






























































































































































































































































































































































































































































































































































































































































































































































distribution with degrees of freedom (continuous
parameters) m and n. For. computatlon to take
place, 0= x<1, 0.5<m <105, and 0,5 <n<10"
D, the ordinate of the beta density at x, is also pre-
sented in the output.

For 0 <sx<l, Ix(m, n) may be written as:

%

IX (m, n) =6[ f (m, n, y)‘:dy‘ :
where:
f (m’ n’ Y) B(:Il-n n) y (i-&)n—l
S ®
B(mn) L!E)—I‘-XI—QD f(mnx)

Pt
Iz(m,n) can be reduced to a binominal partial sum
that can be evaluated by means of a continued frac-,
tion expansion, )
Let N'= mn-1 and r = m-1. Then:

_IX fm,n) = IX (r+1, N-r)

Lo N N' s. N-s
e Nn- Y (Y dw

. o @
C_( N \.m1l  Ner-l,
= <‘r‘+ I)X (1-x) S
where 0 £s <N .

S is a continued fraction, with 80 terms bemg
sufficient for the desired accuracy.

1% %% %0 %o |
S=T LT T 1 @)
- (N-i-71) (r+i) X
% .:.(1';,+,.2i.- O (c+a) I-x ., . . )
dif_(ren21+1)_(r+ @ 1-x. . O

The above contmued fractlon expansmn ‘of IX (i, n)”
holds for posmve m and n (mtegers .or.nonintegers),
N20(m+n=21), andr=0 (m=1), I order to
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FO0<x<10

fulfill these last two conditions, if m <1, the follow-
ing transformation must be made before computation
of I . (m,n) can take place:

T'(m+n

I (m,n) =T @+ DT @) xm(l-x)n+ Ix(m+ 1,n)

(6)

The quantities on the right-hand side of equation (6)
. are those that are computed.

- It is known that Iy(m,n) = I; _,(n, m). Thus, eltherf

- of the two parameter sets indicated by this equation

may be used in computing the beta integral. The

- parameter set selection is made by applying the

following empirically derived rule:

Let p and q be the degrees of freedom corre-
sponding to z, where z =x if x =, 5 or (1-X)
otherwise. If the quantity [ (p-1) - @+q-1)

z6/5 4 2] is positive, use the parameter set
correspondmg to z. Otherwise, use the para-
meter set corresponding to (1-z).

8 or 0 =1-x S10_8, the approximation
is made that x = 0 or 1 respectively. P and D are
then set according to the following table:

0 <x <10~ 0 <1-x <1078
P=0 P=1
I Then: If: Then:
A<1 D=10"° B<1 D=10"
A=1 D=1/B(m,n) B=1 D=1/Bm,n)
~A>1 D=0 B>1 D=0

If either m or n, or both are within 10—8 of 1, the

"beta integral is solved explicitly for m =1, n=1,
orm=n=1:

pis) Then: -
A=1,B=1 P=x
n
A=1,B#1 P=1-(1-%)
A#1,B=1 p=xT



If m or n is greater than 1000, the chi-square ap-
proximation is used:

zZ1 = 2m (1-x)/x is distributed as X 2 with 2n
degrees of freedomand P =1 - Py2 (z7) for m >
1000. ‘

= 2nx/ (1-x) is distributed as xzwith 2 m
degrees of freedom and P = Py 2 (zg) for n > 1000.
If both m and n are greater than 1000, the approx-
imation corresponding to zq is used.

The values of P very near zero or one may be some-
what imprecise. To eliminate gossible misinterg)re-
tation of results, if 0 <P <10"° or 0 <1-P <10~

P is set to 0 or 1 respectively.

e Subroutine CDTR

lAd COMPUTES P(X) = PROBABILITY THAT THE RANDOM VARIABLE U,

Al DISTRIBUTED ACCORDING TO THE CHI-SQUARE DISTRIBUTION WITH G
Al DEGREES OF FREEDOMy IS LESS THAN OR EQUAL TO X. F(GsX)y THE */COTR 60
lAd ORDINATE OF THE CHI-SQUARE DENSITY AT X, IS ALSO COMPUTED. */COTR 70

/5¥0%

DECLARE

IF G LT .49999
THEN DO,

THEN 00, «
P

IF 6
THEN

ELSE

END,y
ELSE IF X

ELSE

Si0..

$20..

$30..

$40..

*IF THETA GT 0

THEN DOy «
SER
J

THEN

DyP =-1.E75,.
ERROR=°1%y
GO TO S150y.

THEN DOye
[}

PROCEDURE (XyGsPyD)y e

(XX9DLXX9»DLX29GGyG2y QLT3 9 THETA, THP1yGLG2+yDD 9 T11 9 SERyCCy X2y
XIyFACyTLOGy TERMyGTH9A2+A4B+CyDT24DT3, THPI)

FLOAT BINARY (53),

(I9J9KeI3) FIXED BINARY,

ERROR EXTERNAL CHARACTER (1),

(X9GyDySCyPyT19T2,T3,DUHMY) FLOAT BINARYye

/% TEST INPUT VALIDITY #/COTR, 180

OR G. GT 2,E+05 OR X LT 0

/% SET ERROR INDICATOR */COTR 209

. ENDy «
ELSE IF X LE 1l.E-08 /% TEST FOR X NEAR ZERO */COTR 250

/% SET P° AND D DEPENDING */CDTR 260
=0.0y. /* ON THE PARAMETER G #/CDTR 270

LT 2.0
00y .
] =1.ET5y«
GO TO S30s.

ENDy .

IF G = 2.0

THEN DOy«
0 20590
GO TO 530y
ENDy o

ELSE DOy«
D =040y

GO TO S20s. .

ENDy. .

=20.09 ¢
P =140y 0
GO TO S304.

GT 1.E+06 /% TEST FOR X > 1.E+06 %/COTR 430
/% SET P AND D */CDTR 440

1.
DOy« /% SET PROGRAM PARAMETERS */CDYR 490
XX

=PRECISION(X953)y.
OLXX =LOG(XX)ye
X2 =XX/2.E0y e
DLX2 =LOG(X2),
GG =PRECISIDN(G'53):-
G2 =GG/2.EQy .

CALL LGAM(G2+GLG2),
0D =(G2-1. EO)‘DLXX-XZ-GZ‘ 693!4118055994550—GL52'.
IF DD LE 1.68E02
THEN IF (DD+1.68E02) LE O
THEN DO,y .
D =0.0y.

DTR
/* TEST FOR 6 > 1000 . & X > ZOOO*ICDTR 640

IF G LE 1000
IMEN IF X GT 2000
THEN

DOy«
P =1e0y.

ERROR='0"*,.
GO TO S150y.
ENDy.o

ELSE DOy

/% COMPUTE THE ORDINATE */CDTR . 560

CDTR 570
CDTR 580
CDTR 590
CODTR :600
CDTR 610
CDTRv620

CDTR 450
CDTR 1660

.CDTR 670

CDTR 680
CDTR 690
CDTR ‘700
CDTR 710
CDTR ,720
CDTR 730
CDTR 740
CDTR 750

/% COMPUTE THETA */CDTR 760

K =FLOOR(G2)y.
THETA=G2-FLOAT(Ky53) 4.
GO TO S404.

COTR 770
CDTR 780
CDTR 790
CDTR 800

ENDy. -
ELSE DOye /% WILSON HILFERTY APPROX. */COTR 810
A

=LOG(XX/GG)/3.EQy .
A =EXP(A)y..
=2.E0/(9.E0%GG) y.
CvSC =(A-1.E0+B)/SQRT(B)y.
CALL NDTR(SCyP,DUMMY), .
GO TO S60,.
ENDy e
ENDy
ELSE DOy.
DDsD =EXP(DD)y.
GO TO S104.
ENDy «
ELSE DOy.
D =1.E75,.
GO TO S10y.

IF THETA LE 1.E-8
THEN THETA=0.EOy.
THP1 =THETA+1.E0y.

CDTR 820
CDTR 830
CDTR 840
COTR 850
CDTR 860

- COTR 870

CDTR 880
CDTR 890
CDTR 900
CDTR 910
CDTR 920
COTR 930
GDTR 940
COTR 950
CDTR 960
CDTR 970
CDTR 980
CDTR
CDTR1000
CDTR1010
CDTR1020

©°
o

/% SELECT METHOD FOR */CDTR1030

/* COMPUTING T1 . */CDTR 1040

CDTR1050

/* COMPUTE T1 FOR? - « */CDTR1060
/% THETA > 0 & X < OR =10 */COTR1070

.THEN IF XX LE 10.EO0

=X2%(L.EQ/THP1-X2/(THP1+1.E0) )y
=lse .
=FLOAT(Jy53) s«

DO IT1=3 TO 30y«

=FLOAT(IT1453),.
LGAM{XI,FAC),
=Xl‘DLXZ—FAC—LDG(leTHETA)p-
=EXP(TLOG)y»
=SIGN(CC)*ABS(TERM)y .
=SER+TERMy «

==CCy

IF ABS(TERMI LT 1.E-9

GO TO S80y.

END ..

COTR1080

. CDTR1090

CDTR1100
CDTR1110

“CDTR1120

CDTR1130
CDTR1140
CDTR1150

* CDTR1160

CDTR1170
CDTR1180
CDTR1190
CDTR1200
CDTR1210
CDTR1220
CDTR1230
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GO TO $S90y.
ENDy.o
ELSE D04«
A2 - =0.EO0y.
D0 I=1 TO 25y.
X1 =FLDAT(1+53)y.
CALL LGAMITHPLl,GTH)s.

IF (T11+1.68E02) GT 0
THEN DOse
T11 =EXP(T11),.
A2 =A2¢T1l,.
ENDy .
ENDy .
GO TO $130,.
ENDy.
ELSE IF X2 GE 1.68E02
THEN DO, « /% COMPUTE T1 FOR THETA =
TL  =1.0y.
550.. :
IF G GE 2 /% SELECT APPRO. EXP. FOR
THEN IF G GE 4
THEN 00y .
/% CALC. FOR G > OR = 4
/% -AND < OR = 100
OT3 =0.EO0,.
00 I3=2 TO Ky.
THPI =FLOAT(13453) +THETA,4
CALL LGAM (THPI,GTH),.
DLT3 =THPI#DLX2-DLXX-X2-GTH, .
IF.(DLT3+1.68E02) GT 0
THEN DT3  =DT3+EXP(DLT3),.

P =T1-T3-T3,.,

ELSE DOy«
=Tlye
560..
IFPLT O |
THEN IF ABS(P) LE 1.E-7
THEN
S$70..

ENDy »
ELSE GO TO S90y.
ELSE IF P GT 1.0
THEN IF ABS(1.-P) GT 1.E-T
THEN GO TO S90y.
ELSE GO TO 52Cy.
ELSE GO TO S100,.
ENDy o
ELSE GO TO S145,.
ENDy.
ELSE DOy .
T11,7T1 =1.E0-EXP(-X2)y.
GO TO $50s.
ENDy .

S80..
IF (SER) LE O
THEN GO TO S90y.
ELSE DOy.
CALL LGAM (THP1,GTH),.
TLOG =THETA*DLX2+4LOG(SER)~GTHs.
IF (TLOG+1.68E02) LE O
THEN GO TO S110y.
ELSE GO TO S120,.
ENDy. .
$90..
ERROR='2",.
=1.ETSy.
GO TO S150y.
$100..
IF P LE 1.E-8
THEN GO TO S704.
ELSE IF (1.0-P) LE 1.E-8
THEN GO TO S20,.
ELSE GO TO S30y.

/#* SET ERROR INDICATOR

S110..
omn =0.0y.
GO TO $50,.

=EXP(TLOG),.
GO TO S50y.

=1.01282051+THETA/156.E0-XX/312.E0y.
B =ABS{A)y.
c ==X2+THP 1*DL X2+LOG(B)~-GTH-3.95124371858142E0+.
IF (C+1.68E02) LE O
THEN DO, .
=0.E0y.
S140..
c =A2+4Cy .
Ti1,T1 =1.E0~Cye
GO TO S50,

ENDy .+
ELSE IF ALT O -
THEN DOy«
€ ==EXP(C)y.
GO TO $140,.
ENDy o
ELSE IF A =0
" THEN DO,.
€ =0.E0;.
GO TO S140s.

4 =EXP(C)y.
GO TO S1404.
ENDy .
S145..
CALL LGAM (THPL,GTH),. /*CCMPUTE P FOR 0<G<2
DT2 =THETA*DLXX-X2~THP1¥,693147180559945E0-GTHy.
IF (DT2+1.68E02) LE 0
THEN DO,y .
. P =Tl,.

/*COMPUTE P FOR G > OR = 2
GO TO S60y.
ENDy o
ELSE DOy
. DT2,72 =EXP(DT2)y .

