


COMP - A BASIC Language 
Nonlinear Least-Squares 
Curve Fitting Program 

by 
1. M. Thomas 
M. I .  Cochran 
C. R. Watson 
L. L. Eberhardt 

Battelle 
I Pacific Northw.est Laboratories 

Richland, Washington 99352 



CONTENTS 

INTRODUCTION . 1 

COMPUTER ENVIRONMENT 3  

PROGRAP1 D E S C R I P T I O N  . 5 

REQUIRED I N P U T  . 7 

B A S I C  CODING FOR A  MODEL S E C T I O N  OF COMP . 8 

A V A I L A B L E  NODELS . 11 

Ar.4 EXAIIPLE OF CQI4P RUM ON A  PDP 1 1 / 7 0  . . 1 3  

L O G I N  PROCEDURE . 1 3  

L I S T  PREVIOUSLY CREATED DATA F I L E  . . 1 3  

INVOKE B A S I C  INTERPRETER . . 13 

RUN COMP VERSION WHICH CONTAINS NEEDED MODEL . . 1 4  

E X I T  COMP . . 1 9  

E X I T  B A S I C  . 19 

E X I T  SYSTEM . 19 

REFERENCES . .  . 2 1  

APPENDIX A :  U S E R ' S  GUIDE FOR COMP ON A DEDICATED PDP 1 1 / 3 4  . ,. A .1 

APPENDIX 0 :  U S E R ' S  G U I D E  FOR I N T E R A C T I V E  USE OF COMP ON A 
REMOTE POP 1 1 / 7 0  . . B . l  

APPENDIX C:  PROGRAM L I S T I N G S  . . C . l  

i i i  



COMP - A BASIC L A N G U A G E  NONLINEAR LEAST-SQUARES 

C U R V E  FITTING PROGRAI4 

I N T R O D U C T I O N  

Most mathematical model s  which describe biological processes contain 

nonlinear terms. While there a re  many possible nonlinear mathematical models 

tha t  may describe and adequately f i t  biological da ta ,  usually only one (some- 

times two and often none) a re  useful beyond descr ip t ive  purposes because they 

a re  derived from a consideration of fundamental biological pr inc ip les .  

Parameters in these models are  usually meaningful because they represent an 

important aspect of the process. These parameters a re  usually estimated 

using nonlinear least-squares techniques on large computers. F i t t ing  mathe- 

matical expressions, thought t o  describe experimental da ta ,  i s  sometimes 

considered an a r t  because the f ina l  parameter estimates obtained from the  

computer algorithm are  a  function of the accuracy of i n i t i a l  "guesstimates" 

fo r  these values. Thus, computer algorithms can e i t h e r  f a i l  completely, give 

erropeous est imates,  or converge to best ( t r u e ? )  so lu t ions .  

The following s teps  typ ica l ly  lead t o  f i t t i n g  a mathematical function t o  

biological data:  1 )  the data are  organized and curso r i ly  examined; 2 )  a  

p lo t  i s  devised (sometimes several a re  t r i e d  on d i f fe ren t  types of graph 

paper);  3 )  a  hypothesis i s  generated which may express the process as a  model 

( i  . e . ,  a re  the changes l i n e a r ,  exponential,  or  l o g i s t i c ? ) ;  4 )  one model i s  

chosen to  represent the process; 5 )  parameters in the model which allow the 

best f i t  of the function (nonlinear  least-squares est imates)  t o  the data are 

ca lcula ted ,  usually by complicated codes on large  computers. Often several 

runs are  necessary, using d i f f e r e n t  i n i t i a l  "guesstimates" of parameters i n  

order to  obtain a best f i t  (and sometimes f a i l u r e )  ; and, 6 )  the mathematical 

model and data a re  p lo t ted .  Sometimes residual (observed mi nus predicted) 

p lo ts  a re  ~ a d e  to  eval uate the adequacy of the model . 



We have developed an in te rac t ive  BASIC code which runs on both a  PDP 

11/70 o r  P D P  11/34 computer t o  help perform the s teps  outlined above and t o  

reduce the lengthy turnaround time associated with many runs on batch sys- 

tems. The key to the system i s  the reenterant  nature of the curve f i t t i n g  

routine (allowed only with an in terpre ted  language such as BASIC). I n  

general ,  the user supplies estimates of the parameters fo r  a  selected model 

(18 a re  currently a v a i l a b l e ) .  The program calcula tes  a  requested number of 

i t e r a t i v e  refinements (hopefully improvements) to  the parameter est imates in 

an attempt t o  minimize the  squared deviations between the values predicted by 

the model and the observed da ta .  During program execution the user can 

observe whether the r e s u l t s  a re  log ica l .  If not ,  the process may be stopped, 

new parameter estimates t r i e d ,  the current  f i t  examined, the process of 

i t e r a t i o n  s t a r t ed  again, or  a  new model se lec ted .  Detailed users guides for  

running COFlP on the P D P  11/34 and 11/70 are in Appendices ,4 and B y  respectively 



COMP was w r i t t e q  i n  CSTS BASIC f o r  a  UNIVAC l l C 8  and s u b s e q u e n t l y  con-  

v e r t e d  t o  BASIC-11 on two d i f f e r e n t  m i n i c o m p u t e r s .  O p e r a t i n g  p a r a m e t e r s  

r e l a t i v e  t o  t h e s e  t h r e e  mach ines  a r e  summarized b e l o w :  

: NA;IIE UNIVAC 1108 

OPERATING SYSTEM INFONET 

LANGUAGE CSTS BASIC 

CORE AVAILABLE TO 
BASIC USER 3 2 K  

NUFiBER OF I / O  DEVICES MANY 

STORAGE AVAILABLE UNLIMITED 
9RUI.15, DISK 
S TAPE 

PDP 11 /70  

IAS 

BASIC-1 1 ( a )  

SEVERAL 

tIODERATE 
ONE 88M BYTE 
DISK, ONE TAPE 
DRIVE 

PDP 11 / 3 4  

ONE VT 52 

L IMITED 
TO CAPACITY 
OF DISKETTE 

Access t o  IYFONET f r o m  t h i s  l o c a t i o n  was t e r m i n a t e d  i n  June  1977,  so we 

have f o c u s e d  t h i s  document  on' t h e  two PDP v e r s i o n s  o f  COFIP. 

To r e d u c e  t h e  s i z e  o f  COMP t o  f i t  a v a i l a b l e  c o r e  i n  t h e  11 /34 ,  e x t e n s i v e  

use  o f  OVERLAY was n e c e s s a r y .  OVERLAY a l l o w s  t h e  rr ,ain p a r t  o f  t h e  p rog ram t o  

r e s i d e  i n  c o r e ,  w h i l e  c e r t a i n  segments such  as t h e  s e l e c t e d  mode l ,  a r e  added 

t o  t h e  p rog ram f r o m  a  d i s k e t t e  as needed.  

T h i s  f e a t u r e  i s  n o t  a v a i l a b l e  i n  IAS-8ASIC-11 on t h e  1 1 / 7 0 .  T h e r e f o r e ,  

COMP was d i v i d e d  i n t o  f i v e  s e p a r a t e  p r cg rams ,  each c o n t a i n i n g  up t o  f i v e  

mode l s .  The User  d e c i d e s  w h i c n  p rog ram t o  r e q u e s t  f r o m  t h e  d i s k  t o  r u n  a  

s e l e c t e d  i n d i v i d u a l  ~ o d e l .  

( a )  A l t h o u g h  t h e s e  have  t h e  same name t h e y  a r e  n o t  i d e n t i c a l .  





PROGRAM DESCRIPTION 

COMP i s  an i n t e r a c t i v e  nonl inear  l e a s t  squares  r ou t i ne  w r i t t e n  i n  BASIC 

language and used t o  ob ta in  e s t ima t e s  of parameters i n  non l inear  f unc t i ons  

and t o  approximate t h e i r  a s soc i a t ed  s t a t i s t i c a l  e r r o r s .  The program uses the  

1 i n ea r i z i ng  ( o r  Taylor S e r i e s )  expansion of p a r t i a l  d e r i v a t i v e s  out1 ined i n  

Draper and Smith, (1 966 ,  p p .  267-270). There fore ,  p a r t i a l  d e r i v a t i v e s  must 

be suppl ied ( a s  well a s  t h e  f u n c t i o n )  by t h e  use r  f o r  any new models not  

c u r r e n t l y  contained i n  t he  programs. I t  should be noted t h a t  when a  l i n e -  

a r i z i n g  method i s  used t o  e s t ima t e  parameters in  a  non l i nea r  model, a l l  

t h e  usual procedures of l i n e a r  regress ion  theory can be app l i ed .  However, 

t he  r e s u l t s  s o  obtained a r e  only v a l i d  i n s o f a r  a s  t he  l i n e a r i z e d  form approx- 

imates t he  t r u e  model. All of t he  s t a t i s t i c s  computed by COMP should be 

viewed with t h i s  r e s t r i c t i o n  in mind. 

The output  of COPlP inc ludes  t he  var iance-covar iance ma t r i x ,  t - t e s t s  f o r  

parameters ,  Von Neumann ' s  r a t i o  [Bennett  and Frank1 i n  ( 1  9 5 4 ,  pp. 678-679)],  

observed,  p red ic ted  and r e s idua l  va lue s ,  t he  e r r o r  mean square ,  and an 

op t iona l  procedure t o  eva lua t e  h e t e r o s c e d a s t i c i t y .  In the  l a t t e r  procedure 

the  abso lu t e  values  of t h e  r e s i d u a l s  a r e  f i t  using a  l i n e a r  regress ion  model. 

