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" The primary purpose of linear regression is the prediction of Y

from a given value of X by means of the regression equation Y=BX or

‘ Y=A+BX , and the estimation of confidence limits for true Y , A and
B . Regression analysis for two variables may be made on a weighted or
unweighted basis with the line passing through the origin or through the
means.

\\\ NON-CONSTANT VARIANCE OF Y AND WEIGHTING

If Y is the dependent variable, the linear regression of Y on
X may be calculated if X 1is measured without error and each single
4 measurement of Y has the same variance over the whole range of X .

When this is not the case deviations from the regression line will not
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be normally distributed and the prediction of Y from X will be
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When the variance requirement is not met, a transformation of Y

to logarithms or square root, etc.,, may be tried whereby the variances

at the lower end of the scale of X will be found to be non-signifi-
cantly different from those at the upper. If repeat measurements of

Y at one value of X are available, the reciprocal of the variance
derived from such a cluster may be used as a weight in the analysis.

If variable Y comprises both single measurements and averaged
measurements, the number of measurements that were averaged should be
used as a weight. If both the variances of Y and number of measurements
per averaged Y are known the weights would be the number of measurements
of Y at X; divided by the variance of Y at Xy . If the variance

2

of Y at X; is a function of X then X; may be used as a weight.

PROGRAM EXTENSIONS
Program REGRESS (S1281) was developed and written by J. Skory and
Z. Ungar at the United Aircraft Corporate Systems Center for the IBM
1800. It has been adapted to the UNIVAC 1108 with the following
modifications and additions:

(1) the maximum input sample size has been increased to 2000

observations.
e (2)i the weighted mean X , weighted corrected sum of squares
EH LRI
e Bufl o SSX and the weighted corrected sum of products SSXY ,
UrANNOUNEED -
JUSTIFICATICH . i are now evaluated by the recursion formulas:

/ﬂ }m VZ/Q

n
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58Xy = 88Xy | + - W (X = X k-].)a

k
IR
kel
" = -
XYy = 8&XYy.) + —%——3—» W (X - Xx.1) (Yx -~ Yke1)

pIR

with k interated from 1 to u for a sumple of n

(3) Confridence limits for true Y are calculated at the
experimental X; and post experimental X .

(4) Effective N at Xy 1is calculated for use in finding
tolerance linits for Y . Effectiie N 1: a8 value such
that average Y at a given X is predicted as accurately
from the point on the regression l1ine as if N cobssrvatione
had been actunlly made at that speciried X .

(5) Linear c=libration formulas are given for prediotion of X
from Y with ccufidence iimits for true X .

(6) Formula: are given for the statistles necessary for the
comparison of 2 regression llnes. Test: sre provided

for homogeneity of variances about the lines, paralleliswm

and coincidence.
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(The last three items are calculated by the user -after the

? program has been run.)
A INPUT INFORMATION
ﬁ¥ . The program reads all the following input data from the card
‘ reader (unit 3): (For I/0 formats see Appendix A).
(1) n the number of data points in the input sample.
, (2) IH an indicator, = 1 for regression through the origin
f (Y = BX) or = 2 for regression through the means (Y =A+BX).
' (3) IW an indicator, = 1 if all weights =1 , or = 2 if
E Wy = X;Z , or = 3 if weights are given.
i (4) t Student's t for calculating confidence limits for ;
% true Y . : i
; (5) X3...X, the independent variable at n points equally :
L or unequally spaced along the X axis and assumed to be ;
;f controlled by the experimenter without error (or only with
TQ negligible error).
;1 (6) Y,...Y  the dependent variable. Y; is an associate of
k % X; and if Y is an individual single measurement Var(Y;) =
%x' g Var(Y,) = ... = Var(Y).
‘ ; (7) Wp...W, weights for Y, given as input only if IH = 3. ,

? (8) Pq...Pjp ten points of X chosen post experimentally at which

it is desired to predict Y and estimate its error as an

exploratory step for future experimentation.
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(9) Q;...Qp ten weights associated with P; .

COMPUTER ANALYSIS

Program REGRESS first sorts the points of the independent variable
X into ascending order using a modified Shell sort embodied in S@RT, a
Fortran subroutine (NUSL Program 1525) programmed by Lesick and Shores
and modified to retain the Y; and Wy associated with each X; . This
is done in order to obtain the within groups sums of squares for use in
a one-way analysis of variance.

The program then evaluates the equation Y=A+BX or Y=BX where
A and B are weighted least squares estimates determined by
minimizing the sums ZWL(YL _QL)z or ZWL(ZL‘E{,)’- where the Z;

are translates of Y; . The program thus performs a weighted linear

regression analysis through the means or through the origin.

The deviations of observed Y from the regression line are tested
for normality using WTEST , a Fortran function (NUSL Program S1640),
(References 2 and 3).

The program writes all output data on the line printer (Unit 4):

SUMWX and SUMWY sum of the weighted X; and Yj

SUMW sum of the weights

AVERX, AVERY weighted average of X4 and Yj
SUMDX SUMDY SUMXY weighted sum of squares and products

about the mean or origin

B the regression coefficient
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the intercept

predicted Y vector

predicted exploratory Y vector

vector of deviations of observed Y from
the regression line

correlation coefficient squared

standard error of estimate

a variance ratio testing if B=R=0
F(1,n-1), through the origin, is evaluated
F(1,n-2), through the means, is evaluated
standard error of B

standard error of A

another variance ratio testing if

A=0 (for case of through the means).
F(1,n-2) is evaulated with 1 and (n-2)
degrees of freedom

standard error of each predicted point on.
the line at Xj

standard error of each predicted exploratory
(postulated) point on the line at post
experimental X, (=P;)

standard error of each weighted newly

A
observed Y or (Yi'Yi)
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standard error of each weighted newly

SYei
observed Y,y or (Yeilgei)
t Student's t for each deviation from
regression:
t(n-1) for regression through the origin
t(n-2) for regression through the means
VARY variance of Y within groups at one X
SSB sum of squares due to B
SSDEV sum of squares of deviations from the line
U normal distribution test statistiec
(applicable only when all W; are equal)
CL confidence limits for true Y at
experimental and post experimental Xi
N effective N

The mathematical theory and derivation is presented, for example, in
K.A. Brownlee (1960). In the calculations, many of the statistics are

evaluated by alternate algebraically equivalent methods.