P =T1+T24T2,.
GO TO S60,.

/* END OF PROCEDURE CDTR

T1l =-(13.E0%XX) /XI+THP1*LOG (13, EO*XX/XI}-GTH=LOGIXI )y

o

P

CDTR1240
CDTR1250

/% T1 FOR THETA>0 AND 10<X<2000*/CDTR1260
4

TR1270
CDTR1280
CDTR1290
CDTR1300
COTR1310
COTR1320
GDTR1330
CDTR1340
CDTR1350
CDTR1360
€DTR1370
CDTR1380
CDTR1390
COTR1400

#/CDTR1410
CDTR1420
CDTR1430

*/CDTR 1440
CDTR1450
COTR1460

*/CDTR1470

*/COTR1480
CDTR1490
CDTR1500
CDTR1510
CDTR1520
CDTR1530
CDTR1540
CDTR1550
CDTR1560
CDTR1570
CDTR1580
CDTR1590
CDTR1600
COTR1610
COTR1620
COTR1630
COTR1640
COTR1650
COTR1660
COTR1670
CDTR1680
CDTR1690
CDTR1700
CDTR1710
COTR1720
CDTR1730
CDTR1740
CDTR1750
CDTR1760
CDTR1770
COTR1780
CDTR1790
CDTR1800
CDTR1810
COTR1820
CDTR1830
CDTR1840
CDTR1850
CDTR1860
CDTR1870
COTR1880
CDTR1890
C€DTR1900
CDTR1910
COTR1920
CDTR1930
COTR1940
CDTR1950

*/COTR1960
CDTR1970
CDTR1980
CDTR1990
CDTR2000
CDTR2010
CDTR2020
COTR2030
COTR2040
CDTR2050
CDTR2060
CDTR2070
CDTR2080
CDTR2090
CDTR2100
CDTR2110
CDTR2120
COTR2130
CDTR2140
CDTR2150
CDTR2160
CDTR2170
CDTR2180
COTR2190
CDTR2200
€DTR2210
COTR2220
COTR2230
CDTR2240
COTR2250
COTR2260
COTR2270
COTR2280
CDTR2290
CDTR2300
CDTR2310
CDTR2320
CDTR233.

© CDTR2340

CDTR2350
CDTR2360
CDTR2370
*/CDTR2380
CDTR2390
CDTR2400
*/CDTR2410
COTR2420
CDTR2430
CDTR2440
CDTR2450
CDTR2460
CDTR2470
CDTR2480
CDTR2490
CDTR2500
CDTR2510
*/CDTR2520
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Purpose:

CDTR computes P(x) = the probability that the ran-
dom variable X, distributed according to the chi-
square distribution with G degrees of freedom, is
less than or equal to x. f (G x), the ordinate of the
chi-square density at x, is also computed.

Usage:

CALL CDTR (X, G, P, D);

X =

BINARY FLOAT

Given random variable following the chi-
square distribution.

BINARY FLOAT

Given variable containing the number of
degrees of freedom of the chi-square distri-

bution.

G is a continuous parameter such that

.5 <G <2 (109).

BINARY FLOAT

Resultant variable containiag the probability.

BINARY FLOAT

Resultant variable containing the density.

Remarks:

I no errors are detected in the processing of data,

~ the error indicator, ERROR, is set to zero.

The

following consitute the possible error conditions that
may be detected:

ERROR=1 - invalid value of X.

(X <0) or invalid value of G.

(G <.50r G > 200,000)

If this condition exists, the values of P
and D are set to -1.E75.

ERROR=2 - invalid output (P <0 or P > 1) or the

series T1 has failed to converge. If
this condition exists, the values of P
and D are set to -1. E75.

Subroutines and function subroutines required:

Method:

LGAM
NDTR

For reference see:

1.

R. E. Bargmann and S. P. Ghosh,
"Statistical Distribution Programs for a
Computer Language', IBM Research
Report RC-1094, 1963, '

M. Abramowitz and I. A. Stegun, Hand-
book of Mathematical Functions U. S.




Department of Commerce, National
Bureau of Standards Applied Mathematics
Series, 1966.

Mathematical Background:

This subroutine computes P=P(x)=Prob. X =<X),
where X is a random variable following the x“ dis-
tribution with continuous parameter g. X must be
greater than or equal to zeroand .5 sg <2 (105) for
computation to take place. D, the ordinate of the

X density at x, is also presented in the output.

For x >0, P(x) may be written as:

X
P(x) = f f(g, y) dy @
0

where:
£ (g5 =y &P/ 2 V2 ﬂzg/ T )

D =1(g, )
To evaluate the integral, we first define
=2 _[5
9=3 [2 :l
Where-é-denotes the largest integer less than or

equal to 8 is thus the fractional part of-§-.

Substituting this expression into the integral and per-
forming the proper reductions, we find:

E:_ Then:
0<g<2 P(x) = T1+ T2
2 sg<4 P(x) = T1
g24 P(x) = T1 - 2T3
where:
X
6 -y/2
T1 _f y g Y2 gy
N
0 Lt ra+o)

T2 = £(2+26, x)

] |
T3 = Z f(2#+26, x)
=2

T2 and T3 may be evaluated directly using logs and
antilogs.

¥6=0 (% is an integer), T1 is easily evaluatedas:
T1=1-¢ %2

If 6> 0, T1 can be expanded in the following infinite
series:

]
1 2 z 2>, _7° __3*
T@+6)(1+8 2¢6  21(3+0) 31@+0)""
' )
where Z=-§.

This series is used in the range 10_8 <x =10,
and not more than 30 terms are necessary to ensure
convergence within error bounds of 1079,

For x>10, 1-T1 is evaluated by the Euler-
McLaurin formula up to third derivative terms

(see Reference 2, equation 23.1.30). One finds:
- N
1-Ti=f hw du ®3)
0
where:
. 1 (2u)
hu) =—— -@8)
I1+6) Nx u 1 e N/ 2u
N N-1 1 1
[ r@du=Y h@+h N -s5h (N
2 12
0 u=0
+1— A" ()
720

(Note: h'=h'"" = 0 at 0.)

In order to achieve accuracy consistent with that
obtained by the method of equation (2), N=26 is
used in equation (3).

o sx 510_8, the approximation is made that
x=0, P is setto 0, and D is set to 1.E75, .5, or
0, corresponding to g less than 2, equal to 2, or
greater than 2 respectively.

If g>1000, Wilson and Hilferty's approximation
is used. { Xz) 1/3 is a%proximately normally dis-
tributed Wig mean 1 g5 and varianceds (see ref-
erence 2, equation 26,.4.14). K g =1000 and
x>2000, or g>1000 and x >10%, P is set to 1.

Since T1 may have an error of about 10”7, values
of P(x) very near zero or one may be somewhat
imprecise. To eliminate possible misinterpretation
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of results, if 0 <P(x)< 10~8 or 0 1 -P(x) <107°
P(x) is set to 0 or 1 respectively.

The X2 distribution is a member of the gamma
family of probability distributions. The general
form for distributions of this class is:

X
P G(x)'=.£G'(n,A, w; u) du

where ‘
LY (P,

This subroutine may, therefore, also be used to
compute the probability integral from zero to x and
the corresponding ordinate at x for any member of
this gamma family by setting:

G (@, a, ¥; ) = (u-a)"

x=2(u-a) /¥ and g = 2n

Thsn P(x) will be the desired probé.bﬂity, and
2_fi%§_ will be the desired ordinate.
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e Subroutine NDTI

NDTI.. NDTI
’ /NDT1
Vid #/NDTI
7% COMPUTES X=P**X(~1)(Y), THE ARGUMENT X SUCH THAT Y=P(X)=THE. */NDTI
7% PROBABILITY THAT THE RANDOM VARIABLE U, DISTRIBUTED NORMALLY */NDTI
7% 10y1), IS LESS THAN OR EQUAL TO X. FIX) THE ORDINATE OF THE */NDTI
7 NORMAL DENSITY, AT X, IS ALSO COMPUTED. */NDTT
7% */NDTI
/ /NDTI
PROCEDURE(P X 10)s - NDTI
DECLA . L . . NDTI
(P,x.o.rz,r) FLOAT BINARY, NDTI

) ERROR EXTERNAL CHARACTER (1),. . ) NDTI
ERROR="0"5. - ' “NDTI
XsD  =0,. NDTI
IF P LT 0.0 ) . NDTI
THEN ) NDTI
S10..° : . . , NDT I
' ve ' 7% P < 0--SET ERROR INDICATOR #*/NDTI
ERROR='1%, . NDTI

60-TO $30y. ’ : . - NDTI

ENDy «
ELSE IF P = 0.0 NDTI
THEN DO, . /* P = 0—SET X AND D
X ==e999999E+T4y « . - NDTI
$20.. NDTI
=0.05. NDTI
GlJ TO $304. . NDTI

ELSE lF P GT 1.0 - - NDTI
THEN GO YO S104. /% P > 1--SET ERROR INDICATOR #*/NDTI

. ELSE IF P = 1.0 ) NDTI
THEN DOy . /* P = 1-=SET X AND D

X =e999999E+T4y « NDTI

GO TO S20y. NOTI

ENDy o NDTI

ELSE DOy . /¥ P >0 AND P < 1
D

IF D GT 0.5 NDTI

THEN D . I + “NDTI

/* CALC. EQUATION 2 IN WRITE UPtINDTl

T2 =L0G(1.0/(D*D)),. TI
T =SQRT(T2)s.

/* CALC. EQUATION 1 IN WRITE UP#/NDTI

X -T-(Z 515517+0.802853%T+0.010328%T2)/ NDTI

«0+1.432788%T+0.189269*T2+40.001308+T ~ NDTI

IF P LE 0.5 /* P < OR = .5
THEN X ==Xyo/* NEGATE X

. /* CALCULATE DENSITY
D =043989423%EXP(-X*X/2.0) v - NDTI
ENDy . NDTI
$30.. NOTI
RETURNy « - NDTI
ENDy. /% END OF PROCEDURE NDTI */NDTI

Purpose: -

NDTI computes x = P"1 (y) such that y = P(x), the
probability that the random variable X, distributed
normally (0, 1) is less than or equal to x. f(x), the
ordinate of the normal density at %, is also com~
puted.

Usage:

CALL NDTI (P, X, D);

BINARY FLOAT

P -

, Given variable containing the probability.

X - BINARY FLOAT
Resultant variable such that P=Y= the prob-
ability that u, the random varlable, is less
than or equal to X,

D - BINARY FLOAT
Resultant variable containing the density
Py ; ‘

Remarks:

If no errors are detected in the processing of data,
the error indicator, ERROR, is set to zero. How-
ever, if P=0, X is set to -(10) 4, and D is set to
zero. If P=1, X is set to (10) and D is set to




zero. The following constitutes the possible error
condition that may be detected:

ERROR=1 - Invalid value of P. P is either less than
zero or greater than one.

Method:

Refer to:

C. Hastings, Approximations for Digital Computers,

Princeton University Press, Princeton, N. J., 1955,

M. Abramowitz and Stegun, I. A. Handbook of Math-
ematical Functions, Dover Publications, Inc., N.Y.,

equation 26, 2,23,

Mathematical Background:

This subroutine computes x = P-l(y) such that
¥y = P(x): = Prob(X =x), where X is a random var-
iable distributed normally with mean zero and

variance one. That is, given P(x), the following is

solved for x:

X
Px) = V—%——; ’_.[.o exp (—u2/2) du _

The following approximation is used:

2 . 3 .

i i

X=w -Z aw /.Z b.w
i=0 i=0

where:

w ={1n (1/p?) (0 <p <. 5)

a,= 2. 515517

a; = 0. 802853

a, = 0.010328

b1 =1.432788

b2 =0,189269

b3 =0.001308

@)

@

If P(x) is greater than 0.5, 1-P(x) is used as p in
(2) above, and the result of (1), x, is negated. The
maximum error is 0.00045; f(x) is also calculated.
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APPENDIX A: ACCURACY OF SUBROUTINES

The subroutines in SSP can be broken down into
. three major categories from the standpoint of ac-
curacy: _
(1) those having little or no effect on accuracy,
(2) those whose accuracy depends on the char-
acteristics of the input data, and
(3) those in which definite statements on accu-
racy can be made.

SUBROUTINES WITH LITTLE OR NO EFFECT ON
ACCURACY :

The following subroutines do not materially affect

the accuracy of the results, either because of the

simple nature of the computation or because they do
not modify the data.

