inversion of matrices, 

Normalizing t h e  independent va r iab les  w i l l  g rea t ly  reduce these  e r r o r s .  

Associated with each independent va r iab le  i s  a d e l t a ,  6xi, which i n  

sampling defines t h e  magnitude of t h e  move away from t h e  base point  f o r  t h e  

ith variable.  This 6x i s  t h e  f a c t o r  of normalization f o r  t h a t  p a r t i c u l a r  
i 

independent var iable .  I n  o ther  words a l l  x i v s  a re  normalized t o  mult iples 

of 6x, @ s  before being "di  $estedl' by t h e  optimization rout ine ,  
1 

Levelfzing of Ef fec t s  - Reduction of Deltas 

An assumption is made i n  OPTIM -- t h i s  being t h a t  a l l  fndependent var i -  

ables should contr ibute  t o  t h e  t o t a l  objec t ive  f inct ion,  Although one 

independent yeria-ble may have more s igni f icance  than another, " l eve l i z ing  

of e f fec t s"  reduces t h e  chance of completely "washing-outRu a less - s ign i f i -  

cant independent variable.  Levelizing of e f f e c t s  is  accompLished by adgust- 

mg t h e  reduction of t h e  individual  dxios i n  t h e  following fashion: 

1. The most-efgnificant independent va r iab le ,  xi, i s  divided by t h e  

maximum reduction,  rmx (normally 2.0 ) 

2. Lesser-signif icant  independent va r iab les ,  x J @ s s ,  a r e  divided by a 

fac to r  between r and 1.00 r e f l e c t j n g  t h e  r a t i o  of t h e  quadrat ic  max 

B coef f i c ien t s ,  8 %B 
ii JJ '  ' 

Reduction of 6xi0s i s  a l so  an important fea ture  which i s  necessary a s  

t h e  optimum is being approached. In  essence OPTIM i s  looking i n  f i n e r  d e t a i l  

i n  tha region of" t he  optimum. 



Acceptance of Predicted Optimum 

Several  t e s t s  of t h e  flmction and t h e  predic ted  optimum a r e  made before 

t h e  predic ted  optimum i s  accepted a s  t h e  base point  f o r  t h e  next i t e r a t i o n ,  

The experiment y i e l d i n g  t h e  most optimal of a l l  samples i s  re t a ined  f o r  

f u t u r e  reference  by OPTIM, If t h i s  pseudo-optimum from previous i t e r a t i o n s  

i s  more optimal than any experiment of t h e  present  i t e r a t i o n ,  it i s  included 

a s  an add i t iona l  experiment, Normally t h e  pseudo-optimum w i l l  be replaced 

at each i t e r a t i o n ,  however, t h i s  r e t en t ion  of t h e  pseudo-optimum w i l l  elimin- 

a t e  t h e  p o s s i b i l i t y  of diverging i f  t h e  tendency occurs. 

The following t e s t s  of  t h e  function and t h e  predic ted  optimum a r e  made: 

1. Analysis of t h e  c o e f f i c i e n t s  of t h e  quadrat ic  equation reveals  

whether a saddle e x i s t s  o r  t h e  function ind ica tes  maximizing o r  

minimizing. Analysis of t h e  c o e f f i c i e n t s  of independent va r i ab les  

i n  p a i r s  of  x i9 Xj 
f o r  i # j proceeds a s  follows: 

where B = a2y - 
axi ax - 'ij 

J 

a. If t . .  . 0, a saddle e x i s t s  with respect  t o  xi and xj, and t h e  pre- 
1J 

d ie ted  optimum is  ignored. 



be I f  t = @., an indeterminate function e x i s t s ,  and t h e  predic ted  
i J 

optimum is  ignored, 

e. I f  t < 0,  and A + C > O 9  t h e  function ind ica tes  a minimum e x i s t s ,  
i 3 

o r  i f  A -k C < 0,  t h e  function ind ica tes  a  maximum e x i s t s ,  

I f  t h e  extremum indicated  by A 9 C i s  contrary t o  t h e  problem 

so lu t ion  of minimizing o r  maximizing t h e  predic ted  optimum is  

ignored , 

2, If t h e  average e r ro r -o f - f i t t ing  i s  g rea te r  than a  spec i f i ed  amount 

( cur ren t ly  L O % ) ,  t h e  predic ted  optimum is  ignored. 

3 ,  I f  t h e  predic ted  optimum i s  l e s s  optimal than t h e  pseudo-optimum 

re ta ined  from previous i t e r a t i o n s ,  t h e  predic ted  optimum i s  ignored, 

Only when - a l l  of  t h e  above t h r e e  t e s t s  a r e  s a t i s f i e d  w i l l  t h e  predic ted  

optimum be accepted a s  t h e  base point  f o r  t h e  next i t e r a t i o n ,  If any t e s t  

f a i l s  the  pseudo-optimum i s  used, 

I n t e r n a l  Al te ra t ion  of t h e  Minimal Sampling Set  

When a minimal sampling s e t  i s  used, add i t iona l  ana lys i s  of t h e  in te r -  

ac t ion  coef f i c ien t s  of t h e  quadrat ic  function w i l l  allow i f  necessary t h e  

a l t .e ra t ion  of t h e  sampling s e t  t o  inves t iga te  more optimal regions,  

If t h e  contr ibut ion t o  t h e  object ive  function of any i n t e r a c t i o n  term 

i s  contrary t o  t h e  d i rec t ion  of optimization,  t h e  sample s e t  measuring t h i s  

i n t e r a c t i o n  term i s  a l t e r e d  by inspect ing each respect ive  l i n e a r  term such 

t h a t  t h e  sampling w i l l  be performed i n  a  more optimal region, 

P a r t i a l  Derivative Pr in tout  

Included i n  t h e  OPTIM computer p r i n t o u t ,  ( ~ ~ ~ e n d i x  C) immediately a f t e r  

t h e  t abu la t ion  of each experiment a re  t h e  p a r t i a l  de r iva t ives  f o r  t h a t  experi- 

ment, These may assist i n  determining optimizations t r ends ,  however they a re  

not used i n t e r n a l l y  by OPTIM, 
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APPENDIX A 

INPUT REQUIFUNENTS OF OPTIM 

Input t o  OPTIM consis ts  of t h r ee  types of input cards: (1) two control  

cards ( ~ i g u r e s  2 & 3 ) ,  ( 2 )  n independent va r iab le  cards ( ~ i g u r e  4), and ( 3 )  

t he  sample s e t  cards ( ~ i ~ u r e  5 ) .  Additional t o  these  cards a re  t he  data  

cards necessary t o  t h e  experiment rout ines  which may vary according t o  t h e  

pa r t i cu l a r  optimization problem. These may be divided i n t o  ten-or-less 

segments as defined by t h e  f i r s t  control  card. A segment i s  defined a s  a 

s e t  of bas ic  input cards which remain unaltered f o r  an optimization run, 

This implies t h a t  t h e  changing independent var iables  a r e  input v i a  "change" 

cards generated by Subroutine GENRAT and inse r ted  between t he  segments, 



Number of Cards in Segment 1 (Always OPTIM) - (13) 

I - equals number of independent variables + 1, (n + 1) 

I Number of Cards in Segment 2 - (13) 

~ t c .  for up to Ten Segments - (813) 
A 

Figure 2. Control Card #1 Format 

. . 

Not Used - (4x1 

Card Column 

I Dependent Variable (D.v.) Name - (~6) 

D.V. Epsilon (previous D.V. - Present D.v.) - (~10.3) - 

I Present version does not have this option 

1-3 

Figure 3. Control Card #2 Format 

4-6 

Maximum Allowable Iterations - (15) 1 1  I 1  Number of Experiments in Sample Set - (15) 

I (- for Minimizing, + for ~aximizing) 

Card Column 

--- 

1-4 

--- 

5-10 

--- --- --- --- --- 28-30 

26 - 30 11 - 20 21 - 25 



Independent Var iab le  ( I .v .  ) Name - ( ~ 6 )  

Card Column 

I Base Value ( ~ i r s t  ~ u e s s )  - ( ~ 1 0 . 4 )  

Maximum Cons t ra in t  - ( ~ 1 0 . 4 )  

Minimum Cons t ra in t  - ( ~ 1 0 . 4 )  

D e l t a  (sampl ing)  - ( ~ 1 0 . 4 )  

I . V .  Eps i lon  (Previous  I . V .  - 

'I 

1 
Presen t  I . V . )  - ( ~ 1 0 . 4 )  i-' 

'Q 
1 

Eight  Opt iona l  F i e l d s  - (813) 
* * 

Figure  4 .  Independent Var iab le  Card Format 



Delta Factor f o r  ith Independent Variable,  Exper. 1 - ( ~ 5 . 0 )  

Delta  Factor f o r  ith Indep. Variable,  Exper. 2 - (FS .o) 

Delta Factor f o r  ith Independent Variable,  
Exper. 3-16 - ( 1 4 ~ 5 . 0 )  

/ 
A 

I 
\ 

Card Column 1-5 6-10 11-15 - 1 - . - - - - - - - - 76-80 

Figure 5 .  Sample Set  Card Format 
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APPENDIX B 

FORTRAN SOURCE PROGRAM &ISTING 

The following contains a source program l i s t i n g  of  t h e  present  version 

of  OPTIM which is  l inked t o  t h e  Fuel Cycle Analysis Chain of  codes, FULCYC, 

OPTIM i s  wr i t t en  i n  FORTRAN V language f o r  t h e  UNIVAC 1108 computer and 

makes use  of seve ra l  magnetic drum f i l e s  e s t ab l i shed  wi th in  t h e  OPTIM sub- 

o u t b e .  

A flow diagram of OPTIM is  i l l u s t r a t e d  i n  Figure 6. 



FIGURE 6. FLOW DIAGRAM OF OPTIM 



Source Program L i s t  in@; 

1 COMO* FCOPY 
- - - - - - - - - - - - . - - .. - - - - - - - - - - ---- -- - - - - - - - - - -- - - ---- -- ------- - -- -. --- - -. - - - - - - .. -- - - - - -- - - - - .. -- - .. - - - - - -- --. - - - - - - - 
P C0MMOf.I IDUM ( 1 0 0  
3 -- COMM0I.I D V N A M ~ E P S I Y ~ N O I V * N O S A ~ ~ ~ M A X I T R r N E X C H ~ L A S C H ~ I T R S W ~ N O I T R  
4 COMMOPI V A R E I A M ( ~ ) * D A ' J ~ ~ ~ ) ~ M A X ( ~ ) P M I N ( ~ ) ~ D ~ ( ~ ) ~ I X ( ~ ) , I V ~ ( ~ * ~ )  
5 COMMON X ( ~ * ~ ~ ) P Y ( ~ ~ ) * X F ( ~ ) ~ Y F ~ X O ( ~ ) ~ Y O P S M P S E T ( ~ ~ ~ ~ ) ~ D E L T S ( ~ )  ...................... 
6 COMMUI~I~~~~67Tt)~~~5CC71~41r~ ~ ~ ~ ~ ~ ~ ~ M I F ~ ~ A X ~ - J E P S ~ M M ~ U A X Y ~ M I ~ J Y ~ N B E S T - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - - - ~ ~  
7 COMMON X P ( ~ R , ~ ~ ) * X I N V ( ~ ~ P ~ ~ ) ~ F A C T O H ( ~ ) , A ( ~ ~ , ~ ~ ) ~ D ( ~ P ~ ) P B E T A ( ~ ~ ~ ~ )  .............................. .............................................................. 
8 
9 C 

-Td-'TmE%T -6 mc16) * PJSQ ( 6 )  
- 

11 * 2- - - - -  ~ - ----- ~ - - ~ ~ -  
EQUIVALEIJCE (ICD(l)~IVF(1~1))~(IFD(1)tIVF(1*2))~(NCC(llrIVF(l*3)) EQurvA tEnr E.--I 7JsQI*~,IVF~~*~, 4).) ...................................................... 

13 EQUIVALEIICE (EJSO*E15(1) * ( N S l r N S ( 2 )  ) t ( N 5 2 ? N S ( 3 ) ) ,  ( N S 3 , N S ( 4 )  * w - -  ... .-----..nlD-.-----..--..----.----.---..--- .............................................................. 



1 * S U B H o U T I F I E  O P  f I M  
, L 

- 
2-KLIIDt C U M 0  

C .A*_. - - - - _ - - _ _ - _ 
cOMY. .. ..I.D."M( 

- - - - - -  - -----------.- -- -  .- -- - - - - - -  ~ --- ~ - -  ~ - -  - - -  .. .. 

3 * I O l l  
.3* . COMMOi l  D V l - I A M t E P S I y , E ~ l O I V ,  I~oSAM,MAXITR,F. IEXCH,LASCH~ ITRSW P N O I T R  
3 * - - -  %OMMO~I l  VART.TA~SIS-) ,BASE-( -~~- ,M~AX~(~)~,  MTN(6 1-, DELTA-(6T,WSIXTG~T i I V F  16 1 8 )  - -- - 

3 * . COMMOl l  X ( ~ * ~ ~ , Y ( ~ ~ ) , X F ( ~ ) * Y F , X O ( ~ ) , Y O * S M P S E T ( ~ , ~ ~ ) , D E L T S ( ~ )  
.3 * - C U M O n  E 15 ( 10 ) t SCTI>-~T~O 1 , 1 F I R R A X , 3 E P S ; ~ A ~ 1 X m B E S T - - - - -  
3 * COMMOl l  X P ( ~ R ~ ~ ~ ) , X I N V ( ~ ~ ~ ~ ~ ) , F A C T O R ( ~ ) V A ( ~ ~ , ~ ~ ) , D ( O , ~ ) ~ B E T A ( ~ , ~ ~ )  

RE.AI. 
RTr.,. - - -  --.. - - -  . . . .  .. .. . .  . . . . .. . .  . . . . . - .  . 

3 * ~ -  - - ~ - - -  

3' - - 

. .DIME,, ,Sl.[lr, .ICD161;Imr6,.ilCC16~) ,,qSm (6,. .- .-. .-. .--- . .... 
-----..-- ~ 

3 * 
3 * E Q U I V A L E E I C E  (ICD(1)~IVF(1,1)),(IFD(1),IVF(l,2)),(~JCC(1),IVF(1,3)) - -. A - .- - . - 

i* c * --------.-. --,-,,I MET610Pt--DIPvT6,. .---. . .-. . .. -. -. . .-. .-. -. - ------ - - -  - - -  - ...................... -~ 

4 
5 * D I M E l ~ J 5 1 0 l l  P A ~ T D  ( 6 )  , XFP ( 6 )  
6" L 

7* --p; *--- .-------- COMMOl l  / T A B U L L /  ~ 5 ( 7 ) v T 7 ( 7 ) ~ T 8 ( 7 ) ~ T 9 ( 7 ) , T 1 0 ( 7 ) , T 2 9 ( 7 ) , T G ( 7 )  .,.-T17c7r iTl* {-7,-,T1917,-----------....-.. ~ -.---.--....------------------------------------. - 

a* C l -o-* - - - - - - - - - - - - - fmmRRT*T- . - - - - . . - . - . - - - - - - - - - - - - - - - - - - - . - - - . - - - . - - - - - - - - - - - - - - . . . . .  - 

11* c 
1 4  

- - 

I:* 
~ M n l  I l U L d J  

110 F O R M A T  ( 4 X , A 6 1 E 1 $ . 3 , 2 1 5 )  
*PO-fe~nnFFtA~,~i66*I* f  - -  - -  - - ------------------.-.--------.---- -- 

1 S* 130 F O R M A T  ( 1 3 A 6 v A 2 )  
---- ---- W - F N * f  --t7-jxT**f-. ---. ---. . - ----- -- -. ----. . . - -- . ---- --- - - -  - - -  --. --------. - -  . - 

17* 132 F O R M A T  ( 1 3 , 1 2 A 6 , A 5 ) ,  -. 