Thus, dev i a t i ons  which a r e  s i g n i f i c a n t l y  l a r g e r  a s  X i n c r ea se s  ( u s u a l l y  X i s  

t ime)  may be de tec ted  using t h e  l i n e a r  r eg r e s s ion .  One exp lana t ion  f o r  such 

behavior may be m u l t i p l i c a t i v e  r a t h e r  than a d d i t i v e  e r r o r s .  





REQUIRED INPUT 

A summary o f  t h e  d i a l o g u e  i s  shown be low ( a  r e t u r n  i s  i n l p l i c i t  a f t e r  each 

User  e n t r y ) :  

COMPUTER GENERATED PROGRAM VARIABLE USER SUPPLIED 
QUESTION NAME ANSWERS 

LISTING OF MODELS? A 1 0 = No. 
1 = Yes. P r i n t  a l i s t  o f  a v a i l a b l e  

mode ls  and t h e i r  r e s p e c t i v e  
code numbers. 

MODEL NUFlBER K 1 = F i r s t  model 
2 = Second model 

and so on ,  u n t i l  
1.8 = E i g h t e e n t h  model 

E!dTER i OF DATA POINTS N N = Nuinber o f  ( x , Y )  p a i r s .  

ENTER i OF PARAMETERS M 1 = Number o f  pa rame te rs  f o r  t h e  
model : M>6 r e q u i r e s  p rogram 
m o d i f i c a t i o n s .  

INPUT F ILE?  D 1 0 = No. I n p u t  w i l l  come f r o m  key-  
boa rd .  

1 = Yes. Data  a r e  on a f i l e .  

OUTPUT FILE ALSO? Z 7 0 = No 
1 = Yes 

SAVE ORIGINAL DATA 
O R  RESIDUALS 28 1 = Yes. Save a f i l e  o f  t h e  

o r i g i n a l  X ,  Y p a i r s .  
2 = Save a f i l e  o f  t h e  r e s i d u a l s  

and c o r r e s p o n d i n g  X v a l u e s .  

When u s i n g  i n p u t  o r  o u t p u t  f i l e s ,  t h e i r  names w i l l  be r e q u e s t e d ,  i . e . :  

INPUT FILE NAME? ----- . GAT 

OUTPUT FILE NAME? ----- . OUT 

I f  an i n p u t  f i l e  i s  n o t  used t h e  f o l l o w i n g  q u e s t i o n s  w i l l  be asked:  

LIST OBSERVATIONS ON Y y ( 1 )  
Y ( 2 )  
Y (3 )  
---- 



LIST SAMPLING TIMES 
(Corresponding t o  X )  T ( 1 )  

T ( 2 )  

After data input ( e i t he r  via f i l e s  or keyboard) the following questions will 

be asked : 

E N T E R  PARAMETER GUESSES 
p ( 2 )  
? ( 3 )  ---- 

ENTER i O F  ITERATIONS N 2 Zero will r esu l t  i n  a check on 
"guesstimates" i f  entered a t  the 
f i r s t  i t e ra t ion  ( i  . e . ,  observed 
and predicted values are p r in ted) .  
After one or more i t e r a t i ons ,  the 
program will give summary s t a t i s t i c s  
as well ,  i f  zero i s  entered. 

GASIC C O D I N G  F G R  A MODEL SECTION OF COMP 

To add a model t o  COMP, the User must write BASIC statements for  the 

model , the par t ia l  de r iva t ive (s )  , residuals and convergence c r i t e r i a .  We 

i l l u s t r a t e  t h i s  with the Go~npertz Growth Yodel which i s  found on page 8 

i n  Appendix C .  

-be-cXi 
For the Gompertz Growth Fodel: Y .  = ae 

1 

The BASIC representation i s :  



Where F ( I , 1 )  = Y 

P ( l )  = a  

P ( 2 )  = b 

P ( 3 )  = c  

T ( 1 )  = X o r  i n  t h i s  case  --  t i m e .  

The p a r t i a l  d e r i v a t i v e s  o f  t h e  p a r a m e t e r s  w i t h  r e s p e c t  t o  Y a r e :  

The B A S I C  r e p r e s e n t a t i o n s  a r e :  

2 )  X ( 2 , I )  = - F ( I  , 1  ) * E X P ( - P ( 3 ) * T ( I ) )  

3 )  X ( 3 , I )  = F ( I  ,1 )*p(Z)*T(I)*EXP(-P(3)*T(I)) 

F o r  t h e  r e s i d u a l s :  

The B A S I C  s t a t e m e n t  a l w a y s  i s :  

To compute t h e  conve rgence  c r i t e r i o n :  

n 
C = 

L Ri (?a/3Yi  + ab/3Yi + 3c/aYi)  
i =l  



The B A S I C  statement i s :  

For another model, the appropriate  p a r t i a l s  would be included in 

the area bracketed. 

All of the  above BASIC statements  a r e  included in a FOR loop ( I  = 1 t o  N )  

terminated by N E X T  I and R E T U R N .  



AVAILABLE MODELS 

D e s c r i p t i o n  

One Compartmen t 
Exponent i  a1 

e Two Compartment 
Exponen t i a l  

Three Compartment 
Exponent i  a1 

Exponent i  a1 
Turnover  

Exponen t i a l  Uptake 
( S t a r t s  a t  y = 0, 
t = 0) . 
Power F u n c t i o n  

Gompertz Growth 
Curve 

L a i r d  R e f o r m u l a t i o n  
o f  Gompertz Growth 
Curve 

L o g i s t i c  Growth 
Curve 

M i  t s c h e r l  i c h  

Gamma Uotake 

Gamma Decay 

Log Gamma Uptake 

Log .Gsmma Decay 

' Log Exponen t i a l  
Uptake (Model 
Number 5 )  

Page 
Number i n  

Equa t i on  Appendix C 

Y = a t e  - b t  

Y = a [ l  + ( t / b ) ~ - ~  9 

Log Y = Log a  + Log [l - ( 1  + t / b )  - c -1- 1  I 10 

Log Y = Log a - c [ ~ o g  ( 1  + t / b ) ]  10  



One Compartment 
w j t h  E x p o n e n t i a l  
I n p u t  

Q u a d r a t i c  

L i n e a r  



AN EXAFlPLE OF COFlP RUN ON A PDP 11 /70  

L O G I N  PROCEDURE 

LIST P R E V I O U S L Y  CREATED D A T A  F ILE 

I N V O K E  B A S I C  INTERPRETER 



RUM COMP VERSION WIiICH CONTAIPIS N E E D E D  P\ODEL 

i l ~ l i i  CL;.:E 2 . E!\S 
;<SL\-LI;JL;4k LEAST 3cLAfi53 [JSISG F I R S T  TEXi* i  OF T A Y L V K  S Z F \ I E S  

' i ~ q a r i t ~  I = ~ L J ,  ;=,Lu 

, l U u t . ~  iih;: Obtain l i s t  of 
r 1 model s in COMP2 
, ! U L L L . ~  : 

1 r G h  L I L ~ L - ~ ~  
2 P3n i H h L E  ~ ~ ~ v l r ; l r i ' l ~ + i L ~ ~ ' i ?  5 , i P u ~ q L . \ l  IAL 
.j i v R  1 ivv . C L . J ~ * ~ ~ A I ? I ' I ~ E L \ ~ ~  E X r ' b h Z ~ u ' d 1 ~ ~ ~  
4 r ' G 2  ~ , ~ A L > ~ A T I C  

:.lL L 5 
1 3 S e l e c t  two compartment exponent ia l  model. 

7 d ~ '  GAY.4 L'dIl'dT3 
r 1~ There a r e  10 da t a  p a i r s ;  see  f i l e  l i s t i n g  above. 

LI? ? . ~ r i A . ~ i c r 3 k 5  
? -! The, model con ta ins  f ou r  parameters t o  e s t i m a t e .  
~ . . c ~ L  r ' I L U ?  
: 1 Data a r e  from an input  f i l e ;  see  above. 

U L I P L l  F 1 L c  ~ L 3 b '  
3 No ou tpu t  f i l e  w i l l  be c r e a t e d .  
i L l P u r  ? L L L  t ~ A i ~ l E ;  
? L,W ,. , ( L .  5x1 Name of p rev ious ly  c r ea t ed  da t a  f i l e .  
r ' A n A ? . 1 ~ ' 1 i h  c l u E 5 5 E S  
;> Cf i; Users i n i t i a l  guesses a t  the  four  unknown 
> .l ~ a r a m e t e r s  i n :  

i: i ' T E 9 A T I O X S  
? 5  Allow f i v e  "pa s se s , "  through t he  a lgor i thm 

seeking b e t t e r  (improved) e s t ima t e s  of the  
parameters .  