ABST RANK
BUND SRNK
CHSQ SUBM
HTES SBST
KLM2 TAB1 -

-KRNK TAB2
MOMN TALY
MPIT TIE
MPRM TRAC
MTPI TTST
MSCG TWAV
MSCS UTST
ORDR WTST
QTST

SUBROUTINESWITH DATA-DEPENDENT ACCURACY

The accuracy of the following subroutines cannot be
predicted because it depends on the characteristics
of the input data and on the size of the problem. The
programmer using these subroutines must be aware
of the limitations dictated by numerical analysis
considerations. It cannot be assumed that the re-
sults are accurate simply because subroutine execu-
tion is completed.

ACFM/ACFE DFEC MATE
AHIM/AHIE DFEO MATU
ALIM/ALIE DGT3 MDLG
APCI/APC2 DMTX MDLS/MDRS
APLL DSCR MDSB
ASN EXSM . MEAT
AVAR FFT MEBS
CANC FFTM MEST
CORR FMFP MFG
DERE KLMO MFGR
DET3 LOAD MFS
DET5 MAGS MFSB
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MGB1/MGB2 POSV QH24

MGDU PRTC QH32

MIG PRTR QH48

MINV QA2 QHFG/QHFE/
MIS QA4 QHSQ/QHSE
MLSQ QA8 QL2

MLTR QA12 QL4

MMGG QA16 QLS

MMGS QA24 QL12

MMGT QATR QL16

MMSS QG2 ‘QL24

MSDU QG4 QSF

MSTU QG8 . QTFG/QTFE
MVAT QG16 RTF

MVEB QG24 RTFD

MVST QG32 SE15

MVSU GH2 SE35

MVUB QH4 SG13 /SE13
PEC/PTC QHS8 STRG

POST QH16 VRMX

SUBROUTINES WITH DEFINITE ACCURACY
CHARACTERISTICS

The subroutines in this section have accuracy char-
acteristics that can be specified on an individual
basis. The mathematical descriptions for many of
these subroutines contain information on truncation
error of a strictly theoretical nature. The actual
implementation of these subroutines on System/360
results in the accuracy noted in the following table.
The standard reference for comparing the accuracy
of these subroutines is M. Abramowitz, LA. Stegun,
Handbook of Mathematical Functions, National

Bureau of Standards, Washington, D.C., March
1965. However, in certain cases, other tables were
used, as noted below. It should be remembered
that in System/360 single-precision floating point,
there are just over six significant figures.

Maximum differences below are given in terms of
number of decimal places (DP) and/or number of
significant digits (SD) that agree. The number ofdigits
tabled should be considered when accuracy state-
ments are viewed; that is, certain tables are given
to only five places, whereas the algorithms used
may be more accurate. In compiling maximum
differences, the maximum was taken over the set of



points indicated in the table.
was normally much smaller.

The average difference

The notation x = a (b) ¢ implies that a, a+ b,
a+ 2b,..., ¢ were the arguments (x) used.

. Functions Range Maximu
Name Functions checked checked dittoronos
calculate with reference with reference
BDTR p=I (a,b) .1 (a,b) p=.0001, . 0005 correct to 5 DP
» Tables by Leon a=1(1) 40
H. Harter: New b=5(5) 40
Tables of the
Incomplete p=.0100,.0500
Gamma Function a=2(2)10
Ratio and of b=5(5)30
Percentage
P_oiélts of the
X °’and Beta
Distribution,
1964
CDTR y= Pg (x) y= Pg (x) x=,001(.001).01; 1 in the 5th DP
where P is .01(.,01)1.0; :
the X 1.0(.1) 2,0
distribution 2.0(.2)10.0;
function 10.0 (. 5) 20. 0;
with para- 20 (1) 40
meter g, 40 (2) 76
for
g=1(1)30
K(k) K(m); k =‘,m m=,01 (. 01).99 2 in 7th SD
(single K (0); k=sin & o= 1(1)73 2 in 7th SD
precision)
CELI :
i = 86 SD
Complete (o in degrees) o= T74(1) 3 in 7th
elliptic —— e — e — - — — — — —— b __. ————— = = — ———
1st integral | g K(m); k =4/ m m=.01(.01).86 1 in 16th SD
(double
Pprecision) m =, 87(. 01) .96 4 in 16th SD
m=,97(, 01). 99 11 in 16th SD
K(@); k= sina o =1(1)75 1 in 16th SD
(o in degrees) o = 76(1)80 2 in 16th SD
o = 81(1)86 11 in 16th SD
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. Functions Range
Name Functions ~ checked checked Maximum
calculated with reference with reference difference
K(k) K(m); k =‘/ m m=.01(, 01) .99 2 in 7th SD
with A=B=1| K();k=sina a =1(1)73 2 in 7th SD
E)
with A=1 (¢ in degrees) o = 74(1)86 3 in 7th SD
B=1-k?| E@m);k=ym m =, 01(01) 2 in Tth SD
CEL2 (single E(a); k = sin & o =1(1) 86 2 in Tth SD
Generalized precision) ‘ . .
K'E + E'K - KK' m=,01(,01).99 7 in 7th SD
complete .
elliptic (Legendre's re- a =1(1) 89 1 in 6th SD
2nd lation)
integral [T T T T — 7 - T =TT T T T T T T T T
K(k) K(m); k = ‘/ m m=,01(.01).99 2 in 16th SD
with A=B=1 o
E(k) K(o); k = sin & a =1(1)80 2 in 16th SD
with A=1 (o in degrees) . ) _
B=1-k o = 81(1)86 11 in 16th SD
(double E(@); k= sine o =1(1)89 2 in 16th SD
precision) K'E + E'K - KK' m=,01(.01).99 9 in 16th SD
(Legendre's o =1(1)89 9 in 16th SD
relation) o '
F(¢ /o) F(e/o) ¢ = 0(5)10 2 in 7th DP
with (€, o in degrees) a = 0(2)90 ‘ :
x =tan{
k =sing
ck —1’ 1-k2
. £ = 15(5)35 7 in 7th SD
(single a = 0(2)90
precision)
£ = 40(5)50 11 in 7th DP
a = 0(2)90 o
¢ = 55(5)85 3 in 7th SD
ELI1 -
a = 0(2)90
mcomplete | | V-
elliptic 1st | ¢, /oy F(@/ad) @ = 0(5)85 1in 9th DP (prob-
integral with (¢, o in degrees) a = 0(2)90 ably due to rounding
x =tang errors in table) ;
k =sin
ck =‘f 1-12 Fe/a) + F(¥/a). @ = 0(5)85 o
: 2 in 15th DP
(double - F(g /a) o = 0(2)80
precision) :
{0y @, P in degrees) p = arctan f
f =1/(cos & -tan @)
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Functions Functions Range Masimum
Name checked checked .
calculated . R difference
f, with reference with reference
F(C /) F(£ /) £ = 0(5)10 2 in 7th DP
withA=B=1 (¢, o in degrees) o = 0(2)90 '
E(¢ /o) ¢ = 15(5)35 7 in 7th SD
with A =1 a = 0(2)90
and B=1 - k2
X =tang £ = 40(5)50 11 in 7th DP
k =sing o = 0(2)90
kY1 s ¢ = 55(585 3 in 7th SD
= 0(2)90
(single o @)
precision) E( /) ¢ =0,5 2 in 7th DP
(€, o in degrees) o = 0(2)90 :
£ = 10(5)35 7 in 7th SD
a = 0(2)90
£ = 40(5)55 12 in 7th DP
o = 0(2)90
ELI2 ¢ = 602(5)_85 36 in 7th DP
Generalized a = 0(2)90
incomplete [ — ———— — —T —— —— — —— ——————— — T — === == —
elliptic Fe/a) F(o/a) ® = 0(5)85 1in 9th DP (prob-
2nd integral with A=B=1 (o , ain degrees) o = 0(2)90 ably due to rounding
E(@/a) errors in table)
with A =1 .
B = 1-k? E(p/a) @ = 0(5)85 1 in 9th DP
and (¢, o in degrees) a = 0(2)90 (probably due to
x = tan¢ rounding errors in
k = sinq table)
ck =‘/ 1-k2 ,
E(p/a) +E@/a) @ = 0(5)85 2 in 15th DP
(double T .2 . o = 0(2)90
precision) = E(—z-/a)+s%n a sin ¢ ‘
sin ¥ }
(¢, o in degrees) ¢ = arctan f
f = 1/(cos e .tan ¢)
F(p/a) + F(¥/ar) ® = 0(5)85 3 in 15th DP
= F(g/a> o = 0(2)82
(¢, o in degrees) b = arctan f
£ = 1/(cos & -tan @)
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+ Calculationofu = F((p/ «) with double-precision subroutine

++ Difference between result of single- and double-precision routines
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Functions Functions Range Maximum
Name checked checked .
calculated . . difference
‘ with reference with reference
JELF snu = sin ¢ snu = sin ¢ @ = 0(1)89 1in 6th DP *
Jacobian cnu = cos ¢ (¢, o in degrees) a = 0(5)85
elliptic —‘F_—Z ) cnu =cos ¢ @ = 0(1)89 2 in 6th DP *
functions dx}u 1-k" sin"p (¢, o in degrees) o = 0(5)85
with
@ = amuor dn u =¥1-k2sin2 ¢ ¢ = 0(1)89 1in 6th DP +
u = Fg/a), (¢, o in degrees) o = 0(5)85
k =sina
sck =1-k2 sn u k2 = .00(.05).95 1in 6th DP +*
(single t = 0(1)25
precision) u = t.K(Kk)/25
enu k2 = . 00(. 05).95 2 in 6th DP ++
t = 0(1)25
= t.K(k)/25
dnu k2 = .00(.05).95 1in 6th DP *+
t = 0(1)25
= t.K(k)/25
sn u - sn(2K-u) k2 = . 00(. 05).90 " 6 in 6th DP
t = 0(1)25 6 in 6th DP
snu + sn(2K + u) = t.K(k)/25
sn u + sn(4K - u) 10 in 6th DP
cnu + cn(2K - u) k2 = . 00(. 05). 90 4 in 6th DP
t = 0(1)25 -
cn u + cn(2K + u) u = t.K(k)/25 4 in 6th DP
cnu - cn(4K - u) 6 in 6th DP
dnu - dn2K - u) k2 = .00(. 05). 90 3 in 6th DP
dn u - dn(2K + u) t = 0(1)25 3 in 6th DP
= t.K(k)/25
dn u - dn(4K - u) 5 in 6th DP




- Functions Range .
Functions Maximum
Name checked checked .
calculated . . difference
: with reference with reference
snu = sin ¢ snu = sin ¢ @ = 5(5)85 2 in 15th DP *
(¢, o in degrees) a = 0(2)90
Jacobian cnu = cos @ ecnu =cos ¢ © = 5(5)85 3 in 15th DP +
elliptic (¢, o in degrees) o = 0(2)90
functions dnu=V1- kza
(= sinztp) dn u =V1-k2sinZe ¢ = 5(5)85 2 in 15th DP *
with (¢, a in degrees) o = 0(2)90
@ =amu
u = F(p/o) snu - sn(2K - u) k2 = . 00(. 05). 90 5 in 15th DP
k =sina ‘ t = 0(1)25
sck =1 - k2
(double snu + sn(2K + u) u =t.K(k)/25 5 in 15th DP
recision
P _ ) snu + sn(4K - u) 12 in 15th DP
cnu + en(2K - u) k2 = .00(.05).90 3 in 15th DP
t = 0(1)25
cnu + cn(2K + u) u = t.K(k)/25 3 in 15th DP
cnu - cn(4K - u) 7 in 15th DP
dnu - dn@K - u) k2 = .00(. 05). 90 3 in 15th DP
t = 0(1)25
dnu - dn(2K + u) u = t.K(k)/25 2 in 15th DP
dn u - dn(4K - u) 6 in 15th DP
LGAM InT (x) InT (x) x=1 6 in 9th DP
(log of x=1.005(. 005)
the gamma 1.025 9 in 8th DP
function) x=1.980(. 005)

1.995 9 in 8th SD
x=1.03(.01)1.31 8 in 9th SD
x=1.32(. 01)1.67 8 in 10th SD
x=1.68(.01)1, 97 7 in 9th SD
x=2 6 in 9th SD

1og101" (%) x=3.0(1.0)100.0 No error in 8 place
. tables
NDTR y=P (%) y=P (® x=-6(.01)6 7 in 7th DP
P =normal
pdf
NDTI x = P-1 (y) x=P L) ¥ = 01(. 01). 99 5 in 4th DP
p = normal
pdf
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Functions Range '
Functions checked checked Maximum
Name calculated with reference with reference - difference
‘SMIR L(x) L (®); x=0(.01) .61 1 in 6th DP
Kolmogorov- Tables by @ in 6th DP)
S.ml'r?aov N. Sfmrno.v, x=.62 3 in 5th DP
limiting reprinted in (see program
distribution - Annals of Math, progr
comments)
Stat. 19, pp. (3 in sthDP)
280-281 (6~ and .
7- place X=.63(.01)1.04 3 in 6th DP
tables). (2 in 6th DP)
]S?’i‘:)‘;bi‘;zl;s;l' x = 1,05(.01)1. 15 6 in 6th DP
differences (2 in 6th DP)
are given in x=1,16(.01)1.20 9 in 6th DP
parentheses in (2 in 6th DP)
the right-hand x=1.21(.01)1.45 8 in 6th DP
otdmn. (3 in 6th DP)
x=1.46(.01)1.65 6 in 6th DP
(1 in 6th DP)
x=1.66(,01)1.86 2 in 6th DP
(0 in 6th DP)
x=1,87 2 in 5th DP
(2 in 5th DP)
x =1.88(.01) 2. 04 2 in 6th DP
(1 in 6th DP)
x=2,05 (. 01) 2. 50 1 in 6th DP
(1 in 6th DP)
x =2.51(.01)3.5 2 in 7th DP
(1 in 7th DP)
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APPENDIX B: SAMPLE PROGRAM DESCRIPTIONS

The following programs are intended to exemplify
linkage of subroutines within SSP/PL/I. These
programs are only examples and are not meant
to be representative of the state of the art.

