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INTRODUCTION 

The original version of SHAD was written in 1970 to aid fisheries biologists 

in this department with tedious computations of mathematical equations associated 

with age arid growth studies of fishes. Age and growth statistics are essential 

parts of life history studies of fishes, and are particularly useful for evalua­

tion of population surveys. Fish grow throughout their life span so growth is a 

primary function of age. Stress in fish is quickly reflected in growth and body 

condition. The basic question asked by biologists is, "How long does it require 

for a fish to reach a certain size, either in terms of body length or weight?" 

Reliable answering of this question forms the basis for evaluating many biological 

parameters of a fish population. More important it defines growth characteristics, 

age structure and the relationship between age and body measurements. 

Mathematical computation of age and growth statistics are both tiresome and 

error prone. Without mechanical or electronic computing devices the solution of 

most equations are virtually impossible without gross error. High speed electronic 

computers are far superior to all other, significantly reducing both time and cost. 

Several age and growth programs have been developed, but most handled only portions 

of complete studies (Gerking, 1965; Voigtlander and Roochvarg, 1967; Dahlberg, 1966; 

Chadwick, 1966; Swingle, 1964). Others would require extensive modification before 

they would function in a computer system available to this department. 

SHAD is a complete age and growth program and contains routines for length­

weight regression, body condition factors, body-scale regression, length-frequency 

distribution and back calculation of body length at the end of each year of life. 

The program provides routines for single and multiple regression analysis, analysis 

of variance, plotting and obtaining frequency distribution. The main routine 

controls the type and sequence of data input and serves as the supervisor for 

- - ,.- =- ...._ _ ............... ~. • .... - - . - - - - ' -
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extrapolating all analyses, plots, frequency counts, transformations and means. 

The original program was written by the author a11d Kenneth Merritt, Statistical 

Numerical Analysis Section, Statistical Laboratory, Iowa State University. 

Revisions were made by the author and William Kennedy of the ISU laboratory. SHAD 

has been placed in disk storage in the IBM 360-65 system at ISU and can be 

executed from location by STM2.ME(SHAD). FORTRAN IV, LEVEL G language is used for 

the program. Present core requirements for execution are 128K bytes. The great­

est change from the original version of SHAD was made for computation of body 

length at the end of each year of life by Dahl-Lea direct proportion method. For 

implementation of English and metric values several adjustments were required for 

the input and output formats. Program changes are also required for statements 

0032, 0033, 0102 and 0107 when converting English values to metric values (see 

Appendix A). Both programs utilize the same main supervision routine and four sub­

routines for regressions analysis, plotting, plot border and plot labelling. 

PROGRAM RESTRICTIONS 

Limitations of problematic parameters for present version of SHAD are the 

following: 

1. Maximum number of fish in sample 

2. Maximum number of variables (NAGE + 3) 

3. Maximum number of length intervals 

400 

12 

30 

These limitations may be increased by enlarging arrays and requiring additional 

core. 

INPUT REQUIREMENfS 

Data are entered for punching on standard IBM coding forms or similar column 

paper paper. The listings of input data are made in the following sequence. 

-- . 



3 

Column 1 = serial number 

Column 2 = age of fish . 
Column 3 = total lengt h (TL) in .1 inches or 1 mm 

l 

Column 4 = weight in .01 lbs or 1 gm 

Column 5 = scale r adius in .1 inches or 1 mm 

Co l umn 6 = 

n = radius in .1 inches or 1 mm at NAGE 

Any column can be used so long as the format card reflects the number of the 

columns used. No particular order is required for data cards, although it is 

often easier to read the input record if ages are listed in ascending order. 

Identification at the start of the program is limited to 80 columns per line 

including spaces, letters and other characters. As many lines as needed may be 

used t o identify the data. An example of proper identification is as follows: 

Line 1 - AGE AND GROWTH OF WHITE CRAPPIE - RED HAW - 1972 

Line 2 - DATA WERE COLLECTED FROM SEINE HAUL JUNE AND JULY 

Line 3 - DATA ARE FOR COMBINED SEXES 

Line 4 - COLLECTOR WAS SQUIBB AND AGED BY PUTNAM 

One of several jobs can be execnted during each computer run. For each job 

the following header cards must accompany the job deck in the order indicated. 

Card 1: Ti t le card(s) 

Column 

1-80 

Meaning 

Identification (may also be blank) 

Card 2: Control card for reading data 

1-5 

6-10 

11-80 

NOBS number of observations input 

NAGE maximum age of fish 

(blank) 
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Card 3: Format card for data input 

1-80 

Card 4: Data cards 

1-80 

Card must contain I-forma~ for the first two 

elements and F-format for NAGE + 3 variables 

The total number of variables input from each data 

card is three plus the maximum age (NAGE + 3). These 

variables follow the serial number and age which is 

input using I-format conversion codes. The order for 

these variables should be punched and should follow 

the example under INPUT REQUIREMENTS. 

PROGRAM OUTPUT 

The title (Card 1) and data (Card 4) are printed for documentation and 

identification of the problem. 

LENGTH FREQUENCY AND CONDITION FACTORS 

Class intervals for obtaining frequency distribution of TL is either .5 or 

1.0 inches for the English version or 15 or 25 mm for the metric version. If any 

fish in the sample exceeds 20 inches or 500 mm the frequency interval is set at 

the higher value, otherwise the interval will be .5 inches or 15 mm. This arrange­

ment was necessary to eliminate the very small number of groups resulting from 

species of fish not attaining great body length, such as crappie, perch and blue­

gill. The body condition factor, C or Kand means for TL, weight and scale 

radius are printed for each size interval. Default values for means having zero 

frequency counts is zero. 

Length-frequency distribution, mean TL, mean wgt, mean scale radius and C or 

K factors are printed under the heading format 
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NO. GROUPS FREQ. LENGTH WEIGHT 
SCALE 
RADIUS C-K FACTOR 

The condition factor C and K for the i th class interval is a truncated integer 

for zero frequency the condition factor is not computed. 

Class intervals for the length-frequency distribution are listed as truncated 

integers, where interval ranges are written in exponential notation. The value 

6.0 falls within the 5.5-6.0 class interval, but would be written as 

5.50001EOO - 6.00000EOO 

and followed by intervals 

6.0000lEOO - 6.50000EOO 

6.50001EOO - 7.00000EOO. 

PLOTTING OF LENGTH-WEIGHT AND BODY-SCALE REGRESSIONS 

For each pair of variables plotted, maximum and minimum values are obtained 

and used to determine the range for the ordinate and abscissa. This insures 

enough space will be allowed to include all points while utilizing maximum scaling. 

The dependent vari able is always plotted on the vertical axis against the independent 

variable on the horizontal axis. Default values in the grouped body-scale regres­

sion are entered as 0,0 in both raw data and predicted plots. All intervals on the 

plot are printed in exponential notation. 

A list of plots included in SHAD are as follows: 



Independent variable (X) 

1. Raw body length 

2. Log
10 

body lengt h 

3. Grouped mean scale radius 

4. Grouped mean scale radius 

5. Grouped mean scale radius 

6 

VS 

Dependent variable (Y) 

Raw body .weight 

Log10 body weight 

Grouped mean body length 

Predicted linear grouped mean body 
length 

Predicted quadratic grouped mean 
body length 

LENGTH-WEIGHT AND BODY-SCALE REGRESSION ANALYSIS 

Output from the regression algorithm of m independent (X) variables and one 

dependent (Y) variable was expressed as 

N Regression coefficient 
A 

1 so 
A 

2 81 

A 

m + 1 

where i estimated the i th coefficient in the linear model 

T 

to 

tl 

t 
m 

S.D. 

SS 
1 

ss 
2 

2 
S S. was the estimated variance of S and t. was the test statistic for testing 

J j 1 

the null hypothesis S. = O. 
J 

Regression analysis, means and the multiple coefficient of determination (r2) 

output was computed and expressed as 



Analysis 

Multiple 

X means 

of variance 

Source of variation 

Regress 

Error 

Total 

n 
r2 = R(m-1) / I: (Y. -Y) 2 

i=l 1 

( indeEenden t variable) 

1 

2 

1 

m x 
m 

Y means (deEendent variable) 

1 V 

A 

7 

df 

m-1 

n-m 

n-1 

ss 

m n 
I: 13. I: X .. Y 

i-1 1 j=l lJ j 

MS 

R 

Subtraction s2 

n 
E (Y. -Y) 2 

i=l 1 

F 

2 
R/S 

Predicted values (Y.) of the dependent variable, Y. , was extrapolated from 
1 1 

the computed regression and had the generalized form 

A A 

+ ••• + 

A 

where the i th residual was the difference Y. - Y .. 
1 1 

LENGTH-WEIGHT RELATIONSHIP 

The length-weight relationship was expressed as the logarithmic transformed 

regression equation 
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where w. is the observed body weight, L. is the observed body length ands. is 
1 1 1 

the residual. 