PAR.Aif1E'L'EK VALUES , CO:\;VEXGE1.1C2 C X I T t R I G ; \ J  

( 5 )  Success ive Est imates  of 

t he  convergence 
a  = P ( 1 )  b = P(2 )  c = P(3 )  d = P ( 4 )  c r i  t e r i o n  

a 9 . 4 5 2 4  . l ~ i j s - i l  1 1 . 0 9 5 3  . 0 2 1 7 5 5 7  -721.4~5 
8 9 . 3 7 3 3  . l u g 5 3 5  1 1 . 1 7 7 3  . 0 2 1 7 5 8 7  - 4 4 . 5 7 2 1  
3 ~ .  3 7 L 2  .1CE539 1 1 . 1 7 6 4  . A 2 1 7 9 q 2  - . G 1 5 7 7  
A 9 . 3 7 2 2  . l d L 5 3 9  1 1 . 1 7 A 4  .32179 :12  - 7 . 3 o 1 9 3 E - a 3  
B Y .  3 7 2 2  . 1 E c ' S 3 9  1 1 . 1 7 2 4  . 92179 ' : 2  - 4 . 7 5 3 6 C Z - 9 3  



The f i t t i n g  process i s  proceeding we1 1  because: 

a )  The parameter e s t ima t e s  s t a b i l i z e d  ( t o  6 s i g n i f i c a n t  d i g i t s )  a t  

i t e r a t i o n  3 .  

b )  The convergence c r i t e r i o n  i s  s t e a d i l y  approaching ze ro .  Usually a  

s teady  dec l i ne  toward ze ro ,  b u t  o s c i l l a t i n g  between plus and minus 

val ues i  s desi  rabl e  . 

The fo l  lowing four  add i t i ona l  ( b u t  probably not needed) i t e r a t i o n s  i l l  u s t r a t e  

t h i s  behavior f o r  t h e  convergence c r i t e r i o n :  

~ 3 . 3 7 2 2  .1i2539 11. i S S 4  .0217Sd2 1.3<55+r-53 
d 3 . - , ? 2 2  .1J353-? il. 1764 .Oil7932 -3.1757iE-J3 

1 1 C . i u - i l  i d l ' J  

Since s a t i s f a c t o r y  convergence has been obtained e n t e r  zero t o  ob t a in  t he  

f i n a l  r e s u l t s .  

; lL*&, i  i"r4j 

: u 
Input X-val ues 

c - . - i  - 
1 L : I!  & 

i 
- 
d 

1 .J 
15 
2; 
3 '3 
4 d 
SJ  
6 ,j 
7 2 

Input Y-values 
L c S L i x V E E  
31.6 
o 4 
41.'; 
2 7 . 9  
13.2 
19.2 
6.3 
4.2 
3.25 
2.6 

Calculated Y-values Input Y-calculated Y 
L/,?CC''ED 3 t V I . 4 Y i u ~ \ 3  

91.76i2 .'13dt330 
64.0~55 -.6254521 
41.691 d . Y ~ o 3 5 z - 0 3  
27. b 4 i 7  . ~-5734Jo 
19.193 5.52777f-23 
1 3 . 1 9 2 ~  7.321Zaf-33 
6.37763 .0223633 
4.34535 -. 145347 
3.23143 .a115671 
2.51@36 .3836432 



The es t imated  var iance  - covar iance matr ix  i s  arranged a s  fo l lows :  

and t he  blanks below the  diagonal values  would simply be repea t s  of the  above 

diagonal va lues .  The square  roo t  of t h e  diagonal parameter var iances  ( i . e . ,  

t h e  s tandard d e v i a t i o n s )  a r e  used t o  c a l c u l a t e  t he  t - t e s t s  f o r  t h e  parameters 

which a r e  p r in ted  below ( i  . e . ,  parameter e s t ima t e l s t anda rd  dev ia t ion  = t ) .  

Parameter covar iances  can be i n t e r p r e t e d  "somewhat" l i k e  a  simple c o r r e l a t i o n  

c o e f f i c i e n t .  The s ign  i n d i c a t e s  t he  d i r e c t i o n  of j o i n t  r e l a t i o n s h i p  and t h e  

s i z e  i n d i c a t e s  t he  s t r e n g t h  of t he  j o i n t  r e l a t i o n s h i p  among t h e  two param- 

e t e r s .  Small covar iances  a l low " e a s i e r "  f i t s .  I n  t h i s  example parameters a  
* 

and c  [ P ( l )  and ~ ( 3 ) ]  a r e  j o i n t l y  r e l a t e d .  Since they e n t e r  l i n e a r l y  t h e  

a s s c c i a t i o n  d id  not cause extreme d i f f i c u l t y .  

V > . ~ ! I A L ~ C L - C O V A F , I A ; J C E  MATRIX 
.-l6i67t; -5.31326E-84 -.483251 -7.77353E-34 

-5.51326E-OS 6.459142-G7 5.51226E-04 d.55792E-07 
-.-ib3221 5.51226E-04 .516341 6.25356E-34 
-7.77393L-04 3.53762E-07 U.2535GE-C4 1.37291E-36 

The Von Neumann r a t i o  i s  a  s t a t i s t i c  used t o  d e t e c t  runs and i s  computed 

using squared success ive  d i f f e r ences  in  r e s i d u a l s  ( 1  abeled dev i a t i ons  above) 

and the  var iance about r eg r e s s ion .  To determine s t a t i s t i c a l  s i g n i f i c a n c e  of 

the  ca l cu l a t ed  r a t i o  compare i t  t o  t he  c r i t i c a l  va lues  in  Table 1 .  The 

expected value f o r  a  random s e r i e s  of runs i s  two, b u t  a s  can be seen from 

Table 1  a  s t a t i s t i c a l l y  s i g n i f i c a n t  value depends on sample s i z e .  In t h i s  

example (n=10)  a  c a l cu l a t ed  s t a t i s t i c  l e s s  than 1 .06 or g r e a t e r  than 2.94 

would be s t a t i s t i c a l l y  s i g n i f i c a n t  (P<0 .05 ) .  A s t a t i s t i c a l l y  high r a t i o  

i n d i c a t e s  shor t - term o s c i l l a t i o n s  and s i g n i f i c a n t l y  small values  i n d i c a t e  

. 1  onger-term t r ends  o r  nea r l y  s t a b l e  condi t ions  (i . e .  nonrandomness) . For 

r a t i o s  based on more than 25 observa t ions  the  t - s t a t i s t i c  i s  computed. High 

p o s i t i v e  t -va lues  i n d i c a t e  long-term t r e n d s ,  high nega t ive  values  i n d i c a t e  
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T A B L E  1 .  C r i t i c a l  Values f o r  the  Von Neumann Rat io  ( a )  

Upper C r i t i c a l  . Lower C r i t i c a l  
Values Values 

( a )  Adapted from Bennett  a n d  F r ank l i n ,  p .  679, 1954. 

s h o r t ,  r ap id  o s c i l l a t i o n s .  For p r a c t i c a l  purposes ,  a  value f o r  t of +2 can 

be considered s t a t i s t i c a l l y  s i g n i f i c a n t  (P<0 .05 ) .  In t he  example, t he  r a t i o  

( 1  -40) i n d i c a t e s  no s i g n i f i c a n t  depa r tu r e  from expected " res idua l  runs .  " 

The ca l cu l a t ed  var iance  about t he  r eg r e s s ion  i s  t h e  t r a d i t i o n a l  e r r o r  

mean square .  

V d t J  L < E U P ~ A L J A  U ' i ' L U  CALCULATED V.'42.IALJ2E 
,ALCULA?ED r j > 2 5 = T  4bOUr!2 3EGRES3ION 
1.40j-12 '3 7 . ' 33332Z-d3  



The parameter values and convergence c r i t e r i o n  are repeated from above. 

The t - t e s t  calculat ion was discussed in conjunction with the variance- 

covariance matrix and a discussion of t h e i r  va l id i ty  i s  in the section on 

program descr ip t ion .  The s t a t i s t i c a l  s ignif icance of each parameter should 

be assessed using a t - t a b l e  and N - M  degrees of freedom. In t h i s  case ,  a l l  

four parameters a re  s ign i f i can t ly  d i f fe ren t  ( p  ~ 0 . 0 1 )  from zero ( i  . e . ,  Ho: 
parameter = 0, Ha: parameter # 0 ) .  

A residual t e s t  fo r  he teroscedas t ic i ty  i s  requested. A zero would have 

terminated t h i s  run. Using t h i s  procedure the absolute values o f  residuals  

are f i t  using a l inea r  regression model. Linearly increasing residual values 

?s  a function of . t ime ( X )  may be detected.  A s t a t i s t i c a l l y  s ign i f i can t  r e l a -  

xicnship may indicate t h a t  a mul t ip l ica t ive  ra ther  than an addi t ive  e r ro r  

nodel' should have been assumed. Two i t e r a t i o n s  are  always necessary i f  t h i s  

option . i s  se lec ted .  

PAAAi4ETZP, VALUES, Z G N V E R G E h C Z  CRITEAIGL\ 
.n313146 5.161E3E-04 -29244.3 . G317736 5.15926E-@4 1.B126flE-03 

All of the output previously discussed i s  recalculated using the two . parameter l i n e a r  regression model. The t - t e s t s  fo r  the two parameters are  

not s t a t i s t i c a l l y  s ign i f i can t  indicat ing the addi t ive  model assumption may 

have been correc t .  Any in terpre ta t ion  of the variance-covariance matrix 

and Von Neumann r a t i o  in t h i s  section should be ca re fu l ly  considered and 

requires the help of a professional s t a t i s t i c i a n .  