When supplying data for the sample programs,
the user is reminded that all fixed point numbers
must be right-adjusted and that all floating point
numbers may appear anywhere in the field, pro-
vided the decimal point is included. '

The necessary job control and process cards
are included in the sample programs but are not
separately shown in the deck setup illustrations.

Note that arrays are limited, for each dimension,
to. an upper bound of 32,767,

DATA SCREENING DACR

Problem Description

A set of observations is read along with information
on propositions to be satisfied and limits on a
selected variable. From this input a subset is ob-
tained and a histogram of frequency over given class
intervals is plotted for the selected variable., Total,
average, standard deviation, minimum, and maxi-
mum are calculated for the selected variable. This
procedure is repeated until all sets of input data
have been processed.

Program
Description

The data screening sample program consists of a
main routine, DACR, a special input routine DAT1,
and three subroutines from the Scientific Subroutine
Package: SBST, TABI1, and BOOL. There is also
one special plotting routine, HIST. For a descrip-
tion of subroutine BOOL see subroutine SBST.

Capacity
‘1. Up to 4999 observations
2. Up to 70 variables :
3. Up to 99 conditions (with the existing sub-
routine BOOL only two conditions are considered),
4, Up to 10 data cards per observation
Input

Control Cards

A parametér card with the foiloWing .form_at mukst.
precede each matrix of observations.

Columns Contents For Sample -
= _— Problem
1-6 Problem number SAMPLE
(may be .
alphameric)
7-11 Number of 0100
observations )
12-16 Number of 0004
. variables
17-21 Number of = 02
conditions
22-26 Number of 00003
selections
27-31 ~ Number of data
cards per
observation 01
Data Cards

1, For the observation matrix, data cards have
seven fields of ten columns each, The decimal point
may appear anywhere in a field. If no decimal point
is included, it is assumed that the decimal point is
to the right of the last digit, The number in each
field may be preceded by blanks. All values for an
observation are punched consecutively and may con-
tinue from card to card, However, a new observa-
tion must start in the first field of a new card.

2. For the condition matrix three ten-column
fields are used. The first contains the variable
number (right-justified); the next, the relations
code; and the last, a floating point number that re-
lates to the condition.

Selection Card

For each selection there will be a new selection
card. The card is prepared as follows:

For Sample

Columns Contents Problem -
1-5 Number of the 00003
variable to be '

tabulated ,

6-15 - LLower bound S 120,

16-25 Number of intervals* - - 20.

26-35 Upper bound 210.

The number of selection cards must agree with
the value of the selection indicator, which appears
in columns 22-26 of the control card.

*In the number of intervals, it should be noted that
two extra intervals must be specified for those ele-
ments that fall below the lower bound and those that
fall above the upper bound.
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Deck Setup
SAMPLE 10C 4 2 3 1 10
. . . 173. 12. 20
: 2. 17c. 8. 30
" s s . 154. 16. 40
The deck setup is shown in Figure 11. es. 125- 10, 50
€s. 152. 9. 60
5. 202. 12. 70
0. 122. 14. 80
4. 136. 13. 90
, 7. 1417, 11. 100
Selection €1, 153. 18. 110
€8 165. 9. 120
Cards ¢, 178, 10. 130
1. 2cs. 14. 140
5. 215. 12. 150
€30 150. €. 160
Last problem €z, 16C. 16. 170
2. 161. 13. 180
3. 142. 15. 190
I €. 193. 18. 200
Contro €s. 156. 14. 210
€c. 114. 10. 220
Card €4, 153. 12. 230
€a. 225. 9. 240
7 €1. 15¢. 1. 250
12. 121. 4. 260
5. 132. 13. 270
6. 148. 16. 280
Selechon 1. 123. 16. 250
Cards 8. 128. 14. 300
€s. 155, 17. 310
12 172. 16. 320
3. 163. 10. 330
Second problem €5. 15¢. 11. 340
€s. 1464 2. 350
€6 171. 9. 360
€s. 153. 12. 370
€6 165. 14. 380
12. 172. 16. 390
8. 183. 15. 400
1. 195, 16. 410
€8, 118. 7. 420
€6. 165. 14. 430
. €8. 215. 16. 440
Selection 1. 154. 12. 450
€s. 145. 10. 460
Cards €s. 162. 16. 470
TR 1s2. 16. 480
c. 155. 15. 490
. €s. 137, 14. 500
First problem 1. 163, 12. 510
2. 151. 4 520
ee. 1€€. 10. 530
. €30 158. 16. 540
€4 13s. 18. 550
8. 1564 10. 560
1. 153. 12. 570
&1, 141. 13. 580
8. 157. 17. 590
c. 183. 15. 600
12. 164. 18. 610
12. 1564 18. 620
3. 16C. 16. 630
4. 169. 12. 640,
a. 161. 10. 650
6. 178. 1l. 660
2. 157. 16. 670
€8 186. 16. 680
c. 155. 14. 690
. 154+ 1c. 700
e2. 155. 12. 710
c. 177, 12. 720
. 1. 161. 5. 730
Procedures and main program [ 15€. 10. 740
€s. 15€. 16. 750
€8 157. 16. 760
. 162. 15. 770
€s. 155. 12. 780
. z02. €. 790
2. 167. 14. 800
1. 164. 14. 810
5. 151. 12. 820
€e. 16€. 10. 830
€. 156. 16. 840
€T, 144. 16. 850
€6. 177. 10. 860
€s. 157. 12. 870
€6 125. 10. 880
€s. 131. 12. 890
74, 145, 18. 900
1. 1e¢. 11. 910
2. 158. 12. 920
i 2. 163. 12. 930
Figure 11. ee. 157. 5. 940
€6 142. 10. 950
€1. 162. 16. 960
4. 154. 16. 970
8. 15€. 10. 980
Sample €6 1€1. l4. 990
€4, 157. 15. 1000
1. 156. 16. 1010
1 2 65 1020
sps . y . 4 6 8 1030
A listing of input cards for the sample problem is 3 azc. 2c. 210. 1040
. . 1 zc. 7. c. 1050
shown in Figure 12, « 12 2. 1060
Figure 12,
Output
Description

The output consists of the subset vector whose
element values indicate which corresponding observa-
tions are rejected (element = zero) and accepted
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(element |= nonzero), summary statistics for each Sample

selected variable, and a histogram of frequencies

versus intervals for that variable. The output listing for the sample problem is shown in
Figure 13.

CATA SCREENING PRCBLEM SAMPLE

SLBSET VECTCR
1 1.C s1
c.c €2

C.C
2 1.C
3 1. 52 l.C
4 1.C £4 1.C
5 1.C 55 1.C
€ 1.C 5¢ 1.C
7 1.C 57 1.C
8 1.C SE l.C
S 1.C 5§ 1.C
1c 1.C 6C 1.C
11 1.C €l 1.C
12 C.C €z 1.C *
13 1.C €3 1.C
14 1.0 €4 1.C
15 0.0 eS 1.C
1€ 1.C €€ 1.C
17 1.C €7 1.C
1€ 1.C 68 1.0
1§ 1.C €S 1.C
2C 1.C 7C 1.C
21 1.C 71 1.C
22 1.C 72 1.C
22 1.0 73 1.0
24 1.C T4 1.C
28 cC.C 75 1.C
26 1.C 7¢ 1.C
27 1.0 77 1.C
28 1.C 7€ C.C
25 1.C 75 1.C
3C 1.C EC 1.C
31 1.C €1 1.C
32 1.C ez 1.2
23 1.C 83 1.C
34 0.C &4 1.C
35 1l.C €5 1.C
36 1.C E€ 1.C
37 1.C 87 C.C
38 1.C EE C.C
35 1.C 8s 1.0
4C  1.C SC 1.C
41 C.C Sl 1l.C
4z 1.C s2 1l.C
43 1.C $3 1.C
44 1.C S4 1.C
45 1.C S5 1.C
4 1.C S€ 1l.C
1.C 1.c
1.C 1.C
1.C 1.C
1.C 1.C

SUMMARY STATISTICS FOR VARIABLE 3
TOTAL =14492.000 AVERAGE = 161.022 STANDARD DEVIATION = 19.329 MINIMUM = 114.0C0 MAXIMUM = 225,000

HISTOGRAM 1

FREQUENCY 1 2 2 1 3 4 4 10 23 14 8 4 3 2 1 2 1 1 1 3

"
~
LR R R R R R R R RN RS
#

R R IR RN

* %
PR

PR Y

PR

P R R R
PR RN e
EX R

PR

* #

~NUAVON®DO
*
*

INTERVAL 1 2 3 4 5 6 7 8 9
CLASS

._
15}
-
-

12 13 14 15 16 17 18 19 20

Figure 13.
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SUMWARY STATISTICS FCR VARIABLE 1 Ly ., .
TCTAL = 3E8C4.CO0C AVERAGE = 42.267 STANDARD CEVIATION = 13.467 MINIMUM = 19.0C0  MAXINUM = 65.00C
FISTCGRAM 2
FRECUENCY 2 2¢ 19 17 19 13 c
20 * '
15 * * *
18 * * *
17 * *® * *
16 *» * = &
15 * = * *
14 * * * *
13 » - * * *
12 * * = = *
11 * * * * *
10 * * * # &
S * * * = =
8 * = * * *
7 * * = * *
6 * * * * *
5 * * * * *
4 * * = * *
3 * * * * *
2 * * = * * . %
1 *® * * * = *
INTERVAL 1 2 3 0 s 6 7
CLASS
SUMMARY STATISTICS FOR VARIABLE 4 .
TCTAL = 1205.00C AVERAGE = 13.38S STANDARD DEVIATION = 2.685 MINIMUM = 9.000 MAXIMUM = 18.000
HISTOGRAM 3
FRECUENCY 6 13 5 16 4 11 6 21 2 6 0 o
21 *
20 *
19 *
18 *
17 *
16 * =
15 * *
14 * *
13 * » *
12 * * *
11 * * * *
10 * * * *
9 * * * *
[} * * * *
7 * * * *
6 * * * * * ® *
5 * * * * * * * *
4 * * * * * * * ® *
3 * * % * * * * * *
2 * * * * * * * * * *
1 * * + * * * * * * *
INTERVAL 1 2 3 4 5 L) T 8 9 10 11 12
CLASS
END OF CASE
ENC OF SAMPLE PROGRAM
Figure 13. (Continued)

Program Modifications

1. Changes in the input format statement of the
special input routine, DATI1: ‘

Only the format statement for input data may
be changed. Since sample data are either two- or
three-digit numbers, rather than using ten-column
fields, as in the sample problem, each row of data
might have been keypunched in three-column fields;
if so, the format is changed to (7F(3, 0)). This
format assumes seven 3-column fields per card.

2. If there are more than seven variables in a
problem, each row of data is continued on the second
card until the last data point is keypunched. How-
ever, each row must begin on a new card. If there
is more than one data card per observation, the value
of the data card count indicator (NCARD), which
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appears in columns 27-31 of the control card, must be
changed to agree with the number of data cards. -

3. Subroutine BOOL can be replaced if the user
wishes to use a different boolean expression (see
description in subroutine SBST)., The boolean ex-
pression provided in the sample program is for both
conditions to be satisfied: B

T =R(1) * R(2)

Operating Instructions

The sample program for data screening is a standard
PL/Iprogram. Special operating instructions are not
required, Data set SYSIN is used for input; data set
SYSPRINT is used for output.