POST EXPERIMENTAL FESTIMATION
After an experiment is completed one may wish to estimate Y at
some points of X(=P) not already tried in the experiment and obtain
confidence limits for these estimates. In addition, one may wish to
know how many repeat measurements, Q , are required at a specified

value of X(=P) so that the error of a weighted newly observed Y is

~J
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less than © at 95% confidence. This may be done by making P1=P2=P3

and varying Ql, Q2, Q3 widely and plotting the error against Q.

POST COMPUTER-ANALYSIS CALCULATIONS
From the computer output further calculations may be made by desk
calculator to obtain the following five types of estimated information.
(1) Tolerance Limits
Using effective N in the manner of (4) (page 498) the tolerance
limits for Y may be estimated. The following is the type of statement
that would result; There is 95% confidence that, at the X specified,
99% of the population of individual measurements (observations) of Y ,
in future experimentation, will fall between the limits calculated.
(a) Tolerance limits at experimental Xi equals
Qit(ru)is (Using ﬁi)
(b) Tolerance limits at post experimental X;
A ~
Yoit(ru)gss (Using Ng;)
(¢) Tolerance limits for Wy newly observed Y at experimental X;
?ii(ru)is (Using Ny)
(d) Tolerance limits for Qi newly observed Y at post experimental Xy
?eit(ru)eis (Using Ngi)
(2) Linear Calibration: Prediction of X from Y
A. Sample Unweighted: Line Through the Means
(1) Confidence limits for true X at a weighted newly

observed Y
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0 where t = Student's t for (n-2) degrees of freedom
F comes from test of significance for B .
If F41 results may not be meaningful.

W is the number of Y's averaged to give the

.new observation Y .
upper limit-lower limit
2t

(2) Standard error of X =

B. Sample Unweighted: Line Through the Origin
(1) Confidence limits for true X at a weighted newly

f observed Y i x 2 Yz . /?.
x=LttfF ( A )
with t at (n-1) degrees of freedom.
‘ upper limit-lower limit

2t

-'-.;.‘ . (2) Standard error of X =

C. Sample Weighted: Line Through the Means

(1) Confidence limits for true X at a weighted newly

o (v-¥-B0-%)f = B2 (A + =

(2) Standard error of X = upper limit-lower limit

2t

T " TP
Xo e e (e 4R ST )

observed Y are obtained by solvmg for X in the quadratic:

W. )Z‘NL()(fM # (X=X

/
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D. Sample Weighted: Line Through the Origin

(1) Confidence limits for true X at a weighted newly

éﬁ

observed Y
Y

1%
BtS (Red)

D

3
i
i
i

upper limit-lower limit
2t

{ (2) Standard error of X =

(3) Comparison of Two Regression Lines (Wj=1)

Given the estimates: ,

Line 1: il il B m Si f1 Z(X"il)! Z(Y"'\?l)z

M s I, % B oiac 5 (X-%)? Z(Y"?z)z

2 _ .2
e

Make 2-sided F test with larger S2 in the numerator.

2
i

A, Test If S

If ST is larger:

- ‘ )
P2 e - With (fl, £,

R i s it
S

B. Test If B1 =B, (A Test of Parallelism)

2
If 52 1is not significantly different from Sg they are

o
SRS RPN .7 NS P -

& pooled and 5 >
| ‘ 2 1St a8

f1+1

. Then
- ey
_.—__.__.-.p'.w.zl s s, t('f'ff.,i
: S/--—-r» ! e ol ks i
\ (X=X, 2/
10
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C. Test If the Two Lines Are Coincidental (if ii=f2; Y1=Yé;
given By= B2)

Pooled estimate of B

Bxi( Xkl tBifX.CXJ.L_ = B

YA+ =T
Pooled variance of estimate = Sz =

2or-T e SURP- BT )+ P R))

et B i g i

Then
Y-¥-B(X %)
E Y1 ( 1_- — " :-A-(ﬁﬂ(‘.'_l)
;, S(‘l‘ bk (X, %) - :
4 ny n i(xL-XL)L - i‘(xi‘_x‘z)z

(4) Analysis of Variance

The computer output contains the necessary information to perform a

one-way analysis of variance.

(5) Simultaneous Tolerance Intervals
These intervals are calculated as Ygi + c**S’Y‘ei with c** tabled

i R
SR TP SRS

il

and its use explained in 4.7.4 of Reference 5.

g ot

JOHN SKORY
RobentClpmm
ROBERT C. INGS

11
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4 APPEXDIX A
NOMENCLATURE TABLE
Fortran Variable Name & Type Meaning
X real array The independent variable of the imput.
Y real array The dependent variable of the imput.
W real array The vector of weights associated with
the independent variable X .
P real array The vector of post-experimemtal points
of the independent variable X .
real array The vector of weights associated with P
integer The number of observations in the imput
variables X and Y .
IH integer An indicator for regressiom thraigh the
means or through the origin.
IW integer An indicator for the weights W .
STUDNT real Student's t for calculation of confidence
levels. 3
TITLE real array An array used to store the Hollerith

characters of the title card.