EXIT COMP 

TEST ZESlDt iALS?  
? cl 

EXIT BASIC 

lb: 30:jl TASK i Z k ~ l I ? ~ & . ' l ' I G h  
C G h L  JILL 15d LPU T I M t  13.18 

E X I T  SYSTEM 
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APPENDIX A. USER'S GUIDE FOR COMP ON A DEDICATED PDP 11/34 

A d i s k e t t e  l abe l ed  'COMP' con ta ins  a l l  t h e  BASIC programs necessary f o r  

using t h e  overlayed vers ion  of C O M P .  4 second d i s k e t t e  ( l abe l ed  'SYSTEMS') 

con t a in s  t he  computer opera t ing  system (RT-11). Assuming the  'System' d i sk -  

e t t e  i s  loaded in  t h e  l e f t  s l o t  ( l a b e l e d  DK-0) and the  'COMP' i s  loaded i n  

the  r i g h t  s l o t  (1 abeled DK-1) t he  fol lowing procedure should be fol lowed:  

I .  DEAD START I f  t h e  computer i s  on,  sk ip  t o  s t e p  11. T u r n  computer 

power switch t o  O N  ( l o c a t e d  on computer) .  Turn t he  CRT 

(Descope) power O N  (switch on r i g h t  s i d e  of CRT). 

Depress t h e  BOOT-INIT switch (on computer) .  The CRT 

should respond by d i sp lay ing  fou r  meaningless s i x - d i g i t  

numbers and a d o l l a r  s i g n .  Depress the  Caplock key (on 

C R T )  and e n t e r  D X  on the  CRT followed by ( R ) .  ( a )  The 

C R T  wi 11 d i s p l a y :  RT-11 SJ V02C-02. Enter t o d a y ' s  d a t e ,  

i . e . ,  DATE 19-OCT-77 ( R ) ( ~ )  (do not  f a i l  to e n t e r  t he  

word D A T E ) .  

11. RUNNING BASIC 

Ente r :  R BASIC ( R )  

C R T  w i l l  d i s p l a y :  BASIC V01B-02 

Enter  another  ( R ) .  

CRT wi l l  d i s p l a y :  READY 

111. STARTING COMP ( I f  a  da t a  f i l e  must be c r ea t ed  s k i p  t o  Sec t ion  V . )  

Enter : O L D  ',DX1 : COMP ' 
C R T  wi 11 d i s p l a y :  READY 

Enter:  R U N  

I  RUNNING COMP 

COMP i s  i n t e r a c t i v e ,  and general  l y  s e l  f-expl ana tory  ( s e e  preceeding 

s ec t i ons  f o r  more d e t a i l s ) .  Remember t h a t  over lays  a r e  used t o  save 

computer c o r e ,  so  i f  a  model i s  chosen, then l a t e r  a  d i f f e r e n t  model 

i s  wanted, r e t u r n  t o  Step 111. F a i l u r e  t o  do t h i s  w i l l  r e s u l t  in 

( a ) C a r r i  age r e tu rn  



subjecting the  data to  two models si'multaneously and unexpected resu l t s  

will  be obtained. The following hints  may be useful :  

a )  If data a re  t o  be read from a  f i l e ,  the f i l e  must have been pre- 

viously created (see  Section V ) .  COMP will  request the  data f i l e  

name, and i t  should be supplied without quote marks ( i  . e . ,  JOHN.DAT). 

b )  Getting back t o  READY - to  in ter rupt  the program enter  two consecu- 

t i v e  Control-Cis. The screen will  display a  period. Enter: R E  

This l a t t e r  s t ep  returns the BASIC mode with program i n t a c t .  Note: 

Control-S stops and Control-Q resumes output .  

c )  I t e ra t ions  - an answer grea ter  than 0  ( ze ro )  will  cause the  program I 

I 

t o  t r y  t h a t  many i t e r a t i o n s .  An answer of 0  (zero)  will  e i t h e r  I 
display a  check on your guesstimates or go on to  the  next s tep  

depending on how f a r  the analysis  has progressed. An answer of 

l e s s  than zero (a  minus number) causes the  program t o  branch back --- 
t o  l i n e  500 which will  p r in t  the question: 

E N T E R  PARAMETER GUESSES 
3 

(Note: Line 500 may be referenced when re-entering the program 

from READY, i  .e  . , GO TO 500) 

Parameter guesses can be re-entered and the program r u n  

again . 
V .  CREATING A DATA F I L E  

On our configuration t h e  only way to  c rea te  data f i l e s  i s  through the 

C R T  keyboard. Those not fami l iar  with PIP or  RT-EDIT may use the BASIC 

program 'DX1:CCMPIN1 - which will  i n t e rac t ive ly  lead one through the 

f i l e  building process. 

VI. A D D I N G  NEW MODELS 

1 .  New models a re  easy t o  add t o  COMP. Assume a four compartment 

exponential model , model 20, i s  to  be added t o  COMP. Return to 

BASIC ( s e e  Section IVb above) and en te r :  

N E W  'DX1:COMP201 



Plow e n t e r  model 20 w i t h  t h e  f o l l  ow ing  c o n v e n t i o n s  : 

a )  L i n e  305 must  be o f  t h e  f o rm :  

305 PRINT 'FOUR COMPARTMENT EXPONENTIAL MODEL' 

b )  L i n e  320 mus t  c o n t a i n  t h e  number o f  pa rame te rs  t o  be e s t i m a t e d :  

320 M = 8 

c )  . The model must  be i n s e r t e d  between l i n e s  2000-4000 b u t  t h e  

l i n e  number i n c r e m e n t a t i o n  i s  o p t i o n a l .  

d )  No RETURN o r  END s t a t e m e n t  s h o u l d  be used.  

e )  When f i n i s h e d  e n t e r :  

SAVE ' DX1 : COMP20 ' . 
2 .  The Ma in  Program - COi./IP - w i l l  need t h r e e  changes t o  accep t  t h e  new 

model . Change 1 i nes : 

240 - t o  l i s t  t h e  new model when a model l i s t  i s  r e q u e s t e d  

266 - t o  i n c r e a s e  t h e  maximum number o f  models ( K )  

285 - t o  o v e r l a y  t h e  nevi model when i t  i s  r e q u e s t e d  

a )  To make t h e s e  changes r e t u r n  t o  BASIC ( S e c t i o n  IVb  above)  

and e n t e r :  

OLD ' DX1 : COMP ' 
b )  Type i n  t h e  new 1 i n e s  240,  266, and 285. 

c )  E n t e r :  

REPLACE 'DX1 : COMP ' 
d )  T e s t  t h e  changes (make s u r e  t h e r e  a r e  no e r r o r s )  by  e n t e r i n g :  

RUN 

e )  WARNING: I f  t h e  new model does n o t  r u n  p r o p e r l y  and y o u  make 

changes w h i l e  i n  COMP, DO NOT f i x  i t  and use  t h e  REPLACE 

command!!! I f  you  d o ,  COMP w i l l  c o n t a i n  t h e  model wh i ch  y o u  

c a l l e d  v i a  OVERLAY. Flake a n o t e  o f  s u c c e s s f u l  changes,  t hen  

e n t e r  t h e  OLD command and use t h e  REPLACE command as o u t l i n e d  

i n  t h e  p r e v i o u s  s t e p s .  
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On the blicrofile: 

On the Coupler: 

Dial the Computer number: 

A P P E N D I X  B .  USER'S G U I D E  FOR INTERACTIVE USE O F  COMP O N  A REFlOTE PDP 11/70 

I. D E A D  START (Using a  DTC-300 equipped with Microfi le)  

On the DTC-300 Teletypewriter: Depress the POLJEP, and L I N E  buttons. 

Depress the CAP button on the  lower 

r ight  hand s ide  o f  the keyboard so 

tha t  a1 1 a1 phabetic characters  

received and sent  are in capi ta l  

l e t t e r s ,  

Depress both the PO1dER and middle 

t o p  white ( labeled HOST) buttons. 

Make sure POWER i s  on (red button on) 

and duplex i s  s e t  to  F U L L .  

942-7601 . bihen whist1 ing signal i s  

heard, i n s e r t  handset in coupler ,  and 

check tha t  green l i g h t  i s  on. When 
a  PDS i s  received on the t e l e typewr i t e r ,  

enter  : 

L O G I N  U S E R  I D  P A S S L I O R D ( ~ )  

I f  extraneous material i s  unwanted, 

login as shown below: 

L O G I N / N O  USER ID PASSbIORD 

The /NO indicates tha t  no user messages 

are  des i red .  ( b )  

Lis t  F i l e s :  For a l i s t i n g  of a l l  the BASIC f i l e s ,  

or  programs, enter  [ a f t e r  the  PDS]: 

DIRECTORY *.BAS;* 

o r  D I R  *.2AS;* 

To l i s t  a l l  data f i l e s ,  en te r :  

DIRECTORY * . D A T ; *  

or D I R  *.DAT;* 

[ a )  An example USER ID i s  MICB35681 and an example PASSWORD i s  G E O R G E .  
( 5 )  See example on page 13. 