This analysis can be extended to include a test of allometric growth. 

Estimated variance and the test statistic (T) for the length-weight regression are 

the same as before except the null hypothesis is tested for Sj = 3. 

Comparison of length-weight regressions for two or more samples can be tested 

by two procedures taken directly from the printout. Confidence interval for the 

95% level can be set around the regression coefficients by the usual fashion using 

at distribution. For the slope coefficient, b, the procedure is 

where n - 2 is required for degrees of freedom in a two-tailed distribution. If 

these intervals overlap there is little reason to believe slope of the two regres­

sion differ significantly. Analysis of covariance in slope and elevation can be 

tested in at distribution by 

t = 

./v (1) 

- b 
2 

+ v (2) 

However, this method would be restricted to two samples. Procedures for analysis 

of covariance of regression coefficients for more than two samples can be found 

in Snedecor and Cochran (1967:419). Extension of the analysis of variance will 

greatly enhance the meaning of length-weight relationship and lead to a superior 

knowledge of fish population characteristics. 
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BODY-SCALE REGRESSION 

Faced with a choice of linear or non-linear regr~ssion for body-scale rela-

tionships, particularly for cat f ishes the regressions are computed in three different 

forms. The first is a simple linear regression equation for grouped data in the 

model 

where L. is the mean body length, S. is the mean scale radius and E. is the 
1 1 1 

residual. Second, a quadratic model is computed in the form 

2 
L. = a0 + aS. + aS- + s., 

1 1 1 1 

where Land Sare the same as before. Last, both linear and quadratic models with 

the intercept through the origin is computed from the models 

where Land S are again identical with previous forms. 

There are several procedures for comparing the fit of linear and quadratic 

equations. The s i mplest is to compare T statistics in the printout, which would 

infer a diff erence existed, but not the significance of the difference. If it is 

obvious, which is rare, the comparison need not be carried further, In many 

instances a l inear fit is satisfactory, but the accuracy of back calculations of 

length can be greatly improved by using the quadratic equation. Comparisons are 

made by us i ng th e analysis of variance table computed and printed for each model. 

Deviations sums of squares accounted for by the simple linear equation for the term 

of one degree is pri nted in the AOV table. The difference between this quantity 

and the deviations sums of squares for the second order equation are directly 

comparable with the error term from the latter equation. As an example: 



Source of variation 

Second order equation 

First order equation 

Difference 

Error from second order 
equation 

df 

2 

1 

1 

m 

ss MS F 

(from quadratic equation table) 

(from linear equation table) 

(subtraction) 

(from quadratic equation table) 

The value of Fat 1 and m df will determine the level of significants. Most use 

of the linear model with the zero intercept would be made when intercepts for the 

simple linear model were negative values. 

BACK CALCULATION OF LENGTH AT EACH ANNULUS 

The final output is tables containing the grouping of fish by age and 

estimating body length at each annulus by measurements of annulus distance from 

the focus of the scale. For each NAGE group, mean scale radius for annuli l, 2, 

... , NAGE are computed. The age frequency is printed along with the mean scale 

radius under the following format. 

GROWTH COMPUTATION GROUPING BY AGE AND MEAN RADIUS 

Age 

1 

2 

3 

NAGE 

where 

x .. = 
lJ 

f .. 
lJ 

No. 

fll 

f21 

f31 

E X . . k/f . . , 
k=l lJ lJ 

1 2 

Xll 

:x21 :x22 

x31 x32 

and f . . is the frequency of the i th age at annulus j. 
lJ 

3 

x-33 

x 
NAGE3 

NAGE 
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When the body - scale relationship is linear with an i ntercept at the origin, 

scale growth is directly proportional to body growth ~nd the estimated body length 

is computed as 

s .. 
L = __:l_L. . . - J lJ S . 

i,j, ... , NAGE. 

1 

For fis h where the body-scale relationship is linear but not necessarily directly 

proportional t he estimated body length is computed as 

L .. 
l J 

s .. 
s

0 
= ..2J.. (L. - s.) 

- J J S. 
1 

i,j, ... , NAGE. 

In case of a non-linear body-s cale relations hip es t i mated body length is ext ra­

polated from t he quadratic function 

L .. 
lJ 

A A _ 2 
= a

0 
+ a

1
s .. + a

2
s .. 

lJ lJ 
i , j , .. . , NAGE. 

The s . . in a l l equations was the mean s cale r adius at age i , annulus j. 
1] 

Increments for the estimates are comput ed f rom 

L .. l - L . . 1 ,J+ 1,J 
i, j, ..• , NAGE 

with 
A A 

L . 1 = L . 1 
1, 1, 

i ,j, ... , NAGE 

Est imat ed body length at each annulus can also be computed by success i ve 

summati on of the grand averaged increments . 
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APPENDIX 

Table 1 

source listing of main routines and sub-routines for SHAD using format for 
English values. 



YORT RA N IV G LEVEL 20 l! AIN DATE = 72131 02/39/22 

000 1 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0 01 1 
0012 
0013 
0014 
0015 
0 016 
0017 

0018 
0019 
0020 
0 021 
0022 
00 23 
0024 
002 5 
002 6 
0027 

0028 
0029 
0030 

0031 
0032 
0033 
0034 
0035 
0036 
003 7 
'.)038 
0039 
00 40 
0041 

C 

CCMMON A(400),U(400) ,N, L, DEr, X3 (400) ,Y3(400) ,B(10) 
CCMMON XXY{400,4) ,YY(400) 
Dll'IENSION TDENT(400,2} ,D1 (400,14} 
DIMENSION F!'!T (20}, F (9 9}, l (99) ,SUM (99, 20), ICNT (99, 2 0), PD 1(25,20) 
DIMENSION PD2(25,20) ,PD3(25,20) ,PD4(25,20) ,IPX(99) ,BX(10 ,3) 
D Ill ENS IO N X3 3 ( 1 0 0} , Y 3 3 ( 1 0 0) , 8 B ( 1 0) 

100 CONTINUE 
READ (1, 2,END=101) f!'!T 
WRIT E(3,1 1 5) FMT 

11 5 FORM AT(' 1 1 , 20X , 20A4,//) 
READ(1,1 ) NOBS, NAGE 
FO RMAT (1015) 
NVAR=NAGE+3 
N=NOBS 
N 2 = 2 
READ(l,2} FMT 

2 FORMAT(20A4) 

C READ RAW DATA INTO D1 (I,J) UNDER FMT 
!'!12 = 12 
NVAR1= NVAR+l 
DO 3 I = 1, NOBS 
READ(1,FMT) {IDENT(I,J) ,J=1,N2) , ( D1 (I,J} ,J=1, NVAR 
WRITE(], 116) (IDENT(I,J) ,J=1,N2 ), (D1 (I, J} , J= 1,NVAR} 

11 6 FORMAT(' ',I5,I3,2X,10(10F11 .4,/11X) ) 
3 CONTINUE 

DO 4 I= 1, NOBS 
X 3 (I) = D 1 ( I, 1) 

4 Y3(I)= D1( I ,2) 
C 
C PART 1: LENGTH-WEIGHT REGRESSION USI NG RAW DATA 
C PLOT LENGTH(X),VS. WEIGHT(Y) 
C 

ICODE = 1 
WRITE(3,400) 

400 FORMAT( '1', 20X ,'LENGTH-WEI'.i'iT PLOT OF !!AW DATA', 
1 ' DE PENDENT VARIABLE: WEIGHT ', /) 

CALL PLOT ( ICODE , XMAX , XMI N,YMAX , YMIN ) 
XINT =.5 
IF ( XMA X.GT . 20) XINT= 1. 
ICT = 0 
IST = XIHN 
M10 = 10 
M25 = 99 
Z(1} = IST 
DO 18 I = 2, M25 
II= I- 1 
F (II) = 0 

t>IIGE 0001 



FORT RA If IV G LEVEL 20 l'!AIN Dl\TE 72131 02/39 /22 

0042 
0043 
0044 
0045 
0046 
004 7 
0048 
0049 
0050 
0051 
0052 
0 053 

0054 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 

0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0 081 
0082 
0083 
0084 
0085 