SUMH double precision The sum of the weights W .

SUMVX double precision The weighted sum of X .
SUMWX2 double precision The weighted sum of xz .

SUMWY double precision The weighted sum of Y .




Fortran Variable Name & Type

NOMENCLATURE TABLE (Cont‘d)

SUMWY2 double precision
SUMWXY double precision
AVERX double precision
AVERY double precision

SUMDX double precision

{ SUMDY double precision

SUMXY double precision

_ B double precision
i A double precision

] YRAT real array
;" i REGRY real array

SUMRS double precision

8SB double precision

E

E(/' RSQD double precision
E

E 8 double precision
;

AWl double precision
f i ‘ SYHAT real array

SY real array

NUSL Tech Memo
2070-451-69

Meaning
The weighted sum of !2 .

The weighted sum of XY .
The weighted mean of X .
The weighted mean of Y .

The weighted corrected of squares
of X .

The weighted corrected sum of squares
of Y .

The weighted corrected sum of products
of X and Y .

The regression coefficient.
The regression intercept.
The predicted Y of regression.

The deviations of Y from the regression
line.

The weighted sum of squares of the
deviations.

The mltiple and simple correlation
coefficient squared.

The weighted sum of squares due to B .,
The standard error of estimate.
Multiplier for intercept variance.

The standard error of each predicted
point.

The standard error of each predicted

point assuming these points are newly
observed Y with weights = W .

1k




NUSL Tech Memo
2070-451-69

NOMENCLATURE TABLE (Comt'd)

Fortran Variable Name & Type

T real array
CLY1H real array
CLY1L real array

CLY2H real array

CLY2L real array

NHAT real arrsy

NI real array

YSUBE real array

SYHE real array

SEYE real array

CLYE1H real array

CLYE1L real array

Meaning

Student's t for each deviation.
from the regression line.

The upper confidence limits for true Y
at each experimental X; .

The lower confidence limits for true Y
at each experimental Xi .

The upper confidence limits for true Y
at each experimental assuming these
points are newly observed Y with
weights = W

The lower confidence limits for true Y
at each experimental xi assuming these
points are newly observed Y with

_"i‘ht' = W ,

Effective N for tolerance limits at
each experimental X; .

Effective N for tolerance limits at
each experimental assuming these
points are newly obs Y with weights
= W 0

The predicted exploratory Y after
regression.

The standard error of each predicted
exploratory point.

The standard error of each predicted
exploratory point assuming these points
are newly observed Y, with weights = Q

The upper confidence limits for true Y
at each post-experimental X,; .

The lower confidence limits for true Y
at each post-experimental Xgj o

15




Fortran Variable Name & Type

CLYE2H real array

CLYE2L real array

HEHAT real array

NE real arrey

F12B double precision
SB double precision

SA double precision

F12A

U real

S integer

SUMSQ double precision
NGRJUP integer

SSY double precision

YBAR double precision

NUSL Tech Memo
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NOMENCLATURE TABLE (Cont'd)

Mesning

The upper confidence limits for true Y
at each post-experimental xei essming

these points are newly observed Y with
weights = Q .

The lower confidence limits for true Y
at each post-experimental xe,‘ assuming
these points are newly observed Y, with

weights = Q .

Effective N for tolerance limits for
each post-experimental X ; .

Effective N for tolerance limits for
each post-experimental X,; assuming
these points are new Y, with weights
= Q .

The P test for R ¢ B = 0 .

The standeard error of the regression
coefficient.

The standard error of the regression
intercept.

The F test for A = 0 .

W-test for normality of the deviationms.
The degrees of freedom within groups.
The sum of squares within groups.

The size of each group.

The variance of each group.

The mean of each group.

16
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APPENDIX B
I/0 FORMATS
The program reads (TITLE(1l), 1 = 1,14) from the first card in 13A6,

AZ format.
The program reads N,IH,IW, and STUDNT from the second card:

Variable Columnns Format
N 1-5 I5
IH 6-10 IS
m 11-15 IS5
STUDNT © 16=-30 E15.8

The program then reads the input variables X,Y,W (only if IW = 3),

P, and Q separately from cards Li.n 5815.8 format.

The program writes all output data on the line printer in 7E17.8

format.
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ouuuol
00u00e
000V0s
ouo0L4
00ulUd
000006
0uV007
Qoovo8
000UV0Y
00u01y
o0voll
00001
QUULULS
000014
o0uo1ld
o0uvLl6
Qoov17
PR Y-
000019
guuvz0
oouu2l
ovvuze
oovu23
ovuu2Y
Juuu2s

0lulgo

ovvua?

APPENDIX C

KEGnEoo==PRuGRA FOn TwueVAiADLE wEIGHTED ReEGReSSIUN ( THROUGH

tbic. Olkdwlti A 1hrRQUGH THE MEANS)

Vit NOiule 10TLE(14) e A(2000) 0 Y(2000)y W(2000) e YHAT(2000),
1 YSUBE (GO ) 0 RLORY (2000) 0 SYHAT(2000) s SY(2000)e T(2000)

P2 PLa0) e GLlo)y SEYE(10), SYHE(LUL)

JIniolUN LLYLH(€0u0) e CLYLL(2000), CLYELIH(2000), CLYE1L(2000).
i CLYeHt<000)r CLY2L(2U0U) e CLYEZH(2000)» CLYEZ2L(2000),

< WHAT(J00) » NERAT(c0U0) e W1 (2000) e WE(2000)