11. RUMNING BASIC: To invoke the BASIC i n t e r p r e t e r  e n t e r :  
I 

BA [ a f t e r  a PDS] 

The computer wi l l  r e tu rn :  I 

IAS BASIC V01 i 

R E A D Y  
i 

Enter:  

R U N  and the name of the program 

se lec ted  f o r  execution (i . e . ,  

R U N  COMP1) . 
I  I  I .  STARTING COMP 

Use the procedure in Section I1 t o  run BASIC. The appropr ia te  . I 
program to  request  wil l  depend on the niodel chosen, ( s e e  Table B - 1  

and a l so  the Chapter on ava i l ab l e  models f o r  the mathernatical represen- 

t a t i o n  of each model). " 

IV. RUMNING COMP 

The program i s  se l f -explana tory  b u t  some d e t a i l  o f  i t s  operat ion i s  

included in Chap-cers 2 and 3 .  Some f u r t h e r  operat ional  d e t a i l s  pecul ia r  

t o  running 20MP on the P D P  11/70 a r e  given below. * 

a )  Data f i l e s  a r e  c rea ted  by en ter ing  EDIT a f t e r  a  PDS. In the 

following example, words under1 irfed a r e  User rep1 i e s  whi 1 e  the I 
other  mater ial  i s  p r in ted  from the computer. 

ENTER EDIT PDS> EDIT - 
NAME FILE FILE? E X P O N E .  DAT 

[ED1 -- CREATING NEW FILE] 

INPUT 

E N T E R  DATA 9 . 0 ,  2 ( R )  

8 . 0 ,  2 ( R )  

6 . 2 ,  5 ( R )  ( R )  [Two ca r r i age  re turns  terminate da ta  e n t r y . ]  
b 

TOP O F  FILE *TOF - 

[ P A G E  11 



TABLE B.1 .  Mode ls  i n  V a r i o u s  COMP V e r s i o n s  Used on PDP 11 /70  

Name o f  V e r s i o n  Model s  

C O M P ~ ~ .  BAS 1  Gamma Decay Model 

2 Gamma Up take  Model 

3 L i n e a r  

4 Log Gamma Up take  

5 Log Gamma Decay 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPl . B A S .  1  One C o m p a r t ~ e n t  E x p o 3 e n t i a l  

2 One Compartment W i t h  E x p o n e n t i a l  I n p u t  

3 Mi t s c h e r l  i ch  

4 L i n e a r  

5 Log E x p o n e n t i a l  Up take  ( s t a r t s  a t  z e r o )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMP2. BAS 1 L i n e a r  

2 Th ree  Compartrnen t ~ x ~ o n e n t i  a1 

3 Two Compartment E x p o n e n t i a l  

4 Q u a d r a t i c  

COMP 3 .  BPS 1 Power F u n c t i o n  

2' Gompertz  Growth  Cu rve  

3 A*TtEXP(-BT) E x p o n e n t i  a1 T u r n o v e r  

4 L i n e a r  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

COMPADD.BAS 1  L i n e a r  

2 L a i r d  Gompertz Growth  . C u r v e  

3 L o g i s t i c  Growth  Curve  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
COMPB IGB . BAS 1  One Compartmen t E x p o n e n t i a l  

(runs o n l y  on BIG 2 One Compar tment  W i t h  E x p o n e n t i a l  I n p u t  

BASIC) 3 M i t s c h e r l i c h  

4 L i n e a r  

5 Th ree  Compartment E x p o n e n t i a l  

6 Two Compartment E x p o n e n t i a l  

7 Q u a d r a t i c  



PRINT FILE * p* 

[EDIT -- *EOB*] 

TOP O F  FILE * - TOF 

[ P A G E  11 
OUT OF EDIT * EXIT 

[ED--EXIT] 

PDSj 

Other uses of EDIT a re  in appropriate P D P  manuals. 

b )  To r e s t a r t  the program a t  the question ENTER # OF PARAMETERS, type: 

A D D T N G  N E W  MODELS TO COMP O N  THE POP 11/70 

In order t o  add new models t o  the program COMP.BAS a new copy of the  

exist ing program cal led COMPADD.BAS should be made. This version was speci-  

f i c a i l y  constructed t o  f a c i l i t a t e  adding new models. A new copy of COMPADD.BAS 

i s  created by issuing the command C O P Y :  
' 

PDS> COPY 

FROM? COMPADD.BAS 

TO? COMPLOGI.BAS 

Note: The name COMPLOGI .BAS i s  an example name, any logical  name can be used. 

the .BAS portion of the command t e l l s  the computer t h a t  t h i s  f i l e  i s  a BASIC 

f i l e .  

As previously s t a t e d ,  underlined characters  a r e  typed by the User. This 

sequence of commands produces a new version of the program C O M P A D D  cal led 

COFlPLOGI. Additional models can be added to  COMPLOGI without changing the  

orginal program. This i s  a safe ty  s tep  used in case something goes wrong in 

changing the new version.  I f  e r r o r s  a re  made, de le te  the  new program and 

s t a r t  over with the  C O P Y  command. 



I n  o r d e r  t o  change t h e  f i l e  and add new mode ls ,  p u t  t h e  f i l e  i n t o  EDIT 

mode. T h i s  i s  done b y  i s s u i n g  t h e  command: 

PDS> EDIT CONPLOGI.BAS 

L i n e s  243-246 c o n t a i n :  

244 PRINT " MODELS:" 

246 PRINT " 1  FOR LINEAR" 

and can be p r i n t e d  by  t y p i n g  t h e  FIND command: 

* FIND 244 

Vhen t h e  c o n t e n t s  o f  l i n e  244 a r e  t yped ,  g i v e  an (R)  t o  i n f o r m  t h e  computer  t o  

p r i n t  t h e  n e x t  l i n e  a l s o .  I n  t h i s  case  j u s t  a f t e r  l i n e  248 i s  t h e  p l a c e  t o  

i n s e r t  t h e  model name b e i n g  added t o  t h e  p rogram.  T h i s  i s  done by  t h e  

INSERT command: 

*I - 
The I i s  a  s u f f i c i e n t  p a r t  o f  t h e  command. A f t e r  p r i n t i n g  t h e  I t h e  CRT o r  

TTY w i l l  d r o p  down one l i n e  l e a v i n g  no c h a r a c t e r s ,  j u s t  a  b l a n k  l i n e .  The 

l i n e  t o  be i n s e r t e d  i s  t h e n  t y p e d :  

250 PRINT " 4 FOR USER SELECTED NEW 1..1ODELU 

When t h r o u g h  add ing  1 i n e s ,  i s s u e  two ( R ) s  t o  r e t u r n  t o  a s t e r i s k ,  t h e n  t h e  

n e x t  command can be keyed i n .  

Check a  c u r r e n t  l i s t i n g  t o  see where t h e  c a l c u l a t i o n s  s h o u l d  be added. 

I n  t h i s  case ,  t h e  nevi model c a l c u l a t i o n s  a r e  added a t  l i n e  6040. REMARK (REM) 

s ta temen ts  shou ld  be i n s e r t e d  j u s t  ahead o f  t h e  l i n e s  o f  c a l c u l a t i o n s .  I n  

t h e  COMP v e r s i o n  COMPADD, l i n e  8000 was used f o r  t h e  END s t a t e m e n t  so t h e  

INSERT command needs t o  be imp lemented  j u s t  a f t e r  t h e  l i n e  number p r i o r  t o  

1  i ne 8000. 

A f t e r  t h e  l a s t  l i n e  o f  t h e  c a l c u l a t i o n s  have been added, e n t e r  an (R)  

t l '  
wh ich  causes an a s t e r i s k  t o  p r i n t .  E n t e r :  

*TCF 

T h i s  command causes EDIT t o  t a k e  t h e  program back t o  Top - - o f  F i l e .  A t  l i n e  

' 260 t h e  model i! i s  r e q u e s t e d  u s i n g  t h e  v a r i a b l e  K. To imp lement  t h e  new 

model ,  add a  1  i n e  number t o  t h e  s t a t e m e n t  a t  1 i n e  620.  ' F i r s t  f i n d  1  i n e  620:  



The computer p r i n t s :  

Use the  CHANGE command to  add a netw l i n e  number: 

The computer p r i n t s :  

A c o r r e c t  GOSUB statement f o r  the new model should be placed a t  l i n e  925. 

Once again use the FIND command: 

"FIND 920 

The computer p r i n t s :  

Input the  l e t t e r  I .  a f t e r  the a s t e r i s k :  

Then type: 

925 GOSUB 6040 
930 GOT0 940 

To EXIT the  EDIT mode the l e t t e r s  E D  a r e  typed in a f t e r  the a s t e r i s k :  

* E D  - 
This \.rill save the present  version and de l e t e  the unchanged program. I f  you 

use tne  EXIT command: 

both versions wil l  be saved, b u t  only version 2 wil l  have the changes, so the 

f i r s t  copy must be manually de le ted .  When the  computer r e tu rns :  

PDS> 

A successfu1 EXIT from EDIT has been made. 

To disconnect the t e l e type  from the computer type LOGOUT. I f  the BASIC 

i n t e r p r e t e r  i s  being used, en t e r  BYE and the  computer wil l  re turn  a PDS. 



A P P E N D I X  C 

P R O G R A l l  LISTINGS 



V A R I A B L E S  USED IN COMP 

( n  = number of p a i r s  of p o i n t s ,  rn = number of parameters)  

VARIABLE NACIE USE O F  VARIABLE 

A ( m  ,m) Inverse  of S(rn,m). 

i B ( n  ,nl)  Transpose of X(m,n) 

D(m,l Product of X ( m , n )  * R ( n , l ) .  

" Q ( m )  

R ( n  ,I ) 

S ( Ill , IT1 ) 

T(n )  

Product of A(m,m) * D(m,l)  and change in  parameter 
val u e ( s )  f o r  t he  c u r r e n t  i t e r a t i o n .  