Z (I) = Z (I.I) + XINT 
ICT = ICT+ 1 
IF( Z (I) .GT. Xl'!AX) GO TO 19 

18 CONTINUE 
1 9 CONTINUE 

I =ICT 
IC =ICT+1 
II=ICT+2 
I1=ICT+3 
Z (I C ) =Z (I) +XIN T 
Z (II) =Z (IC ) +XINT 
Z~ 1) =Z(II) + XINT 

C 
C THERE ARE ICT INTEVERALS JF LENGTH XINT EACH (.5 OR 1. 0 ) 

C 

C 

DC 33 I= 1,M25 
DO 33 J = 1,M10 
SUM (I,J) = 0 

33 ICNT (I,J) =O 
1'!3 = 3 
M4 = 4 
!!1=1 
IC=ICT+1 
DO 20 II= 1, NOBS 
DO 200 I= 1, IC 
I 1=I-1 

IF( D1(II,1).GT.Z{I)) GO TO 200 
DO 201 J= 1, rn 
SUM{I 1,J) = SUK (I 1 , J) + D1 (II, J) 
ICNT{I1,J)=ICNT(I1,J) + 1 

201 CONTINUE 
GO TO 20 

200 CONTINUE 
20 CCNTINUE 

DO 82 I= 1,ICT 
DO 82 J = 1,113 
H(ICNT(I,J) .EQ.0) GO TO 82 
SUM(I,J) = SUM(I,J) / ICNT(I, J ) 

82 CONTINUE 
WRITE (3, 21) 

2 1 FORMAT('1',30X,'LENGTH-FREQUENCY DISTRIBUTION',//) 
KK=O 
DO 353 I=1,ICT 
IF (ICNT (I, 1). NE. 0) GO TO 354 

353 KK=KK+1 
354 CONTINUE 

DO 359 I=1,NOBS 

P"GE 0002 



l"ORTRA H IV G LEVEL 20 MAIN DATE 72131 0 2/39 /22 

0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0100 
0101 
0102 

0103 
0104 
0105 
0106 
0107 
0108 

0109 
0110 
0111 
0112 
0113 
0114 
0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124 

0125 
0126 

C 
C 
C 
C 

C 

C 

359 A (I) = O 
K1=KK 
DO 355 I=1,ICT 
KK=KK+1 
Z (I) =Z (KK) 
ICNT (I,1 )=ICNT(K K,1) 
DO 356 J=1,M3 

356 S OM (I,J) =SUM (KK,J) 
355 CONT INU E 

DO 350 I=1,ICT 
IFX(I)=10000000 
I F (SUM {I , 1 ) • EQ . 0) GO TO 3 5 0 
A(I)=(1/S UM (I,1) ** 3 ) * SU'.'l (I, 2)*1 0 0000 
IPX (I) =A (I ) 

350 CONTINUE 
WRITE (3,500) 

500 FORMAT('O', 21X, 1 GROUPS',16X,'FREQ.',7X,'LENGTH1 ,9X,'WEIGHT',6X, 
1 1 SCALE-RADIUS', 5X, 'C-FACTOR' ,/) 

ICT=ICT- K1 
DO 23 I= 1, ICT 
II = I+ 1 
WRITE(3,22) I, Z(I),Z(II), ICNT(I,1),(SUll(I,J) ,J=1,!'13j ,IPI(I) 

22 FORMAT ('', I5,10X, F8.1, 1 - 1 ,F8.1, 10X, I5,3F15.4,5X,I5) 
23 CONTINUE 

LENGTH WEIGHT REGRESSION Y =A* X** N 
X = RAW LENGTH, Y = RAW WEIGHT 
TRANSFORM TO LOGY= A+ B*LOG X + E 

DO 9 I= 1, NOBS 
XXY(I,2) = ALOG10(D1(I,1) 

9 XXY(I,3) = ALOG10(D1 (I,2) 
N = NOBS 
11 = NOBS 
NX= 1 
LD= 0 
LIX= 0 
LCX= 0 
LRX= 0 
LCXY=O 
LFD= 1 
!CODE= 0 
K = 0 
CALL REGRES ( 11,NX,LD,LRX,L:X,LIX,LPD,LCXY,JOBS) 
JOBS=O 

DO 24 I= 1, NOBS 
24 Y3(I) = YY(I) 

PII.GE 0003 



FORTRAN IV G LEVEL 20 l'IAIN DATE 7 21 31 

0127 
0128 
0129 

0130 

0131 
0132 
0 13 3 
0134 
0135 
0136 
0137 
0138 
0139 
0140 
0141 
0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
0151 
0152 
015 3 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0 161 
0162 
0 163 
0164 
0165 

0166 
0167 
0168 
0 169 

C 
C 

C 

ICODE = 2 
ilRITE(3 , 401 ) 

401 F OR MAT ('1', 20X,' PREDICTED LENGTH-WEIGTH PLOT OF RAW DATA', 
1 10X,' DEPENDENT VARIABLE: to:; WE I GHT',/) 

CALL PLO!(ICODE,Xl'IAX,XMIN, YMAX, Yl'I IN) 

BEGIN SE COND REGR ES SI ON: BODY - SC ALE 

3 1 FCRl'I AT(' 1 , 215, 1 ICNT(I,J) WAS ZERO ' 
DO 30 I = 1,ICT 
X3(I}= SUl'l(I ,3) 
Y3(I ) = SOll(I,1) 
X33 (I) =X 3 ( I ) 
Y33(I)=Y3(I) 
M = I CT 
XXY(I,2) =X 3(I} 

3 0 XXY(I,3) = Y3(I) 
ISWTCH = 1 

994 CONTINUE 
IF (ISWTCH. EQ.1} GO TO 996 
lilRITE(J,991) 

991 FCRl'IAT( 1 1',3X, 1 LINEAR AND QUADRATIC ESTIMATION BA SED ON',/) 
WRITE (3,990) 

990 FORMAT(' ',3X,'FITTING THE BODY-SCALE RE GRESSION MODEL',/) 
WRITE (3,989} 

989 FORMAT(' ',3X , 1 CENTERED TO TH E ORI GIN',///) 
SUl'l1=0.0 
SUM2 = 0.0 
DO 999 I=1,M 
SOM1=SUM1+X33(I)*X33(I) 

999 SU1'12=SUl!2+X33 (I) *Y33 (I} 
D=SUl'l2/SUl'l 1 
B B(l} =O. 
BE(2}=D 
WRITE(J,998) D 

998 FORl'IAT('0',3X,'NEW REGRESSION COEFF.' ,2X,F8.4,//) 
GO TO 99 5 

996 CCNTINUE 
CALL REGBES ( M,NX,LD,LRX,L:X,LIX,LPD,LCXY,JOBS) 
N = ICT 
ICODE = 1 
WRITE (3,402) 

402 FORIIAT('1',20X,'LINEAR BODY-SCALE PLOT', 
1'CF GROUPED MEAN S 1 ,10X,'DEP ENDEN T VARIABLE: BODY LEN GTH',/) 

CALL PLOT (IC ODE, XIIAX, XIIIN, YMAX, YIIIN } 
DO 93 I= 1,ICT 

93 Y3(I) = YY(I) 
ICO DE = 2 

0 2/39/22 Pll.GE 0004 
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0170 
0 17 1 

017 2 
0173 
0174 
0175 
0176 

0177 
0178 

0179 
0180 
0181 
018 2 

01 8 3 
0184 

0185 
0186 
0187 
0188 
0189 
0190 
0191 

0192 

019 3 
0194 
019 5 
0196 
0197 

0198 
0199 
0 200 
0201 
0 202 
0203 
0204 
0 205 
0206 

WR I T E (3,40 3 } 
403 FORMAT ( 1 1' , 20X, 1 LI NEAR PRED I::: 'T ED BO DY- S CALE PLOT 1

, 

1'0F GRO UP E D II E ANS',10X,'DEP EN DENT VA RIABLE: BO DY L ENGTH',/) 
CALL P LOT(IC ODE ,XIIAX,XIIIN,Y MAX, YIHN) 
M 2 = 2 
ICODE = 1 
DO 94 I= 1,IC T 

94 Y3 (I) = YY ( I ) 
C B EGI N PART 3: BODY-S CALE BY P OLYNOMI AL FIT 

C 

C 

C 

C 

C 

C 

DO 1 2 6 I = 1,!'1 2 
126 BX(I,1) = B( I) 

DC 4 0 I = 1, ICT 
XXY(I,4) = S UM ( I ,1) 
XH( I ,3) = SUM ( I ,3) * SU M(I, 3 ) 