RbEne NHAT el o NEHAT pive

IhTeEGEr SUraip DoGFBly DEGFC

vOULlL PRECLLGION SUMWe SUMwKy SUMWXZ2e SUMWY» SUMWYZ2e SUMXYy SUMwXY

i o SUMUAY SUNMDY» SUMRSY RSUDr Se SAr Sbe Ar Be AVERAe AVERY,
c FleAr rlcude AWwle Scyp SLBe SUMY» SSY, SUMSWUe YBARe MNSGB»
K] MiNOQIB4 e AN LQB20 MNSQCY (s1e F2¢ Co» bLSMSGr SMORPY

LUQU REWD (S0 70VrEiNU=999) (TITLE(1)el=1914)
REAU(S90)ir LHp I 0 STUDNT
REAU(D00) (ALL) 9 iSlyn)
REAU(SPG) (VL) 9 iS1 i)

IF (4w otee 3 ) KEAD(S96) (N(I)eI=1yiv)
REAU(Iru) (P LT )0 t=1900)
REn(Or0) (L) 1=1y10)
VO 10 (4delupl ) fu

15 VL Lo a=1re
atl) & 1,0

16 COnlanvun
GO 1V L/

1o QU 1Y L=l

NUSL Tech Memo
No. 2070-451-69
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QuuU2Y
00v029
00Ul
00uu31
00u03
000033
o00uvl34
000UUV3S
000036
000VS7
000038
000039
000040
000041
000042
000043
000044
000045
‘0000“6
00u04?
000V48
00VL49
000050
000051
[V IVVE P4
00VU%d
00u0SY
000055
00vube

i9

17

a4
26

wll) = AlL)«a(=2)

COlinige

CALL SURTI(ArYsarlplip o TRUE,)
Wb (Ll seve 2 ) Gu 0 27
ARl (4007)

w0 Tu co

ARLTL(407)

WRITEC4 80U (TITLE(s) 0 I=1014)
ARLTE (4912) 00 IHy Ty STUDNT
ARLIE (4929) ¢

ARATE (299V) (XK(1)pL=1piv)
wRITe(498)

WwRITE(4o50) (Y(I)eI=1,N)
wR1TE(4,24)
WRITE(4050) (W (X) 0 I=1yN)
WR1TE(4,21)
WRIIE(4eDU0) (L) L=1,10)
ARITE (49251

ARITE (4950 (G (L) eIZ1y10)
SUMK = U40LY

S5UreX = 0eVLU

SUare = Vevlu

UkWY = Jeluy

SUinnYe = Jeuly

SUmwAY = Ueviu

AVLA = (evul

wWeikl = Gelui

SUMUA = UelLU

DUk = 0ol

NUSL TECH MEMO
NO. 2070-451-69
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(UMY SUMAY & 0ebWO

000058 AF ( aty otve 2 ) Gu TO 51

00uLSY JU €9 131ene

00uvol QUHWASHUMKHATR (L) &X (1)

oouvuvel SUrwAZ < Surimke + a(l)sa(l)=x(]1)

00V SUrnYSSuMWTta(I1)sY ()

000063 SUMwIe = SUriiY2 + wtldsy(li)aY(l)

000064 SUMRXY = SUWXY ¢ W(I)sa(L)aY(I)

000065 SUMw=SUMwew (1)

00UL66 29 COundiinuc

000067 SUHUX = SUMwXe

0000686 SUrivY = SUiawYZ

000069 SUMAY = SURwKY

000070 60 Tu Je

000071 31 U0 26 isied

000072 SUNLX = SUMLX + SUne/Z(SUMW+W(I)) * W(I) » (X(1)=AVERX)se2 g

000073 SUMDY = SUmLY + SUMK/Z(SUMW+n(I)) * w(I) % (Y(I)=AVERY)ss2 :

00L074 SUMXY = SUMAY + SUMw/(SuMW#w(I)) * w(I)*(X(I)=AVERX)&(Y(I)=AVERY)

000075 AVERA = SUMA/(SUMK+a(I)) & AVERX + w(l)*X(1)/Z(SUMWSN(L))

000076 AVERY = SUMn/(SuMUea(1)) & AVEKY + w(l)*7(1)/7(SUMW+n(]1))

000077 SUMWXSSUMNA+R (T)%X (1)

0006078 SUMWAZ = SUMn&2 ¢ wil)sa(l)sx(]) 3

900079 SUimYSoumwY4n(l)sY(a) ?

00LVb0 SUMKYE = SUmWYZ + w(l)ef(1)av(D)

oLovsl SUnMnAY S HUiWAY ¢ w(I)ex(I)av(l]) é

00008 SUiAZSUatnL]) g

00uLUBd 26 LUl 1wl i

00008k 32 SZLUMAT/SURLX
: 00v06S ASHVERY=ti*AVERX
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iy 000086 SUitnS = QeuuU
0ouvos? JO 13 i=lew
000086 THal (1) =A+uan(])
006069 REGRY (L) = Y(1) = ynAT(1)
: 000090 SUMRS = SUMRS + (1) (Y(I)=YyHAT(I))®s2
: 000091 13 COnl Inuk
3 000092 RSGUZ (SUMU T=5UMS) /SUMD Y
‘ 000093 SSLSRSGURSUIWLY :
000094 522 (14000=R5GL) &SUMUY/ (Ne=H)
000095 S=SuR T (5¢) ‘
000096 AW1Z140/SUMN
! 000097 IF ( In ,Eve 1) Awl = 04000
| 000098 DO 41 islew
. 000099 SYHAT(L) = S & SORT( AWl + (X(1)=AVERX)*82/SUMDX )
000100 SY(I) = & * SQRT( 1./W()) + AWl + (X(I)=AVERX)#82/SUMDX )
000101 I (2)=hEoKY L) /SYLI)
000102 CLYLH(1) = VHAT(I) + 5STUDNTeSYHAT(I)
i 000103 CLYLL(4) = THAT(I) = STUDNT#SYHAT(L)
f{i 000104 CLYZR(L) = YHAT(I) + STUDNTSY (1)
Jl 000105 CLYelL (1) = THAT(I) = STUPiNT#SY (1)
;”j 000106 NHAT(1) = S¢ / SYHAT(I)es2
e | 000107 NICL) = S 7 sY(I)es2
& f : o00V108 41 COnlitue
* i | 00U109 V0 46 I=1s4U
| i 000110 YSubk (L)=A+uxp ()
{ 00u111 SYHE(L) = 5 % SURT( AWD + (P(L1)=AVLLX)®8c/SUMDX )
! f © pou112 SEYE(L) = 9 & SURT( Le/u(l) ¢ AWl + (P(1)=AVELRX)&%2/5UMuX )
% 000113 CLYELH(L) = YSUGE(T) # STULWT*SYHE(I)
ﬁ 000114 CLrEdl(l) = YSUSE(L) = STULIKTHSYHE (1)