Expected values  f o r  Y based on t he  s e l e c t e d  model . 
H(l , I )  = New ( r e f i n e d )  parameter e s t i m a t e s .  
H ( 1  ,m+l ) = Convergence c r i t e r i o n .  

I n i t i a l  parameter guess t imates  and new ( ca l  cul a t e d )  
parameter va lue s .  

Temporary s t o r age  f o r  previous P(m) va lue s .  

Res idua l s ,  Y - F .  

Product of X(m,n) * G ( n , m ) .  

Observations on X ( u s u a l l y  sampling t i m e s ) .  

V ( m  ,111) Variance-Covariance ma t r i x .  

x(m,n)  P a r t i a l  d e r i v a t i v e  of each parameter with r e spec t  
t o  Y ,  eva lua ted  a t  each sampling t ime .  

y ( n , l )  Observations on Y 
Convergence C r i t e r i o n  

Model Sel ec ted  

Number of Pa i r s  of Po in t s  

Number of Parameters 

Number of ~ t e r a i i o n s  

S e t  t o  0 ( z e r o )  when ?42 i s  en te red  a s  z e ro .  
Resu l t  in  p r i n t i n g  check on guess t imates .  

Von N~umann Rat io  (Tes t  f o r  r e s i dua l  r uns )  
Use Table 1 1  .5 on page 679 i n  Bennett and Franks1 i n ,  
1954 ,  f o r  Table 1 ,  page 1 7 ,  t h i s  r e p o r t .  

I f  N>25 t h i s  t - t e s t  approximation f o r  s i g n i f i c a n t  
r e s i dua l  runs i s  p r i n t e d .  Use an o rd ina ry  t - t a b l e .  

Residual Variance 



LISTING OF COF4P FOR PDP 1 1 / 3 4  
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, ' ! .  I ! I I I I J I ! I ~ <  1 [ ' , , i ' l i I t I 1  \ ! ' I ; [ t J l  
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A ,, " 6, L ,I 
f I (  . . ,  t i !  ( 4 :  ' I ,  1 ,  :-: I I ' , , I - ( . ;  r l l  I ! i!-['.!,, !,Jl.:rFi.<;J::~.~! r : b? ! ; ;  :.[.: 1 T ' f '  
l;;t,-~ j I c ' !  1 [ I , : ,  i - ,-:,- ( j  1 ! l l . , 4  ' - , ' > , I  

, r .. 8 - .  [ I . '  I # , . i ' l  1 ;.I -:,- ) I ,  

! - 4  I : , 1 I ) '  

I L ' ,  2 ,  I '  - , 8 , ,  



: 8 , ; .  . 
, . , . I ;\ . ; , ,  ; - ,  ,-' t , . , , . ! ' ,  I L;it,;(r*: ~ Y O i l l !  

: : , ' , I  ,,.; , I  ;?' .. 
, / ,  $ 8 ,  . /  ' , ! O  

1:. , I , t !  I I ! , I~~: I I  t '::-; ?lCllll.. 1- 

7 t : ; ( I  , < ,  7 41,) i ~ l  ?: l : P j l '  I \ ! '  f l l ~ ~ l / ~ . ~ .  

.> I f ,  > ;,:1:;1 1 [:;I V\ , I , '  I l l  ;[I::] 

. ',I ;, ' 8  . , 

' I I I 1 1 1  8'1 

;,,, , I / ; , , - ,  ; ' : ; , i  ,, , f  1 1  1 ! 

; i t  , ' )  

- , / .  . ~. \ ! ! , ,  I 
:,i.-, 1 4 # I  ' 1 

, , . ) ' ) .  8 : ' ~ : , ! ) Y t q ( : J i ~ t ~ , , : : ~ J . ~ ~  

. , , # ! : 8  J l .  1 , 

, I . ,  , I  I i I I ' 1 ' 1  

: , j 8  8 , ,  2 1 1 ' ] ? , I  !- l ! . . E  ', ,-It r t ! . :  

. , ; .  , ' ? ;1 ' I>.. ' , \  , ! { I t  
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O V E R L A I D  MODELS FOR COMP (PDP 11 /34 )  

Cot-1P1 . BAS 

COMP2. BAS 

3 0 5  F'l; I t J T  ' l . : ~ l h t - ' ~ ~ l i  I hLP1 r W I :  Tt.1 EXF'ONCN T l t J L  I N F ' I J T '  
310 m.:3 
1'7110 k E M  C;I>l;I;:OIJ T INE 1:-:3R I::C!~?F'I.>R'I'~?EIUT W 1 T'ti EXF'lIPJENT' I A L -  .INF'UT 
19,50 c;.:<j 

t940 t-OF; [ - , I  TT! N 
l , ; ; ~ , , )  , i l : :~f~,<-. / :  ( 7  .- # r (  r > ) . - E X F ' i  - F . ' ( - ! )  K T  I ) ) , , ' ( F ' ( > )  - - F . ' ( % ' 3 )  ) 
L?c,o ~ : ( J j ~ z y ( ~ ~ - . ( / - ~ ~ ~  ! k l \ l )  
i37 i )  .: 1 )  . :F , (  : j *;-,I 
l Y F 3 i j  . ( (  1 v I: ) :l,,i 

13YO X ( 2 v T j ~ ( r : ~ ~ t ) # r ( I ) * E X l = ~ < - . l ~ ~ 8 ( ~ : ~ ~ ~ T ~  r ) j ) , , ' ~ F ~ ~ ( : ' ) ~ - F 4 ( ~ 3 ) ~ - . F , ( l ) * h l / ' ( l = , [ 2 ? . - F : ~ ( 3 ~ )  
2000 X ( 3 ~ 1 )  = ( P I .  l j '+ ' l \ l  ) / ( F ' ( ? ) - t , (  , 3 j  ) - ( b , i l  ) % ' T i 1  ) ? ! E X F , ( - - F . , ( % 3 ) * 1 (  1 ) )  ) , ' ( P < : ? ) - - F 4 ( 3 ) )  
2010 O=CtR(I ) * < A (  t.l:!iX(2~I) t X i  5 1  I)' 
20:10 IJEY T ! 

395 F'I:<.[,J'T '+,..' 
I I. r s c 1.1 E F< 1.- I: (2 H PI 0 I:I F: I- / 

320 ,r=3 
2 0 5 (2 R E  i9 S I.J E 1:;: O l.J 'T :T i\IE I-' (1 I? ri Z T S i: H E.1 R 1- 1: O 1.1 M O TI E I.. 
2960 C - 0  
2 () '7 0 F:' 0 1: .z 1 'r 0 PJ 
2630 F ! I ~ = F : ' ( I ) + I = ~ ( ( = ! ; X I ~ ~ X F - ( - . ~ ' ( ~ ) ; K ' ~ ( I ) )  
.20313 K ( I : ) = Y ( ' I : ) . . - I : : ( I )  

. L ' : L 0 0  X ! l t : f ) = l  
23.1.13 : < i 2 y L ) - = E x F ' ! . - 1 : : ' ( ; ' 3 ) X T ( I ) )  
2120  ' x i 3 7  I ? . = - P ( ~ j $ T i ~ ) $ l ~ X F ' ( - F 8 ( ~ ) ~ - ~ (  : I ) )  
:2:13G i : = C . t R ( % ) # i Y ! 1  r . I : ) . + X ( ~ Y % ) . ~ Y ! ~ ~ : I : ) )  
'" .- 1 .I i) $) E: 'I: 



COMP4.  BAS 

-, , .- 1 , ;:! .- [:, I:< J, ; , I  .[ .: y \,J c j  .... (; )I] p.1 I::, 1.1 p! 1::: I .) I?; ;!\ r:, (::I b) 1.K ?..I '7 .  '1: ,:I 1 ,, ' 
.. ,- 
,.;, .2 <;, ;I :z -4 
.? 1 .,; ,;) 1:;; f: - 1  1 \J ,,::I Pi1 PI I::, () p.! 1;;: (,! ' 1  1: ;;; F' i,-l t,! 1:: , d  '.j 1 I,., A. I., - 
. -1 ,: ) (,.. ;= 

L . .. 1.1 
,.:! L? (:I 1:- (;I ;:; 1: .= 1, .['I) b! 

.. .,. , .-, .,. () (1 1.:. < 1: ) :. 1::- : 1, 1 ;K I;.: ); 1::' ( - 1.:' < 1; ) $ i- ( :[ 1 j ../. 1:' ( ,,; ) ;: 1;; ;< 11) I: .- I::, ( .LJ j ?[: "1' ( :I: 1 :) 
"?'-, .- .... .I, ( j  fi; \: '1 ) := 'f ( 1 ) - 11.- [ j 

" "' ,' j ', ;< ( 1 11 ,= 1.: ';(\ 1:' ( .... 1::s ( ;j ) ;$: 'f ( :]I ) ) .. .-*- ... \.. 