40 X XY (I,2 ) = SUI! (I,3) 

NX 
II 

2 
I CT 

CALL REGRES ( l'l,NX,LD,LRX,LCX,Lll,LPD,LCIY,JOBS} 

ICODE = 2 
DO 41 I = 1,ICT 

41 Y3(I)= YY(I} 
ICODE = 2 
WRITE (3,404) 

404 FORIIAT( 1 1 1 ,20X,'QUADRATIC PREDICTED BODY-SCALE PLOf', 
1 1 0F GROUPED l'I E ANS 1 ,10X, 1 DEPENDENT VARIABLE: BODY LENGTH',/) 

CALL PLOT(ICODE,Xl'IAX,Xl'IIN,YMAX, YIIIN) 

113 = 3 
M10 =10 
1125 =25 
DO 102 I =1, 113 

102 BX{I,2} = B(I} 

C BEGIN PART 4: GROWTH COIIPUTATION 
C GROUPING BY AGE MEAN RADIUS AT EACH ANNULUS 

DO 50 I = 1, 25 
DO 50 J= 1, 2 0 
SUM (I,J) = 0 

50 ICNT(I,J) = 0 
NVAR2 = NVAR-3 
DO 51 J = 1, NVAR2 
DO 5 1 I = 1, NOB S 
K= J+3 
I I = IDE NT (I, 2) 

PAGE 0005 
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020 7 
0208 
0209 
0210 
0 211 
0212 
0213 

0 21 4 
0215 
0 216 
0 217 
021 8 
0 219 
0220 
0 221 
0 222 

0 223 
0224 
0225 
0226 
0227 
0228 
0229 
0230 

0 231 
0232 

0233 
0234 
023 5 
0236 
0 237 
0238 
0239 
0240 
0241 
0 242 
0 243 
0 24 4 
0245 
0 2 46 

C 

C 
C 
C 
C 
C 

IF ( D 1 (I, K) • EQ. 0) GO TO 51 
SOM (II , J) = S U!'l(II,J) + D1(I,K) 
ICNT(II,J) = ICNT(II ,J) + 1 

51 CONTINUE 
l'l 1 2 = 1 2 
DO 53 I =1 , NAGE 
DO 53 J=1,NAGE 

IF( ICNT(I,J).EQ.0) GO TO 53 
SUl'l ( I ,J)= S UM(I , J) / ICNT(I,J) 

53 CONTINUE 
IF(ISWT C H.EQ .1) GO TO 992 

995 BX( 1,1)= BB(1) 
BX (2, 1) =BB (2) 

992 CCNTI NOE 
WRITE (3, 98) 

98 FORl'lAT('1',20X, ' LINEAR GRO\lr H CO MPU TA T IO N GRO UPI N:; BY AGE',1X, 
1 1 MEAN RAD I US',/) 

WRITE (3, 41 2) (I, I=1, NAGE } 
412 FOBl'IAT(' ' ,2X, 'AGE',2X, 1 NO. •,7X,12(5X,I 5 ) ,/} 

DO 54 I= 1, NAGE 
WRITE (3, 56 ) I, ICNT (I, 1), (SOl'l (I ,J) ,J = 1, I 

56 F ORMAT( ' • , rs, I5,10X, 12F10.4} 
54 CCNTINUE 

WRITE (3, 58) 
58 FORl'lAT{' ,,,,ox, 'ESr I MATED BODY LE NG rH AND INCREMENTS Ar ' 

1 'EACH ANNULUS GRO WTH',///) 
WRITE (3, 59) 

59 FORl'lAT('0 ' ,20X, 1 LINEAR ESTIMAT ED BODY LENGTH Ar ANN ULUS',//) 

FOR ESTI MATED TOTAL BODY LENGTH AT NTH ANNULUS USE BEST F ir 
FROl'l BOD ·Y LENGTH - SCALE REGRESSION 
CALCULATE AND PRINT BOT H LINEAB AND QUADRATIC. 

DO 60 I= 1, NAGE 
DO 6 0 J = 1, NAGE 
P t1 (I , J) = 0 
PD2(I,J)= 0 
PD3 (I,J) = 0 

60 PD4 (I,J) = 0 
NX 1 = NX + 1 
DO 61 I = 1, NAGE 
DO 6 1 J = 1, I 
PD1 (I,J) =BX (1,1)+ SUM(I,J)* BX ( 2 ,1) 

6 1 P D2 (I, J) =BX(1,2}+ SUM(I,J)*BX(2,2}+5UM(I,J)*SUM(I,J)* BX(3,2) 
NC 1 = NAGE - 1 
WRITE (3,412) (I , I=1 , NAGE) 
DC 62 I= 1, NA GE 

PAGE 0006 
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024 7 

0248 
0 249 
0250 
0 251 
0252 
0253 
0254 
0255 
0 256 
0257 
0 258 
0259 
0260 
0261 
0262 

0263 
0264 
0265 
0266 
0 267 
0 268 
0269 
0270 
0271 
0272 
027 3 
0274 
0275 
0276 
0277 
0278 
0279 
0280 
0 281 
0282 
0283 
0284 

0285 
0286 
0287 
0 288 
0289 
0290 

C 

C 

C 

C 

62 wRI TE(3,56) I, ICNT(I,1) 

DC 63 I = 1, NAGE 
P I:3 (I, 1) = PDl (I, 1) 
PD4 (I, 1) = PD2 (I, 1) 
DO 6 3 J = 1, I 
JJ = J +1 
PD4-(I,JJ) =PD2 (I ,JJ) -PD2 (I,J) 
PD3(I,JJ) =PD1(I,JJ)- PDl(I,J) 
IF (PD4 (I ,JJ). LT. 0) PD4 (I,JJ) = 0 

63 IF(PD3(I,JJ) .LT.OJ PD3(I,JJ)= 0 
DO 64 I= 1,NA GE 

64 Z (I)= 0 
K l< = NAGE+l 
DO 65 J = 1,NAGE 
DO 65 I= 1,NAGE 

65Z(J) =Z(J) +PDl(I,J) 

DO 66 I= 1, NAGE 

/ KK 
(Z(I) ,I=l,NAGE ) 

, ( P D1(I, J ), J= 1,I) 

KK = KK-1 
66 Z (I) = Z (I) 

WRITE (3, 67) 
67 FORMAT (' 0 1 • 

WRITE (3, 68) 
3X, 1 GRAND AVE. LEN;TH', 10F10.4 

68 FORMAT( 1 0 1 ,// ,30X,'INCREMENTS' ,//) 
WRITE(J,412) (I,I=1,NAGE) 
DO 69 I= 1, NAGE 

69 WRITE (3, 56) I, ICNT (I, 1), 

105 

107 

112 

DO 105 I=1,NAGE 
Z (I) =O 
DO 107 J=1,NAGE 
DO 107 I=l, NAGE 
Z (J) =Z(J) +PD3(I,J) 
KK = NAGE+ 1 
DO 112 I=1,NAGE 
KK=KK-1 
Z (I) =Z (I) /KK 
WRITE ( 3, 6 7) 
WRITE(3, 70) 

(Z(I),I=1,NAGE) 

(PD3(I,J) ,J=1,I) 

70 FORMAT(' 1',20X,'QUADRATIC ESTIMATED BODY LENGTH AT ANNULUS',// l 

WRHE(3,412) (I,I=1,NAGE) 
DO 71 I = 1, NA GE 

71 WRITE(3,56) I, ICNT(I,1) 
DO 72 I= 1,NA GE 

72 Z (I)= 0 
DO 73 J = 1,NAGE 

, (PD2(I,J),J=1,I) 

PAGE :1001 
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DC 73 I = 1, NAGE 
73 Z (J} = Z (J} + PD2 (I,J) 

KIi = NAG E+ 1 
DO 74 I = 1, NAGE 
KIi = KK-1 

74 Z(I)= Z(I)/ KK 
WRITE(3,67) ( Z( I ),I=1,N AGE } 
WRITE (3, 7 5) 

75 FORMAT( 1 0 ', // ,30X, 'INCREMENTS ', // 
WRITE (3,412) (I, I-=1, NAGE) 
DC 76 I= 1, NAGE 

DATE 7 21 31 

0291 
0292 
0293 
0294 
0295 
0296 
0297 
0298 
0299 
0300 
0301 
0302 
0 303 
0304 
0305 
0 306 
0 307 
0308 
0309 
0310 
0 311 
0312 
0 313 
0314 
0315 
0 316 
0317 
0318 
0319 
0 320 