———
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i 000115 CLYLZA(1) = YSUSE(I) + STUDNTSEYE(L)
% 000116 CLYE2L (L) = YSUSE(L) = STUDNT®SEVE (L)
% 000117 WERAT(I) = 52 / SYHe(1)we2
. 000216 WE(L) = S2 / SEYE(I)#%2
- 000119 4o CONTINUE
: 000220 Flzu= (N=IH) #RSQU/ (1. 0-RSQD)
? 000121 SB=ABS (8) /5WRT (F125)
: 000122 SA = S * SURT( mu' + AVERX*%x2/SUMDX )
; 000123 IF ( IH JE6¢ 2 ) FLl2A = A#42/SA%s2
i 000124 WRITE (49 102) SUMAX ».SUMNY ¢+ SUMW
; 000125 WR1TE (&0 103) AVERX  AVERY
' 000126 WRITE (40 104) SUMOX  SUMDY
| oo0u127 WRITE(49109)SuMKY
] 000128 WRITE(4,100)B,S35B
{ 000129 WR1TE(4,107)A
? 000130 WRLTE(49126)A,3
E 000131 WRITE (40100)
i 000132 WRITE(4950) (YHAT (1) I=1s1)
EQP 006133 wRITE(40209)
E;j 000134 WRLTE (4950) (YSUSE (1) 9 iZ1,10)
?“? 000135 WRITE (40110)
B } 000136 WRITE (4050) (REGXY (1) » LZ1,N)
b ! ‘ 000137 WRATE (49 11L)RSQU
E 1 ; 00v138 WRETE (49 11€) 9 SUMRS
E | 000139 WRITE(40119) ItteF 120 g;
. f 000140 WRLTE (49114154 ;
E ! 2 000141 WRiTe(B0110)SA 2;
i ? 000142 U = WIEST(KLGRY /Ny ,FALSC,) f
.i 00u143 IF (LH=2) 14%7147,147 22 {1
|




1 [VP U L) A4/ GRaTE(wellU) Literd2A

00ulsesS 144 aRITc(Weldlr)
" 000146 wWRIIEC9eSU CSTHATCL) 0§34 ,N)
0VU147 wR1VE(40130)
000148 WRATE (4050 1SV (1) 01210 10)
000149 WRATE(40119)
000150 WRATE(050) (SY (1) 0 IZ10N)
000151 “RITE(40125) :
000152 WRITE (40500 (SEYE(1)0121010)
000153 SRITE(40120) 10 ,
000154 WRITE(eS1IATCL)013doN)
| 000155 WRITE(4e12¢) U
| 000156 WRETE (40128)
. 000157 WRITE(4053) (CLYIH(1)oCLYLL(4) 0 I=20N)
000158 WRETE (4012%)
000159 WRITE(4953) (CCLYEIH(i) o CLYELL(T) 0 IZ1010)
000160 “RiTE(40120)
: 000161 WRITE(4053) (CLY2H(G) oCLY2L(E) ¢ E=10N)
};! 000162 WRLTE(4e127)
533 000163 NRATE(4053) (CLYERH(1) 1CLYERL (1) ¢ 151010)
bt 000164 WRLTE (49100)
B 1 000165 wid TE (40500 CuHA | (1) 0 132 040)
;~f 0UV166 sRITE(4e132)
| i : 000167 ARLTE(e50) INEHAT (] ) 0 651910
l § (VR YT a1l (40132
B ! 006169 ARLIE(S0) (NELL) 0 S0 0 )
! i T 00ul70 aK1TE(40133)
f | [ pvun ARLTE (4050 CHEC () o 1510 00)
b T T WRATE(40134)
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" 000173 SUiis = v
000174 SUNSG = 0.V 1
000175 NUMGRP = 0 %
000176 SMOKPY = 04000 ¢
000177 J6SMSE = UewlO
000178 1=1
000179 3% NGRUUP = 1
000180 LSTARY = I !
000181 30 1 = I+1
000182 IF (I oLke 1) WO TU 35
; 000183 IF (NGROUP 46T+ 1) 60 TO 4u
| 000184 60 10 4¢ i
| 000185 35 IF (X(1oTARV)=X(I1)) 34, ,34 :
000186 NGKOUP = NGRCUP+1 l
000187 60 TO 3o |
| . 000188 34 IF (NGROUP +LE. 1) GO T0 39 ?
000189 WU 357 = 0,000 :
; 000190 YBAR = U,000
?;i 00u191 SUMY = U,0uv
iﬁ 000192 SUi#e = 0,000
;'f 000193 ISTOP=15TAKT+NG<OUP=1
‘ j 000194 00 38 JU=ISIARTrISTOF |
| _ 000195 SSY = SOY + SUM/(SUMW+R(J)) * w(Jd) % (Y (J)=YbAK)*x2 ‘;
i . 000196 YBAR = SUMAZ(SUW4W(J)) & YOAR  +  w(J)*Y(J)/(SUM+w(J)) [
:- 000197 SUMY = SUMY + W(J)xY (J) ’
| 000198 SUw = SUMW 4 d(J) '
f | ouu19s 36 COIT iNUE
i | 5 000200 NUMGKP = NUMGRP+1
; i i " guv201 SUMBUSSUMSU+SSY o
F1 §