") *.j .z (, ;., ( ,: :- .- \., 1 1 .:2 I:, ( .I, , r ( :I; j :( f.1 ); t::, ( .- p ( ;? 1 :/{ 'r ( 1 ) 
..? ,> ,I (,, >( , \.! :, ::= 1;: .,/ 1 ,  ,, .... 1::s ( ,;+ 1 $ T ( 1: ) ) ... +.. .. . 

s \- 7 ... 1:: ~., (..? ,. ;<, (' .\?, ? [ ~, ..., 1::s ( .7 < .  ; %K .r ( 1: ) ;x [.; <",.I:' i \ ( .... 17 ( L$ ) ;;< -[ ( ) ) 

7 .-, -. ,-., .? (;..I: I ; +. 1:: I; '1: ) ( '>: ( .[ !, [ ) j. '4 < .: j + ,(  ( 5 ,! '[ 1) ,+.;.( ( >{ 1 j ) 

, i 1 ' 1 

CObiP5. BAS 



COMP7.  BAS - 

-. .; L, .- 5 F, R 'r ;! '1. .' G (1 iq I:! 1; I:; 'r 7 / 

3 L' ( )  m ::. 7 
0: '. ,...,?A0 F;:f:fl 5t!L{!?ij[!'rINE T'O 1FI'T' [;ilHt':aF:l:i"SZ 

2E41,j C:.-(j 
2 ;? F.i (j  (:) F i  .[ :.. 1 1. 12 i\i 

'2 5 () F- ( '[ ) x:: F' ( 1. ) ;+{ x 1:' ( .- 1:' ( 2 ) 8 1: ,x ( - [I' ( 3 ) $ 'l' ( 1 ) ) ) 

,2370 l i  ( ,'[ ) cy ( I ) .-./= ( I ) 
,.> C2 (3 () ( 1 ? 1 ) .::Ex 1 1 4  ( p ( ':? ) ,* E-'( I:, ( -I:# ( 3 ) % '1' ( ? ) ) L. I J  1. A .  I. - /  

6 9 i) ;< ( 1:; ,l 1: .- 1: ( :I ) ;k x p:, ( -- I::, ( ,3 ) :K 'j' ( 1 ) ) 

b .L ,? j' i) 0 ( 1; $, ?; j := 1;- ( :[ ) >K ( 2 ) $ 'r ( ) % f.1 1::' ( 1:' ( 3 ) $ 'r ( 1: ) ) 
:2'?1.O i:::=i::.+KiX ! ' % i X !  1 ,  I: ).t.Si2~ I ).+Xi3~ : I : )  ) 

2 9 2 9  b//:;('r ,[ 

COMP8. BAS 

COMP9. BAS 





COMP12. BAS 

COMP13. BAS 

COMP14. BAS 

3 12 5 F' R I :I' 'T ' 1- 0 c; F i;j R M i3 F LI I-' 'T A I< I: H i) 9 I: 1- ,' 
-: -, ,;) M ;.>' 
\., ... ... 
3E?2(! REM LOG. IFORM OF IJF81'~?IF,,E ILii1IlE:l- 
:5'5'4/3 CzQ 
,; ::; 5 0 0 1'; J. .= 1 Ti] i\l 
7 :: ", ..' 
-!..;, \! F(:[ j=F(. l .} .+l- ,C1i3(  l . - E X f : m ~ ~ - l ~ 4 ( 2 ) : $ ' T (  1 )  1 )  
:x (j fi ( :l ) .::: 'y ( 1 ) .- ( 1: ) ' 

3 !I <; (1 :< ! J. 1 ) L 1. 
:? 5;J 0 ( :; 1 ) =: ( T ( 1 ) $1: x I:, ( f:, ( 2 ) 3 .r ( 1 ) ) ) ,/' ( 1 .- 1: X 1::- ( -- ( 2 ) ;k 'r ( ,[ ) j ) 

3'?30 C-C:.t.I:;:i 1 I % ( ; < (  1 ?  I ! . ? . X ( 2 ,  I! :) 

: s7 4 CJ p /  I:;( 'r 1; 



C O M P 1 5 .  BAS 

Model 15 i s  L I N E A R  i n  m a i n  prosram COMP ( s e e  l i n e s  6000-6090 

page C . 5 )  

COMP16. BAS 

CONP 1 7 . BAS 

?lode1 17 i s  unavailable for publication 



C O M P 1 8 .  BAS 

CONPI 9. BAS 

-3 () fj I::, l i  1 t.4 .r .' !- ,?, 1: 1;; 11 r-- 0 ly f;l I:.- 1:; pi I::, 1: 7. ;? ,' 

'<?(J  lM='3 
i: IJ a] ,> '.?;I 14 1- 1: It\ r~ [-- 1) 1.:; f:) 1:- [: jJ F' f.1 F; 'r L! 
.;) ;L'0 1 ;s ;; pj lL; I..) 1:: :*'-' '7) , I  
A -  , ,,- ,:. Lt .,. = it C i3 WE: 1 L; I-i 'T 
.- () 2 <. ;:, pj ,y :: :,) J. 1,. )< r:, ,- I{ 2 ,,/ 2 ;< ( ,l -.. 1: ;< r:' j,:.; 3 ;K r ) ... , 
:1 G :z ', C =.. () 

:!035 FOF;' 1: = 1. 'TI3 N 
. < , IJ ... .q Q 1. :::I::! ( '2 ) / p ( 3 ) 

(. c7 , J J ( )  (q2:::E;;F:' -pa ( 3 )  ;KT ( 1 ) ) 

' 3  - .  ( j  2 () 6 :3 ::L I: Fs 0: A 1, % ( .- :? ) ) 

21J.70 ,? , .J . :z / : , (y<):KT( 1: j;Kl!jz 

7 (1 <4 (3 p, 5 = F:, ( 1 ) :}( I,:, i ) ,.' ( I:, (, '': 1) ) '.' 2 - .  ... ,. '7 
-. (, y Q ;: ( 1: j .x: 1.1. ( 1 ) :K j?, 3 
Tim?() ; ( ( : l  y. ] : ) : :A3 

1 1, Q Y ( 2 7 1 ) =: ( 1: F' ( 1. j ;' 1:' ( 3 1 i.' :5 I >  3 ) ;# ( J. -. i3 1%;: ) ,' I.?:] k; ( 3 q 1 ) =(!,S*,q3$, (j?,2--).fi.?,.-1 , 
,: -1 ;\ (3 r'( ( 1; ) ::: 'y ( 1 ) .- F' ( 1 ) 
9 1  - 'ij C = ! : t . ! i ( I ) ; ? ; ( i : ( I y I , - f X ( 2 ? I ) . + : x . ( : 3 "  1 j )  

,2150 NEXT 1 
+? 



OVERLAY TO READ DATA F I L E S  ( P D P  1 1 / 3 4 )  



LISTING OF COMP FOR POP 11 /70 

~ ~- - - 

1~ tLn I = i I" 4 \ c r J L y A  \ L ~ L A L  I 
13 ~,ltir; ~l.ur3 26W , i 2 S 3 , 1 ~ 4 l i r ,  1 - 1 . 1 ~  F'uri b A h L A ~ i i  K (.*IVLLL i r )  
l o  .UI t'u? ~1..4lti%2;u.i's - c n i i t h u t  Pun rir'rhcit'rdilti'l'k 1 . 1 ~ Z i l ; ~ s  run LGL 
oh t j l u i ~ ~  . ~ L ~ ' V - L I L \ L ~ ~  LE-b i - jk t i r i r i~b  b31~& i.litW1' i ' t ru ,~  US 'LAYLuK 
lfl r 1 ~ i - k ~  " . ~ M ~ ~ . I L ~ v ~  >LIVULR 3F i~Al.-i .&i[qT~ is 59! , . & ~ I * I L L * ~  r A h t 4 r ~ ' ~  
75  WI 'l 'nIS :.1EX'l, L I h t  3PACLS t L 5 v c 4  u;\ i-"ibE .4Fltl-i k l c U 1 N ~  
6 2  t'ba i=l,, LU 3 \ l j dk r i  ' L ~ L \ J  i 
i i r;i.i~rul;h l = ~ t j ,  ~=DIc, '  
1 3 J  tjl..~ Y(5S11)  ,1j5i?1 , L ; ( i ) ) -  , n (b ,5J )  F ( 1 2 ~ 1 )  l ~ ( o , i )  , ~ ( 6 ~ 6  
15d G11.1 ' ~ ' ( $ , 6 )  ,13(3J,-u) A A [ ~ l b )  l L  b!,j\ ( u )  , k ( 1 d t l )  , n ( l r 6  
1 1 '  :I~L;~L L I J T ~  \ I ~ Y " L , A ' I  

J L K  
. i h s  

3L'd PIUNT " t  OF P.~Kil!?E'i'Eris" '/1i~PL'i Lvi 
223 r P l N T  " ihPL!T FILE.?" '{,il;PUi J l  
3.1d 1F 01=5 GC 7G J ~ C  
350 LC550 ~ q 5 J  
j o g  LC LO 400 
370 ;.;d..c'i' ''LIST dZSE;AVATIC!ds '!A< Y" 
3,II; FLF( 1=1 'TU ;\. ',, I ; Y ~ L T  Y ( 1 , l )  \ i d i X . 1  I 
LLLU 2~I;irL " LILr StWPLi.L '~IIY.ES" 
43,; F L ~  .!=l 'X. I, l(.FCi :(I) \ i v h , ~  1 
46; ;'kl:.r', "PriruLviET5n U ~ ~ 3 3 E S "  
?7J : , a . ~  A = i  LU :I , i:\-z,aY P i l j  \ L v ~ < ~ '  1 
>b d C L ~ J .  L v  1. " 8 L'i'!i.;d12l~!,.3 ' 