Timing

ENDy « DACR1050
END, . DACR1060
Th ti ti f thi 1 Eﬁ?’éon ('END OF CASE') (SKIP(2),COLUMN(10),A) DACRI080
f ). DACR1080
€ execution time o 1S sample program on Sﬁ“;a . AR oee
2 Te
System/360 Model 40, using an IBM 2540 Card Exite, DACRI110
R PUT FILE (SYSPRINT) EDIT (YEND OF SAMPLE PROGRAM!) DACR1120
Reader as input and an IBM 1403, Model N1, as - USKIP(5),COLUMNI 10} 4AT 0 DACR1130
; . : DACR1140
output, is 40 seconds. END,y. /%END OF PROCEDURE DACR */DACR1150
BOOL.. BOOL 10
. /s trenes /BOCL 20
DACR.. DACR 10 /% #/BOOL 30
/ /DACR 20 7% 10 PERFCRM A BOOLEAN CPERATICN FCR THE PROCEDURE SBST, WHICH #/BOCL 40
% #/DACR 30 7% 1S USED BY THE DATA SCREENING SAMPLE PRCGRAM. #/BOOL 50
/% TO PERFORM DATA SCREENING CALCULATIONS ON A SET OF */DACR 40 % */80CL 60
% OBSERVATIONS. */DACR 50 ’ /BOCL 70
/% */DACR 60 PROCECURE (R, T)ye eooL 80
/DACR 70 DECLARE (R(#),T) FLCAT BINARY,. BOCL 9C
PROCEDURE OPTIONS (MAIN) . DACR 80 /% BOOL CHECKS GNLY THE FIRST TWC CONDITICNS CF PROCEDURE SBST  */BOCL 100
DECLARE DACR 90 T =RULI*RI2),. 800L 110
(NDy NS+ NN sNNN yNC o 5 J s NOVAR s NXg NCOL 5 L 151 2) DACR 100 RETLRNs . BOCL 120
FIXED BINARY, DACR 110 END, . /%END CF PROCECURE BOOL %/BOOL 130
PRL CHARACTER (6), DACR 120
ERROR EXTERNAL CHARACTER(L), DACR 130
CH CHARACTER (80), DACR 140
(NV,NCARD) EXTERNAL, DACR 150
BOOL ENTRY,. DACR 160
7% . */DACR 170 HIST.. HIST 10
ON ENDFILE (SYSIN) GO TO EXIT,. DACR 180 / JHIST 20
STRT.. DACR 190 7% */HIST 30
GET EDIT (CH) (A(BO)),. DACR 200 /% TC PLOT A HISTOGRAM CF FREQUENCIES FCR THE DATA SCREENING  #/HIST 40
GET STRING (CH) EDIT (PRL;NOsNXsNCoNSyNCARD) (AL6),5 F(5)),. DACR 210 1% SAMPLE PROGRAM. /HIST 50
*/DACR 220 7% */HIST 60
.PROBLEM NUMBER (MAY BE ALPHAMERIC) */DACR 230 / JHIST 70
OF OBSERVATIONS */DACR 240 PROCEDURE (NZsFREQSIND e HIST 80
OF VARIABLES */DACR 250 DECLARE HIST 90
OF CONDITIONS- */DACR 260 (Lo INyIXsdrJSCALy L MAXyNU,NZ) HIST 100
OF SELECTIONS */DACR 270 FIXED BINARY, HIST 110
OF DATA CARDS PER OBSERVATION */DACR 280 (K, JOUT(IN)) CHARACTER (1), HIST 120
*/DACR 290 (FREQ(#*) s FMAX,X) FLOAT BINARY,. HIST 130
DACR 300 ’% */HIST 140
DACR 310 7% PRINT TITLE AND FREQUENCY VECTOR */HIST 150
DACR 320 1% */HIST 160
DACR 330 PUT EDIT (HISTOGRAM *,NZ) (SKIP(3),COLUNNIST);AF(3))s. HIST 170
{ACND4NX) 5C{3,NC) yUBO(3),S (NO) yRINC ) STATS (5) 5 D(NX) ,DD(3)) DACR 340 NU  =FLODR(100/IN),. HIST 180
FLOAT BINARY,. DACR 350 PUT EDIT (*FREQUENCY', (FREQ(I) DO I = 1 TO IN)) HIST 190
I */DACR 360 (SKIP(2)yCOLUMN(1C) 1A, (IN)FINUD D, o HIST 200
7% IF INPUT DATA IS TO BE SAVED ON A DATA SET, INITIALIZE */DACR 370 PUT EDIT (1 HISY 210
1% NV=1. OTHERWISE NV=0. */DACR 380 v *) HIST 220
7% */DACR 390 (RUFML))ya HIST 230
NV =0, DACR. 400 FML.. NIST 240
DO I =1 TO NOs. /% READ IN DATA */DACR 410 FORMAT (SKIP,COLUMN(12)4A,A) e NIST 250
CALL DATL(NX,D)se DACR 420 FMAX =0y. /* FIND LARGEST FREQUENCY «/HIST 260
DO J =1 TO NXyo DACR 430 DO I =1 T0 IN,. HIST 270
AlI44)=D(J)y0 DACR 440 IF FREQUI) GT FMAX HIST 280
ENDy .« DACR 450 THEN FMAX =FREQI),. HIST. 290
ENDy . DACR 460 ENDyo . HIST 300
NCARD=80, - DACR 470 JSCAL=1,. /% SCALE IF NECESSARY */HIST 310
DO I =1 TO NCye /% READ IN CONDITIONS #/DACR 480 IF_FMAX GT 50 HIST 320
NNN  =3,. ) . DACR 490 THEN DO,. HIST 330
CALL DATL (NNN,DD},. DACR 500 JSCAL=FLOOR ( (FMAX+49)/50) 5. HIST 340
© D0 J =170 3,. DACR 510 PUT EDIT (PEACH? o*%¢,¢ EQUAL *,JSCAL,* POINTS') HIST 350
C(Jy1)=0D(J)sa DACR 520 (SKIP3CCLUMNILO) ;A5 ACL) 4A9F(2) sA5SKIP) o HIST 360
END; . DACR 530 END, . o ) HIST 370
END, DACR 540 JOUT = 1, /% CLEAR CUTPUT AREA TO BLANKS */HIST 380
CALL SBST' (A,C,RsBOOL,SsNOSNX/NCD s 550 % */HIST 390
PUT EDIT ('DATA SCREENING PROBLEM®,PR1) (PAGE,COLUMNI 1o).A.xM).A1..DAcn 560 7% LOCATE FREQUENCIES IN EACH INTERVAL ®/HIST 400
IF ERROR NE 10" 570 ’* #/HIST 410
THEN DO, . DACR 230 MAX =FLOOR(FMAX/JSCAL],. HIST 420
PUT EDIT (*IN ROUTINE SBST ERROR CODE = *,ERROR) DACR 590 DO I =1 TO MAXs. HIST 430
(SKIP(2),COLUMN{10),A,A(1)),. DACR 600 X =MAX—{I-1),. HIST 440
GO TO FIN,. DACR 610 DO.J = 1 TQ INy. HIST 450
END,. DACR 620 IF FREQUJ) /JSCAL GE X HIST 460
PUT EDIT (*SUBSET VECTOR®) (SKIP(3),COLUMN(101sA,SKIP{3)),. DACR 630 THEN JOUT(J)=1%,. HIST 470
NCOL =CEILIND/50),. DACR 640 END « HIST 480
IF NCOL LE L DACR 650 IX  =X*JSCAL,. HIST 490
THEN PUT EDIT ((I,S(I) DO I= 1 TO NO)) (COLUMN(LO)sF(6)sF(5,1))se DACR 660 10 */HIST 500
ELSE DOye - DACR 670 % PRINT LINE OF FREQUENCIES */HIST 510
Ll =0,. DACR 680 7% */HIST 520
DO I = 1 TO 50,. DACR 690 PUT EDIT (IX,(JOUT(L) OC L = 1 TO IN)) (SKIP,COLUMN(101,F(5), HIST 530
l-l =L1l+1, DACR 700 X14) s LIN) OXINU=1),AC1) }) 5. HIST 540
=50(NCOL-1)+L1,. DACR 710 ENDy. - HIST 550
lF L2= NO DACR 720 CO I =1 TO INy. /% GENERATE CCNSTANTS */HIST 560
THEN NCOL =NCOL-1y. DACR 730 FREQ(I)=I,. . HIST 570
PUT EDIT ((J,S(J) DO J= L1 TO L2 BY 50)) (SKIP,COLUMN(10) DACR 740 END, . HIST 580
2(9)(F(6)sF(541)))y. DACR 750 PUT EDIT (" - HIST 590
END, . DACR 760 ") HIST 600
ENDy . DACR 770 R{FM1))y. HIST 610
DO J = 1 TO NS, DACR 780 PUT EDIT ('INTERVAL *,(FREQII) DO I = 1 TC IN)) HIST 62C
GET EDIT (CH) (A(80)), DACR 790 (SKIP(2) »CCLUMNILC) A4 (INJF(NU) )y HIST 63C
GET STRING (CH) EDIT (NOVAR,(UBD(I) DO I= 1 TO 3)) DACR 800 PUT EDIT ('CLASS') {SKIP,COLUMN(10),A),. HIST 640
(F(5)53 F(10+0)) 5. DACR 810 RETURNy« . HIST 650
/% #/DACR 820 END, o /%END’ CF PROCEDURE HIST #/HIST 66C
I #/DACR 830 b
7% */DACR 840
/% #/DACR 850
/% UBO(3)....UPPER BOUND */DACR 860
/% */DACR 870
NN =UBOL2),. DACR 880 DAT1.. OATL 10
THO.« DACR 890 / /DATL 20
BEGIN, . DACR 900 /% */DATL- 30
DECLARE DACR 910 ’* 10 READ FLCATING PCINT DATA, ONE DBSERVATION AT A TIME. #/DAT1- 40
(FREQ(NN],PCT(NN)) FLOAT BINARYs. DACR 920 ’* DATA MAY BE SAVED ON A DATA SET. */DATL 50
CALL TABL (A,S,NOVARsUBO,FREQ,PCT,STATS,NO,NX) . DACR 930 /* */DATL 60
IF ERROR NE '0' DACR 940 / JDATL 70
THEN PUT EDIT ('IN ROUTINE TABl ERROR CODE = ', ERROR) DACR 950 ;:gfigg“ (LIS R g:}: b
ELSE [‘,3',‘“’“"°°L“"““°"""‘“”" 2:2: 3‘;3 XDATA FILE STREAM ENVIRONMENT (CONSECUTIVE V(2000,200)), DATL 100
PUT EDIT (*SUMMARY STATISTICS FOR VARIABLE ',NOVAR) DACR 980 (NCARD,NV) EXTERNAL, DATL 110
(PAGE, SKIP (4) 4COLUMN(10),A,F(3)), DACR 990 CH CHARACTER(NCARC) o DATL 120
PUT EDIT ('TOTAL =",STATS(1),"AVERAGE =!,STATS(2 DACRL000 (1,M,4M) BINARY FIXED, DAT1 130
TSTANDARD DEVIATION =1',STATS(3), ' MINIMUM -usursun.mcmolo O(*) FLOAT BINARY,. DAT1 14¢C
*MAXIMUM =*,STATS(5)) DACR1020 ’* *#/DATL 150
(SKIP(Z),CDLUMNUO)'SIA.Fl9y3l,X(2)ll.. DACR1030 gg 5302}&5 (SYSIND , g:}} i‘;g
M v . .
CALL HIST (J,FREQ,NN), DACR1040 GET EDIT (CH) (AUNCARD)),. S DATI 180
MM =CEIL(M/T),. ' DAT1 190
GET STRING (CH) EDIT ((D(I) DO I= 1 TG M)) DATL 200
C(MM) ({TIF(10,0)4X(100) )y DAT1 210
N . .
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DAT1 220
DAT1 230
DAT1 240
DAT1 250
DAT1 260
DAT1 270
DAT1 280
DAT1 290
*/DAT1 300

IF Nv= 1
THEN PUT FILE (XDATA) EDIT ((D(I) DO I= 1 TO M) ({MIF16,00),.
REVERT ENDFILE (SYSIN),.
RETURNy «
EXIT.o
PUT FILE (SYSPRINT) EDIT ('ERROR INSUFFICIENT DATA')
(SKIP{1),COLUMN(10)A) .
STOPy .
ENDvae . /*END CF PROCEDURE DAT1

MULTIPLE LINEAR REGRESSION REGR

Problem Description

Multiple linear regression analysis is performed for
a set of independent variables and a dependent vari-
able. Selection of different sets of independent
variables and designation of a dependent variable
can be made as many times as desired.

The sample problem for multiple linear regres-
sion consists of 30 observations with six variables,
as presented in Table 1. The first five variables
are independent variables (predictors), and the last
is the dependent variable (criteria). All five inde-
pendent variables are used to predict the dependent
variable in the first analysis, and only the second,
third, and fifth variables are used to predict the
dependent variable in the second analysis.