IR* 140 FORMp,T -t //66H N~~M~JER OF ~NDEFEWEMT ~ 3 t ~ r t t ~ m - i f  I~D-&D++E- --- 
~MAXIMUM. ) 

lQ* 150 FORMAT f l 6 F 5 . i l  - 
- -  - -  - - --- -.---- ---- ----- - -- -- ----- - ----- 

"* 21* 160 FORMAT ( I t i l l  
2?* 200 FORMAT f ittlf / lax,  1 3 H l f E R A w  NO., I3 I ~ ~ ~ ~ ~ E - X P E R I ~ T I  I-CrX - -- --- ----- - 

2 3* 1 t 17HFUI'JCTIOt.I PERCENT / loti  NUMBER t YXtA6t5X 
24" - - ilr-I%APWtOX;--tKn~- I 4X r6 1 6-xt l t W t P ) - - - - - - -  
25* 205 FORMAT (25H0 MAXIMUM OF E x P E R I M E N T S / I ~ ~ ~ X ~ ~ P E ~ ~ . ~ ~ ~ ~ X , ~ P ~ E ~ ~ . ~ )  
26* 206 FORMAT t 2 5 W  MINIMUM OF EXPER! ~ E t t f S f  I61 3Xt lPE12 .51~5Xr lP6E12<51  ---- 

. . 

220 FORMAT (16~3X*lP2E12.~tOPF9.3tl(XtlPbE12~5) 
27* 2rr* 222 FORMAT (46X, IP6E12.41 .- - - ---- --.-- ..--.--- ---- --. .---- 

29* 225 FORMAT (31HO AVERAGE ERROR I N  FUIICTIOIJ = t F l l * 3 / )  
30* - 250 F f ) B M f i T - t 2 0 K T F E t T * v A R y f b f i ; - i A m  -tt-7-.~1 
31* 350 FORMAT (25HO OPTIMUM OF FuFJCTION /21Xt lPE12.5t l3Xt lPtrE12.5)  
3i?* 36C FQRMI\T tl 15Xt IWiPREVIOUS VALI~E, 

*9X,*P6E12*S) ..--- - --- --. -- --- 

3 j *  361 FORMAT ( 15Xt 1JHPRESEIJT VALUE, 18Xt lP6E12.5) 
34* 362 FQRMAT ( I  1 5 X ~  -1ytd~BSQLtt7E ~) IFFERE~KE$-  tZXitP6f12;53-- --- ---- -------- - ---- 
35* 363 FORMAT ( 15Xt 17HEPSILOrJ REQUESTED~ l l (Xt lP6E12.5) 
3 h* lrO0 FORMAT-fEiftft0 "THE-TTERAT~ON H A S ~ X W E R C E ~ P ~ ~ ~ ~ - - -  
37* 1r.l. / )  
3h* 450 FORMAT t34HO SOLlJTION HAS NOT BEEN REACHED iff I P t k O l l  ATTEMf3TS. 1 - - - - - - -  

39* I F  ( T 1 9 ( 2 )  .GT. T19 (1 )  GO TO 1100 
Qo* SETDlt tSt f6SP20, 150000, T S f  - ------------ - . ---------- ' ------------  ---- 

41* CALL SETDN (9 t280720 t40000 tT9 )  
42* i t f = r 2 - -  

- - - - " 

43* GO TO 1150 
44* llQQ i U  = 19 --  - - - -- - ----- --- - ---  - ----- ..................... -- 

45* REWIiiD 19 
4,,* 1156 COfITrMUE - 

--. ------ --------.-.-------------.------- - 

47* READ ( LUt 100) NExCHt LASCtlt ITHsW - . - - - -- -- - -. - - -. - - - - -- -- -- -- 



52* c . - - - - - - . - - - - - - . . - - - - - - -. 
5j* 1300 READ (2i100) (NS(T),I=lrl@) 
54* - -  --RoTV--TISb--r-- WRITE(3,1001 (NS(I),I=lrl@) -- - - - - - --- - --a - 
55* - 
5b* READ (2,110) DVNAM~EPSIY~MAXITR,NOSAM 

WRITE (3t1-103 DVNAM~EPSIY ~MAXITR, NOSAM - - - -  ------- - - -  - 
--------- -- 

57* 
SO* MIIIMAx = NOSAV/IABS(NOSAM) - - - . . - - - - - - - - 

NOSAM = I ABS (FIOSAM) 59* 
60* _ DO 1400 I=ltEIOIV 
61 * - - T A E 7 2 7 1 7 U T  VAFNAMTTS PRASE 1 T 1 ,~XT1TiFZFTI 1 , UtLTATTTt- TTT;- 

64*  1*(1V~(I,J)vJ=lt8) - . - . - . . - . - - - - - . - - . - - 

65* XO(1) = BASE(T) 
6b* IF (DELTA(1)I 1350,1345,1350 

-1 5q5 ~ L T A ~  n 7 m( f T--- MITSI I ) 7 7 10 La---- -- - 2;: 1350 DELTSI I) = DELTA(1) - 
-. ---- -- --- - -  - - - ---- -- --- 

69* l Q b b  COIJTIIlIE 
~II* JEPS = 2 -- -- - - - ----- -- --. 

TF (EPSIYI 1490eT530t 1490 
1490 JEPS : 1 72* Imb rronrrr KE-- -- -- 

- --- - - - -- - 
7 3 *  
74* DO 1600 I=lttIOIV - - . - - - - - - - - - - - - - 

75" READ (2,150) ISMPSET(1,J) t J=~P~JOSAN) 
7f>* WRITF(3t150) (SMPSET(l,J)*j=ltNOSAM) . . --.  - - - 
77* 1600 COTJTIIICE 

a;;* - -  - READ (2r130) ((SC(I~J)tI=1,14),J=ICl,LCl) 
85* -WRTTE-I35130T ,;rJi-I=l , l s i t J = ~ c l , ~ c I r - - - - ~  
86* IC2 = LC1 + 1 - - - . - - . - 

87* -LC2 = LC1--+- 1152 - 

88* DO 1730 J=IC2,LC2 - -  

89* IF (J ;EB. CIC2+4) GO TO 1725 - 

90* READ (2,130) (SC(I,J),I=1*14) 
9 1 * WRrT~-[3,130) ECIf,-J),r=1,14) - 

9?* GO TO 1730 
93* 1725 READ (2,132) b141, (SC(1, J) ,r=l,13) - - - - - -  - - -  -- ----- 

. - - - - - - 

WRITE (3,132) F141t(SC(I*J)~I=lt13) 
1750 COIITIIILIE 

- . -  . -  - - - 

96* IC3 = LC2 + 1 



97* - . - 98*- - LC3 = LC2 + 1153 wArf2sf'50t^.-fTSC..E.Jt i-r* &EprC3'it~f . - - 
99* * o~O*. - - 

WRITE(3t130) ( ( S C ( I ~ J ) ~ I = ~ ~ ~ ~ ) , J = I C ~ , L C ~ )  SE l-iiZ57000i . -80 0gtT17)--- - - - - - -  - -  - - ~ - - -  ~- ~- - - ~  

l o > *  CALL SETDR (18,265000* 698 tT18 )  
r 0 3 * .  . "TIIT tr IF .> , ~VRITTEI'C-TV~NSUQBO~TINE--TTR- WHi-CW--- - -  - -  - 

lo;* c T4*. . .- - . I S  REFERRED TO AS UNIT 1 8  I N  OPTIM eAt L-%tMF t-vitti2m80 tt.t.. 6+BrP1 Br.-.-- - - - - - -  

~ O F ; *  
~ - -  

CALL SETDR (19 t246000*11000 tT19 )  
C-Att  sE"I;D .-r.2 i246~000ir1000iTIC)r . - - -  ~ - --- ~ - - - -  ~-~ - -~ 

' O h *  107* C.oTO42JO 
lo-8-* --.x----- -------. -~ ~ . .  - - - -  - --.-- -- - - -  - -  - - - - - -  - -  --- 

l o g *  c READ COMMOf.1 AND DATA ..2T."* .. .-..,'--..-.'-.-I- -- -- 

2000 REWIPJD 17 ;:$ .- - -  ~ - I lTRnN t*-7~i2r8 000, IDUM. IS-T)-. .-. . -- .- - - - -  ~~ * 
113* 2001 I F  ( I S T  + 1 )  2002*2001t2003 
.*14*. 2002. CALL- EXIT- -. - -  - -  - - - . - -  - -- - - - -  - - -- 

115* 2003 COI~ITIIIIIE .*l -6*-- Ill.- __l..*Wm* * _-_ -__-I-.-.- - 

117* MI~JY = 1 *l.8*. M A X Y - - *  ----.--- . -  - -  . - -  . -  -.  - - - - - - - - - - - - - - - - - -  .~ - 
114* DO 2200 I=l*EJOSAM 
120* .. . READ.fr*,-.Y(I) .--. ~- 

~ . . - ~ - -  ~ ~ - - - -  - -  - - - - -  - - - -  ~ - - ~  - - - -  ~ - - - -  

121* I F ( y ( 1 )  . L T . Y ( Y I N Y ) )  M I N Y = I  
-. -.%-f;--( ptl+ --tf.--rt.Ptnxvr f--.--*,,Xy---'-~-'--.----.-.--.-- . . - 

123* 2200 COI.ITItIlJE 
. .  . * & ~ - . ~  - -~~~ --. .- ~. .--. - - -  ~~ ------ ~ .. -. - -  . -  

2 U *  ~ I O ~ A M S  = NOSAM 125* 
r 2 6 *  - - - - -  

. .  . PtBESr .- mx v - - - - - - - - - . .  - -  . - - - -  .~ - - - - - - - - - -  - - 
127* -* .2-t.,.s--- . ----- 

I F  (MINMAX .LT. 0 )  NBEST = MINY 
TT- rFm--CT-lT-~ FO__ -2wg11.._ . 

129* T3n~*- -- . . ---- I F  ( y  (77 )  *MIFIMAX .LT. Y ( I x J B ~ S T ) * ~ l N M A X )  GO TO 2400 FIOSAM -~~PmSAN-+-I - - - -  ~ -- - - -  - - ~ -  - -----. ~ - -  - - - -  ~ - - --  .--- - ,  

131* Y(IdOSAM) = Y (77 )  13 - 2 - *  . m - .  2250 V.---..--. - -  - - -  -- ---------------- --  

133* 3y* - - -Pm6 X(ItI.IOSAM) OI ,mm = X ( 1 ~ 7 7 )  
. 

135* .6*- . .  TFIMIflM I F  (MIPIMAX hx---Lf---o, .GT. 01 -MT,.IY MAXY . = 7 7  77  - - - -  ~- - - - - -  - - -  ~ . . - - 
GO TO 2700 137* 2 4  OU.l f77,-- I~(.N .-.------ - - - - - -  r 33%- - -~ - 

139* DO 2450 I=lvPIOIV 
. . lq. .d- 'F -. . - - --- . -. xr *; 7TT -' - - X T  =* .T.TBEsTT..--..- .- - 
141* 2450 COI,ITIIIUE 1 4 2 *  2700 CAtt OPTIMr ... .. . .- . -- -- . - - - - - -  - 

1 4 j *  WRITE (3,200) EIOITR~DVNAM* (VARNAM( I )  P I = l~ I ' 101V)  
r 4 4 *  - -~ - - 

-=- *;* -... . ... .- . - ~- -. - --- - - -  -.. - - - - ~  

145* DO 2715 I=l?PIOSAM 
.. . . . , . . . . ,, . - .. .- . . 



1 4 6 *  DO 2710 J = l , l l O I V  - - - -.. - -- -- -- 
1 4 7 *  X F P ( J )  = X ( J , r )  
lb f i *  2 7 1 O X F ( J ) = x ( J , I )  - -  . - - 
1 4 u *  C A L L  P A R T  ( X F P V P A R T D I -  

C A L L  FUI ICT  
YER = ( Y ( I I  - Y F )  / ( Y ( M A X Y )  - Y ( Y T N Y ) ) * l O O ,  

. -  . .  - 

YERT = YERT + A B S ( Y E R 1  - - 
WR ITE - 73; 22 0 i-T ;-y-c-17 ;YF;YEE i Tj(TJTIS-;J=TiTJ-------- 

1 5 4 *  W R I T E  ( 3 , 2 2 2 )  ( P A R T D ( I V ) ~ I V = ~ , E J O I V )  
1 5 5 *  2715 C O l I T ~ I I l J E  

. . 

15b* YERT = YERT/PIOSAM 
W R I T E  (3,225) YERT 

. - .- 
1 5 7 *  

I X  = 0 
la* - - ,, -271 7-r;i;l,0f 

- - -  - - - - - -- 
f 59* 
16n* P C O I ~ ~  = (Y(IX+~*I) - Y ( ~ ) ) / ( Y ( M A x Y )  - Y(MINY))*~OO. 
161 * PCON2 = i Y I I X + Z * 1 + 1 )  - Y ( l ) l / ( Y ( M A X Y )  - YIFTIFN17*TOU; 
16?* W R I T E  ( 3 , 2 5 0 )  VARNAM( 1 )  t P C O N ~  V P C O N ~  
163* 2717 C O I I T I I I U E  - 

161+* I F  ( M I N M A X  .LTI  0) GO TO 2 7 1 8  
Bs* - WRITE (5~2115J MAXY,Y(KAXY1-irXrJ*FmXYP,TTimTVI------p- 
166* GO TO 2 7 2 9  
167" 2718 W R I T E  13,206r MRJY,Y(MI l . IY) ,  IX (J ,MTt . IY I ,  J=I,F4OIVl - 

168* 2719 C O l l T I l l l J E  
169* C 

- - 

17"* C Ct lECK FOR S A D D L E P O I N T  OR I N V A L I D  F U b I C T I O N  
f f  + - - I  ----- - ---- - 

t 

172* C A L L  CHECK 
. . 

173* % 
1 7 ~ *  C CI {ECK C O N S T R A I N T S  - - 
17s* C 

la;* _ 3000 _- _ XF(I) = BASE(I) 
18 .7-* -- 

............ 
CALLPART , ARTDS-" 

- 

1 8 4 *  
. - . . -. . - 

C A L L  FII1.ICT 
I@*- 

WRTfE .(3; 55.0i .YF, o(F (I)~,T=l.,NoIvj - -  ~- - ~ -~ - ~ - -  . - -  - - - -  

l ab*  i8-77ff W R I T E  ( 3 , 2 2 2 )  ( P A R T D ( I ) * I = 1 * N O I V )  .... ................ ........... 
-(M -..LT* 

* ) ~ . ~  GO-T 03211i0~ ..................... 

188* I 8.Gx - .- 
I F  ( Y E R T  .LT. 10.0 .AND. ~ ( M A X ~ )  . .LT.  Y F  GO TO 3 2 0 0  
rxr-so2r" .FEl' 

nVI-VI-VI-VI-VI-.--- . . ... ...... - 
1 9 0 *  3 0 2 0 X F ( I ) = X ( I t M A X Y )  * .. Y F  ..... .YIWAX Y)---- - - - -  ..................................... ....... -. . . .  - 
19:* I F  TMAXY ,lClf..----------.. - 1) 3 2 0 0 , 3 4 0 0 , 3 2 0 0  . . 

r9-3.* ----.50 50-C Bt.tT ...---.-..... .-.-..... ... 

1 9 4 *  I F  ( ( Y E R T .  L T .  1 0 . 0 )  .AlJD. ( Y ( M 1 N Y ) .  G T 1  Y F ) )  GO TO 3 2 0 0  



1 9 s *  Do 3100 I = l t  I lOIV ,vm .l--.------.-..- - - -- - 396*-- ..-5fm-XF ( T yT7m- 
197* 198* --.----- 

YF = Y(M1NY) 
IF'lMI NV---m--- ,--^--mFO fc.34400 '- ----- 

1 9 9 *  3200  I F  (IIOITR'.E~. 0 )  GO TO 3 4 0 0  eoor c---.-.--.-----.--.-------..------------.----------------------------------. 
PO1* C CI-IECK TOLERANCES OF I~IDEPENDENT VARIABLES 
202* .. ..=. --- -. 