2 1 5  ~ . i r u ' ~  ~ 4 2  '1 iF . ~ L = S  -1 iL 3 5 ~  
5.): : ~ L = ! \ L  \ ld-5 = i \\ &.lb ok33 
3oli .\13=r, \ .;l=i \ LLI iu 51J  '\ Pru,vl '  \ rhL~~,i  
O W L  ?ILLY? ,\?hL~\'i' ''.-'.4k&LiL~. ~ J L " L ~  LCL,:VLY~LL'LL Chi LLRLu\ '  
olU Fuk J=1 lu ~ u 1  
02; L!L\ ti w YLkJlYlw19i5 
9 d ~  W Z ~ C  -54 / i \ n f - ~ v l  L I L u L ~ ~  
Y k l 5  &L'J Y - i O  
rib w ~ u o  4d40 \ IU,I~I L h b l s l ' i L  u b i i ' l ' n  C b k V t  

372 .G! 5L-T A T3 IDE.\ITIF'Y YAYRIk P h Z ,  1-9 S A V E  uR1LI.W 5 &Jt,HIX 
976 EQR I=l ?X j~ \ F ~ R  J1=1 XG ;ti \ .: .(I,Jl)=B 
382 AE;'<T J1 \ . A i I , i ) = l  \ SEXT I 
991 ?L%! :'2 = ThE i;ETE;WI;,.\<T \ '72=1 
994 C A X u W S ' E  I?ilJL?SE \ Fiih I=l ?U i 
9Ya PZ-I L i i V i C E  ITn t t~h  (dF S A!.O A bY S( 1, I) 
1536 ,'4=5 (1, I) \ r G R  J?=1 TU :.I 





- .  . ~ = l I - , ' , - , ' l , - X . , l j )  )I::. . . , . .  , . - T .  , !  
, - . . 
i ,1., ..- .a I_j.> 

- - , - ,  . A  . 
L . - - L 2 L - L  '. . I  A. , \ LL  :.. 1 j . L  < - . d  ..:-u.-,.,.. , - - ' A  !.,> 

. - 
' . L . ~ , ,  r - L L  L d 2 L d . W  ;, ,' . L A  L . - L L V L I ? ~ L I -  , ,-2- L 

: > - , ,  .-:\A..~L - i t  , . L , v L  ', ' d  i = , \ ii- = , 
, . ., 

-dL., C ; ~ L - . L  \%-- . ,L.<L " r : - . .~~ . . - !~ i -n - ,  - , L . ~  -:..- -..-- L ~ , ~  i b L t l u L ~  \ r ~ \ i . , l  
1 . ~ . , 1  : \ L P L ~ > L - J  1,mI i ? . ~ - 4 A  , I  : 1 ( . . t i )  , 

A.7u . I  cb L , ~  . J + ~ ~ - J ; ~  

J - . , + )  , J \ L , ~ )  , . I \ L , L )  \.-vLu L J ; . ~  

,-'--id F ~ < l . 3 ~  L : \ L , L )  l L i ( + l ~ )  / I I ( L , , J  t ~ > ( i , - r /  , -uA4 L ~ > J  

L J Y ~  r L L : b A  L I ( ~ / L )  l ~ ~ [ ~ l L )  l ~ ~ ( l l ~ J  l ~ . ~ \ i l ~ ,  t t l ( l , 2 ~  \, b w ~ ~ ~  id>d 

= . G . \ L  . : , ~ ~ 1 ) , ; , 1 ( 1 , - )  ; ; > ( l 1 > )  ; r ~ \ ! . t ~ )  ; . J ( ; , ; !  ; L I ( ~ , G )  ; [ : ( l ,  i )  
,. . 

1 0 2 d  r i Z l . 4 1  r - L L a L 3  "t : ; ~ . L L . L I - ~ ' '  \ . Ji7. L  = 1 i b  :: 
-J!J d J = n ! L , L l / a k I \ ( ' d  1 l t  i )  !, \~ r 1.d ,?'i 4 > \ . .L . , . l  L 
i jiv .\--*I ~ L > L  r'dn , I L ~ L ~ ~ ~ ~ L L ~ L ~ J ~ L L L I ' L  %, . 
1) 1; r i - ~ ~ v ~  L L S L  ri; i ~ b i - L i "  \ L., L-L - , J L  

L I - ;  . - L C  L:=L; ~d LU i 2 " L  
L 1 4 * >  ~'uI \  L = L  L'L .i . . X\ 1 , I l l )  = & : . ~ s ( d ( l ~ L ) )  

\ .UC.\ l  * 
L /  i L j  h = i  \> PL:! L-:.LLJ L~.YL-GI JIULLL 
+2'&2 . i = -  

L i 7 k  -V I,>) 3L 'S  
L Z U k ,  .A -6 L;;L, 
~ - t > i !  n-*1 l p l J  13 A .322h"bil..L L L i  1L>.u I L . 2 L L  r i b . ;  r -::>a . .  - 0 1  + . , ~ i 2 L ' i  r l i t  .ALG?" \ LL<kJLT d 7  
LAb: a /=;, ;h. 1,-. 25;') 
:4yt: f:?:."; , ! - L . ~ L . T  ld<Ji'?"i :--ILL ,.A>!L: ,\, L.+dl L,' 

3 . 2  I .  ' L '  L ' L  ;?i i LC;" '\ . d . c v 2 ' d 1 '  74 
-22.J y . d : , ' ; '  ,",:'.:I A,.;. ( 1-25 y ;  ", ?= ~Es1;~.  ) " - 7 - '1, i , , r L ~ '  - 3  
=? , .\? ,, L,,, 1 k;; r ';  LL .,.>i.!E,' 

, > 
'\ i . \ 2 ~ 1  3~ 

1; j;=; ,, - - 
3 - L A . -  L d  -b-:: 

- b u ,  - r - . ~  35 r',~! I : i?c ' l  .'.5 F ILL  ,1 . . . . - , - 
L2;3 b fL . "  -4  :.-:s - L ' > ? L -  .~.5 FLL-  ;- \\ ~ . ' ; a  - U O L ,  - - ., ~ -<1-0 & ~ L . V  -.$ I . \ r - , L  .-L FLLu ;: 
-L:'lt! ~ J A  AL L V  \\ Lt L L L !  ii! .-xJa?'d ; i , ) , )  
- , j U u  ~ . d < ' - ~  z i ,  , L i i ,  L J  \. ..ILX i' I 

, - - / " > ,  * \ L L - I \ -  \ -L,*L L...,.,, ;.; .,.\L.., ~ ~ * x x t x r r r r r n ~ * ~  

2 :, , , L ,.-'. ! .U~:LIL 
3 3 - 3  L = 3, , :-st\ A = 1 *\, ,. 
>;,;; : ( L t i )  = ~ \ l ) t f ( i , ; L ! i )  

-,,,,,,, 7 \ + ,  :j = #, L ,  11 -b  I\ L 1). 
- r d ~ ' 3  A ( i , L ?  = 1 \ ' \ i ~ / l )  = 11 1) 
.Toi; L = L+: , [ l t l )  * [ . \ , ( ~ ~ l ~ t ; < [ ~ ~ i i  j 
i L I \ I U - L ~ ~ L ~  \ ll,> u 5 w J 
T " j ; , L  ,-.] * *  * T X X * * * x X 1 . x * * *  

. r v - i l  :-.I L L L ~ J I L L  ~ l n b t r ~ ~ ?  LuhLt 
YL,?" :,L., I = 0 1 1  ( 1 t L x . f  ( k L - d >  1 )  J 
-ru7-, :.-., L L  = -:J. 

. . . I ~ , u : - ;  .-.i 1' = A ;  1 = d l f ' ( 1 + ~ , { ? t i 2 j  
7d3u .. = L ,c"I \  1 = i L ~ J  L .  

Y L J I  .%L =.LA.r  [: ,?)-L~:;! * *  [l) J 
- t u : >  : , l , L J  = .21Ll~ ! ' ( l + : \ . l . )  

X U U ~ ,  i , . i l t l j  = ~ ( l ( l j - c \ l , l )  

-,b!g3 ., (i , l! = l,! (i+:<.! 1 
* L ! L  . \ ( z , L )  = ( - r i l ~ + m l j , / ' ( + + . ~ . i ) - -  - .  
7Lz,: l  .q.i31L,J = [ r ( l ) * ~ t ~ )  * A . L ) , ,  [i-?,:) , , 
- , $ .a5 ,  , - - = L + k ~ i , ~ ) * ( ~ ~ . ; i , i ) + ~ t i , ~ , i ) + . i ( 3 1 1 ) )  
t k U >  - c i . \ L  T I r L l l i ,  

,- 
\LL L  '- :, . , k, i, 

>,., ) " I L ; , x * ' T X  X * X X X X * X  t * x  

>L;L,; I.L.:~ L-l: i-~ < ~ l ! L . . i  ~ k '  u L b ~ ~ t \ l  L 
:LL5 :-~:i , ,T.~hli 51 5 FLd , . L I L . ~ L ~  
> . , i L > !  1 . L . ;  ; = > l ~ ; < ?  ~ ~ , ' 2 3 ( l - L A r  ~ 2 ' : )  
,. ,- . , ~ 

f = ' - .  - .d F"i? L = 1 '23 1 1  

> i , . i ~  . ' I1  = F( : ) / '? (? ]  
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