Table 1, Sample Data for Multiple Linear Regression

Variables

Observation Xy X, X3 X4 X5 Xg

1 29 289 216 85 14 1

2. 30 391 244 92 16 2

3 30 424 246 90 18 2

4 30 313 239 91 10 0

5 35 243 275 95 30 2

6 35 365 . 219 95 21 2

7 43 396 267 100 39 3

8 43 356 274 79 19 2

9 44 346 255 126 56 3

10 44 156 258 95 28 0

11 44 278 249 110 42 4

12 44 349 252 88 21 1

13 44 141 236 129 56 1

14 44 245 236 97 24 1

15 45 297 256 111 45 3

16 45 310 262 94 20 2

17 45 151 339 96 35 3

18 45 370 357 88 15 4

19 45 379 198 147 64 4

20 45 463 206 105 31 3

21 45 316 245 132 60 4

22 45 280 225 108 36 4

23 44 395 215 101 27 1

24 49 139 - 220 136 59 0

25 49 245 205 113 37 4

26 49 373 215 88 25 1

- 27 51 224 215 118 54 3

28 51 677, 210 116 33 4

29 51 424 210 140 59 4

30 " 51 ©150 210 105 30 0

Program

Description

The multiple linear regression program consists of
the main program named REGR, two special input

routines named DAT2 and IDT1, and four sub-
routines from the Scientific Subroutine Package:
CORR, ORDR, MINV, and MLTR.

Capacity

1. Up to 99, 999 observations can be read if obser-
vations are read into the computer one at a time by
the special input subroutine named DAT2. If all data
are to be stored in core before the calculation of
correlation coefficients, the limitation on the number
of observations depends on the size of core storage
available for input data.

2. Up to 96 variables can be handled.

3. Up to 99 selections can be handled.

4, Up to eight cards per observation can be read.

5. (12 F (6, 0)) format for input data cards.
Therefore, if a problem satisfies the above conditions,
the sample program need not be modified. If the
input data cards are prepared using a different for-
mat, the input format in the subroutine DAT2 must
be modified. The general rules for program modi-
fications are described later.

6. Up to 40 independent variables for one selec-
tion.can be read.

Input
Control Cards
One controi card is required for each problem and

is read by the main program, REGR. This card is
prepared as follows:

For
Columns Contents Sample
Problem

1-6 Problem number (may be SAMPLE

alphameric)

7-11 Number of observations 00030
12-13 Number of variables 06
14-15 Number of selections .02

(see below) '
16-17 Number of data cards per 01
observation

Leading zeros do not have to be keypunched.
Data Cards

Since input data is read into the computer one obser-
vation at a time, each row of data in Table 1 is key-
punched on a\separate card using the format (12 F
(6, 0)). This format assumes twelve 6-column
fields per card. ’
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Selection Cards

For each selection there must be at least two cards,
as described below. If the number of selections
specified is zero, the program will terminate. An
error message is printed out.

The first card is used to specify a single dependent
variable in a multiple linear regression analysis.
Any one variable in the set of original variables can
be designated as a dependent variable, and any posi-
tive number of variables can be specified as inde-
pendent variables. Selection of a single dependent
variable and a set of independent variables can be
.performed over and over again using the same set of
original variables.

The first card is prepared as follows:

For Sample Problem

Columns Contents Selectionl Selection2
1-2 Option code for table 01 01
of residuals 0 if
table is not desired;
1 if table is
desired.
3-4 Dependent variable 06 06
designated for the
forthcoming re-
gression.
5-6 Number of independ- 05 03

ent variables in-
cluded in the forth-
coming regression,
(the subscript num-
bers of individual
variables are
specified below).

The second card is prepared as follows:

. For Sample Problem
Contents

Columns Selectionl Selection2

1-2/ 1st independent 01 02
variable included

3-4 2nd independent 02 03
variable included

5-6 3rd independent 03 05
variable included

7-8 4th independent 04
variable included

9-10 5th independent 05
variable included

etc.

The input format of (40 F (2))is used for the
second card.

Deck Setup

Deck setup is shown in Figure 14.

Selection
Cards

Last problem

Control
Card

Selection
Cards
A—
Data |

Control

Second problem

Selection
Cards

First problem

Control

Procedures and main program

Figure 14,

Sample

The listing of input cards for the sample problem is
shown in Figure 15.
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SAMPLECCC3CCE0Z 1 10
25 2€S 21¢ es 14 1 27
3c 51 244 S2 1€ 2 30
2c 424 24¢€ sC 1€ 2 4C
ac 312 23s Sl 1c c 50 .
3s 243 275 S5 3c 2 60 e
3s 3¢5 215 sS 21 2 70
42 36¢ 267 1cc 3s 3 8C
432 3ce 274 s 1s 2 50
44 34¢ 255 126 5€ 3 100
44 15¢ 25¢ S5 28 c 110
44 27¢ 245 11C 42 4 12c
44 249 252 EE 21 1 139
44 141 236 125 5¢ 1 149
44 245 23¢ <7 24 1 152
45 287 25¢ 111 45 3 1460
4c 21C 262 54 2C 2 170
45 151 335 S6 3s 3 182
45 37C 357 13:] 1= 4 190
4< 375 1G€ 147 64 4 230
45 4€3 zce 1C5 21 3 219
45 31¢ 245 122 6C 4 222
45 2EC 225 1ce 2¢ 4 23¢
44 3¢E 215 1Ccl 27 1 240
45 135 22¢ 12¢ 55 0 259
45 245 2cs 113 37 4 260
45 372 215 €e 2¢ 1 279
51 2z4 215 118 54 3 280
51 €17 210 11¢ a2 4 253
£1 4z4 210 14C s¢ 4 330
51 15C z21C 1C5 3C c 212
C106C5 320
€1c2c2c4cs 330
c1céec? 340
cac3cs 350
Figure 15.
Output 6. Computed T values
7. Intercept
Description 8. Multiple correlation coefficients
: 9. Standard error of estimate
The output based on the selection card of the sample 10, Beta coefficients
program for multiple linear regression includes: 11. Analysis of variance for the multiple regression
1. Means 12, Table of residuals (optional)
2. Standard deviations .
3. Correlation coefficients between independent Sample

variables and dependent variables

4. Regression coefficients

The output listing for the sample problem is shown in

5. Standard errors of regression coefficients Figure 16.
MULTIPLE REGRESSION.....SAMPLE
NUMBER OF OBSERVATIONS... 30
NUMBER OF VARIABLES.eeess 6
SELECTION.eses 1
VARIABLE MEAN STANDARD CORRELATION REGRESSION STD. ERROR COMPUTED BETA
NO. DEVIATION Xvsy COEFFICIENT OF REG.COEFF. T VALUE COEFF.
1 43.13333 6.52176 0.28422 0.01242 0.03635 0.34171 0.05735
2 316.16650 114.42990 0.42189 0.00739 0.00186 3.96545 0.59826
3 241.79999 36.43074 0.11900 0.01504 0.00635 2.36881 0.38790
4 105.66666 17.85640 0.37822 0.00151 0.03679 0.04100 0.01907
5 34.13333 15.97571 0.39412 0.04919 0.04141 1.18782 0.55631
DEPENDENT
) 2.26667 1.41259
INTERCEPT -6.07928
MULTIPLE CORRELATION 0.73575
STD. ERROR OF ESTIMATE 1.05162
ANALYSIS OF VARIANCE FOR THE REGRESSION
SOURCE OF VARIATION DEGREES SUM OF MEAN F VALUE
OF FREEDOM SQUAPES SQUARES
ATRRIBUTABLE TO REGRESSION ' 5 31.32506 6.26501 5.66508
DEVIATION FROM REGRESSID 24 26.54161 1.10590
TOTAL . 29 57.86667 .
Figure 16
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MULTIPLE REGRESSION.....SAMPLE

SELECTION..ce. 1
TABLE OF RESIDUALS
CASE NO. Y VALUE Y ESTIMATE
1 1.00000 0.48091
2 2.00000 1.7767C
3 2,c0cC0 2.14586
4 0.00000 0,8288C
5 2.0C0C0 1.90522
6 2.c00C0 1.52125
7 3.00000 3.46447
8 2.00000 2.25887
9 3.,00000 3.80259
10 c.ococe 1.02042
11 4.00000 2.49735
12 1.00000 2.00066
13 1.00000 2.00735
14 1.60000 1.15308
15 3.00000 2.90446
16 2.00000 1.83532
17 3.00000 2.56004
18 4.€0000 3.45229
19 '4.00000 3.62661
20 3.0C0C0 2.68068
21 4.00000 3.64885
22 4.,00000 1.86542
23 1.00000 2.09863
24 €.C0000 1.97217
25 4400000 1.41253
26 1.00000 1.88027
27 3.00000 2.27646
28 4.00000 4.51080
29 4.00000 3.95745
30 0.C0000 0.45458

MULTIPLE REGRESSION.e.++SAMPLE
NUMBER OF OBSERVATIONS... 30
NUMBER OF VARIABLES<ccese 6
SELECTION«coas 2

END OF SAMPLE PROGRAM

RESIDUAL
G.519C9
0.2233C
-C.14586
-0.8288C
0.09478
0,47875
-0.46447

~C.45458

VARIABLE MEAN STANDARD CORRELATION ' REGRESSION S
NO. DEVIATION X VS ¥ COEFFICIENT 0l
2 316.16650 114.42990 0.42189 0.00744
3 241.79999 36.43074 0.1190C 0.01497
5 34.13333 15.97571 0.39412 0.05363
DEPENDENT
6 2.26667 1.41259
INTERCEPT -5.53528
MULTIPLE CORRELATION 0.73423
STD. ERROR OF ESTIMATE 1.01282
ANALYSIS OF VARIANCE FOR THE REGRESSION
SOURCE OF VARIATION DEGREES SUM OF MEAN
OF FREEDOM SQUARES SQUARES
ATRRIBUTABLE TO REGRESSION 3 31.19594 10.39865
DEVIATION FROM REGRESSION 26 26.67C73 1.02580
TOTAL 29 57.86667
MULTIPLE REGRESSION.....SAMPLE
SELECTION.esss 2
TABLE OF RESIDUALS
CASE NO. Y VALUE Y ESTIMATE RESIDUAL
1 1,00000 C.59869 0.40131
2 2.£006C 1.88363 0.11637
3 2,00000 2.26619 -C.26615
4 C.cooco C.9G7C4 ~C.907C4
5 2.00000 1.99812 C.0C188
6 2.00000 1.58408 0.41592
7 3.,000C0 3.49858 -0.49858
8 2.600C0 2.23348 -0.23348
9 3.o0cocc 3.85875 -0.85875
1c €.0C000 0.98943 . —C.98943
11 4.00000 2.51254 1.48746
12 1.06000 1.95925 -0.95925
13 1.000C0 2.04998 -1.04998
14 1.c0000 1.10726 -0.10726
15 3.00000 2.91951 C.08C49
16 2.00000 1.76536 0.23461
17 3.00C00 2.54C52 0.45948
18 4.C0000 "3.36591 0.634C9
19 4,C00CO 3.67961 0.32039
20 3.00000 2.65435 0434565
21 4.C0000 3.7C045 0.29955
22 4.00000 1.84629 2.15371
23 1.0000C 2.069CC ~-1.06900 -
24 0.000C0O 1.95640 ~1.95640
25 4.00000 1.24C19 2.65981
26 1.CC000 1.79817 -C.79817
27 3.00000 2424542 0.75458
28 4.00000 4041268 -0.41268
29 4.0000CC 3.92577 €.07423
30 0.c0CC0O 0.33332 -0.33332

TD. ERROR COMPUTED | BETA
F REG.COEFF. T VALUE COEFF.
0.00172 4.31763 0.60233
0.C0551 2.71693 0.38618
0.01258 4426262 0.6C648
F VALUE
10.13714

Figure 16. (Continued)
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Program Modifications

Input data in a different format can also be handled
by providing a special format statement.

1. Changes in the input format statement of the
special input routine DAT2:

Only the format statement for input data may be
changed. Since sample dataare either one-, two-, or
three-digit numbers, rather than using six-column
fields, as in the sample problem, each row of data
might have been keypunched in six 3-column fields;
if so, the format is changed to (6 F (3, 0)).

The special input subroutine, DAT2, is nor-
mally written by the user to handle different formats
for different problems. The user may modify this
routine to perform listing of input data, transforma-
tion of data, and so on. When doing so, attention
should be paid to the format statement in DAT2
(DAT2 230) which writes on the intermediate data
set. The format in this statement must be the
same as the format in statement REGR 1860.

2. If there are more than twelve variables in a
problem, each row of data is continued on the next
cards, until the last data point is keypunched. How-
ever, each row of data must begin on a new card.