S et

. 3
PRSP S-S

obueco2
000203
0002UL
000205
00v206
000207
000208
000209
000210
oov211
000212
000213
oov2liy
000215
000216
000217
000216
000219
0006220
000221
000222
ovoeed
ov0ces
00ue225
ovu2ze
00uee7
ovu2es
000229

0u0230

w2

45

4t

4o

Q7

49

Dt =

o e NI R eSO S Lk 26 Uil s e o - e 4 bl T €N il

23SV = 557/ lnbR0OLP=1)

Uprui = SUMHTHGRIUP=L

BELISW = LUIMNSL + SUATES2/ivuRVUP

SMOURPY = SHuRPY ¢ SUMY

WRITL(0130) ACLSTAKT) 001i6ROUP » SUMY » SSY
20 10 39

NMIH = w=ln

MNSGB = SUMNS/AUS(QMIM)

81 = SiUL(SUMRS) = SNGL(SUMSQ)

UEGFBl = NMIR=SyuMN,

IF (UEGrBl «Nee 0) GO TO 45

MNSUBL = 0O.ULO

w0 TO &8

MhSutsl = BLl/DEGFbLY

IF (SUmiv otle 0) GU TO 43

UGSMSU = BOLMSQ = SHGRPY&%2/ (SUMN+NUMGRP)
NUMORP = NUMGRP=1

WRITE(40130) SU Ny SUMSQs NUMGRP 1 bGSMSQ
MNSWBZ = SumSa/sUsN

IF (DEGFbl oLée 0) GO 10 47

F2 = ol*SUmMIv / (SUMSG*DLGFBL)

G0 TV 44

WRile (4o dde)

MNSLLE = 0evllY

F2 = VU0

C = 35u+SUMnS

UEGHY = 1+

#MhNSWC = C/UEGFC

WRITL(40137) S 10 3080 Fléis NMIHe SUMRS, MNSWLe VEGFUL» Bl
25
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000235
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000239
000240
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ovo2H2
ooL2Hd
000244
000245
oo0uv246
o0vau7
oou248
000249
000250
000251
00uede
00u253
olu2by
000255
gluede
00ugSs7
00u2b8
000L259
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i irivouddr F2r SuUriNe LUMSuwe MivSQusey DEGFCy Co MNSGWC
w0 v 1uov
$99  STuP
(10U FORHAT (L3ALYA2)
O FOKMAT(IIDrE15, )
0 FORMAT (DELD.b)
67 FORMAY (GUHIREGKESSIUN ANALYSIS FOR TWO VARIABLES==(THRQUGH THE ORI
a6liv))
! FOKMAT (29HLIREGRESSIUN ANALYSIS FOR TWO VARIAGLES==(THROUGH THE MEA
insS))
800 FORMAT (11100 13A6A2)
12 FOrmAT(//1Unrdtic = ¢ 1S010Xs0HIH = 9159100 9SHIW = 2150 10X L4HSTUDEN
1I'S T = (ElD.0)
25 FORMAT(//1UA9374INPUT VeCTOR X (INOEPENUENT VARLABLE))
SU FURMAT (/EL/.8)
8 FORMAT (/710N 3541IWPUT VeCTOK Y (DEPENDENT VARIAbLE))
24 FORMAT(//10Ap 241 i INPUT VECTOR W (WEIGHTS))
21 FORIMAT(//1URy 7T8rINPUT VLCTOR P (POST EXPLRIMENTAL EXPLORATORY POIN
ITS UF X VARLAULE=ALWAYS TEiN))
25 FORMAT (//710A2431POST EXFERIMENTAL wEIGHTS w ASSUCIATED wITH P(1))
52 FUKMATL//1UArH0STUUENT'S T FOR CALCULATIUN OF CONFIDENCE LEVELS =
LrELY4,0)
102 FORHAL(///7710A05H5uM OF WX(I) = sEl5,605A915HSU4 OF WY (I) = »EL5,
1dsDAr 165U OF (1) = ri1d,0)
403 FORMAT(Z1UAr L2 EAN OF A = pilbetedxplenmcAn OF Y = 1eab,0)
104 FOinAT(Z710A029H5S OF DEV, FiOM FiAiv OF dwx = otl19,00710X029HSS OF D
LoV, FRud MERIG OF wY = peld,0)
LUS FORmMAT(/10Ar24H5UM UF CROSS=PROUUCTS = ¢ 15,40)

106 FORMAN(//1YAr 9 REGRESSION COCFFICLIENT = 3 = sbl5e8010XK932H5S8 =

)
26
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" gpuuzev
poveel
p0ueee2
ovu263
ovoce4
00u265
0002606
pouvce7

000268
000269

000270
000271
000272
000273
000274
000275
000276
000277
ouL278
000279
000280
000281
000282
oo0ue283
o00uzoY
000285
000286
ouues?

obu28s
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iUM OF SwUARLS OuE TU 8 = vELS.8)

LU/ FOMAT(//00A0 LOHINTCRCEPT = A = oE15,8)