203* 
. .. . . _ -  -- 204%-  - - 

JJ = 0 
Do-- 330* -,--N Tv-------..---.-..---.------------.------.-. - - 

~ O S *  D I F V ( 1 )  = ADS ( X F ( 1 )  - X O ( 1 ) )  20.b-x ...--.-------F- (D~I FVIT,----GT--EIS IXT* -rl-- m---I . - - 
2 0  7* 3300 CONTIIIUE 
to &*.--.. *mfJ-r3m '* ' - 
2 0 y *  WRITE (3 ,361)  ( X F ( I ) ,  I =I, NoIV)  

.... - -----.. .WR~.7F~.113ijB2rrrCMFVtf )-,--I-- =--I -,-- NOW,-- 

211*  WRITE (3,363)  ( E P S I X ( I ) ~  I =1, NOIV) 
q12* -- ~ - .  .- .. 1 F. - f .;tJ-. - E* -. -0-1. - W.-T 0 -9*0f). ----- --  - -- - ------ -------------- . . 
213* 3 4 Q 0 F J O I T R = E J O I T R + l  
*I ,.. .. '. . -- - -* TE-1 *w+---- -- . 

215*  C 
Q I T .  * .,'. --.-. .--- + ~ ~ T Q R E .  f@ -,.- OF;-SA+~~~S-~N@-A++~ -------------- - 
21;* C el-K* - -  -.-. .-.p+Qq~pt-"-~S~s~ --------------------------------- - - 
219*  DO 3500 I = 1, NOIV 
-*-*-X6+ff - X T l i i  -- 
221*  YO = YF 
222*. - .* - - - - - - - -  - 

223*  c ADJUST DELTAS 
---- --.---. .-----------.---.---. -------------- - - - - - -  ----------------- ----- - 

225*  bIPCM = 1 22-cF----- a3W?zv. ~ 

227*  22U*--. . --------- I X  = I IOIV t 1 
06-.3h00.-I 

-,TliMOTV---------.----.. -.-. .- - - 
229*  BD = ABS(BETA(I,IX+I)) *3 n*-- ---------IF-- BD-- tT--BDMf-' ----- eb.TO-z&j m----------------------- . . 
231*  PIPCM = I 
~ ~ % - - - - - B M * m  
233* 3600 COIJTIIIUE 
236* ------- ME1 TE-<-Ji33--1 DEtTAtI ) rT=tr@IV I-iBDrM)M 
235*  
-2z6*~~- 

1 FORMAT (6HODELTA/lOEl2.5) O-.3 70*-r1-,.MOI V-----------.-- - .  - -  - - -  ---- ' ----- - 
237*  R = s Q R T ( A B S ( ~ ~ E T A ( ~ , I X + ~ J ~ C M ) / B E T A ( ~ , I X + I )  * 5A* ' .- - -p -.f..t e * .  -fi-f,@,,--e*-.,jfOg 
239*  D E L T A ( I )  = DELTA( I ) *R /2 .0  
24D* 7m ,?,f+ 

. - .  - 

WRITE ( 3 ~ 1 )  ( D E L T A ( I ) * I = ~ * N O I V ) , R  
241 * kli0 . IF . -~ f f l~ .~R-- .+ I )X~.7~)  4 ~ ~ T ~ 1 ~ ~ i 4 t ~ @  -242* 
243*  C 



2 4 4 %  C MAXIMUM ITERATIOPIS HAS BEEN EXCEEDED -- -- - - - - - - -. - - 
2 5 < *  -C 
24;* 4 1 5 0  WRITE (3 ,450)  PlOIT: _ . - - . - - - 

2 4 7 *  C A L L  CHAI14 CO-k4) 
240*  C 
2 4 g *  c G E ~ J E R A T E  CHANGE CARDS FOR NEXT I T E R A ~ I ~ E J ~  

25;;* CALL GEllRAT 
2573-. - -m -m-v * 
25;* C 259*. . < -  SOKC, TID".HA5 

2 6 0 *  C ,uorrr ---.-----.--. . - - - - - - - - - - - -  - - - -  
26-1* - -9OOD-WRTTE 13- 
2 6 2 *  WRITE ( 3 , 3 5 0 )  Y F , ( x F ( I ) ~ I = ~ v N o I V )  
5 -  -- - w 

- 

2 6 4 *  26Sr . --. ~-~ - . pEXc 1%;; [(----= :3;1bu) * Sm.-------.------. -. - 
26h* CALL CHA 114 (NEXCH p NDUM) 267* . . . .. ---..-. .~ ~ - - - -  - -  -. ------------------ 

2 6 8 *  c PREPARE FOR NEXT ITERATION - . *  . . .  - 

2 7 ~ *  9 1 0 0  COI.ITIIJUE EnD.FILE-.r - - - ~  - - - - -  - - - - - - - -  
2 7 1 t ~  - - - ~  

REWIND 19 27?*  
. . .RE*D.-(1g;T3ai -SK iC --.--------- - -  - - - - - - -  ------ --- ---- -- 

293% 
2 7 4 *  -.2 & .. . . - . .- - REWIND 1 7  

- C A C L - m  ( 1  f , 1 , 8 0 0 0 ~  I D W E i i - - - - -  

~ - 
9 2 0 0  I F  ( I S T  t 1 )  Y 3 0 0 * 9 2 0 0 t 9 4 0 0  276' 9.30.G-ET"----- .. ----..------- 

2 7 7 *  ~ t l  6 
2 7 8 *  9 4 0 0  - . - -REwrFJCT. COI~iTII.IUE 
279* - -  - 

2 8 0 1  x..3-- - - . -. - REWIEJD 8 - 
1 REWIPJD 9 

CALL CHAIN (NEXCH, NDUM) 

2 8 4 *  - -  . . . . - END 
~ --------. ---- - -  ------------------- 

- -- -- -~ - -  - -- - - 



SUBROUTINE SAMPLE 
I I ICL~JDE COMO ,L IST 

C . - . - - . - - - . . - . - - . - - - . - - - - - -. .- . - - -  

COMMOI-I IDUM ( 1 0 0 )  
e~MMUTl'-  O W f A M t  E P S W i N O I V t T @ S A p l i  KAXTTR t ~ ~ t ~ m ~ ~ t R ' - ~ -  - - 

COMMOll V A R N A M ( ~ ) ~ B A S E ( ~ ) ~ M A X ( ~ ) , M I N ( B ) , D E L T A ( ~ ) , E P S I X ( G ) I I V F ( ~ ~ ~ )  
COMMOtI X ( ~ ~ ~ ~ ~ , Y ( ~ + ) ~ X F ( B ) ~ Y F ~ X O ~ ~ ) ~ Y O ~ S M ~ E T ( B ~ ~ W ~ D E ~ T S ( B )  
COMMOII N S ( ~ ~ ) ~ S C ( ~ ~ I ~ ~ ~ ) ~ M I N M A X ~ J E P S , M M , M A X Y ~ M I N Y ~ N O E S T  
COMMOII XP128~7?Jt~INV(77t281,FACTOR~61tAt28,28tiIffB,1ttBETAt1,28~ - 

REAL M A X t M I N  
- - - - - - -- - - - - - - -- ----- - - - - - - - - -- - - -- - - - - .-.- 

- 
3 * EQUIVALEIICE ( I C ~ ( ~ ) ~ I V F ( ~ , ~ ) ) , ( I F O ( ~ ) ~ I V F ( ~ ~ ~ ) ) ~ ( N C C ( ~ ) ~ I V F ( ~ , ~ ) )  - - 

3* EQUIVALEFJCE ( N S 0 ( 1 ) r f V f ( 1 , 4 ) )  
3* EQUIVALENCE (NSO~NS(~))~(NS~,NS(~)),(I~IS~~P~S(~)),(NS~~NS(~)) 
3* EPID 



I* SUBRoUTlEIE PART ( XFPPPD 
2* I f ICLllDE COMOt L I S T  
3* c - - . .  

- 
.$* COMMOll X ( 6 t 7 7 )  t Y ( 7 7 )  t X F ( 6 )  t Y T t X O ( 6 1  tYOtSMPSET(6 t771  t D E L T S ( 6 )  
.3 * COMMOII l lS(  1 0 )  ~ S C  ( 1 4 t 1 0 0 )  t ~ I E l l r l A X ~  JEPs~MMPMAXY t MIIJY t EIBEST 
3 * CBMMoII ~P(28r7~)~~INV(77t28)tF~~TOR(G)t~(28t28)tD(6t1)tBETA(l,28) 
3 * REAL - MAXtMIN - - - . . - - - . . - - -. 



3* c -.5. *"-- 
mETSmNTCDT6),  I l -U (b )  t F G F 5 i ; m T 6 )  

.- 

-~.. ::.~-. . .- ~ - - - - - -  EQZTIVA EQUIVALEPICE LEFICE .--T ( I C D ( ~ ) , I V F ( ~ , ~ ) ) , ( I F D ( ~ ) , I V F ( ~ ~ ~ ) ) , ( N C C ( ~ ) ~ I V F ( ~ , ~ ) )  N55QQ7-1 )-,. IVF7T1 *I, 
t 

3 * EQUIVALENCE ( N S O ~ F J S ( ~ ) ) ~ ( N S ~ ~ N S ( ~ ) ) , ( N S Z ~ ~ J S ( ~ ) ) , ( N S ~ ~ N S ( ~ ) )  .+.* .. . - - -  - - E N  D--------.--..--- - .  ----------------------.-.--------------.--------- 

3- L 

4* 100 FORMAT ( 1 3 A 6 ~ A 2 )  . % + -  .. --.. *U1). FOmZiT--C2 73-,.. 1114 , - -  
6 * 300 FORMAT (213~E14 .6 )  

-7*. B O U  .FORMAT-T374 * 5 )  -----------. - - - - - - - - - -  ----------  ....................................... 
* 

8 * 500 FORMAT (80x1 
- [ 6 ~  Y 1,11@) 
l o *  i s  .750 700 .FORMAT FORMAT .-(ISi12K6r~A5 (80X/80X/ROX) T---- . - - -  --------- 

12* I C 1  = 1 
. 5 .  - Lcx. - -NS I- -. - - -. - - - - - -. - - -- - - - -. - - . - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - - --- ---- --- ---- - -- - - -- - - - - 
14* WRITE ( 1 9 t 1 0 0 )  ( ( S C ( I P J ) , I = ~ * ~ ~ ) ~ J = I C ~ ~ L C ~ )  - -  wn J ((5C(lrJTTTil,l4)tJ=IClrLC1) 

16* .- - .  - -  ---------D o--i -4.. O..-;l-I- ci - - - -  - ---------- -- ~ --- ---- - ------ '-- ------------------- '- ------------------- 
17* = ,LC1 

I F  (~LD(6,6 ,5C(13,J) )  .NE. FLD(oe6,JUSTG) GO TO 1400 

GO TO 1410 -- 
1400 COEITI1IUt 

. -- .- 

-u 

24* .25s. .----- no--is-azf-~-=-i--- FITACC = NOSAM*2 ,NDfV--------------...--...- - 1 

26* IF (NCC( I 1  . E Q .  0)  NTACC = NTACC + tJOSAM ~ ~ - - - - - r 5 ~ j - c m . m m  
28* 2.G* --------. .--- 

WRITE (19,200) NoGc,IFLDPNTACC 
WRTTE.7 2DO) --No FciTF LD-,,q t t A c C C ~ ~ C ~ ~ ~  

; - - - - . . - -. - .. WRITE .l.-3-,700,----------------....- (19,700) 

32* FITLCc = 0 



33* DO 2000 J=l,FJOSAM 
-34-*----- ig -- -. - - 

35* 00 1800 I=l*NOIV .%*-. .-..-. 
-f -rFK CC1-t-' . ----- . t 6 6 1 ~ 0  
NLCC = I4LCC + NCC(1) 

39* NTLCC = NTLCC + NLCC 

41* - q-2-* - . - -. . - - - - . . - DO. fVOr-T-lrm I V-.-.--.--.-. --- .~ -- -. - --------- ------ -- - - 
43* . g-&* - - - - - - - - - - - - - IF (IICC(1) .FIE. 0) GO TO 1909 

OjRnE -1T%3007-- XUrIt iTFDC1-ti~t T ; ; T T - - - - - - - - - - - - - -  

45* WRITE ( 3,300) IcD(I)PIFD(I)~x(I,J) 
Th' -meemrrtlttr---- -- 

47* 4p - - - ~  --.----- 
IF (J .EQ. NOSAM ) GO TO 2000 

5500) ' - - - -  - --  ---------------- 

49* WRITE ( 31500) .%*. - - --2600-GBf+T3,d* --------. - - . - - - . .  - - -  ------------------- 

51* IC2 = L C ~  + 1 
-?j2* - LC; i- w22 

-- 

53* DO 2400 J=IC2*LC2 5** ------.---- ~ F - - ~ - ~ - - ~ + E - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ T V ~ ~ . ~ ~ -  - - -  ------------------- . 
55* WRITE (19,750i NTLCC, (SC(I, J) , 1=1,13) 
5 * .--.-- .-.-- WI-TE--f.-J 
6 r-7Mi--&~t~e~t%-C-(-E~d+~f=f 7-1 $k----------- 
57* GO TO 2400 
sB*------mi 
59* WRITE ( 3,100) (SC(I*J)tI=1*14) 
. 6-o *. - -. - 24 CCOfitTrn - - - - -- - - -- - - - - - . . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

61* - 6.2*. - - -. - - . . - . - 
DO 3000 J=l,[IOSAM 

,tlOl V..-.. D o - 2 ~ ~ - - f = l - -  
6 j* IF (FJCC(1) .EQ, 0 )  GO TO 2800 

W ~ I L  \ l ~ ~ ~ ~ l , d l  

65* WRITE ( 3,400) Ic D ( I ) ~ I F D ( I ) ? N S Q ( I ) ~ X I I ~ J )  -6-b3-------------w--[FK c-cI ,-..-Ea..-TJ--Gu-m- *owe . . 
67* -6 -8*. - - - - - - - - - - - - ICK = 16 w--CIcDtI).-;EC;-~CK,--ICK-- * ,----------------------- 
69* WRITE (19,400) IcK,IFD(I)~NSQ(I),X(I~J) 
- - - - O . , J , E  'Lr,iFDtffilUSBm-iX?~,~i 

73* IC3 = LC2 + 1 
.7rj*- .~ -. .. .-- tC3-- tT* *..-,p3 - - - - -  ----- - - 
75* WRITE (19,100) ( ( S C ( I ~ J ) * I = ~ * ~ ~ ) P J = I C ~ , L C ~ )  
75;* 

- 
- -- Wf? I YF--115, 1m f-'-fi%f f ' X i b f  =f r1.97 **3Th?%- 

77* RETURI~ 
.78.+ .. .. . -..EbJD. ....--------. --.--.-.- ~ 



3* REAL MAXvMIN S* -- - -  -- - 

3 * DIMEII5IOll I C D ( 6 1 ,  I F D ( 6 )  vFICc(6) tNSQ(6)  
3 * EQUIvAtEIICE ( I C i 7 t i l t I V F ( l , l ~ )  , C 1 ~ 0 t l ) t I V F t l i 2 7  J t ( N C C t l ) ~ i V F ( l , 3 ) r  
3 * EQUIVALEIICE (NSQ ( 1  1 P I V F  ( 1  * 4 )  ) 
3 * EQUIVALEtlCE I N S ~ P N S ( ~ I  f t t ~ l , N S 1 2 1 1  t (bISZtNSl3)  r ,  (NS3rNS(to f - - 

3 * END ĵ* -c - -  - - ' -- - --- - -- - '- - -- - - -  - - -- - - - -- - - - . -- --- - 

j* C 
DIMETCSTOll XFF (6) - 4% 

5* c 
6* -- DO l O O ( T  1-1 t1'IOIV - -  

7* 1 0 0 0  XFF(1)  = ( X F ( 1 )  - ~ ( ~ , ~ ) ) / D E L T A ( ~ )  
-A* - -  YF-= €ETkfi"tlJ--- -- - - - - - -- -- - - --- - - - - - -- - - - -- - - -- - - 