1 6 WRIT E(3,56) I, ICNT(I,1), (PD4(I,J),J-=1,I) 
DO 106 .I-=1,NA GE 

106 Z(I )= O 
DO 108 J=1 , NAGE 
DO 108 I-=1,NAGE 

108 Z(J)=Z{J)+PD 4 {I,J) 
KK=NAGE+ 1 
DO 111 I-=1,NAGE 
KK=KK-1 

111 Z(I}=Z(I)/KK 
WRITE {3,67} (Z {I) ,I=1,NAG E 
H'(ISWTCH.NE.1) GO TO 993 
ISWTCH=2 
GO TO 994 

993 CONTINUE 
GO TO 100 

101 CONTINUE 
STOP 
END 

02/39/22 l'P.GE 0008 
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*OPrIONS IN EFFECT* NOID , EBCDIC ,S OURCE ,NOLIST,NODECK , LOAD , NO!'I AP 
*OPTIONS IN EFFEC T * NAME= MAIN , LINECNr = 50 
*STATIST ICS* SO URCE STATEMENTS= 320,PROGRAM SIZE= 6 1 61 2 
*STATISTICS* NO DIAGNOSTICS GENERATED 



P'OHTRA N IV G LEVEL 20 REGRES DATE = 72131 02/39 /22 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0 012 
0013 
0014 

0015 
0016 
0017 
0018 
0019 
0020 

0021 
0022 
0023 
0024 
0025 

0026 

0027 
0028 
0029 

0030 
0031 
0032 
0033 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

C 

100 

SUBROUTINE REG RE S ( M,NX ,LD, LRX,L:X,LIX ,LPD,LCXY , JOBS) 
CC~MON l\(400) , 0(400),N , L, DET, X3(400) ,Y3( 400),B(10) 
CCMMON XXY(400,4 ) ,YY(400) 
DIMENSION XP{10,10), X( 10) ,R(10,10) 
DIMENSIO N XC{10,10), T(10), SED( 10) ,V(10) 
DIMENSION XX (10, 10), RY (400) 
DIMENSION ISORT(20) , NUM(10,3) 
DIMENSION FMT (20) 
JOBS= 0 
K= O 
CONTINUE 
N 1 -= NX + 1 
N 2 = NX + 2 
N3 =N2 +K 

M = NO.OBS; NX = NO.OP X'S; LD=1 IF DATA PRINTED; 
LRX= 1 IF RAW S.S . PRINTED ; LCX= 1 IP C'.JRRECrED S.S. PRINTED; 
LIX= 1 IF INVERSE PRINTED ; LPD = 1 IF PREDI::TED Y'S PRINTED. 
LCXY= 1 IF CORRELATION COMP UTED AND PRINTED; JOBS = ND.JOBS. 

READ DATA INTO XXY(I,J) 
KCNT=O 
Nl=N1+K 
N2=NJ 
NX=NX+K 
N= NX 
L= N*(N+1)/2 

IF(LD-1} 98,97,98 
97 WRITE (3, 65} 
65 FORMAT ( 1 1 DATA',//} 

DO 96 I= 1, M 
96 WRITE(), 95} (XXY (I,J}, J= 2, N2) 

95 FORMAT(' ',8E15.6} 

98 DC 94 I= 1,M 
XXY(I,1)-= 1 . 

94 CONTINUE 

C ZERO OUT X' X ARRAY 
C 

DO 93 I= 1, N2 
DC 93 J= 1,N2 
XP(I,J) = 0. 

93 CGNl'INUE 
C 

0602 0 

0502019: 
0602019C 

0602019C 
0602019C 
0502019c 
0602019C 
0602019C 
0602019C 
0602019C 
0602019c 

0602019C 

06 02019C 
0602019C 

0602019C 
0602019C 

0602019C 
0502019C 
0602019C 
0602019C 
0502019C 
0602019C 
0602019C 
0602019C 
050201 cic 
0602019C 
060201ClC 
0602019C 

PAGE 0001 
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0034 
0035 
0036 
0037 
0038 

0039 
0040 

0 041 

0042 
0043 
0044 
0045 

0046 

0047 
0048 

0049 
0050 
0051 

0052 
0053 
0054 
0055 

0056 
0057 
0058 
0059 
0060 
0061 

0062 
0063 

C 
C 

C 

C 

C 

C 

C 
C 
C 

C 
C 

C 

COMPUTE RAW SUM SQUARES 

DO 3 
DO 92 

92 X (II) 
DO 3 
DO 3 

K = 1, M 
II= 1, N2 

XXY(K,II) 
I = 1, N2 
J = 1, N2 

XP{I,J) = XP(I,J) + X(I)* X(J) 
3 CONTINUE 

IF(LRX- 1) 91,9 0,9 1 

90 WRITE(3,69) 
69 FORMAT ('1 RAW SUM OF SQUARES' ,//) 

DO 87 I = 1, N2 
87 WRITE(3,89) { XP{I,J),J = 1,I) 

89 FORMAT ( • 

APPLY 

',//, 10( 6(F20. 7,1X), / )) 

JORDAN REDUCTION 

91 DO 4 J 1, N2 
4 XP(1,J) = XP (1, J) / M 

DO 5 
II 
DX 

I = 1 , N1 
I + 1 

XP(II,1) 

DO 5 J = 1 , N 1 
JJ = J + 1 

ro GET CJRRECTED 

XC(I,J) = XP(II,JJ) - XP(1,JJ) * DX 

SUI'! SQUARES 

5 CONTINUE 
C 
C OUTPUT OF CORRECTED SUM SQUARES 
C 

C 
C 
C 

Il'(LCX- 1) 85,86,85 
86 WRITE (3, 54) 
54 FCRMAT( 1 1 CORRECTED SUM OF SQUARES',//) 

DO 8 3 I = 1, N 1 
83 liRITE(3,84) ( XC(I,J), J= 1, I) 
84 FORMAT(' 1 ,//,10(6{F20.7,1X),/l) 

COMPUTE AND OUTPUT SIMPLE CORRELATION COEFFICIENTS 

85 CONTINUE 
IF(LCXY-1) 81,82,81 

02/39/22 

0602019C 
0602019C 
06 0 2019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0502019C 
06 0 2019C 
0602019C 
0602019C 

0602019C 
0602019c 

06D2D19c 
oso2019c 
0602019C 
0602019C 

0602019C 
0602019C 
0602019C 
0502019c 

0602019C 
0602019C 
0602019C 
0502019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019c 

0602019C 

0602019C 
0602019C 
0602019C 

0602019C 
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0602019C 
0602019::: 
0602019C 
0602019C 

0064 
0065 
0066 
0067 
0068 
0069 
007 0 
0071 
007 2 
007 3 
0074 
0075 
0076 
0077 
0 078 
0079 

0080 
0081 
0082 
0083 
0084 
0085 

0086 
0087 
0088 
0089 
0090 

0091 
0092 
0093 
0094 
0095 
0096 

0097 
0098 
0099 

0 100 
0101 
0 10 2 

C 

C 

C 
C 

C 

C 
C 
C 

C 

82 DC 6 I= 
DO 6 J = 
R (I,J) = 

1, N 1 
1, N 1 
XC(I,J) / SQRT(XC(I,I)* XC(J ,J)) 

6 CCNTINUE 
WRITE (3, 59) 

59 FORMAT(' 1 SIMPLE CORRELATION COEFFICI ENT S',//) 
DC 80 I = 1, N1 

80 WRITE (3, 79) ( ~ (I,J), J= 1 , I) 
7 9 FGRMi\T (' 
8 1 K-= 0 

DO 7 I -= 1 , NX 
DO 7 J = 1, I 
K-= K+1 
A(K) = XC(I,J) 

7 CONTINUE 
CALL BORDER 

K-= 0 
DO 8 I 
DO 8 J 
K= K+ 1 
XX (I, J) 

8 CONTINUE 

DO 9 I 
DO 9 J 
XX(I,J) 

9 CONTIN UE 
IF(LIX- 1) 

1, NX 
1, I 

A (K) 

1,NX 
I,NX 

XX(J,I) 

77,78,77 

OUTPUT OF x•x INVERSE 

78 WRITE (3, 55) 
5 5 FORMAT('l OUTPUT OF x••x INVERSE', 

DO 76 I -= 1, NX 
76 WRITE(3,75) ( XX(I,J},J = 1, I 
75 FCR!!AT (' 
77 CONTINUE 

COMPUTE 

DC 10 I 
B(I )= 0 . 