120 FURMAT(//LoAe2THEGUATION = YHAT = A + BX = »E15.8¢5H + 9E15,802H
a4 X)

109 FORMAT (//1UXp184PREVICTLD Y = YHAT)

109 FORWAT(//1UA9ISHPREUICTED EAPLORATORY Y = Y SUB E)

11U FORMAT (/7/1UA94SHDEVLATIONS OF Y FROM REGRESSION LINE (Y=YHAT))

111 FONMAT(//IUA'47HMUFT. AND SIMPLE CORR, COEFF, SGUARED = Rx#2 = ,El
i3.0)

112 FORMAT(//1uAe291iSTDe ERKQR OF ESTIMATE = S = 9E15¢6010X946HSSDEV =
1l Sum SQUARES OF DEVIATIUNS FROM LINE = »£15,8)

113 FORMAT(//1UAp6HF (1yn=9I1lydh) »1Xe26HAS A TEST IF R = B = 0, = »E15,
15)

114 FORMAT(//1UAe28HSTDs ERROR UF B = S SUB B = ,E15,8)

115 FORMAT(//iVUAe28iiSTDe ERROR OF A = S SUB A = ,EL15,8)

110 FOKMAT(//1UAs0HF (L1ypiv=oILlpLH) o 1X182HAS A TEST IF A (INTERCEFT) = 0,
1 Gk THA) RLORESSION LINE G0LS THROUGH THi ORIGIN = sE15.8)

117 FORMAT(//L1UK¢76+STDe ERKOR UF EACH FREDICTED POINT (ON THE LINE),(
LYHAT) Al EAPERLI«ENTAL X(I))

1138 FORMAT(//1UAv10/HSTL, EKROR OF EACH PREL1C1¢U EXPLORATORY PUINT (O
LN THE LANE) v (YHAT SUB E) AT POST EXAPERIMENTAL X(I) OR P(I))

119 FORMAT(//1UA9611STUs ERRQR UF cACH UBSEKRVED Yo (Y=YHAT) AT eXPEKIM
LeWNTAL ACL)v/7i0XKe 7T0HASSUMIING THESE ((I) ARt INEWLY UQBSERVED INVIVIDU
¢ALS wlTH WelGHTS = w(l))

429 FORMAT(//1uAr104bSTu, ExKOK OF ©ACH OBSLI.VED Y SUL & UK OF CACH (Y
1 Suo © = Yol Subt E) AT POST EXPERIMENTAL X(1) ur PLI)»710Ar70HASS
cUMING TrESe Y(I) Ake wWEWLY UBSERVZU INDLVIDUALS wl1h WELGHTS = G(I
9))

121 FORMAL(//Z10ro 4T (M=o Tlodty) pdXoH1HAS TEST UF LACH DEVIATLON FROM KE
27
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000299
000300
000301
00u302
000303
000304
000305
0003006
000307
000308
000309
00u310
000311
000312
000313
o0v31e
00V315
ovuvale
000317
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LORLOLHIuN)
UL FORMAT (IF1D62)

122 rOnMAT(//71UA» 30:-NORMALLCATIUN STATISTIC = U = r£15,8)

129 FORMATL (//10A049:iCOINFIVENCE LIMITS FOR TRUE Y AT EXPERIMeNTAL X(iQ))

124 FORMAT(//1VA»021CONF IDENCE LIMITS FOR TRUE Y AT POST EXPERIMENTAL
IX(I) or P(1))

126 FORMAT(//1UXy»49HCONF IDENCE LIMITS FOR TRUE Y AT EXPERIMENTAL X(I)/
L10A» 70HASSUMING TﬂESE Y(I) ARE NEWLY OBSERVED INDIVIODUALS WITH WEI
Z6HTS = ¥ (1)) :

127 FORMAT(//10X962+{CONF LIDENCE LIMITS FOR TRUE Y AT POST EXPERIMENTAL
1A04) OR P(L)/10x970HASSUMING THESE Y(I) ARE NEWLY OBSERVED INDIVID
2UALS wlTH wLIGHIS = @(1))

53 FORMAT(S(ELT.8e2H 90ELT.802h 3))

130 FORMAT (//1URsLIHEFFECTIVE N//710X o 4HINHAT)

131 FORMAT (//1UAy104NHAT SUb E)

13¢ FORMAT(//1UKy LHI)

133 FORMAT(//10A»7TH: SUL E)

13% FOKMAT(///10X964HVARKY = VARLANCE OF Y WITHIN GROUPS AT ONE X» GROU
IP Slcky Y IUTAL)

139 FORMAT(//T100 AT X = "90.13,006Xe N S0 J4y6Xe'SUM Y = 'p13,806X0

1 PVARIAWNCE = 3.8, 40)

|
|

130 FORMAT(//TA1r*aiTHIN GRUUPS DEGREES OF FKEEOUM AD SUM UF SGUARES!

i ' * SETEEN GROUPS LEGREES UF FhLEDOM AND SUM UF SWUARES'/

4 Tot e ' %' /72880190 14XIELS BoTO4 e 149 ,20X0 [Sp1UA,L13.8/T64) %)

137 FORMATLAHL Tt "ANALYSILIS OF VARIANCE'/1Re131(*%')//76X0'SUURCE OF '

i "VARIATION' 1 11A9 'ULGREES UF FREEDOMY 19Xy *SUM UF SULARES'slSXe |
c Ve ALy SUUARE 10X 'F ' /1Xe 131 (%) //Toe'SLUPE OF TrE LINE', |
3 Cinr 'L 12040EL0,0014K0e 13400 IXIELIe//TEr WWEVIATIVUNS FRUM 1,