9* DO 1500 J=ltEIOIV 
IF W = YF t R E T A ~ ~ ~ J + T ~ * X F F ~ J ~  + B E T A l T , l d O f V + J t l ) * X F F ( d f * ~  - 
1 1 *  1 5 0 0  COIITIIIUE 
lp* - MM = Z*n@l\I- 9 2 -- 

- - . -  . - - . -  - - - -  

13* Fl lJ  = tdOIV - I iq*- ' -- - - *-k7m )ĉ trl.tp+- - - - ----- - - - --- - --- - 
15*  J J = K + ~  
1 b* DO 1700 K K = J J V W O - ~ W -  - - - - - --- 

- . . -  - -  .-- - - 

17*  YF = YF t BETA(ltMM)*XFF(K)*XFF(KK) 
18* 1 7 0 0 M M = M W +  1 -. . -- . . - - -. - . . . - - - - 

19* RETURI l 
TO* 

- - . - -- -- - - -  - - -- -- 



1 * . . .. 
SllBli0UT1llE GEIIIIdV 
IPJCL[]DE COMO ,LTST.--'- -- - .-- 

. - .. ----- . - 
2s- 
3* c 

- 5%. cowr40,~ . ID"M (loor.-----.. . -  - -  - .  . .- - - 

3 * 
- ~ .- 

COMMotl DVI.JAM~EPSIY,NOIV~ I ' IoSAM~MAXITR ~PIEXCH~LASCHP ITRSW , NOITR 
3 * -  - -  COMMOFI VAWJAi4t61  BASE t6) ~ M A X - C ~ )  ,MINTCi).iDEtTAtsZiEWIXCBt t - I W 1 6 i R Z - - -  
3* COMMoll X ( ~ ~ ~ ~ ) ~ Y ( ~ ~ ) ~ X F ( ~ ) P Y F , X ~ ( ~ ) , Y O ~ ~ M P S E T ( ~ ~ ~ ~ ) ~ O E L T S ( ~ )  
3* - .  - COMMott F I S ~ ~ D ~ ~ S C ( ~ P ~ ~ ~ M ~ ~ I ~ ~ A ~ , - J ~ P S - ~ M W ~ - W R W ~ - ~ ~ T N ~ ~ - - - - - - - -  
3 * COMF.lofl XP(2Rt77),XINV(77,28),FACTOR(G)tA(2R,28)tD(6tl)tBETA(1,28) 
-3- - - - - -  ~ 

REAL M A X i w r N  - . - .  . -  - - .  . . ~ ------ 

3* c 
- 3* - . . D f  ME,lSLOpr , IFD(6) ,rrec~(6, iNsa-t6r. - . . 

3 * EQUIvALEIICE ( I C D ( ~ ) ~ I V F ( ~ , ~ ) ) ~ ( ~ F D ( ~ ) ~ I V F ( ~ ~ ~ ) ) ~ ( E I C C ( ~ ) ~ I V F ( ~ , ~ ) )  
. 3+.-. . . . . . E Q u f  ~ n t ~ f l c f - . .  t ~ ~ @ f ~ . t . , . f  ~ . ( . . f .  +bl - , 

3 * EQUIVALEFICE (F ISDtNS(1 ) )  , ( N S l t H S ( 2 )  t (1*1S2~fJS(3) )  r ( r J S 3 t N S ( 4 )  
- * - .  . - . 1 -  - - - - . - - - - -  - - -. -. . . -  ~ 

3* C 
. 3*. .. .e .... . . . . - . . . . . - . . . . . . . . .. . .. --.-.. - -  

4 *  DIMEbISIOII 2(77~28),FlORM(28)*Q(77,28),C(77~28),E(77*28)tYN(28,2~) 
. . . . . . .EQt)J'VALEtJC.E. .ff, t)., ( ~ f f ) 5 ~ , N 0 S )  -. - .-. . ..-- - 

6 * REAL IIORM 7 * . - .  . . . 4 )  . .  - - - .  
8 * DO 1 5 0  I=l,I.IOS g* . .F~ORM~.~ .  , = + J O R * ~ ~ +  + . ~p (-1, .I-, ***.. - - - - - -  --. --..--.--. . -- ~. . ---  .-. . -  .. .. - .- 

l o *  rl*."-. .. 200-~tf- DO 200 ,--=- I = l t I d O S  ~*m-mF1l~Mfl)r - 

1 2 *  DO 4013 J = 2,MM 3* - .--. . . , . , . - -  .- . -  . - - - - . .. - -  . - -. - . --. - - - - -  ----.-- - - .- -- - -  ... 

1 4 *  L = J-1 
1 5 *  - - - -  00 2 5 *  I=*,MM.. ~ .- --  - - ~ -  .. -. - - - - -  ~ . -  

16* .. .. . DO 2 5 0  M=ltMM 
A t r t ~ j  - - I.- -I - . . . . . - . - - . . -. . - . . - - - .- -- . - - .-- - - . - - . -- - - 

1 8 *  DO 2 5 0  K=l r IJOS 
. 250 .A.t T,-M) =.AtT, .M.r .* .XPtIiK,*g(#,M) . -  - - -  --.----.- .. - - . - ~. - .- - - -  .-- 

20* DO 3 5 0  I = l t N O S  
21'- - - -  ~ - - - - -  

c t I , .  x p J *  . .  - -  . . . - - - . -  . 

22*  DO 3 0 0  , Jr..-tnmAMr K = 1,L  K.mer 
2-3*-- 3 0 ~ ' t t r -  - - 
2 4 *  3 5 0  PIORM(J) = fJORM(J) + C ( I r J ) * * 2  
2 5 *  - -- ~ - - 

DO .400 .* =. - - - -  - - - .- . - -  - - -  - - -  . . - -  - . -~ - - - ~ - -  - -  . 

2 6 *  21* . 4 0 0  .. . Q ( I , J )  WR-fTFT3i2tt~tal = C(I ,J)/SQRT(FJORM(J)) J,, ~J=l~,+,M) i - . I  l,.Nm,.. ..-.--. - - 
26*  2 FORMAT (2t10Q/ ( 15E8.2 ) pS.r- - .-- - .-- -D6"q5*1 .,m- ~. -- ' - -  '. - -. - 
3 0 *  31+ . - . e t r , d l . =  DO 4 5 0  J o,O = 1,MM 

32* I F ( 1 - J ) 4 5 0 , 4 4 0 * 4 5 0  
33*. - -  . Y40.E.t 1- , .- ) = . ,  - - * * - 

- -  - . .  - -  . - ------ - 

3 4 *  4 5 0  COI.ITIIIUE 



.!!A* D O  550 K = 1,L 
42* x$~irJ,WvrJ(ITJr~~~K) *K w L(KI I )I-- 
43* 600 Z ( J , I )  = Y N ( 1 t J ) / S Q R T ( N O R M ( J ) )  ------.-. . 

WRTf-ciY -.- -- 
---- ---- - -  - ------ ----- 

44* ,4F(  C Z C J ,  I) 8 J=1tMM) t I=L,HMT-- 
45* ~. ---..---.D0--6- 4 F O R M A T ( 2 H O Z / ( l S E 8 . 2 ) )  2-5-T.-r; Tq65-.-------------------------------- 
46* - - 
47* D O  625 J = l , M M  

-4 ~~------xmViT;JT=o.O-' 
49* . ..5 -o-* - - - .. - - - - 

DO 625 K = l , M M  
(--5--XIr.WjT,-JT--f - -X~ ,V(* - - -  - -  - -  , Jl + UI~IK)il'L(Ki J)- 

RETURIJ Em..----------------------.-------.----------------- 



1 * . SUBROUTINE CHECK --.-.-. .------- .-.--. 

2 * 
3 * . - - . -- -- INCLUDE COMOILIST . -- - - .--. -- - -. - - 
4* c- 
4 * ... * - .. . . . . . - - .. - - COMMOIJ IDUM( 1 0 0 )  

COMMO~~-~-DVFSA~~~EPST~~NOTV~TJ~S~M iWAXITR ;?;IEXtHiLASCHiITRSWtAOI~----------~ 
4* ..4.* .- ~ ~. . - .  . 

COMMOtl V A R N A M ( ~ ) ~ B A S E ( ~ ) I M A X ( ~ ) I M I N ( ~ ) ~ D E L T A ( ~ ) I E P S I X ( ~ ) * I V F ( ~ I ~ )  
- -  CO~~10tl-~-KT6~i7T[iry17T)T)iXF16)-iY~ i X~781,~i5MPSFT16i771~iCJEL7Sf66r---------- 

4* . 4-*. . - ... . - COMMOll ~ ' ~ S ( ~ ~ ) , S C ( ~ Y ~ ~ ~ O ) ~ M I N M A X , J E P S ~ M M ~ M A X Y ~ M I ~ J Y P N B E S T  
- C ~ X P ~ ~ - r 2 ~ - t - F A F n m T 6 3  I A ( ~ B I Z B T I U ( ~ ~ ~ J  v B L l A I T , Z t l l  

4 * REAL MAXIMIN . . - . . -. - - - - . - - . . . - - - - - . - .. - - - - - -. - - - - - - - - - - . . - - . . .. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - .. - - - - - - - - - - - 
4 * 
4 * .4' - -  - .~ --- 

DIMENSIOPI I C D ( ~ ) ~ I F D ( ~ ) ~ N C C ( ~ ) , N S Q ( ~ )  
EQUI~-ALEFK€-~~TITJrgl-~ITIVF~(I,f 1 - ) i T I F D l f  JTIVF-(~IiPl-Ti~CNCC7~Il~i~F(1~~3~~TTTTT 

4 * ' EQUIVALEFICE ( N S Q ( l ) , I V F ( 1 , 4 ) )  .-. ii3. . - . -- -- 
t m A L t l \ I L t  [ t \ 1 5 9 1 N ~ ( l ) )  I ( ~ j ; N ! 3 2 )  I (1452-1 1 ( ~ 5 5 t N 5 ( 4 l  1 

4 * END 
Y* 
4' 

D1MEFI.0rrSAvXPIP6 171 i B ( P i 7 7  
~ ----------- ~ ............................ 

5* - - - - -  J j  P 

6 * EQUIVALENCE (XPvB)  . 7F .-..-c. 
8 * 50 FORMAT ( /10613 .6 )  
9 *  100 FOKMAT C45HOITTDET~KfII'IATJT OPTIMUM P D I N T  WITH-RESPECT TO -FA6i5K AND--- 

1 ,A61 
111 lo* ~ ~ 1 5 0  F O R M ~ ( I U R ~ S A D D I ; C - P O I N T W f T H  R E S E C T T O  i A - 6 i S K A N D i A 6 1 - - - - - - - - - - - - - - - - - -  
1 2 *  2 0 0  FORMAT (34HORELATIVE MAXIMUM WITH RESPECT TO vA615H AND 1A6)  

- - - -  - 7 5 0 - T T ) ~ ~ ~ f T P E f T P E ~ ~ - V T t i i R E s ~ - r O  I A6 1 3H AND r A b  ) 
C 14 -  . - -  .. .. --IR-. .--o-.-.------- 

1.5" - - - 
16* T F  DO (RETAIT,r+TmI 1 0 0 0  I = LINOIV V+rlr cMIIJmX;GT; --O--O,--G o~To~~lUo lTITIT--------------------------- 
17*- ~ ~ - - -  . 
- 

C ELIMI tJATE SADDLES FOR SINGLE IEJDEP. VAR * 2 2 *  c~ - -  -.--.- .~ - - - -  - - - - - - - - - - - - -  - ---- ---- 
2 z*  

26*  C GEIIERATE REDUCED PARTIAL DERIVATIVE MATRIX AriD DATA VECTOR 2 .Gt . .  C.. . 



31* 1190 D(111) = 0.0 .=*.- . --  . DO-*qWmT ,IZTV--------------.--" -ll-------.---p- - 
33* I F  ( B E T A ( ~ I I + ~ ~ I O I V + ~ )  120t)*1300~1300 3.$' --.. 20UD t-T- - r -D(Ti .** --G-B ETA-Cl,.I-+ 

*l r 
35* DO 1220 J = l * N O I V  .36".. . .  - - rF.. 

(BIT* 
J. t-  .G ' ? .  9QE8.) --~CO-T8. 1220 ~- - - - - - - - - - - -  --- . . 

37* B ( I * J )  = SAVXP1ItJ) 3&*. . *.ZZrtOmltm' --- 

39* GO TO 1400 .4bX-. - %- . -  -- .-. ..---- . . .--- .. . - -  --  -. - -  - . .  - - -  . - -  . - .- - - --------- 

41* C SET IPIVALIU INDEP. VARIABLES TO W1TFIII.I DELTA OF THE MINIMUM 4-2* --.- - -  --.- OR-MAXIktmM-CUmSTRaINT - . . . . .-. .- .. .. . .. .-.-.. .. ..... . .  . - - -  .. 

43* C *5 OOmS - .'ptAXm-DEtmf T - -  . -- 

45* . q.6*. . - -- - - - - - . 
I F  (RETA(ltI+l)*MINMAX .LT, 0.0) BASE(1) = MItJ(1) + DELTA(I) I.,NO ~f V.--.--. . -.--. -. .. . . - ------ - - 

47* 4.8*--. .- .- I F  ( D ( J t 1 )  .GT. 99E8) GO TO1305  of-J,~)- =-Dt-J,-kt-~- 81-d,-rt*tA/tS~l r f - ~ ~ - -  - X1-r7T)--f ff)EkTA<f j - - - - - - - - - - -  - - -  

49* 1 3 0 5 1 F  ( I  .EQ. J )  D ( J , ~ )  = 9 9 E 9  
- ~ * I - - - - ' - - l 3 + I - r J t ~  -- -- -.-A - -. . -- - - 

1310 B ( J r 1 )  = 99E9 :;:. . 14 ,,,EONTI tlm .. .--- . ---- .------- -..--------- 

53* C WRITE (3,501 ~ ( B ( I ~ J ) ~ I = ~ ~ N O I V ) ~ J = I ~ F J O I V )  .5q* . 0,-- ~(Ol.T ,-r,-,- 3*,j o-fV ------- - - - - - -  - - - - -  - 
55* IR = 0 5-6* -* 50btt - i,.@- 

57* I F  ( D ( I t 1 )  .GT. 99E8) GO TO 1500 5 e * -  - . . .. =- *a -+-. . .- . .-.------ 

59* D ( I R t 1 )  = D ( I * l )  
6.03 - OD . E- - - - - -. . -. - .. -. . -. . . - - . -. -- . . - - - - - - - - - -. -. -. -. - . . - - - -. - - - --. - - - -- .- - - - - - ---. - - - - 

61* I t? = 0 . 6.**-.-" . - -- ̂ "Or - r m - r s m ~ - - - . - - - "  - 
63* .6.G'i ~. ------- ~~- 

I R  = I R  t 1 
.. . . . . - - . - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - . - - -. - - - - - . - - - - - - - - - - 

65* DO 1550 J = ~ I E I O I V  6-6* - . . -. 
. - --IF--cB. cI ,JI-- ;G 99E8 ) 

. . . . - 
TO; 

*-.. ---- -. --- - - - -  --- ---- -.- - ---- ------ ------- . 
67* -6s F. - -- I C  = I C  + 1 *.c,. . .- . - * 
69* 1550 COIJTIIJUE 

(TC...;m; ..O- I . K  
- . - -  . . . .  --  - -  - w- 2: COllT~lluE 

1 

.- -c--. -- - WRnF. 13iSot-f.- IBITi-J,rI'* ,..r#)- i.JJl*.f - R1- - 
73* C WRITE 1 3 1 5 0 ) ( D ( I * l ) t  I=~*IR) 
T i - -  T - - - ' - W R + ~ ~ T T ~ ~ ~ I B ~ ~ I ~ ~ ~  TQW)----i--pp- 
75* I F  (IR .LE. 0 )  GO TO 2400 T6* . .  ..--- ~. . .  . . .  . . .--------------- 

77* C INVERT REDUCED PARTIAL DERIVATIVE MATRIX AND Tg*.~-  - . - -  ~- . - -~ FOR- vntro - n4DEp--.vARrnBtrs.-- . 
7y* C 



8 0 *  . ..8 * -. - . . . - . . . . FIOSAM . TR.-' ... .- . . . - . - .  - - -  - - .  -- NOS = PIOSAM 

MM = I R  
83* 
8 4 *  NOSAM = NOS ; i~ - ~ -.-. . .-. ~ .-.- . . 