10 CONTINUE 

B'S OF 

1, N 1 

DO 11 I= l, NX 
II = I + 1 
DO 11 J -= 1 , N X 

X'XB X'Y 

' , I I , 10 (6 ( F2 0. 7, 1 Xl , /) I 

//) 

I I, 1 0 ( 6 ( F 2 0. 7, 1X) , /) ) 

0602019C 
0602019C 
0502019C 
0602019c 
0502 019C 
0502019c 
0602019C 
0602019C 
06020 19C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019c 
0602019C 
0602019C 

0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
0602019C 
060201 9C 
0502019C 

0602019C 
0602019C 
0502019C 
0602019C 

?AGE 0003 
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0 103 B (II) = B (II) + 1XX(I,J) * X:: ( J , N1) 
0104 11 CONTINUE 0602019C 

C 0602019C 
C COl'IPOT E B ( 1) 0602019C 
C 0602019C 

0105 S Ul'I= 0. 0602019C 
C 0602019C 

0106 DO 12 J = 2,N1 0602019C 
0107 12 S UM = SUI! + XP(1,J)* B(J ) 0602019C 

C 0602019C 
0108 B ( 1) = X P ( 1, N2) - SU 11 

C 0602 0 19C 
C COMPUTE VAR OF B (1) ST ROE I N VB 1 0602019C 
C 0602019C 

0 109 DO 13 I = 1, NX 0602019C 
0110 13 V (I ) = o. 0602019C 
0111 VBl = o. 0602019C 
0112 DO 14 I = 1, NX 0602019C 
0113 DO · 14 J = 1, NX 0602019C 
0114 JJ = J+ 1 0602019C 
0115 V (I) = V (I) + XP(1,JJ)* XX(I,J) 
()116 14 CONTINUE 

C 0602019C 
0117 DO 15 I= 1 , NI 0602019C 
0118 II = I + 1 0602019C 
01 1 9 15 VEl = VB1 + V(I)*XP ( 1,II) 0602019C 

C 06 0 2019C 
C COl'IPUTE B'X'Y 06 0 201 9 C 
C 0602019C 

0120 BXY = 0 06020 1 9 C 
0121 DO 16 J = 1, NX 0602019C 
0 122 JJ = J+1 
0123 16 BIY = BXY + B(JJ)*XC (J,N1) 
0124 N= l'I 

C 06 0 20 19C 
C COMPUTE ERROR SS = Y' Y - B • x• y = ERR AND ERR M.S . AND VB1 0602 01 9C . 
C 06 0 2019c 

0125 ERR= XC(N1,N1) - BXY 
0 126 IFERB = N- NX- 1 
0127 ERRMS' = ERR/ IFERR 
01 28 VB1 = (1 . /N+ VB1) * ERRl'IS 

C 06 0 2019c 
C COMPOTE STANDARD ERROR OF B' S , = SEB 0602019C 
C 06 0 2019C 

0129 DO 17 I = 1, NX 0602019C 
0130 II = I + l 06020 19C 
0131 17 SED (II ) = SQRT (XX (I, I)* ERRl'IS) 0602019C 
0132 srn (1) = SQRT (VB1) 
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0133 
01H 
0135 

0136 
0137 
0138 
0139 
0140 

0141 
0142 
0 143 
0144 
0145 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

COMPOTE T- VALUES T 

DO 18 I = 1, N 1 
II=I 

18 T (II) = B(II)/ SED(II) 

COMPUTE MULTIPL E R = RX 

RX= ERR/ XC(N1,N1) 
RX=1-RX 
SBX Y = BXY /NX 
IFTOT = N-1 
F1 = SBXY / ERRMS 

OUT PUT B I S, T I S, AND S. D. 

WRITE (3, 5 0) 
50 FORMAT ( 1 11 ,12X, 1 REGRESSION COEFF. 1 ,16X,'T',17X ,' S.D.',I/) 

DO 21 I = 1, Nl 
21 WRITE (3, 20) I, B (I) , T (I) , SEO (I) 
20 FORl'IAT (' ',SX, IS, 3F20. 4) 

COMPUTE ANALYSIS OF VARIANCE AND OUTPUT 

WRITE(3,38) RX 
38 FORl'IAT{'Ol'IULTIPLE R2= 1 , F20.7,//) 

108 

109 

WR IT E (3, 10 8) ( I , XP ( 1 , I) , I= 2 , N 1) 
FORl'IAT('0',10X,'X MEANS (INDEPENDENT) ',//,25(I5,F20 .4 ,/)) 
li RITE{3,109) XP(1,N2) 
FORl'IAT('0',10X,'Y MEAN {DEPENDENT) ' , // ,5X,F2 0.4) 
WRITE(3, 22) 

22 FORMAT('l ANALYSIS OF VARIANCE TABLE',//) 
WRITE (3, 23) 

02/39/22 

0602019C 
0602019C 
0602019C 
0602019C 

06 02019C 
0602019C 
0602019C 
0602019C 

0602019C 

0602019C 
0602019C 
0602019C 
0602019C 

0602019C 

0602019C 
0602019C 
0602019C 
0602019C 
0602019C 

0146 
014 7 
0148 
0149 
0150 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 

23 FCRMAT( 1 0 SOURCE',14X,'D.F',17X,'SUM SQ.',14X,'MEAN SQ',13X,'F',/)0602019C 

0162 
016 3 
0164 

WRITE (3 ,24) NX, BXY , SBXY, F1 
24 FORl'IAT('O REGRESS',13X,I5,07X ,3(F20.8)) 

f>R ITE (3 ,25) IF ERR, ERR, ERR!'!S 
25 FOR!UT( 1 0ERFOR',15X,I5,07X, 2(F20.8)) 

WRITE (3,26) IFTOT, XC(N1,N1) 
26 FORMAT ('0TOTAL',15X,I5, 07X,F20.7) 

C 
C COMPUTE AND OUTPUT OBS, PREDICTED, AND RESIDVAL 
C 

IF(LPD - 1) 28,27,28 
27 DC 29 I= 1,M 

YY(I) = 0. 

0602019C 

0602019C 
0602019C 
06 02019C 
0602019C 
0602019C 
0602019C 
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FORTRAN IVG LEVEL 20 REGRES DATE 72131 

0133 
013 4 
0135 

0136 
0137 
0138 
0139 
0140 

0141 
0 14 2 
0 143 
0144 
0145 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

COMPOTE T- V ALOES 

DO 18 I = 1, N 1 
II=I 

18 T(II)= B(II)/ SED(II) 

T 

COMPOTE MULTIPL E R = RX 

RX= ERR/ XC(N1,N1) 
RX= 1- RX 
S BXY = B XY /NX 
IFTOT = N-1 
F1 = SBXY / ERRMS 

OOT PUT B I S, T I S, AND S. D. 

WRITE(), 50) 
50 FORMAT( 1 1 1 ,1 2X,'R EGRESSION COEF F . 1 ,16X, 'T', 17X ,'S. D. ' ,I/) 

DO 21 I = 1, N1 
21 WRITE (3, 20) I, B (I) , T (I) , SEO (I) 
20 FORl'!lT (' • ,5 X, rs. 3F20. 4) 

COMPUTE ANALYSIS OF VARIANCE AN D OOTPUT 

WRITE (3, 38) RX 
38 FORMAT{'OMULTIPLE R2=', F20.7,//) 

108 

109 

iR ITE (3, 108) (I, XP (1,I), 1= 2 ,N1) 
FOR!IAT('0',10X,'X MEANS (IN DEP ENDENT) ',//,25(I5,F20.4 , /)) 
liRITE(J ,109) XP(1,N2) 
FORlUT( 1 0",10X,'Y MEAN {DEPEND ENT) ',//,5X,F20.4) 
WRITE(J, 22) 

22 FORMAT{'1 ANALYS I S OF VARIASCE TABLE',//) 
WRITE (3, 23) 

02/39/22 

06020 19C 
0602019 C 
0602019C 
0602019C 

0602019C 
0602019C 
0602019C 
060 2 019C 

0602019C 

0602019C 
0602019C 
0602019C 
0602019C 

0602019C 

0602019C 
0602019C 
0602019C 
0602019C 
0602019C 

0146 
0147 
0148 
0149 
0150 
0 151 
0152 
0153 
0154 
01 55 
0156 
0157 
0158 
0159 
0160 
0161 

23 FCRMAT( 1 0 SOORCE',14X,'D.F 1 ,17X,'SUH SQ.',14X, 1 MEAN SQ',13X, 1 F 1 ,/}0602019C 

0162 
0 16 3 
0164 

WRITE (3 ,2 4 ) NX , BIY , SBXY , F1 
24 FORMAT{'O REGRESS',13X,I5,07X ,3( F20 . 8 )) 

f,RI TE (3 ,25) IF ERR , ERR , ERRIIS 
25 FOR!!AT('OERFOR',15X,I5,07X, 2(F2 0.8)1 

WRITE (3,26) IFTOT , XC(N1,N1) 
26 FORMAT ('0TOTAL',15X ,I5 , 07X,F20.7) 

C 
C COMPUTE AND OUTPUT OBS, PREDICTED , AND RESIDVAL 
C 

IF(LP D - 1) 28,2 7,2 8 
27 DC 29 I= 1 , 11 

YY (I) = 0. 