In the sample problem there is one data card
per row, so the value of the card count indicator
(NCARD), which appears in columns 16 and 17 of the
control card, is set to one. If there is more than
one data card per row, the value of the card count
indicator (NCARD) must agree with the number of
data cards per row.

3. Although the program will allow 96 variables,
the maximum number of independent variables that
may be specified on one selection is 40.

Error Messages

The following error conditions will result in
messages:

1. The number of selections is not specified on
the control card: NUMBER OF SELECTIONS NOT
SPECIFIED. JOB TERMINATED.

Operating Instructions

The sample program for multiple linear regression
is a standard PL/I program. Special operating
instructions are not required. Data set SYSIN is
used for input; data set SYSPRINT, for output. A
scratch tape (data set XDATA) is used as inter-
mediate storage.

Timing

The execution time of this sample program on a
System/360 Model 40, using an IBM 2540 Card
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Reader as input and an IBM 1403, Model N1, as
output, is 40 seconds.

/%

REGR. . REGR 10
/% /REGR 20
/* */REGR 30
Ad TO READ THE PROBLEM PARAMETER CARD FOR A MULTIPLE REGRESSION,*/REGR 40
/% READ SUBSET SELECTION CARDS, CALL THE PROCEDURES TO CALCULATE*/REGR 50
/% MEANS, STANDARD DEVIATIONS, SIMPLE AND MULTIPLE CORRELATION =*/REGR 60
lAd COEFFICIENTS, REGRESSION'COEFFICIENTS, T-VALUES, BETA COEFF- */REGR 70
A4 ICIENTS, AND ANALYSIS OF VARIANCE FOR MULTIPLE REGRESSION, */REGR 80
/% AND PRINT THE RESULTS. */REGR - 90
/% */REGR 100
/ /REGR 110
PROCEDURE OPTIONS (MAIN),. REGR 120
DECLARE REGR 130
(I1411,100JyKsLsMsMM,N,NDEP,NRESI,NSsL1,L2) FIXED BINARY, REGR 140

XDATA FILE STREAM ENVIRONMENT (CONSECUTIVE V(2000,200)), REGR 150
(NCARDyNV) EXTERNAL, REGR 160

ERROR EXTERNAL CHARACTER (1}, REGR 170

CH CHARACTER (80), REGR 180

PR1 CHARACTER (6)4. REGR 190

/% ) */REGR 200
FML.. REGR 210
FORMAT (A6)4F(5)4+3 F(2)),y. REGR 220

ON ENDFILE (SYSIN) GO TO EXIT,. REGR 230
VAd */REGR 240
/* INPUT DATA IS SAVED IF NV IS SET TO 1 */REGR 250
/% */REGR 260
NV =1y REGR 270
/% */REGR 280
5$100.. REGR 290
GET EDIT (CH) (A(80)),y. REGR 300
GET STRING (CH) EDIT (PR1,NyMyNS,NCARD)} (R(FM1)),. REGR 310

/% */REGR 320
/% NAHE - PROBLEM NUMBER (MAY BE ALPHAMERIC) */REGR 330
1% — NUMBER OF OBSERVATIONS */REGR 340
lad H - NUMBER OF VARIABLES */REGR 350
1% NS = NUMBER OF SELECTIONS */REGR 360
”* NCARD- NUMBER OF DATA CARDS PER OBSERVATION */REGR 370
% */REGR 380
NCARD=NCARD*80y. REGR 390
/% #*/REGR 400
STRT.. REGR 410
BEGIN, REGR 420
FM2.. REGR 430
FORMAT (PAGEsSKIP(4),COLUMN(10)5AsA(6)ySKIP(2),COLUNN(10),A,A, REGR 440
F{5),SKIP(2),COLUMN(10) +A, F(S)'SKIP(Z)'CULUHN(lD)'A'F(ZI)'. REGR 450

DECLARE REGR 460
(X{1s1)+W(M),RESI) REGR 470

FLOAT BINARY, REGR 480

(RUMgM) RX(MyM) 3 XBAR (M) yRY (M) yD(M) ,STD(M),ANS(10), FSUM,DET,CONIREGR 490

BINARY FLOAT,.
BINARY FLOAT (53),.

/*SINGLE PRECISION VERSION /*S*/REGR

/*DOURLE PRECISION VERSION /*D*/REGR 510

/% */REGR 520
I0  =0,. REGR 530

X =0y, REGR 540
OPEN FILE (XDATA) OUTPUT,. REGR 550
CALL CORR (NyMsID9XyXBARySTDsRXsRsD) . REGR 560
CLOSE FILE (XDATA),. REGR 570
IF ERROR NE 'O° REGR 580
THEN PUT EDIT (*IN ROUTINE CORR ERROR CODE = ',ERROR) REGR 590
(SKIP(2),COLUNMN{10)+A5A(1) ). REGR 600

/* */REGR 610
r* TEST NUMBER OF SELECTIONS */REGR 620
Al */REGR 630
IF NS LE 0 REGR 640
THEN DOy« REGR 650
PUT EDIT (*NUMBER OF SELECTIONS NOT SPECIFIED. JOB TERMINATED')REGR 660
{SKIP{4),COLUMN(10)+A)s. REGR 670

GO TO $300,. REGR 680

END, . REGR 690

DO I =1 TO NSy, REGR 700

PUT EDIT ('MULTIPLE REGRESSION..... *,PR1, '"NUMBER OF OBSERVA', REGR 710
STIONSees 'sNy "NUMBER OF VARIABLES<ececse oMy REGR 720
YSELECTIONecese 51} (RIFM2)),. REGR 730

1% */REGR 740
/% READ SUBSET SELECTION CARD */REGR 750
/* */REGR 760
GET EDIT (CH) (A(80)), REGR 770
GET STRING (CH) EDIT (NRESI+NDEP+K) (3 F(2)),. REGR 780

RED.. REGR 790
BEGIN, REGR 800
FM3.. REGR 810
FORMAT (SKIP,COLUMN(10) sF(4)+7 F(1445)),. REGR 820

FM4. REGR 830
FORMAT (PAGE,SKIP(4),COLUMN{10),A,A(6)sSKIP(2),COLUMNI(10), REGR 840
AyF(2)),. REGR 850

DECLARE REGR 860
(RZ{K4K) yBIK) ySB(K),T{K) 4 BETA(K)4RT(K)) REGR 870

BINARY FLOAT, /*SINGLE PRECISION VERSION /#S*/REGR 880

/% BINARY FLOAT (53), /*DOUBLE PRECISION VERSION /*D*/REGR 890
(ISAVE(K+1)) REGR 900

FIXED BINARY,s. REGR 910

/* */REGR 920
CALL IDTL (K,ISAVE),. REGR 930

/% */REGR 940
/* NRESI — OPTION CODE FOR TABLE OF RESIDUALS */REGR 950
/% 0 IF IT IS NOT DESIRED. */REGR 960
/% 1 IF IT IS DESIRED. */REGR 970
/% NDEP — DEPENDENT VARIABLE. */REGR 980
/* — NUMBER OF INDEPENDENT VARIABLES INCLUDED */REGR 990
/% ISAVE — A VECTOR CONTAINING THE INDEPENDENT VARIABLES */REGR1000
lad INCLUDED */REGR1010
lAd */REGR1020
CALL ORDR {(MyRyNDEPyKyISAVEsRZyRT )y . REGR1030

IF ERROR NE 'O* REGR1040

THEN DO, REGR1050

PUT EDIT ('IN ROUTINE ORDR ERROR CODE = ',ERROR) REGR1060
(SKIP(2)yCOLUMN(10)+A,ALL))y. REGR1070

GO TO S200y. REGR1080

ENDy « REGR1090

CON =0.0, REGR1100

CALL H!NV(RZvK:DET,CUN),. REGR1110

1% */REGR1120
lhd TEST SINGULARITY OF THE MATRIX INVERTED */REGR1130
1% */REGR1140
IF ERROR NE *O° REGR1150

THEN DOy. REGR1160

PUT EDIT('IN ROUTINE MINV ERROR = ',ERROR) (SKIP(2), REGR1170

COLUMN(10) 5A5A(1) ). REGR1180

GO TO S200,. REGR1190

ENDy .« REGR1200

lAd */REGR1210
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0T1.. 1071 10
VAR LTy o *x/1DT1 20
CALL MLTR (N,x.xana.sm.n.kz.nnlsnve.s.sa.t.BETA,ANS).. REGR1220 ,* */10T1 30
IF ERROR NE 0 REGR1230 r* TO READ FIXED POINT DATA. */I10TL 40
THEN DOya REGR1240 7~ */1DT1 S0
PUT EDIT ('IN ROUTINE MLTR ERROR CODE = *,ERROR) REGR1250 JARIRRR R KRR S SRR SR /1071 60
(SKIP(2) ¢COLUMN(10) sAsALL) ). REGR1260 PROCEDURE (M4IX)y. 1oT1 70
GO TO $200,. REGR1270 DECLARE 10Tl 80
END, « REGR1280 CH CHARACTER (801, 10T1 90
/% */REGR1290 CIX(#) oNFyNLyN2y My 1) IDT1 100
/x PRINT MEANS, STANDARD DEVIATIONS, INTERCORRELATIONS BETWEEN */REGR1300 FIXED BINARY,. for1 110
/% X AND Y, REGRESSION COEFFICIENTS, STANDARD DEVIATIONS OF */REGR1310 NE - =40y, I0T1 120
/% REGRESSION COEFFICIENTS, COMPUTED T VALUES, AND BETA */REGR1320 N1l =ly. 10;1 130
/% COEFFICIENTS. */REGR1330 N2 =NFy. 1071 140
/* */REGR1340 S10.. 1DT1 150
MM =K+1ya REGR1350 IF M LE N2 IDT1 160
PUT EDIT ('VARIABLE',"MEAN',*STANDARD','CORRELATION', REGR1360 :ﬁ%g%r (E:)'u( a0y, ;g:} {'elg
YREGRESSION®, ' STD. ERROR',*COMPUTED? " BETA", 'NO. " REGR1370
IDEVIATION® s *X VS Y0, ' COEFFICIENT 'y 'OF REG.COEFFart, REGR1380 GET STRING (CH) EDIT ({IX(I) DO I= N1 TO N2)) ((NFIF(2)),. I0T1 190
ST VALUE', *COEFF.') (SKIP(2)yCOLUMN(LO),AsX(5)4A, REGR1390 Nl =N2+l,. 10Tl 200
XU6) s ArK(6) A0 X (4] yAsK (413 ArX(5)9AsX(7) 1A, SKIPy REGR1400 IF N1 LE M I0TL 210
COLUMN(12) ¢ AsX(18) 1AsX(T)yAsX(7)9A1X(3)5A,X(3),4, REGR1410 THEN 0O, 10Tl 220
X(T7)yA) 90 REGR1420 N2 =N2+NFy . 1011 230
Do J =1 ro x.. REGR1430 GO TO S10s. 1071 240
F M 1J1,5B(J) )9BETA(J)) 552"1'228 RE'UR'%ND“ :g;i gzg
puT EDlT u. xamm.sm(u.aruns J1ySBUJ) »T(J) 4 BETA(Y R ve
(ROFM31 ). REGR1460 END; /*END OF PROCEDURE IDTL */1DTL 270
END,. REGR1470
PUT EDIT ('DEPENDENT') (SKIP(2),COLUMN(10),4),. REGR1480
L =ISAVE(MM)y. REGR1490
PUT EDIT (LyXBAR(L),STOCL)) (R(FM3)),. REGR1500
/% */REGR1510
/% PRINT INTERCEPT, MULTIPLE CORRELATION COEFFICIENT, AND */REGR1520
/% STANDARD ERROR OF ESTIMATE $/REGR1530 -STEPWISE MULTIPLE REGRESSION STEP
7% */REGR1540
PUT EDIT (*INTERCEPT?',ANS(1),'MULTIPLE CORRELATION *,ANS(2), REGR1550
*STD. ERROR OF ESTIMATE',ANS(3)) (SKIP(3),COLUMN(10), REGR1560
AsX(10) oF(1645)5(2) (SKIP(2),COLUMNIL0) 1Ay F(13,50)),. REGR1570 inti
/x ‘ o/ RECRL5TO Problem Description
7% PRINT ANALYSIS OF VARIANCE FOR THE REGRESSION */REGR1590
7% */REGR1600
PUT EDIT ('ANALYSIS OF VARIANCE FOR THE REGRESSIDN 'y REGR1610 . . . ..
YSOURCE OF VARIATION','DEGREES',*SUM OF*, ' MEAN', REGR1620 Stepwise multiple regression analysis is performed
" F VALUE','OF FREEDOM®,'SQUARES','SQUARES®) REGR1630 P t of ind dent bl dad d
(SKIP(2),COLUMN(3L) A,SKIP(2) yCOLUMNIL5)sArX(T) Ay REGR1640 i i
X(7)5A9X(10) A 4X(09) yAsSKIP;COLUMNI40) 5 Ay X(4) 5 Ay REGR1650 or a set of independent variables and a dependent
X(9) 4A) 4o REGR1660 ; : : :
L ansie)s Reerieze|  Variable. Selection of different sets of independent
PUT EDIT (*ATRRIBUTABLE TO REGRESSION  *,KyANS(4),ANS(6), REGR1680 | . . . .
ANS(10) 4 'DEVIATION FROM REGRESSION  ',LsANS(7), REGR1690 variables and designation of a dependent variable can
ANS(9)) (SKIP,COLUMN(10),A,F(6)43 F(1645),SKIP, REGR1700 > .
COLUMN(10) 1AsF(6)12 FU16,5)),. REGR1710 be made as many times as desired.
L =N-1,. REGR1720
FSUM =ANS (4) +ANS(7) . REGRLT30 % : -
PUT EDIT('TOTAL' sL,FSUM) (COLUMN(15),A,X(19)1F(6),F(16,5)),. REGR1740 1. The sample problem for stepwise multiple re
IF NRESI LE o REGRL750 . . s s s s
THEN GO TO S2 REGRLT60 gression consists of 30 observations with six variables,
PUT EDIT (YMOLTIPLE REGRESSION. ees.t sPRLy*SELECTION<«ae?, 1) REGRLT70 . . . . .
(R(FH4I) oo REGRL780 as presented in Table 1 earlier in this Appendix.
PUT EDIT ('TABLE OF RESIDUALS',*CASE NO.','Y VALUE', REGR1790
1Y ESTIMATE', 'RESIDUAL') (SKIP,COLUMN(25),4ySKIP(2), REGR1800 i i i i j—
COLUMN(10) sAsX(5) 3 AsX(5) 4 AsX16),A) 40 REGR1810 2. The first five variables are independent vari
MM =ISAVE(K+1),. REGR1820 : : :
OPEN FILE (XDATA] INPUTy. REGR1830 ables, and the last variable is the dependent variable.
DO I1 = 1 TO Ny» REGR1840 . s . .
GET FILE (XDATA) EDIT ((W(J) DO J= 1 TO M)) REGR1850 All five independent variables are used to predict
((MIF(6,0)) e ) REGR1860 . ) . !
FSUM =ANS(1)y. REGR1870 t i in t irst i d
ANSILh . e REGR1870 the dependent variable in the first analysis, and only
L =ISAVE(J),. REGR1890 : s :
Fsun ZESUNentLisacan, REcRT509 the second, third, and fifth variables are used to
NDy REGR1910 . . . .
RESI S (MMI-FSUM, REGR1920 predict the dependent variable in the second analysis.
PUT EDIT (I1,W(MM) ;FSUM,RESI) (COLUMN(L0),F(5),F(15,5)s REGR1930
2 F(145)) 4. REGR1940
END, . REGR1950
CLOSE FILE (XDATA),. REGR1960
GO TO S100,. REGR2010 Program
EXIT.. REGR2020 —
PUT FILE (SYSPRINT) EDIT ('END OF SAMPLE PROGRAM') REGR2030
(SKIP(5)3COLUMNI10) 5A) s REGR2040 e
$300.. REGR2050 Description
ENDy. /%END OF PROCEDURE REGR */REGR2060