3266 85* - , I f ?  
86* A(I;~) = = 0 . 0  *I x...----.. 

22 KT.- 
. . . - .. . -- .. . -. . - -- . - - -- 

87* 
2200 A ( I t 1 )  = A ( I . 1 )  + X I N V ( I * K ) * D ( K P ~ )  as*. . . .. .. rR . .  . .  - . . . . . . -  ~. . -.- - -  ~. 

B Y *  = 0 
!!o* .. . -  DO 2300 I = I t E I O I V  
9 l *  I F  (nETAl l r  1. +TI01 V - +  1 I*MTI.IMAX . G t ,  6.0) G O  T O  2300------- - ~ - - -  

~- 

92* .- -- - - . .. . .- - . . - - --- ) *2TECTPil - IT-.+ ..-X-( I R  = I R  + 1 
n--T 9j* - - 

94* 23130 COI~ITIIIUE 2-Q.bo. . cOI,mEHE. ... -.. .-- .-  --. .- --. . . . - .- .. . - -  . - . - - -  . - - - .. .-- 
95* 
96* C - -  - - - ~  W R I T E ( ~ ~ ~ O ) ( B A S E ( I ) ~ I = ~ ~ ~ I O I V )  ~ 

9 j *  
~ - . ~ - - -  - - - ~  ~ .--.-..-...-- 

98* C R E S T O R E  X P  - M A T R I X  
-4G*. -T' --- "" - 

l o o *  00 3000 1 = 1128 
101" - - - -  . - - -  Do- 3C)DU~ -J----l,ND-s AH-- 

.. .~ . . . - - - - ---  -. - - - -  ~. - .  .. - --- .- -. 

1 0 2 *  I d - r  * .  C. 3 0 0 0 X P ( I t J ) = S A V X P ( I t J )  ~. --- - - . - -  ~ 

lo;* C CHECK I I I T E R A C T I O N S  TERMS AFIQ TO-5-*-.-C-.---- cm5Gt3AMFZImFIF. nErrEcSilRV 

l o b *  CSOD( MLT - I -  (- 2-* r,roI" ... . - -  . -  .--.-- - - - - - - - - - - -  - -  - - 1 o~7*- ~ - - 
1 0 8 *  os%... -. ~ no FIGOPT 6boo...I = 0 .-2iNo-f v.--. .. . -. . -... ~-.. .-....-- . .. . .- --.. - - -  .- --  - - 
l l o *  -.*..- .. . - - - DO 5 6 0 0  J = I t N O I V  - - "  - -  - 
112* B B  = B E T A ( 1 t M M )  - ,*Bnxrl~*.R~61."~~+~ I.). ~- - - - - - ~  .---- ----  - - ------ ~~ .i* . . . . -- --. . .. . - A-A - -- - .2. - . ~ - - 
l i b *  CC = 2 . * B E T A ( l * N O I V  + J + 1) l.i5 *- ~- .-. . ..m---- rC--.' - - - -  - - - - - - - -  --- - - 
l l h *  T T  = 8 B * * 2  - AA * CC 

- - 
~. 

IF(TT .EQ.O.o) W R I T E ( 3 , l O O )  V A R N A M ( I P ) t V A R N A M ( J )  
IF-CTT -;-GT;-U;JF-WRITE( 3i 1561  V A R l i l A M T I P T i V A R N A M 7 - J  

- - - - - - - - -  - -  

~- ~ .--. 
I f ( T T . L T . O . 0  .AND.TM .LT. 0.0) W R I T E ( ~ P ~ O O ) V A R F J A M ( I P ) * V A R ~ I A M ( J )  
r F ~ T t T , L T ; U , U  XAr.CD;TM--; GT;--$-;Oo) WRIT€~3~i2503VARPCAMRCIF~iVARNAMMCJj55 
W R I T E  ( 3 t 5 0 )  H B , A A , C C ~ T M * T T  

m T T - x l - , - a ; D  . A m -  
.-m--D-D) -.---------..- 

I7PT*';MIPJPlffK- 0 . .  

FIGOPT = 1 
--- - - - - -  . -------------.-- .--.---.-- . - ~  .~.. 

126* c C H A ~ ~ G E  S A M P L I I I G  *27*. 6----------------- ~- - - . -  - -  - - - - - - - - - -  



L J6) a1 = -51 

1 3 7 *  *3-G* --------- -- -- 
B I S I  = B E T A ( 1 t I P  + 1 )  * S I  B;rS3--=-OEtA-Cl J--4-- I,--PPSSJ ...................... ------------------- ------------- ---- 

1 3 9 *  SUM = B I S I  ,50t-BI~,BJS313UM---.----------.----------------.------------------------------------- + BJSJ * 4-o*---- -------mfT 
1 4 1 *  I F  (SUM * MINMAX .GT. 0 . 0 )  GO TO 5600 
-mF---- =-t' ' 1  

P %VVKI 
1 4 3 *  SMPSET ( J t K )  = -SMPSET(JtK) *4Q*-5VOO~C6t.fTl,Jw--.---------.------------------.----------------------------------L----------------------------. 

145*  5 6 0 0  COI-ITIIIUE 
-~g6*.-----frQ)BO~cBf+fI-f-ft~---.------------.-------------------------------------------------------. 

147*  I F  (NGOPT SEQ. 0 )  RETURN 
ryu- \. 

149*  C USE BEST EXPERIMENT VALUES OF IPIDEP. VAR. INSTEAD OF PREDICTED OPTIMUM 

nL I UKIg 

END 



I* SUBROUTINE OPTIMZ 
37" P L l b I  

3* c ---*------------- * * . . . . . . . ~ ~ - ~ ~ - ~ - ~ ~ ~ - - ~ - ~ ~ - ~ - ~ ~ ~ . - ~ - - - - - ~ - ~ ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ - ~ ~ - ~ ~ .  
3 
3 * . - -3* - - - - - - - - - - - - - COMMOll D V ~ ~ A M ~ E P S I Y ~ N O I V ~ I ~ O S A M , M A X I T R ~ N E X C H ~ L A S C H ~ I T R S W ~ N O I T R  

C-8M0n---MNA*t6JigAS*IBi-iMI\xxt63-iMZK( b+~Et ' fk t~b iEBSLXt6 )~ - tWig i8 f - - -~  
3* COMMOII X ( ~ P ~ ~ ) ~ Y ( ~ ~ ) ~ X F ( ~ ) P Y F ~ X ~ ( ~ ) ~ U O P S M P S E T ( ~ ~ ~ ~ ) ~ D E L T S ( ~ )  

r f I Y 3 \ 1 U t 7 w -  
i * COMMOIJ X P ( % ~ ~ ~ ~ ) P X I N V ( ~ ~ ~ ~ ~ ) ~ F A C T O R ( ~ ) P A ( ~ ~ ~ ~ ~ ) , D ( ~ P ~ ) P B E T A ( ~ , ~ ~ )  .-3*--.----------wRI;----mXIMm--. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ - -~~~- - - -~  

3* c --3*.- - - - - - - - - -  O ~ ~ r f f ~ + p ~  1 c B < < - ) - i ~ ~ M 6 + - r ~ C . C ~ ) . , N 5 Q  f6) -------------------.----.-------------------- 

3 * EQUIVALEPICE ~ I C D ~ ~ ~ ~ I V F ~ ~ ~ ~ ~ ) ~ ~ I F D ~ ~ ~ ~ I V F ~ ~ ~ ~ ~ ~ ~ ~ N C C ~ ~ ~ ~ ~ V F ~ ~ ~ ~ ~ ~  
-P---- - € € W W A t ~ t r n * f  

3* EQUIVALE~ICE ( N S O P N S ( ~ ) ) P ( N S ~ P E J S ( ~ ) ) P ( N S ~ ~ ~ . J S ( ~ ) ) P ( N S ~ ~ N S ( ~ ) ~  3*-.. .......................................................... 

3* c -st .............................................................................................................. 
4  * DIMEEISIOII PA l<TD(6) tXFP(6)  

m v t  I r i - 
6 * EQUIVALEPICE ( XPt B) .,* .-f . .  - - - - - -  .-. . 

8 * NOS = I\IOSAM 
g*. 

.- .- -.DO.-l m..r- *iNos'--' --....---. ' ---..-...--.. ' - 
l o *  WRITE ( 3 ~ 1 1 0 )  ( X ( J t I ) * J = l ~ ~ O I ~ )  
fl' --lrnr-m X t 6 ~ 1 3 r b l  
12*  I.37c-. .t---~ 1 2 0  COI*ITIIIUE . 

14* c DEVELOP SCALED XP MATRIX FROM X"S (IIdDEP. VAR.) 

16* DO 300 I = l t N O S  
37% - . -- 

t l l  - 1 0  

l a *  MM = 1 ~l~g*. . . -. -- - -. -- DO 9,,f.;;Lh2 - -- -- ---. -.- - - . --. - . . . -. -. . - - . -. --------- ------ --- ---------. --- --------- - 
20* DO 2 0 0  K=lt I \ IOIV *i* - -- M M  -- tjlM ' ---- ' ------.------ .-. . .- -. . .................................. - 
22*  2 0 0  XP(MM,I) = ( ( X ( K , I )  - X ( K t l ) ) / D E L T A ( K ) ) * * J  23*.. - - .. .-,$f?--- - 
24* DO 300 J=1 t NN 25*- ~ -----...-.- Jf---j-.*-* ------ ~ - 
2i j *  DO 300 K=JJtblOIV .2t* - ..--. . . .--MM --- MM . .--- -------.------------------------------------- - 
20*  300 X P ( M M P I )  = ( X ( J t 1 )  - X ( J r l ) ) / D E L T A ( J )  * ( X ( K t 1 )  - X ( K P I ) ) / D E L T A ( K )  



29* WRITE (3t1) ( ( X P ( I ~ J ) * J = ~ * N O S ) ~ I = ~ , M M )  
~ ~ p ~ ~ ~ ~ ~ ~ t  16t8.2) 
31* c . - - - - - . - - - - .- - - . - - - - - - [," mT-F(P HA -TRTx .---- ---- - - 
32* 
33* c . -. - . - . . - - - - - - - - - . . 

.-GE, 
. 

34+ 
35* c .- 

36* c k OHM ~ ~ T ~ Y 1 l ~ ~ ~ - ' ~ ~ * ~ T ? . l v . l v - . l v . l v -  
37* C .-----------------D o--40 o.-r----.l;HM ------ ~ - ----- 

~ - - - - - - - -  - 

38* - - 
.32*__. . . . ___. ~ DO K [ T i  400 Jf--5 J = 1,MM 

~ ~ 

40s 
@I* 3----4T0-t~ DO 400 K = 1,1105 

2 A f I p d )  + X ~ ( ~ , K ) ~ - X T F ~ V U ~ ~ - J T - -  
43* WRITE(3t12)((XINV(I,J)t J=l*MM)t I=lrROS) .4.G *---- 'Z.. FomZ\TI 3HmX *5E8 2)-T ----- ---- -- - -  ----------- 

45* 46+ ---. - . ~ FOm-A.T- WRITE (3,141 C2HOT7 -ri3Fl-o. (IA(I,J)~J=I*MM), 7J ,.--- .---- - I = l * M M )  . 
47* W R I T E ( ~ P ~ ~ ) ( Y ( I ) ~  I=ltNOs) v-- - 7 T W n I l V T l 5 E B .  2 ) J 

-- 

4g* C -5 -o-*-- . ~ - c  --  - -  .. -- - - -- DI)ETER MTI,.K .ETA- - ..COW FI 5:NrS- - -- - - - - - - - - - - - 

51.* c 59 ~ - -  - --. .- --  DO -.qo7-J- Ti MH-----.---- - --------- ---------------- - - 

55* 407 B E T A ~ I P J )  = BETA(I,J) + Y(K)*XINV(KPJ) 
.56~ 

----- ~ WRnF-73,6 J--lmT A-7 -f55JJ- *-J - I-M M)---------------- - 
57* 5 g  - . - - - - 6 FORMAT . - - (5HOBETA/(12Ell.5)) - - - . - - - -. - - - - - - - - - - - - - . - - - - .. - . . - - - - - - - - - - - - - - - - - . 
59* C FORM MATRIX OF PARTIAL DERIVATIVES 
60* 

-- 

61* -6-p-* - - - . - - - - - - - - - M M  = 2 O O ~ ~ b ; l T ~ T ~ T , . N o T V ~ ~ ~ ~ ~ ~ ~ ~ - - - - - - - . - - - ~ - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  - 
63* -6 -4-s - - .. - - - - - . - - - . D(It1) = -BETA(ltMM) OCIIT-'.2~tBETABcII*1J1Mf NOIVi ------- ---.- - .  
65* 500 M M  = M M  + 1 
-GF----'--- NPJ rJOIV 1 - - - 
67* DO 600 IZltNN .6-g * --------- T-,--r-----.. ' --------- -- ----------------- w - - 
69* - ,-o-*- - - - - - - - - - - - - DO 600 J=NvNOIV BI J- .. ----BETAIT ;tjrK+-F.IVI Vr-r-----------------------. 

tf  T = 
71* - B(ItJ) = R(J,I) 
72* 

- - MM + 1 
73* WRITE ( 3 ~ 7 )  ( ( B ( I ~ J ) ~ J = ~ ~ N o I V ) ~ I = ~ ~ N O I V )  Tc+ ---------- 7-FOmAT-T3 HOA07 '--- . 
75* WRITE ( 3 ~ 8 )  (D(J,~),J=L~NOIV) .TG* --.------. mRMAT-r 3HODOtrf18--8 -- .-.--------- . 
77* C 



70* C  I N V E R T  P A R T I A L  D E R I V A T I V E  M A T R I X  
.. t.9*-.- t-- --- ......-..... .. 

8 0 *  MM = I I O I V  .......... ,,=AM- - - r,K)I V------------- ................................................. - 
C A L L  G E t l I N V  

............ ,#RITFt5- 
t 9 ~ l ~ t X ~ l M V ( T j d ~ ~ - J ~  ~ N O ~ ~ V ) ,  T=l-iEtOlv)-----~ - - - - - - - - - -  

B Y  * 9 FORMAT (~HOAIO/ ( 5 ~ 1 8 . 8  
.. ............... -* A P r - ? . t f f s . - - - . - . . . . - -  .. ... - - 

86* C  C-- ---. ~ ~~~~~~~~~OPTIMUM - V A L U E  6 F  - I N D E P E F l D E N T  V A R I  A B L E 5  - -  - - 

88* c 
. 8.9*~ ---.----- - brJ I=*i+$o W--. ............................................ 

90* ~ ( 1 ~ 1 )  = 0.0 . ............... K=bfdOftt-.. - -  . -- 

92* 605 A ( I v 1 )  = A ( I , l )  + X I N V ( I * K ) * D ( K t l )  ................................................. 
93* - -  - - - -  

D O  f-*iNOrV. - 
- - 

9 4 *  B A S E ( 1 )  = A ( I v l ) * O E L T A ( I )  + X ( I t 1 )  95+ ......... -.XFptT., -. B A 5 ~  (.rj ....................................................... - 
96* 900 COI, IT I IJUE 

.- . . -WRf t F - ~ j ? ~ ~ - ~ ~ f r h ~ ~ @ f v + . . - - - - - -  
98* 10 FORMAT ( 6 H O O P T  X / 6 X t 6 E l R e 8 )  

. . 9 q *  . . .  C.ALi -  PARI.-f.WPrPARTM ............................................. 