06 02 019C 

0602019C 
0602019C 
0602019C 
0602019c 
0602019C 
0602019c 
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0602019C 
0602019C 
0602019C 
0602019C 
06 0 20 19C 
0602 01 9C 
06020 1 9C 

0165 
0166 
0167 
0168 
0 169 

0170 
0171 
017 2 
0173 
0 174 
0175 
0176 
0177 
0178 
0179 
0180 
0181 

0182 
0183 
0184 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0 192 

29 CCNTINUE 
DO 30 I= 1 ,1! 
DO 30 J = 1 ,N1 
YY(I ) = YY(I)+ XXY(I,J)* B(J) 

30 CONTI NUE 
C CO!'IPUTE RESIDVALS 
C 

IF(JOBS.EQ. 1) GO TO 1 01 
DO 31 I= 1, M 
RY{I) = XXY(I,N2) - YY(I} 

31 CCNTINUE 
WR IT E(3 , 43 ) 

4 3 F CR!'! AT ( 1 1' , 1 6X, ' OBSERVED' , 12 X, 1 P REDI::TED' , 11 X , 'RES IDO AL' , //) 

DC 32 I = 1, M 
32 WRITE (3,105) I, XXY (I, N2), YY (I) , P.Y (I) 

GC TO 28 
101 CONTINUE 

WRITE (3,102) 
102 FOR!!AT ( '1 ', 16X , 'LOG OBS ' , 12X ,'LOG PREDICT 1 ,10X,'OBSERV'ED',11X, 

1 'PREDICTED',10 X, 'RESIDUAL 1
,/) 

DO 103 1=1,1' 
A(I)=1 0**IXY U,N2) 
0 {I)= 10**YY ( I} 

103 RY(I)=A ( I)-U(I} 
DO 10 4 I=1,l'I 
IIRITE(3 , 105) I ,XXY (I,N2) ,YY([) ,A (I) ,U (I) ,R Y(I } 

105 FORIUT( ' •,I5, 5F 20.Lq 
104 CONTIN UE 

28 CONTINUE 
RETURN 
END 

0502019C 
0602019C 
0602019C 

06020 19 C 

0602019C 
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*OPT IONS IN EFrECT* NOID,EBCDI C,SOURCE,NOLI S!,NODECK ,L OAD, NOMAP 
*OPTIONS IN EFFECT* NAM E = REGRES , LI NECNT = 50 
*STATISTICS* SOURCE STATEMENTS ":, 19 2 , PROGRA M SIZE = 9880 
*STATISTICS * NO DIAGNOSTICS GENERATED 



0001 
0002 
000 3 

0004 
0005 

0006 
0007 
000 8 
0009 
0010 
0 011 

0012 
0013 
0014 

0015 
001 6 
0017 

0018 
0019 
0020 
0021 
0022 
002 3 
002 4 
0025 
0026 
0027 
0028 
0029 
003 0 
0 031 
0032 

0 033 
0034 

IV G LEVEL 20 BORDER DATE= 72131 

C 

C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

SU BROUTINE BORDER 
COM MON A(400},U(400} ,N, L, DET, X3(ll00) ,Y3(400) ,B(10) 
CCMMON XXY(4 00,4} ,YY(400) 

DET = 1 . 
KKK = 1 

I F (A( 1} ) 3,75, 3 
3 A(1) = 1.0/A(1} 

I F (N.LT .2} GO TO 11 
DO 22 K = 2 , N 
K K = K-1 
KKK = KK K +KK 

STORE KTH COL OF A TEM P I N U • 

DO 4 I= 1,KK 
J = KKK+ I - 1 

4 U (I ) = A (J} 

ZERO OUT KTH COL OF A 

DO 5 I= 1,KK 
J = KKK +I - 1 

5 A (J) = 0. 

COl'IPUTE {INVERSE A (K-1)) * U (K); STORE I N A 

DO 6 I= 1,KK 
L1=KKK + I - 1 
LL= I*(I-1)/2 + 1 
LL1= I* (I+1) /2 
LP = LL - 1 
NCX =O 
DO 6 J = 1, KK 
NCX = NCX +1 
LF = LP + 1 
IF(LP - LL1) 50,50,51 

50 NZ= LP 
GO TO 60 

5 1 NZ= NZ + NCX -1 
60 A(L1)= A(L 1) + A(N Z}* U(J) 

6 CCNrINUE 

COMPUTE U' (K) * INV A (K-1) * U (K} 

ALPH A = O. 
D0 7 I= 1, KK 

STORE IN ALP HA 

0 2/39 /22 

0602019B 

060201 9B 
0602019B 

0602019B 

0602019B 
0602019B 

0602019B 
0602019B 
0602019B 
0602019B 
0602019B 
060 20 19B 
0602019B 
0602019B 
0602019 B 
0602019B 
0602019B 
0602019B 
0602019B 
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060 2019B 
0602019B 
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0035 
0036 

0037 
0038 

0039 

0040 

0041 
0042 
0043 

0044 
0045 
OOIJ6 

OOIJ7 
0048 
0049 
0050 

0 051 
0052 
0053 

0054 
0055 

0056 
0057 
0058 
0059 
0060 
0 061 
0062 

C 
C 
C 

C 

C 
C 
C 

C 
C 
C 

C 

C 

C 
C 
C 

C 
C 
C 

C 

J = KKK + I - 1 
7 HPHA = ALP HA + U (I)* A (J) 

COMPUTE ALPHA 

JJ =KK K + K - 1 
ALPHA= A(JJ) - ALPHA 

IF(ALPHA) 8, 75, 8 

COMPOTE DE TERMINANT OF A 

8 DET = DET * ALPHA 

COMPUTE: I NV A(K-1) + INV A(K-1)*U(K)* U(K)'* INV A(K-1) 

DO 41 I= 1,KK 
J = KKK+ I - 1 

41 U (I) = A (J) 

D055I=1,KK 
LL = I* (I+ 1) /2 
NX = I 

DO 55 J = NX, KK 
A (LL) = A {LL) + U (J) *U (I) / ALPHA 
LL = LL + J 

55 CONTINUE 

COMPUTE: - INV A (K-1) * U (K) / ALPHA 

DO 9 I= 1,KK 
J = KKK+ I - 1 

9 A (J) = -A (J) / ALPHA 

COMPUTE : 1/ALPHA 

JJ = KKK + KK 
A(JJ) = 1.0 / ALPHA 

22 CONTINUE 
GO TO 11 

75 WHITE (3, 10) ALPHA 

STORE IN A 

10 FORMAT ( 1 1NO SOLUTION BECAUSE OF SINGULAR MATRIX 1 ,10X,F10.8) 
STOP 

11 RETURN 
END 

06 02019B 
06020198 
06020198 
0602019B 
06020198 
0602019B 
06020198 
06020198 
06020198 
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0602019B 
06020198 
06020198 
06020198 
0602019B 
0602019B 

0602019B 

06020198 

0602019B 
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0602019B 
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*OPTIONS IN EFFECT* NOID,EBCDIC,SOURCE,NOLISf , NODECK , LOAD,NOMAP 
*OPTIONS IN EFFECT* NAME= BORDER , LINECNr = 50 
*STATISTICS* SOURCE STATEMENTS= 62,PROGRAM SIZE= 1594 
*STATISTICS* NO DIAGNOSTICS GENERATED 



FORTRAN IVG LEVEL 2 0 PLOT DATE -= 7 2 131 

0 00 1 
000 2 
000 3 
0004 
0005 
0006 
0007 
000 8 
0009 
0010 
0011 
0012 
0013 

0 014 

0015 
0 016 
0017 

:>018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 

0028 

0029 
0030 
.0031 
0032 

0033 
0034 

0035 
0036 
0037 

C 

C 

S UBRO OTI NE PLOr ( I COD E , XM AX, X!'II N , YMA X, YMI N) 
CCM MON A(400), U {400) ,N , L, DET, X3P OO) ,Y3 ( 400) , B{10 ) 
COM l'!O N XXY(4 0 0,4) , YY (400) 
DIMENS I ON X ( 40 0) , Y (400) , IT (4 0 0 ) 
X MIN-=XMI N 
XMAX=X!HX 
Y MI N-=YMI N 
YMAX=Y!'!A X 
DC 40 I=1,N 
X {I) = X3 (I) 

40 Y (I) = YJ (I) 
DO 25 I=1,N 

2 5 I T( I )=11 

GC T O (41, 42 ,43) ,ICODE 

C FI ND X!!IN, X!!AX ,YM IN,AND YMAX 

C 

C 

41 CON T INUE 
X l'HN = 100000. 
I MAX =-100000. 

DO 10 I=1,N 
H{X(I).GE.X!!IN) GO TO 13 
XMIN = X (I) 

42 CONTINUE 
13 IF(X!!AX.GE.X(I)) GO TO 10 

XMAI = X (I) 
14 CONTINUE 
10 CONTINUE 

YIIIN = 100000. 
Y!UX =-100000. 