9 TTre LINE v 10ReISrc0Xob 13400180 0EL18,8//711020 'GROUP ©EANS

28
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~000616 5 "ENOM Ll r10Ap[5020X0ELS.8014X0EL13,809X0EL13,8//T12
QUL31Y < Yaalrlin ORKLUPS Y 0 LBA ) 15020X0E13.8014X0EL3,6/1X9101('=?)/T60
cUL320 7 YIVTALS Y 920X 19020 0EL10,6044X,E13,0)
000321 A306 FURMAN(//Tl40'THERE ARE NU REPLICATES GF Y AT ANY SINGLE VALUE ',
000322 1 OF XK'}
000323 eNC
! ,
; i
{
- !
¢ |
1} '
£
“ j |
.., ! |
E 1
I} | - ® |
A ¥
|
\ | |
b | | i
q ? :
- g i
- | 29 t
{ 3
| i




APFELLDIX D

51281 PROGRAM REGRESS
(START )

y

({EHD (H(I).I=1.N)

i |

‘————"hhce 10 ( ).IHFW*——————I
TW=3
=3 00 I=1.N
=% =1.0 WOD)=X(1)un(-2)
= L " o ]

ALL SORT3(X.Y.W.
1.N..TRUE.)

-

b | NUSL Tech Memo No. 2070-451-69

U. S. Navy Underwater Sound Laboratory Official Photograph
NP24 - 38752 - 4 - 70 39
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00 I=1.N
SUMDX=SUMDX + SUMW/(SUMW+KW(I)) =
W(I) = (X(])-AVERX )mu2
SUMDY=SUMDY + SUMW/(SUMW+KW(I)) =
W(I) = (Y(])-AVERY )uu2
SUMXY=SUMXY + SUMW/(SUMH+KW(]I)) =
W(OI)m(X(I)-AVERX)=(Y(I)-AVERY)
AVERX=SUMH/( SUMH+H(I)) = AVERX +
WOI)uX(I)/(SUMW+W(I))
AVERY=SUMW/(SUMWH+WH( 1)) = AVERY +
WOI)xY(I)/(SUMH+KW(I))
SUMHX=SUMHX + W(I)=X(I)
SUMWX2=SUMWX2 + W(I)=X(I)=X(])
SUMHY=SUMKHY + H(I)IY(I)
SUMHY2=SUMHY2 + W(I)=Y(]I)mY(])
SUMWXY=SUMKXY + W(I)=X(I)xY(])
SUMH=SUMKW+KW(])

B
K
D0 I=1.N
SUMWX=SUMWX + W(I)=X(I)
SUMWX2=SUMWX2 + W(I)=X(I)uX(1)
SUMWY=SUMKHY + W(I)=Y(1)
SUMWY2=SUMHY2 + W(I)=Y(I1)®Y(])
SUMWXY=SUMWXY + W(T)aX(I)=Y(])
SUMW=SUMH+H( 1)
SUMDX=SUMKX2

SUMDY=SUMHKY2
SUMXY=SUMWXY

NUSL Tech Memo No. 2070-451-69

U. 8. Navy Underwater Sound Laboratory Official Photograph
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:

F12B=(N-1H)=RSQD/(1.000-RSQ0D)
SB8=B/SQRT(F128B)
SA=S=SQRT(AW1+AVERX=%2/SUMDX)

[F12RA=A==2/SAxx2|

WRITE SUMWX.SUMWY.,SUMW
WRITE AVERX.AVERY
WRITE SUMDX.SUMDY

WRITE SUMXY
WRITE B
WRITE A
WRITE A.B

NUSL Tech Memo No. 2070-451-69

U. S. Navy Underwater Sound Laboratory
NP24 - 38755 - 4 - 70
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WTEST(REGRY.N..FALSE.))

(s

HRITE IH.F12R
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i

SUMW=0.
ISTOP=1START+NGROUP-1

;

D0 J=ISTART,ISTOP

SSY=SSY + SUMW/(SUMH+KH(J))
W(J) = (Y(J)-YBAR)=u2

YBAR=SUMK/(SUMH+W(J)) = YBAR
W(J)=Y(J)/(SUMH+H(J))

SUMY=SUMY+H(J)=Y(J)
SUMW=SUMKW+H(J)

;

SUMUSQ=SUMUSQ+SSY
SSY=SSY/(NGROUP-1)
SUMN=SUMN+NGROUP-1

NUMGRP=NUMGRP +1
SMGRPY=SMGRPY+SUMY
BGSMSQ@=BGSMSQ +

SUMY==x2/NGROUP

‘

WRITE X(ISTART).,
NGROUP ,SUMY,SS

NUSL Tech Memo No. 2070-451-69

U. S. Navy Underwater Sound Laboratory
NP24 - 38757 - 4 - 70
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NMIH=N-1IH
MNSQB=SUMRS/NMIH
B81=SUMRS-SUMSQ
DEGFB1=NMIH-SUMN

[MNS@B1=0.000] [MNSQB1=B1/DEGFB1]

g e

BGSMSQ=BGSMSQ - SMGRPY==2/

{ SUMN+NUMGRP )
NUMGRP=NUMGRP-1
[WRITE °NO | 1
REPLICATES WRITE SUMN,.SUMSQ,
NUMGRP ,BGSMSQ

[MNSeB2=0.000] [MNS@B2=SUMSQ/SUMN]

=
F2=0.000 |
F2=(B1=SUMN)/
(SUMSQ=DEGFB1
NUSL Tech Memo No. 2070-451-69
U. S. Navy Underwater Sound Laboratory Official Photograph
NP24 - 38753 - 4 - 70 33 8




C=SSB+SUMRS
DEGFC=1+NMIH
MNSQC=C/0EGFC

WRITE SSB,SSB.F128.
SUMRS .MNSQB.DEGFB!.B1

MNSQ@B1 .F2,SUMN,SUMSQ.,

MNSQB2 .,DEGFC.C.H
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