Ion* W R I T E  ( 3 , 1 3 1  (PARTD( I ) , I =~ ,NOIV)  
. .................................... *€)I*- foRmA-T- t 6HOPhlt-TDf-6Ei-8 8 ).--. 

102* R E T U R l l  -*- --+ -- 
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APPENDIX C 

RESULTS OF A SPECIFIC OPTIMIZATION PROBLEM 

The sample optimizat ion problem t h a t  follows i s  one i n  which t h e  

objec t ive  was t o  minimize t h e  e r r o r  between t h e  known i so top ic  concentra- 

t i o n s  of U-235, Pu-233, h-240,  h-241,  and PU-242 and t h e  i so top ic  con- 

cen t ra t ions  ca lcu la ted  by t h e  Fuel Cycle Analysis Chain, FULCYC, The 

r e a c t o r  configurat ion was t h a t  of  t h e  Yankee Reactor from which t h e  f u e l  

samples were discharged, The method used i n  FULCYC was t o  "burn" t o  t h e  

exposure assigned t o  t h e  f u e l  samples analyzed having the  known i so top ic  

concentrat ion,  The independent va r i ab les  were parameters used i n  FULCYC 

cross-section ca lcu la t ion  of  t h e  various isotopes.  Def in i t ion  of t h e  var i -  

ab les  i s  as follows: 

Dependent Variable,  

- 
where Ci = known concentrat ion of  isotope i 

i 
= ca lcu la ted  concentrat ion of  i so tope  i 

Independent Variables,  



For t h e  i n i t i a l  base  point  of t h e  indeperident va r i ab les ,  t h e  parameters 

used were t h e  bes t  values known a t  t h a t  time. A comparison of  t h e  indivi -  

dual  percent devia t ions  of t h e  f i v e  i s o t o p i c  concentrat ions before  and 

a f t e r  o p t i r ~ i z a t i o n  as  shown i n  Table I i l l u s t r a t e s  t h e  r e s u l t s  of  optimiza- 

t i o n .  

TABLE I. IMPROVEMENT BY OPTIM 

Isotope  

U-235 

PU-239 

PU-240 

k - 2 4 1  

Pu-242 

aev ia t ion  of I so top ic  Concentration ( % )  

F i r s t  Guess Optimum 

- 2.5 - 3.2 

Concerning t h e  l a r g e r  U-235 devia t ion  a t  t h e  optimum as  compared t o  t h e  

(1  f i r s t  guessw--this i s  l i k e l y  due t o  t h e  inaccuracies  i n  determining t h e  

exposure of  t h e  analyzed f u e l  samples which is  a function of  Cs-137 content 

and Mevlfission constant  used i n  FULCYC, Possibly t o  f u r t h e r  improve t h e  

i so top ic  concentrat ions t h e  Mev/fission constant should a l s o  be  included as 

11 an independent v a r i a b l e  o r  ins t ead  of "burningn t o  a given exposure, burn" 

u n t i l  t h e  p a r t i c u l a r  U-235 concentrat ion i s  reached. 

I n  addi t ion  t o  Table I, a more d e t a i l e d  look a t  t h e  t r e n d s  of t h e  

va r i ab les  as OPTIM proceeds t o  t h e  optimum i s  i l l u s t r a t e d  i n  Figure 7. 



/ LEGEND I 
--_- SSQERR-Dependent 
- - - . - . - RAYK2 1 Var. 

'C-28 -Independent 
. . . . . . . . . . SI-41 Variables 

0 I 2 3 4 5 6 Optimum 
Best 
Guess Iteration Number 

FIGURE 7 SAMPLE OPTIMIZATION PROBLEM 



EXPERIMENT - - - - -  - - -  wNCTrON  PERCENT^ - - ~ ~ - ~- - -  . - ~ - .  --...-.--. ---. .. . ------..-...---------------- 

NUMBER SSQERR A P P R O ~ .  ERROR 
-- - -----..- 

.;79m;3 * - QmD5tFS[12 
RAYK2 2-28 51-41 2-40 . - r;oooon+mrs.-mmmi, - i . a r w t r a r  - & l R l V  

2.5480-02 -7.1601-02 -1.5920-02 8.3402-03 
2 4,80935-~01 4.37639*01-. 3.V59 

~ - -  2.-00~Oo+lJo 5 ~ ~ 0 O O ~ ~ ~ - - ~ . 3 ~ O O + ~ - - - 4 - ~ 0 V O ~ + Q ~ - ~ - - - -  
3.6428-01 -7.7162-02 2.1655-01 9.0621-02 

- -  - -3 - --2;90463-a1 3;35738-01------8.850 - -  - -  3 .00000 - - 3 . O m 0 0 + 0 4 - - - f  .~?0e)&+03---4-~0V0~+Q5------ 

. . 
-3.1331-01 -6.6039-02 -2.4839-01 -7.3940-02 

. .  . . 2,f008q;m--S;Q4*-f .-- 
- .. - - - --tt; m 4 z z -  iwv-:: 

5 3.11220-01 3.1Q8-17-01 , 0 7 9  1 i0000@+00---£.Oi)808+04444i3?080*&3---4.006m+O5555-- 
3,1042-02 -1.9131-01 -2.4848-02 1.1181-02 

6 3,393%7.-01 - -  2; 95885-@f - 3.503 - - 1  .Q8000+06 -3.60006+04---1 .+7080+63---4.00800+05---- 
2.5795-01 -6.2673-02 2.6390-01 5.7432-02 

- - 7 -- 3;-rpm+wl--- 3 ,  f s m - p u a  ii.ijWO%W35 
-2.0699-01 -8.0528-02 -2.9574-01 -4.0752-02 

8 9,83077-02 8.736VO-02 - 2 . X 3 9  - f . ~ 0 0 0 0 + 0 0 3 - . 3 0 8 0 0 + ~ 4 - - - * ;  3?006+63--6.6~@@+~------ 
1.0776-01 -7.4442-02 3.3171-02 3.1120-02 

9 4,10582-02 5.40032'02 - 2 . 5 3 0  - - -  i~0m)~+00---3,Q~OQ+~4---~;~?006+03--t-,~~~+OS------ 
-5.6800-02 -6.8760-02 -6.5012-02 -1.4440-02 

- - - - j-.m&7;qJr--m-~i -t-=nJe47%m*u3 5 . l l w Q Q T U 3  

3.4947-01 -1.1482-02 2.6924-01 8.3996-02 
11 2,11919-01 2.21453-01--1.B6Y ~ . 5 0 0 0 0 + 0 0 3 ~ . 5 U O 0 0 ~ 0 4 ~ - ~ ~ 2 ~ 0 V + 0 3 ~ ~ ~ 5 . 0 0 0 ~ 0 + 1 1 5 ~ ~ ~ ~ ~  

2.6719-01 -8.6415-03 2.2014-01 6.1216-02 
12 1,224642-03. 2.080t4-02 3 . 2 5 0  1 . 5 0 ~ 0 ~ + ~ -  3-.50000+~4--+f .V?00&+03 ---5;Dm)00+OY----- 

. . . .= . . ... - . . . 6-;T9987--m. 1.1700-01 -2.0410-02 -1.0585-02 3,4904-02 
1 0 3 f 1  1 * 5 0 0 ~ ~ ~ + ~ 3  - o O m + u s  

3.4720-02 -1.7569-02 -5.9677-02 1.2124-02 
4,86191;61 i)g3ri2..ol-- . - ~-4. 00-oD-tOb- 2,300~(J+~4~--l~.TIbUOt03335.~6vO~U+U5555~~~ 14 - . 

3.5504-01 -1.3119-01 2.6031-01 8.6837-02 
1 5  3.59333-01 3.584V8-01--------.173 1. 5.OC00300 - -  5 . lJ0-000+0!- - -~ 

. . ..*6.. . . .' . - - 2.7275-01 -1.2835-01 2.1122-01 6.4057-02 
Z;T582?5-M---Txi33~s-0 i 1 - 4 Z X  ~ ~ O O U O r ~ ~ n m C m  ' -' ' 

1.2256-01 -1.4012:K ti:9%-E 3iWi2 
1 7  1,87141-~1---2;~835-0t----;;5.b@ - 1  .5@00a+DO-- 2.50000*04 ~ k . ; V 7 ~ 0 0 + ~ - - - 5 . ~ 0 0 0 s 6 5 - - - - -  

4.0282-02 -1.3728-01 -6.8605-02 1.4965-02 
- 1 8  - 3 , 2&3~3 ;0~  6;5128(r-r03-----5;r03---- 5 -  . ~O(JOO-O~- -  3-&5m~+~4- - * t ;~?~&+03- -5;Qbo@+QS-- - - - -  

-. - - - . - ...&- 1,0678-02 -5.9209-03 3.6764-02 1.7155-03 
I9--- - 2 T 5 m a l ~ ~ * ~ 0 0 ~ ~ ~  5 . 7  

-7.1602-02 -3,0799-03 -1.2328-02 -2.1065-02 
20 - - -  ;r . 16500 Dl---2 1280t • . uogorr.~OT---3-;50000+~4~~-f ; 4 7 0 0 6 r O f - f  <(I 0000+05------ 

- -  722. 5 -  - . - 
-2,2179-01 -1.4846-02 -2.4306-01 -4.7376-02 

2 1  - 3-,50914-01- - 3 ; ~ 0 3 V ~ - 0 1 - - - - - - ~ s g ~ - ~ - - - - - -  5 ; ~ ~ ~ 0 ~ - ~ - 3 - ~ 5 ~ # + ~ 4 - - - f ~ ~ 7 ~ ~ & + ~ - - - 3 - ~ ~ ~ ~ + Q 5 - - - - - -  
-3.0407-01 -1.2007-02 -2.9215-01 -7.0156-02 



EFFECT VARYING. RAYK F----81C-64D .4.7.Yxo . ~ - -  ~ -~ ~-~ - - . 
EFFECT ECT. OF VARYING . 2-26 = -5.061 51,468 

v A R n m F - - 3 1 - 4 1  = 56.973 ba.UZ;5. 
- 

EFFECT OF VARYING 2-40 = 9.852 -1.338 . .. - -.. . - - - ~  - -  

MINIMUM OF EXPERIMENTS 
. .  . .  .o.08 .42 - - - - - -x- . -  - . - . 006~~+~0---4-;0~0U0*~8--~; 37U00+03~~~4~;OUOUO,05--- 

- - 
~ E i x V i - v E  M T ~ I M T J t T 3 F ~ H  R E ~ P t C f l 6 - 7 A y K 2  AND 2 - 28 

RE CnTiiTE: -9 HI M ~ N - W V  TESTCTTT 
- - 

2-28 AND 51-41  



ITERATION NO. 1 . - -  - - 

EXPERIMENT FUbICTION PERCENT 
NUMBER SSQERR APPROX. ERROR RAYK2 2-28 51-41 Z-40 

1 1.23786-02 1,25785-02 - -  - - :Om--  - 7 .-4885-t - 5 . 5 0 f W O + t t t t - f i 3 2 5 ~ p ~ ~ - p -  
1.0456-02 -1.3701-02 9.1679-03 8.3009-03 

2 1.00891-01 9.18979-02 6.258 1.24886+00 3.50600+04 -1.32503fU3 4.25582+05 - 

6.0863-02 -9,4707-03 6.4547-02 3,9990-02 
3 4.17664-02 5.00724-02 -5.780 2.48856-01 3.50000+04 -1.32503+03 4.25582+05 

-4.7950-02 -1.7931-02 -4.6212-02 -2.3228-02 
4 2,12474-02 2.35409-02 --1;wfs- - --7. m56-or P;3t&l*--k 32563~33 t(; 2558w65--- 

1.4687-02 2.4663-02 1.3789-02 7.6396-03 
5 8.13256-02 7.03446-02 2.07'4 7.40856-01 2.65806+04 -f.32503+63 4.25582+05 

6.2262-03 -5.2065-02 4.5465-03 9.1222-03 
6 1,37998-01 1.30466-01 5.241 7.48856-Or 3.SO€i00+04 -E.21500+03 4.25582+05 

6.5836-02 -9,0795-03 1.0872-01 3.2058-02 
7 8.6949G-02 9.37942-02 - =9; 763 - - --%48856-C- 3rS060O~W-p,*356*6Y ic;25%!2+V!?-- 

-4.4923-02 -1.8322-02 -9.0384-02 -1.5296-02 
8 5.01579-02 5.01609-02 -.002 7.48856-01 3.50800+04 -1,32503f 03 6.25582+05 

4.2066-02 -1.4442-02 3.2845-02 2.9201-02 
9 1.73277-02 1.66373-02 .48@ 7.48856-01 3.5W00+04 -1.32503+63 2.25582+05 - 

-2.1153-02 -1.2960-02 -1.4509-02 -1.2440-02 
10 r.29b24-01- 1 .40557'0t1-ere 6 V  9 - . ~ ~ 3 . 8 t V ! % W O P - - f - i * 0 0 2 + V T  -!k255?32BT - - -  

8.5269-02 9.5363-03 1.0078-01 4.6064-02 
I 1  6.88139-02 6,92497'02 -.SO3 9.98856-01 3.92057+34 -f.27002+03 3.25582+05 

5.3660-02 1.0278-02 7.7105-02 2.5243-02 
17 4.25267-02 3,85428-02 2.772 9.98856-61 3.92057+04 -1.38005+03 5.25582+05 

2.9890-02 4.9149-03 1.2312-03 2.2387-02 
13 f ,52743-02 r ,45901 -02 - - -  ;476--- - -856- 3 , 9 2 0 5 7 + U 4 - - ~ ; 5 8 ~ O ~ D ~ - 3 ~ ~ ~ ~ -  

-1.7196-03 5.6562-03 -2.2446-02 1.5661-03 
14 1.56292-01 1,59848-01 -2.474 9.98856-01 3.07943+04 -1,27002+03 5.25582+05 

8.1039-02 -2,8828-02 9.6161-02 4.6805-02 
15 8.54567-02 8,70586-02 -1.115 9.98856-01 3,07943+04 -1.27002+03 3.25582+05 

4.9430-02 -2.8087-02 7.2484-02 2.5985-02 
1 6.85912-Q2 6,70772"W -T;053 -- T.98856-01-3.U~43+7m-C38~05+U3 ?ZZTZTZF05-- 

2.5660-02 -3.3449-02 -3.3902-03 2.3128-02 
17 3.33115-02 4,16419-02 -5.797 9.98856-01 3.07943+04 -t.38005+03 3.25582+05 

-5.9498-03 -3.2708-02 -2.7067-02 2.3074-03 
18 3.57983-02 2.84248-02 5.131 4.98856-U1 3.92057+04 -1.27002+03 5.25582+05 

2.6863-02 5.3061-03 4.5403-02 1.4454-02 
19-  1.90920-02 2.63365TJZ - -----;866--^ - -4.V8R56-Or ~ ~ ~ ~ U E ~ W S ~ I J J  -TZ?5%lZmp 

-4.7467-03 6.0474-03 2.1726-02 -6.3661-03 
2 0 3.90414-02 3.71700-02 1.302 @ .g0?356-01 3.92057+04 --f. 38005+03 9.25582*05 

-2.8517-02 6.8469-04 -5.4148-02 -9.2227-03 
2 1 7.90351-02 7.64359-02 1.809 q.90856-01 3.92057+04 -*.38005+03 3.25582+05 

-6.0126-02 1.4260-03 -7.7825-02 -3.0043-02 



2 2 5.57621-02 5.61768-02 -.289 4.98856-01 3.07943+04 -1,27002+03 5.25582+05 
2.2632&02 - -3. 305F1z02 ---4r,.JVEE--UZ--1.5146-F - 

23 4.16650-02 4,66059-02 -3.438 4.90856-01 3.07943+04 -1.27002+03 3.25582+05 
-8.9770-03 -3,2317-02 1.7105-02 -5.6248-03 