DC 17 I = 1, N 
C 

C 

C 

IF(Y{I).GE.YMIN) GO TO 15 
12 Y MIN = Y (I) 
15 IF {YMAX. GE. Y (I)) GO TO 17 
16 Yl'lAX = Y (I) 

17 CONTINUE 
43 CONTINUE 

CALL PLOTLF( N, X,Y, IT, XMIN, IMAX, Yl'!IN, Y!1AX) 
RETUR N 
END 

0 2 /3 9 /22 PAGE ::i oo 1 
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*OPTIONS IN EFFECT* NOID,EBCDIC,SOURCE,NOLIST , NODECK,LOAD,NOMAP 
*OPTIONS IN EFFECT* NAME = PLOT , LINECNr = 50 
*STATISTICS* SOURCE STATEMENTS= 37,PRO GR AM SIZE= 5785 
*ST ATISTICS* NO DIAGNOSTICS GENERATED 
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000 1 

0 00 2 
OOO J 
0004 
0 005 

0006 

000 7 
0008 

0009 
0010 
0011 
001 2 
0013 
001 4 
001 5 
0016 
0017 
0018 
0 019 
0020 
0021 
0022 
0023 
002 4 
002 5 
00 26 
0027 
0028 

SU BROUTINE PLOT LF(N,X , Y,IT , XMIN,XMAX,YMIN , YMAX) 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C 
C THIS VERSION OMITS ANY POIN TS oursIDE THE SPECIFIED MAX AND MIN , 
C BUT TEL LS YOO HOW MANY WERE OMITTED. 
C 

NATIONAL BUREAU OF STANDARDS C BY C. MESSINA , S.PEAVY,AND B.JOINER 
C LAST UPD ATED 1/30/ 67 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 

ORIGINAL DATA IS PRESERVED 
INSTEAD OF SORrING) 
DOES NOT CALL NEW PAGE 

(THIS ROUTINE SEAPCHES 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
DIM ENS ION X ( 1) , Y ( 1) , IT ( 1) , PR I NT ( 101 ) , XP ( 6) 
DIMENSION !TOTAL (101) , TA BLE ( 40) 
INTEGER PRINT,TABLE 
DAT A TABLE/ '1 1 , 1 2' , '3 1 ,'4', 1 5 1 , ' 6 ' , '7 ' ,'8 ', ' 9 ' , ' 0 ', ' *' ,' +' , 

1 • .•, • ', ' A', 'B ' , 'C' , ' D', ' E' , 'F ',' G' ,'H ' , ' I' ,'J','K','L ' , ' M' , 
2 IN I • '0 ' • ' P' • 1 Q 1 • IR I , I s' , ' T' , • u. , 'V' , 1 li ., • X 1 •• y' , • z . / 

I O = NUMB ER OF P RINT TA PE 
I 0=3 

WRITE ( I 0 ,100) 
100 FOR MAT ( 14X ,1 01H+-- - - - --- - +- - -- - ---+- ------ - -+ - - - - --- -- +- - -- - - - - -+ 

1---- -----+- --- -----+------- - -+---------+ ------ ---+ ) 
YDELTA=(YM AX- YMIN)/50. 
XDELTA=( XMAX-X MIN ) /100. 
YL =Y!'IAX- YD ELTA/2. 
Y!=YMAI+YDELTA/2. 
YLOW =YM IN-YDELTA/2 . 
XL= XMIN- XDELTA/2 . 
XHI GH=XM AX+ XDELTA / 2 . 
ICUT=O 
DO 110 I=1 ,N 
I F ( Y ( I) - YT} 10 1 , 10 1 , 1 0 9 

101 IF (Y (I)-YLOW) 10 9 ,10 9 ,102 
10 2 I F ( X (I) - XL} 109, 10 3 , 103 
103 IF (X ( I ) -XHIGH) 11 0 ,109,109 
109 IO UT=IO UT+ 1 
110 CCNTI NU E 

DO 350 1=1 ,6 
L= 1 
DO 350 J=: 1,1 0 
DO 200 K= 1,101 
ITOTAL( K) = 1 

PAGE 0001 

000 20 
00030 
00 1 JO 
00:) 40 
0005 0 

00060 
00) 7 0 
00080 

000 90 

00120 

0021 0 
002 2 0 
002 3 0 
00 240 
002 5 0 
002 6 0 
0027 0 
00 2 80 
002 9 0 
00 30 0 
00 3 10 
00 3 20 
00 33 0 
003 4 0 
00350 
00 360 . 
00370 
003 8 0 
00390 
00400 
00 !! 10 
00420 
00430 
00440 
00450 
004 6 0 
00!! 70 



0029 
0030 
0031 
003 2 
0033 
0034 
00 35 
003 6 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 
0045 
0046 
004 7 
0048 
00119 
0050 
005 1 
0052 
0053 
005 4 
0055 
0056 
0057 
0058 
0059 
0060 
006 1 
006 2 
006 3 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0 07 1 
0072 
0073 
00711 
0075 
0076 

IV G LEVEL 20 

200 PRINT ( K) =TABL E (14} 
I FLAG=O 
DO 260 K=1,N 

PLOTLF 

IF (Y (K)-YT) 205,205 , 260 
2 05 IF (Y (K) -YL) 260,260 , 210 
2 1 0 XL=X HIN -XDELTA/2. 

X1=XMIN+XDELTA/2. 
DO 2 55 KA=l , 101 
IF (X( K)-XL) 250,215,215 

215 IF (X( K)- XT) 220 , 250,2 5 0 
22 0 IF (P RINT(KA)-TABLE(14))240 , 230 , 240 
230 ITA=IT (K) 

PRINT(KA)=TABLE(ITA) 
GC TO 260 

240 ITOTAL(KA ) = I TOTAL(KA)+1 
IFL AG=1 
GC TO 260 

250 XL=XT 
255 XT=X T+XDELTA 
26 0 CONT I NUE 

YT=YL 
YL=YL-YDELTA 
IF (IPLAG) 265,278,265 

265 DO 275 LA=1,101 
IF (ITOTAL(Ll\)-1} 268,275,268 

268 KK=ITO Tl\L(LA ) 
IF ( KK- 9 )27 2 ,272, 270 

270 KK-=9 
272 PRINT(LA)=TABL E(KK) 
275 CONTINUE 
278 CONTINUE 

GO TO (280, 300 ) ,L 
280 IF (I-5) 285,285,400 
285 L=2 

YP=YT+YDELTA/2. 

DATE 

WRITE (I0, 29 0) YP, (PRINT (IXZ) ,IX Z=1, 101 ) 
29 0 FORMl\T(1X,E12 .4 , 1H+, 101A1,1f!+) 

GO TO 350 
JOO WRITE (I0,310) (PRIN T (IXZ) ,IXZ=l,101 ) 
310 FCRMAT (13X,1H-,101A1,1H-) 
3 50 CONTI NUE 
400 WRITE (I0, 290)YMIN,(PRINT(IXl),IXZ=1,101) 

WRI TE (IO, 100) 
XF (1) = XM I N 
XF (6) =XMAX 
XR =20 .*XDELTl\ 
DO 410 I=2,5 

4 10 XP (I } =XP (I- 1)+X R 

72131 02/39 / 22 

00480 
OO!i90 
00500 
00510 
00520 
00530 
00540 
00550 
005 6 0 
00 5 70 
00580 
00 59 0 
00600 
00510 
00 6 20 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
00840 
00950 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
00930 
00940 
00950 
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0077 
0078 
0079 
0080 
0081 

0082 
0083 
0084 

WB ITE (I0 ,4 20) (XP(IXZ } ,IXZ=1,6) 
420 FOR MAT( 6 (7 X, E13 . 5)) 

I F (IOUT)600,600,50 0 
500 WRITE (I0,550)IOUT 
550 FORMAT (/201 ,9H**NOTE. 

1IMITS AND WERE OMITTED. 
600 CONTINUE 

RETURN 
END 

I4 , 60H POI NTS FELL OUTSIDE THE SPECIFIED L 
) 

00960 
00970 
00980 
00990 
01000 
010 10 
01020 
01030 
01040 
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