2 4 7.36437-02 7.41648-02 -.363 4.98856-01 3.07943+04 -1.38005+03 5.25582+05 
-3.2747-02 -3.7600-02 -5-8770-62 -8.4814-63 

2 5 1.23150-01 1.11948-01 - 7.794 - 4.98856-01 3.07943+04 -1.38005+03 3.25582+05 
-6.4356-32 L3;693Rc02----3.244~222z1~FTT22- 

AVERAGF ERROR I N  F U l l c ~ 1 0 l l  = 2.751 

EFFECT OF VARYING R A Y K 2  = 61.G51 20.310 
CFFECT OF VARYING 2-20 = 6.032 47.836 
EFFECT O F - V A R Y ~ ~ ~ G  51-4-1 = 8 7 . 2 f i  51.749 - - 

- - - - - - - - - - -- - - -- - - - - - -. - -- 

EFFECT OF VAHYIEJG 2-40 = 26.149 3.305 

MINIMUM OF EXPERIMEIITS 
1 1.25786-02 7 .~8856 -0 i  3.50000+04 -r.32503+03 4.25582+05 

RELATIVE I~I~IIMUM  WIT^^ RESPECT-TO - f i ~ F ~ 2 - f l l ~ -  7-28 ' - - - ---- -- - - -  - - - 

RELATIVE MINIMUM wIT1-I RESPECT TO RAYK2 AND 51-41 

RELATIVE MIPJIMUM WITH RESPECT T U  RAYK~ AND Z-40 

RELATIVE ~ 1 b l I M u M  WITH RESPECT TU 2-28 AElD 2-40 

RELATIVE yINIMUM WITH RESPECT TO 51-41 AND 2-30 

PREVIOUS VALUE 7.40856-01 3.50600+04 -1.32503+03 4.25582+05 
8.31579-01 3.57943+04 -1.33213+03 3.11907+05 PRESENT VALUE- - - _. - _- - _- - -- - 

ABSOLUTE DIFFERENCE 
EPSILON REQUESTED 



EXPERIMENT FUNCT I Old PERCENT 
- - 

NUMBER SSQERR APPROX. ERROR HAYK2 2-28 5.1-41 2-40 
1 4.52130;~a 4;52T23-03------ *. 3 r ~ ~ 4 _ - - i .  J- - 

- 
-fl+u3 

-1.0189-03 -5.9720-03 -1.3385-03 -2.9714-03 
2 3.38720-02 2.8930U-02 6.464 k.15797+00 5.579%3+04 -3 033213+05 5;lT 907+Q5---- 

2.5428-02 -2.5968-03 1.8703-02 2.4661-02 
3 2.97396-02 3.30054-02 -4.271 5,05192-01 3*57943+04 -t.33213+03 5.1l5JU7+1)5 - 

-2.7465-02 -9.3471-03 -2.1380-02 -3.0604-02 
- 4 - - I. m r w - 0 2  r m n 8 - ~ 2  - - - - - r j 8 r - - - - - - * ; - t ~ ~  - - 3.1- 

2.3563-03 1.4428-02 4.9677-04 -2.4184-03 
5 3.86029-D2 3.686q6-02 2 .274 8.31579-0r -f .3111~+~4 -1 .33213+b3---5-;1~9u7+115 - - 

-4.3940-03 -2.6371-02 -3.1738-03 -3.5244-03 
6 3.02309-02 2.69128-02 4.390 f3.31573-01 3 57'%3+Q4 --*.27?kP+tX-- 3; 119U7+U5 ---  

1.9023-02 -4.1367-03 2.3730-02 1.2383-02 
7 3,062*7-02 3 , ~ ~ 0 t - - - = 7 , 3 Q & - - - - f f . - 3 1 ~ ~ ~  -iem 3.i- 

-2.1060-02 -7.8072-03 -2.6407-02 -1.8326-02 
8 3.16839-02 3.8'+W7-02 -8.895 0 .JlZ%r9-W---3-.-5--4-3+Q4 -1.33,?35*133 -S;t19@?+115 

2.6614-02 -5.4190-03 1.4016-02 3.6935-02 
9 5,88474-02 5.03404-82 11.387 8.51579--6$ 3,57943404 -1.33213+65 -1vt196f+-05-- 

-2.8652-02 -6.5250-03 -1.6693-02 -4.2878-02 
ID 5; 21354-02 - fi;55?T*--Q;T99--%9W'T2 

- 
3.7729% " ; % z 3  

11 1.6Q637-02 1 * 79?'+4-02 -1.9?6 9 e94772-01 3 r %817+Q4 -03 i30W3+b5---2;1-~7+QS---- 
1.0096-02 6.5565-03 1.4457-02 -1.1546-03 

I? 2.30958-02 2.10176-02 2.718 9.94772-Cl 3 .91317+04 '1 .S5964*03 -Q;-11901+05- - - -  

1.7688-02 5.2742-03 4.7428-03 2.3397-02 
1 3  ~,ZIr8O--OZ---T;4XZ~I~-~2r---%V97 12-01 3 r m 1  f+04  - 1.  = ~ b 4 + U 3  Z.llY0 /+Us 

-9.9451-03 4.7212-03 -1.0612-02 -1.6509-02 
14 6.22487-02 6.17522-OZ 0649 9.94772-01 3*24068+D4 -1 30463+03--V e S l 9 0 ~ + 0 5  --- 

3.4354-02 -1.3290-02 2.7976-02 3.8199-02 
I 5  2.14511-02 2,52609'02 -4.983 9.9-772-01 3,24D68*04 -1 30465+05 2 . ~ 1 ~ 0 ~ * 0 5  - 

6.7211-03 -1.3843-02 1.2622-02 -1.7075-03 
1 6  3.35891-62 3;W687T2--3;558 - ~ V V T T Z G V . 2 V 0  - 

1.4312-02 -1 * 51%;; ' ~ % ~ $ ~ ~  
1 7  1.89987-02 2.50861-02 -7 0962 9 e 94772-UI 3 ;2t068+04 -t.3596*+03---2-. 11961+35 - 

-1.3320-02 -1.5678-02 -1.2447-02 -1.7062-02 
1 8  1.16020-02 6.56007-03 6.594 6 968585-0 1 3,91817+U4-'1 S0463+03~~9;T190?+05°505050505 

1.1283-02 3.7343-03 9.7699-03 1.1119-02 
1 9  2.08773- 02 2. UTLB3-UZ--L-3-- - - - - 6 ' ; - 6 8 3 l T F W I ~ ~ ~ ~ + ~ 3  - 

-1.6350-02 3.1814-03 -5-5845-03 -2.8787-02 
2 0 1.52680-02 1 20889-02 P .T58 6 .68385-L01- -3- r31al-7*~4-  --ti 35%4r83-- t;-r190't+05- - - 

-8.7589-03 1.8991-03 -1.5299-02 -4.2353-03 
2 1 5.89238-02 6,04658-02 -2 .a17 6 . 6 8 3 8 5 - a  3,91-817+Q4 --f r35%k+;F63---2..119(r7+05- 

-3.6392-02 1.3461-03 -3.0653-02 -4.4142-02 

8 C 

'n 
'n 
t-' 



.. .. - ---- ---------- 
AVEHAGF ERROR I N  FUIICTIOI\I = 3.834 

-. -- - -  - - 
EFFECT OF VARYING R A Y K ~  = 38.388 32.983 
EFFECT 0; VARYING 2-28- = 10.978 44.576 

-EFFECT 06 VARY TNG SI--qi3 J5;620 34=-------- 
-- -- 

EFFECT Oc VARYING 2-40 = 35.52b 71.054 

MINIMUM OF EXPERIMENTS 
1 4,52136-03 

RELATIVE yIFIIMUM WITH RESPET TO 51-41 AND Z-VO -- - --  --- - -  -- - -  - 
- -  -- ----------------- 

ABSOLUTE DIFFERENCE 
EPSILON REQUESTED- 



EXPERIMENT FUbKTIOtJ PERCENT 
NUMBER SSQCRR APPROX. ERROR RAYK2 2-28 51-41 2-40 

r. 

- -2 3.59616-t)3 5.-b72t5'03 --;340----?f;g - -  
LCY 

-2 =-2 :;:;;ZrF5;;;:;: q i T 8 z ; :  
2 1.43333-02 1.36236-02 3.154 7.95858-01 3.66126+04 '1.31375+03 4.002723-35 

8.2465-03 -7.1562-04 7.9154-03 7.4239-03 
3 1.4*47-D2 1.48060-02 -2.495 3 e94927-01 3.66126+34 -t .31375+ V3 4 <00272+35 - 

-8.0377-03 -4.2846-03 -6.6152-03 -5.6298-03 
- - 4  -8..Ir8974-05-C3~?%-bS - Z . i e - I  +.i-5 4.- 

1.4889-03 6.8013-03 1.7883-03 1.2655-03 
5 2.05368-02 1.997*5-82 2 .*99 5.9559PtH 3.18747+0@ +.31375+0-3 4*0D272+05 

-2.0801-03 -1.1802-02 -4.8803-04 5.2868-04 
6 1.8Q577-02 f.79950-02 2.057 5.95392-Ot 3.66126+04 -% 1679f3G03 4.002722+05 

6.9697-03 -1.3620-03 1.1672-02 5.0616-03 
- 7  - 1 . 5 0 0 2 - ~  f7Sm6-W -- -- -5- 2.- :.3w6+&5 +.mP?e+35 

-7.5609-03 -3.6383-03 -1.0372-02 -3.2674-03 
8 1.348791)2 3.38004-02 9 . 3 8 9  5.95392-@I 3-.661P6+04 -3.3kS7hf33 5-.-06272+05 

6.2313-03 -2.1317-03 4.8146-03 7.2306-03 
9 1.06416-02 1.@2121-02 1.909 5.95392-03 3 . d ~ ~ 6 + 0 4  -1.31375+03 3 .60272#5 - - 

-6.8224-03 -2.8685-03 -3.5144-03 -5.4364-03 
-be*- - 30 - f.31269~32 -f.m%3--0f- - 3 . m  

1.1764-02 3.7961-03 1.2445-02 9.5937-03 
11 1.10659-02 1.D9939-02 .320 6.95625-01 3.8981593@ --fi29639+&3---3-. 5V272M5 -- 

5.2369-03 3.4277-03 8.2806-03 3.2602-03 
l ?  1.03244-02 9.97970-03 1.532 6.95625-01 3.89815+04 .33110+03 4 .!30272+05 - 

4.4985-03 2.6580-03 1.4230-03 5.4292-03 
13 5.5858 u-n3 ~.ximmm ---a62 6.95623 - 01 ~ . ~ 9 8 l 3 + ~ 4  - l . s s l m + u s  s.s~272+us 

-2.0284-03 2.2896-03 -2.7414-03 -9.0429-04 
1 4  2.54517-02 2.55570-02 -.468 6.95625-01 3.42436tD4 -1.29639+05 4.50272+05---- 

9.9793-03 -5.5054-03 1.1307-02 9.2253-03 
1 5  1.30496-02 1,34400-02 -1.735 6.95625-01 3,42Y36+D4 -1.2YC13+03 3.50272+@5 - 

3.4524-03 -5.8737-03 7.1425-03 2.8918-03 
16 

- - 
1 .~os94-02 r.3~652-oz 04 - - ";'I:;:::: :::::::::; 4;::z::: 

17 9.38877-03 l.tJ1771-02 -3.504 6 e95625-01 5.42436+0@ -3.33110+03 5.50272*05 - 

-3.8129-03 -700119-03 -3.8796-03 -1.2727-03 
18 9.65704-03 8.06335-03 3.532 *.95160-01 3.89815+04 *1.29639+03 - 4.502+2+05 

3.2217-03 2.0116-03 5.1798-03 3.0668-03 
19 8.93254-03 8.m215-3 - ~-.ZYE---*-.9?ST6V% 5.@#C!fWI -~*-UJ 3 e r O f t f * - ~ 3  

-3.3051-03 1.6432-03 1.0153-03 -3.2667-03 
2 0 9.90457-03 9.52480-03 1.688 *.95t60-0r 3 0 89815+W4 -t.531T6+03 4;56272+ll--- 

-4.0436-03 8.7348-04 -5.8423-03 -1.0976-03 
2 1 1.80664-02 1.80536-02 .057 V .95160-01 3 ,-89815+-04 -f. 3 3 l f e f  f33 3;502**05 

-1.0570-02 5.0508-04 -1.0007-02 -7.4311-03 
- - -- -- -. - - - - -- - -- 



AVERAGF ERROR IN FUl Ic~10l . I  = 1.596 - - - - - - - 

dc-.-"*RyfriG -Rl-YK*--= . - ~ - m - - - . - - . - -  - 38 835 . 
EFFECT OF VARYING 2-28 = 17.306 66.408 EFFECT OF VARYING SI-;U1 - 5 7  ...Q1-- 9D0 - -  - - -  . - - - -  .---- ..---- ...-- ....................... - - - .  
EFFECT OF VARYIFJG 2-40 = 35.077 22.426 

~ - - - - - -  - -  --- - -  - - - - - - -  ~ - ---- ~ ------------------....-..--.----..-.---- ~ -------.-------------------------------------------------- 

MINIMUM -4 OF . 52 EXPERIMENTS CI-aT - - - 
' ‘ 77-- - 8.3- - ~ . s r -  - i . j j = ~ + u j  j . l l m + u s  

RELATIVE MINIMUM WITH RESPECT T U  RAYK;! AND 2-28 
- - - ---- - -  -- -- .- --- ------------------- --. 

RELAT I VE T ~ \ ( I M U M -  WTTH R E s P E C T T D -  5 1 T W ~ ~ 2 - T i l J  ' - 

. - -  
PREVIOUS VALUT --- ' TG953@-1 3.66126+04 -1.31-03 4.00272+05 
PRESENT VALUE 8.98919-01 3,70865+04 -1.33324+03 2.66422+05 

- -.- 

ABSOLUTE DIFFERENCE 
EPSILON REQUESTED 



ITERATION NO. 4 
. . - - - - - - - - - - - 

EXPERIMENT FUEJCTION PERCENT 
NUMBER SSQERR APPROX. ERROR RAYK2 2-28 51-41 2-40 

-- -1 -- 4.0 19!34--103- +I .tJl 453-03- - -  < -*9€3YT4'-0f --5.70R65rM;-333*05-- T . 3 B t n m - - -  
2.9312-05 1.0201-04 -4,5834-05 -5.6687-04 

Z 7,57380-03 7.38271r-03 2.483 1.01278+00 3.70865+0+ -1.33324+03 2.66422+65- 
3.3389-03 4.5736-04 2.1090-03 2.7920-03 

3 7;1U292-03 7.26549-03 -29113 7.85062-01 3*7O865+04 -f. 33324+03 2.66422935 
-3.2803-03 -2.5333-04 -2.2007-03 -3.9257-03 

9 6 .6  0 378--0 5- 6; 62415-03-- ---. 265---- - % ~ m O r -  %96653---1.3332't+6 ; f - t ; b g m p  
3.0466-04 2.5076-03 1.2520-04 -5.2331-04 

5 6.26'495-03 6.21 609-03 635 8.90913-01 3.45678+-04 -1.33324+@3 2.dBYZ2+Q+OS- 
-3.2603-04 -2.3036-03 -2.1687-04 -6.1044-04 

6 6.57671-03 6.46878-03 1.403 8.98919-01 3*70865+04 -1.31589+03 2. b6422+05 
2.1841-03 2.7305-04 2.5001-03 1.0890-03 

7 6.57269--05 - ~ ; 6 3 2 1 2 W  --T ~ + ? - - - * ~ 9 8 9 ~ - 3 ~ ? W 6 5 ~ 3 5 0 5 9 + 6 3 - - ? .  66&22*- 
-2.1255-03 -6.9022-05 -2.5918-03 -2.2228-03 

8 7.20098-03 7.49129-03 -3.773 de98919*@l 3.70865904- -k. 33324903 3.3238t+l)5 - 

3.3882-03 1.4558-04 1.6101-03 4.0436-03 
9 1.00776-02 9.79879-03 q.143 8.98919-Ol 39 70865904 -1.33324+03 2.00462+05 

-3.3296-03 5.8451-05 -1.7018-03 -5.1774-03 
1 0  t . 0 4846--02 r. - * r. -9-.5f89t--w- J S ~ ~ F ? ~ G S ~ ~ ~ I J ~ -  

4.6186-03 1.5898-03 3.2180-03 4.2676-03 
1 I 6.65097-03 6.69622-03 -0588 9,55847-01 3,83759+04 -T.32456+@3 2.33442+05 - - 

1.2598-03 1.5462-03 1.5621-03 -3.4296-04 
1 2  6.81009-03 6.73071-03 1 .932 9.5584T-Cl 3 83759+U4 -T. 3419Ff 0 5  2 .99FOr+U5 - 

2.4638-03 1.4187-03 6.7209-04 2.6116-03 
13 6.64941 -03 -6 .-=796-D5-- -;B?T-' --T;558V'Uf--mOT-T>3W2+n %34T2WJ!i-- 

-8.9506-04 1.3752-03 -9.8383-04 -1.9989-03 
1 4  9,88628-03 9.84685-03 ,512 9.55847-01 3957972ta4 -1.32P56+05 2.9'Y40T+D5 - -  

4.2633-03 -8.1581-04 3.0470-03 4.2240-03 
1 5  5,85249-03 6.00938-03 -2.039 9.55f34T-01 3.57972+U4 -1.32456+03 2.3SY42.flK 

9.0441-04 -8.5937-04 1.3911-03 -3.8652-04 
1 6  - 6;4 1 55ZZ0 3 - 6.298RZ-XT- 1.517- % 558VT;Ur---3; 57972*W'-f. 39 I mT-2; 994Ulr05-p 

2.1085-03 -9.8605-04 5.0106-04 2.5681-03 
1 7  5.53401-03 5.77318-03 -3.109 9.55847-01 3.57972+04 -1.34192+03 2.334V2+05 - -  

-1.2504-03 -1.0304-03 -1.1549-03 -2.0424-03 
1 8  4,91517-133 4.69317-03 2.885 8.41990-01 3.83759+04 -1.32456+03 2.99401+05 - -  

1.3090-03 1.2344-03 1.0632-03 9.0869-04 
1 9  7,35828-05 - 7;48635--a3 ----1.664--- - - - -8-e-~1 -3; 8mU'-f i-3- 2. 

-2.0498-03 1.1909-03 -5.9273-04 -3.7018-03 
20 5.25827-03 5.11270-03 1.892 8 .V199U-WI 3. (33759+U4 %19?+03 9.9940T+05-- - -  

-8.4579-04 1.0634-03 -1.4827-03 -7.4723-04 
2 1 1.1161S-02 1.12177-02- - . 7 3 6 -  8.4199C-Qt 3.83759+04-rt;34192+(M-2.334t~2+05 - -  

-4.2047-03 1.0198-03 -3.1386-03 -5.3577-03 



. -. 
AVERAGF ERROR I r l  FUIJCTIOII = 1.539 

EFFECT OF VARYING RAYK2 = 46.266 40.140 
EFFECT OF VARYING 2-28 = 33.653 29,249 

- EFF~= 6-F-"A~YnJG 3l--q -- -33;3-o-r-xT--------- ---- -- 

EFFECT OF VARYING 2-40 = 41,415 78.802 

MINIMUM OF E X P E R I M E ~ ~ T S  
1 4,01454-03 8.98419-0-1 3.70865+64 -T.33324+03 2.66422+05 

RELATIVE F n I ~ ~ ~ U ~  WITH RESPECT f O  RAyK2 A P ~ D  z-%O - 

-- -- 
RELATT vE--$r;r I MUM WI TT R E S P E C T - T 6  % - - 2 2 8 - A F J E - - T i ~ V i - - -  - 

- . . - . - - - . . - - - - - . -- 
RELATIVE M I ~ l I M U M  WIT1-I RESPECT TO 2-28 AFJD 2-4V 

. - - - - . . . - . -  - .- 
RELATIVE MIF I~MUM WITH RESPECT TO Si-41 Apt5  Z-*O 

. . 
ABSOLUTE DIFFERENCE 
EPSILON REQUESEB 



EXPER IMNT FUFJCTf Of\t PERCENT 
-. - -- 

NUMBER SSQERR APPROX. ERROR HAYK2 2-28 51-41 2-40 - -  - r - - - 3, ?443~-wf -- 3,t44m?--;mr(l 7 .  Y ~ = v Y T - ~ T ~ . ~ ~ s - ~ ; - ~ v  
-7.4913-07 4.2257-05 2.1981-05 1.1694-05 

2 4.85264-03 4 . 8 2 2 o ~ - m  1 2+b 8.58330-01 3. t2374+0tt  -1.32676tm T . I T ~ O ~ + ~ S  - 

1.0785-03 2.1343-04 8.6313-04 8.8434-04 
3 4.79298-03 V.82509-03 -1.331C 7 -23946-0T 3.72379904 -t. 3267Yf 0 3  3-~11109+05 

-1,0800-03 -1.2892-04 -8.1916-04 -8.6096-04 
- - 4-- ---4595856-03- -k,W36t*--i 7 I .  9 l e a - e r ~ i ~  i . ~ ~ 3 ;  m64+85-- 

1.7043-04 1.1970-03 1.2457-04 3.8663-05 
5 4.83807-03 4.81458-03 - -.976 7 . 9 1 ~ 8 - 0 1  3.5~524+04 -f.3267++0-3 3 c l t  1 0 9 ~ 3 5  - - -  

-1.7192-04 -1.1125-03 -8.0603-05 -1.5274-05 
6 4,99218-03 q.97584-63 .-6 79 7.91?3%-01 3ef.72374+04 -1.31586+@3 3.-111€?9+05 

8.4040-04 1.4404-04 1.2095-03 5.3410-04 
- - -  4 , 8 7 0 0 1 ~ 3 -  *.8874lr09--- - =.ttZpp--- -T?ia-@l 30Ti?rr+WV*. 3 3 8 e + f J 3 - - % ~  

-8,4189-04 -6.0327-05 -1.1656-03 -5.1071-04 
8 4.691 43-03 4.713Q9-03 - ,917 7.91138-0T 3.723't(t+Q4 -f .32674+ 03 - 3.V4089+05 - 

8.7190-04 6.9226-05 5.4439-04 9.5747-04 
9 4.68722-03 4.66671-03 ,852  7.91138-Or 3.7237++1)4 --I ,32674-+03 2,7t?129+05 

-8.7340-04 1.5289-05 -5.0043-04 -9.3408-04 
- la- - 6.1501 &- 03  -6. rT%3r-OJ--T.Z5t - ~ - ~ ~ @ V 3 ~ ; f ; f 9 1 2 9 9 C o f t * 3 f d 9 @ * 6 3  3 .-- 

1.4814-03 7.7000-04 1.3488-03 1.1956-03 
11 4.73903-03 4.75440-03 ,192 8 .2473~r-01- 3 . 8 r 2 ~ 9 + ~ 4  +.3am0+03 2 , 9 t 6 1 9 + 3 5  - - -  

6.0872-04 7.4304-04 8.2642-04 2.4982-04 
1 2  4.68521-03 4.66972-03 -64'4 8 .~4734-CT~ 3.81299+04 -1.33258+03 -3.27599+05 - - -  

6.4022-04 6.6742-04 1.6128-04 6.7319-04 
13 4.27312-03 W.269IZe03-------.T66-~~-- 8 ; 2 4 7 F - O T J o  -e 3 m + O T T Z V 4 V  

-2.3243-04 6.4045-04 -3.6113-04 -2.7259-04 
1 4  5,79340-03 5.79457-03 -.a49 8.24734-01 3.63U49tO4 -1.32090+03 3.27599+05 

1.3102-03 -3.8476-04 1.2462-03 1.1686-03 
I 5  4.38237-03 4.40309-03 -.a61 8024734-01 3.63449+04 -1.32090+03 2.94619+05 

4.3754-04 -4.1173-04 7.2383-04 2.2285-04 
1 6  4,49646-03 4. ~ ~ 6 4 - - 0 3  -- - ~283- --8~2~734;01-  5 ; ~ ~ ~ ~ + ~ 9 - - ~ 3 3 m t f + g ~ - 5 ; ~  

4.6905-04 -4.8735-04 5.8691-05 6.4622-04 
1 7  4.10402-03 4.14298-03 - -1.619 8,24734-01 3,63449+04 -1.33258tCU 2.94619+05 

-4;0360-04 -5.1432-04 -4.6372-04 -2.9956-04 
1 8  4,33572-03 4.29634-03 1.637 7.5754F-'-01 3.81294+64 -1.32090t03 3.27599+05 

- -- -- 4.0210-04 5.9883-04 5.0768-04 3.2295-04 
19 4.59055-03 4.59623;53- - .236 7 5 5 7 5 4 Z G U f - - S 0 ~  -~.STYW+UJ 2.~9619TIT5- 

- 

-4.7055-04 5.7186-04 -1.4729-05 -6.2283-04 
2 0 4.49040-03 4.46853-03 ,909 7.57542-01 Te8T2Y9+04 -LT. 33258+03- 3; 27599+05 -- 

-4.3904-04 4.9625-04 -6.7987-04 -1.9946-04 
2 1 5,81482-03 5.81323-03 .a66 - 7.57542-01 3.81299tu4 -T. 33258+03 -2r9V619+05- - - 

- -- 
-1.3117-03 4.6928-04 -1.2023-03 -1.1452-03 

- -- - - - - -- -- -- - . -- 



- . - - - - - - 
AVERAGF ERROR IN  FU~ICTIOFI = 716 

LFFECT OF VARYING RAYK2 = 46.067 43.588 
LFFECT OF VARYING_-2-28 = 50.473 45.461 
t FF it f --o - v i ~  y f NG 31- 41 -=--ji-;B67 -@;w- p--p---pp--p 

EFFECT OF VARYING 2-40 = 39.366 39.191- --  .- - 

MINIMUM OF EXPERIMEEITS . . .  .3..tq 43-3-- 63 - - - - -  

I - . 

RELATIVE MIFJIWW WITI-1 RESPECT TO 2-28 AND Z-4CJ 
- .  - - - -- - ------ 

RrLAf IVE R I ~ I I F f l J M  WITH RESPECT TO 51-41 AND 2--0 
. - . . --- .- ------- 

PREVIOUS VALLIE: 7.91138-61 3,723?4+04 -1.32674+63 3.11109+05 
8.03287-01--3.71431+04 -1.32772+03 3.06785+05 PnESErJT VAGUE_ --_- - --- - - 

ABSOLUTE DIFFERENCE 1.21497-02 9.43247+01 9.84863-01 4.32396+03 
EPSILON REQUESTED - -  - - -  - 5.t)0000-03 5.06000+02 Z.OOObU+Ol 5.00000+03 8 I 

w 
\O 
t-' 



EXPERIMENT NFICTION PERCENT 
. .  . - -  .-. --- ---- 

NUMBER SSQERR APPROX. ERROR RAYK2 2-28 51-41 2-40 
-- -1- 3 , 7 3 2 4 5 - 5 3  - J,732Q3-U3 - - - . O U I  --8T05287-Tf -37YXWF 

- 
U T - 1 . 3 r n 3  3sObT85fiT5 

5,4987-06 1.1754-05 2.9283-06 9.3924-06 
P 4.04681-53 4,04198-03 ,716 8.38528-Ui 3, 71431+04 -T.32772+03 -3.06785,-05 

3.0405-04 5.6279-05 2.2234-04 2.6911-04 
3 4,01700-03 1F. 01998-03 - ,442 7.68046-Uf 3*71431+04 -1.32772+03 3.06785+05- 

-2.9305-04 -3.2772-05 -2.1648-04 -2.5032-04 
- - - -9 --4 .m O9U--3 - T . ~ T Z - ~ -  - . T U  -----8. - - - J;aE:;l; l~:-:;: 

5 4.01019-03 4.00611-03 .605 8.03Z87-01- 3*623&0+04 -T;32?72+03 -3;06785+05 
-3.9027-05 -2.8544-04 -2.2116-05 2.5326-06 

b 4,03513-03 4.Q351Q-03 00% 8.03287-01 3*71431+Q4 -Tr32189+03 3.06785+Q5 - 
2.2491-04 3.6798-05 2.9975-04 1.5539-04 

7 - 4; 0 ~ s z ~ - ; I J ~ - ~ F ; ~ ~ = u ~ - - - ; - T T o ~ -  * ~ 3 2 8 t - - 0 r w #  - i .3-:- 
-2.1391-04 -1.3291-05 -2.9389-04 -1.3661-04 

8 4.04719-03 4.fJ5100'03 -.56'4 0 .iJ328?e01 3 71*31+04 -I .S2t7P+03 3.25263+1)5-- 
2.6522-04 1.8613-05 1.4893-04 3.0918-04 

9 4.01909-03 b.ClJV3-03 ,839  8 .~3Z87-01  3.71451+U4--1.Jf772-+03 -2;383U7+05- 

--- -2.5422-04 4.8938-06 -1.4307-04 -2.9039-04 
1 0  4.4 0737- 03--- - - - - - - -+Zm J . B 9 5 7 * g 9  -i . 3. i6- 

4.1660-04 1.9856-04 3.4657-04 3,6557-04 
11 3.98033-03 3.97951-03 s 123  8.20908-Ul 3.7!5957+04 -1.32tF81+03 - 2;9tST6+35 - 

1.5688-04 1.9170-04 2.0057-04 6.5787-05 
12 4.0 1578-03 4. 61455-03 ,181 8.20908-01 3.75957+04 -1.33U64T03 3 ;lbU24+05 

1.9719-04 1.7352-04 4.9747005 2.1957-04 
1 3  3.87402-03 3.87?519;33 -- -. -v-- --8 . 2 T i ~ K ; ( r i - 5 ; 7 E i ~ O ' I  - - 1 ~ 3 5 0 6 *  +03 2.9 /34b+U5 

-6.2528-05 1.6666-04 -9.6252-05 -8.0211-05 
14 4.31171-03 4.31693-03 e l 1 5  8.20908-01 3,66906+04 -f.3ZrrB1+03 3.1662YiTr5 - - -  

3.7208-04 -9.8627-05 3.2152-04 3.5871-04 
1 5  3,89031-03 3.89329-03 -.442 8 s 20908-01 3 066906+04 -1.32481505 .47546+m 

1.1236-04 -1.0549-04 1.7552-04 5.8928-05 
1 6  3.96517-03 3.96471=63- ---4i68- - - 8.2W--61-3;66%56+ - + t 

1.5266-04 1 , 2 3 6 7 -  ';'tf kg 3;!?::::4t 



. - . - -  - --- -.---.-------- 
EFFECT OF VARYING- R A Y K ~  = 46.579 42.162 
EFFECT OF VARYING 2-28 = 47.184 41.153 - 
EFFECT o~-VARPT~IG 51:7/1 = 44.84T--i3,3r~ 
EFFECT OF VARYING 2-40 = 46.635 42.471 - - -  - - - - -  - 

MINIMUM OF EXPERIMENTS 
- .  

1 3,73243-03 - - - 3 . ~ 3 2 8 7 - U i  5. Tf431+64 -T.5277Z+D3---3;0F1@+-05------ 

. - - . . . .- - - -  ................................. 
RELATIVE MIPSIMUM WITH RESPECT TO 2-28 AND Z-VO 

PREVIOUS VALUE 8.03287-61 3.71431+04 -1.32'172+65 -3.0678510-5 - - 
PRESENT VALUE - --- - -- .- -- 8.(j6708-01 3,70984+04 -1,32789+03 - - 3.04924+05 

ABSOLUTE DIFFERENCE 
EPSILO~\I REQUESTED 

THE ITERATION l1AS COIJVERGED TO THE FOLLOWIllG SOLU? IOl. lr  
- - - -  
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