The stepwise multiple regression program consists -
of the main routine named STEP, two special input
subroutines named DAT2 and IDT2, an output/sub-

routine named SOUT, and two routines from the

oATZ.. oAtz 10 Scientific Subroutine Package: CORR and STRG.
e /DAT2 20
;: TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIME. :53:;5 2?) Ca acity
;: DATA MAY BE SAVED ON A DATA SET. :;g:;g 23 p
! gzgfﬁggas (MyD)y0 * ,g:g ;g ¢ b . if ob, .
DAT. 9
XDATA FILE STREAM ENVIRONMENT (CONSECUTIVE V(2000,200)), DAT§ lOg 1. Up 0 99’ 999 o servatlons . o Servatlons ‘are
%:Cg:g,;gg;;:,:g:g;g; RN read into the computer one at a time by the special
IyMyMM) FIXED BINARY, . . .
L. otk FLOAT BINARY ) DATS 140 input routine, If all data are to be stored in core
*/DAT, 5
ON ENOFILE (SYSIN) 'g:é i?g before the calculation of correlation coefficients, the
CET EDIT (E) (A(NCARO)) DAtz 130 limitation on the number of observations depends on
f:f 3{5;%;53;;2:;,{ lotn) 00 1= 1 10 411 DTz 200 the size of core storage available for input data.
Nv= 1 2 .
THEN PUT FILE (XDATA) EDIT ((D(I) DO I= 1 TO M)) ((MIF(6,0)),. DAT2 230 2. Up to 72 variables
FEVERT ENDFILE (SYSIN),. DAT2 240 .
pxp e TURNy DAtz 250 3. Up to 99 selections (must be greater than zero)
":’ P AKIPCL ) COLUNNE10) sA7ChPOR  INSUFFICIENT DATA') oAT2 289 4. (12 F(6, 0)) format for input data cards. There-
STOPy . . . . s4e
END, . /%END OF PROCEDURE DAT2 .,3:3 §33 fore if a problem satisfies the above conditions, the
sample program need not be modified. If the input
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data cards are prepared using a different format, the
input format in the special input routine, DAT2,
must be modified. The general rules for program
modifications are described later.

Input
Control Card
One control card is required for each problem and is

read by the main program, STEP. This card is pre-
pared as follows:

For
Sample
Columns Contents Problem

1-6 Problem number (may be SAMPLE

alphameric)

7-11 Number of observations 00030
12-13 Number of variables 06
14-15 Number of selections 02
16-20 A constant value of pro- 0.0

portion of sum of squares
that will be used to limit
variables entering in the
regression
21 Option code for table of 1
residuals
0 - if it is not desired
1 - if it is desired
22-23 Number of cards per 1

observation
Leading zeros do not have to be keypunched.
Data Cards

Since input data is read into the computer one obser-
vation at a time, each row of data in table is key-
punched on a separate card using the format (12 F

(6, 0)). This format assumes twelve 6-column
fields per card. If there are more than twelve vari-
ables in a problem, each row of data is continued on
the next card until the last data point is keypunched.
However, each row of data must begin on a new card.

Selection Card

The selection card is used to specify a single de-
pendent variable and a non-null set of independent
variables in a stepwise multiple regression analysis.
Any variable in the set of original'variables can be
designated as a dependent variable, and any number
of variables can be specified as independent variables.
Selection of a dependent variable and a set of inde-
pendent variables can be performed over and over
again using the same set of original variables.

There must be a selection card in order for the
program to continue. In the selection card each
variable is specified using one of the following codes:

0 or blank - Independent variable available for

selection
1 - Independent variable forced in
regression
2 - Variable to be deleted
3 - Dependent variable
For Sample Problem
Columns Contents Selectionl Selection2
1 First variable 0 2
2 Second variable 0 0
3 Third variable 0 0
4 Fourth variable 0 2
5 Fifth variable 0 0
6 Sixth variable 3 3
72 72nd variable

Leading zeros do not have to be keypunched. If more
than 72 selections are made, continue selection
specification codes beginning in column 1 of asecond
card.

Deck Setup

Deck setup is shown in Figure 17.
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Selection
Cards

Data I

Last problem

Control
Card

Selection
Cards

Data Second problem

f—

Control
Card

Selection
Cards
|

Control
Card

First problem

Output

Description

The output of the sample program for stepwise mul-
tiple regression includes: ’
1. Means
2. Standard deviations
3. Correlation coefficients between independent
variables and dependent variables
Sum of squares reduced in the step
Proportion reduced in the step
Multiple correlation coefficient
F value for analysis of variance
Standard error of estimate
Computed T value
Beta coefficients
Table of residuals (optional)

Sample

The output listing for the sample problem is shown
in Figure 19.

STEP~WISE MULTIPLE REGRESSIONs«+..SAMPLE
cedures a . NUMBER OF OBSERVATIONS 30
Pro s and main program NUMBER OF VARIABLES 6
NUMBER OF SELECTIONS 2
CONSTANT TO LIMIT VARIABLE 0.00C0C
VARIABLE MEAN STANDARD
NO. DEVIATION
1 43,13333 6.52176
2 316.16650  114.4299C
3 241.79999 36.43074
4 105.66666 17.85640
5 34.13333 15.97571
6 2.2666T7 1.41259
CORRELATION MATRIX
s ROW 1
Figure 17. 1.0000¢ '~ =0.06721  =0.13689 0.49755 0.55849 0.28422
RON 2
-0.06721 1.00000 -C.17857 -0.05227 -0.18381 0.42189
Sample
ROW 3
-0.13689 -0.17857 1.000C0 -0.40874 -C.26319 0.11900
P s ROW 4
The llstmg of the input cards for the sample problem 0.49755  —0.05227  -C.40874 1.60000 0.93552 0.37822
is shown in Figure 18. ROW 5
0.55849  —0.18381 -C.26319 0.93552 1.€0000 0.39412
ROW 6
SAMPLECCC3C0602  C.01 1 ( 10 0.28422 0.42189 6.119¢¢C 0.37822 0.39412 1.00000
25 288 21¢€ H 14 1 20
3¢ 351 244 52 16 2 30
3C 424 246 90 18 2 40 SELECTION..s.s 1
ac 313 239 s1 10 0 50
35 243 215 55 3c 2 60 DEPENDENT VARIABLE«eesvssoanes 6
22 g:z 523 133 g g ;g NUMBER OF VARIABLES FORCED..s. ©
2 MBER OF VAR IAB| DELETED...
43 356 274 75 15 2 90 NUMBER OF VARIABLES DELETE ¢
44 346 255 126 56 3 100
44 156 258 S5 28 0 110 STEP 1
44 278 245 11C 42 4 120
44 349 252 &8 21 1 130 AR PPN
44 141 236 129 56 1 140 VARIABLE ENTERED 2
44 245 23¢ s7 24 1 150
45 257 25¢ 111 45 3 160 SUM OF SQUARES REDUCED IN THIS STEP.... 16.300
45 31C 262 S4 2c 2 170 PROPORTION REDUCED IN THIS STEP...etess c.178
45 151 239 56 35 3 180
45 31C 357 €8 15 4 190
45 379 198 147 64 4 200 CUMULATIVE SUM OF SQUARES REDUCED . 10.3c0
45  4€3 206 1C5 31 3 210 CUMULATIVE PROPCRTION REDUCED... . 0.178 OF 57.867
45 31€ 245 132 6C 4 220
45 28C 225 18 3¢ 4 230 FOR 1 VARIABLES ENTERED
44 395 215 1CL 21 1 240 MULTIPLE CORRELATION COEFFICIENT... 0.422
45 136 220 136 55 0 250 (ADJUSTED FOR DeFedeavsesseess  0.422
45 245 205 113 4 4 260 F=VALUE FOR ANALYSIS OF VARIANCE... 6,063
4S 3713 215 €8 25 1 270 STANDARD ERROR OF ESTIMATEe.ceeesse 1.303
51 224 215 118 54 3 280 (ADJUSTED FOR DeFodeesosnanses 1.303
€1 617 210 116 33 4 290
51 424 210 140 55 4 300 VARTABLE REGRESSION STD. ERROR OF COMPUTED BETA
5 15¢ 210 1C¢5 . 3¢ o 310 NUMBER COEFFICIENT REG. COEFF. T-VALUE COEFFICIENT
€00003 320 2 0.00521 0.00212 2,462 0.42189
2ccaez2 330 INTERCEPT 0.62005
Figure 18. Figure 19.
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STEP 2
VARIABLE ENTERED.ssee 5

STEP-WISE MULTIPLE REGRESSION.....SAMPLE

SELECTION..

TABLE OF RESIDUALS
CASE NO.

Y VALUE Y ESTIMATE RESTDUAL
1 1.00000 0.48090 0.51910
SUM OF SQUARES REDUCED IN THIS STEP.... 13.324 2 2.00000 1.7767¢C 0.22330
PROPORTION REDUCED IN THIS STEPeecevsss 0.230 3 2.00000 2.14586 ~0.14586
4 0.0000C ©.82880 -0.82880
5 2.00000 1.90522 €.C9478
CUMULATIVE SUM OF SQUARES REDUCED... 23.624 o 2100000 1.52125 0.47875
CUMULATIVE PROPORTION REDUCEDeesoees €.408 OF © 57.867 7 3.00000 3. 46447 ~0.4644T
8 2.00000 2.25887 -0.25887
FOR 2 VARIABLES ENTERED 9 3.00000 3.80259 -0.80259
MULTIPLE CORRELATION COEFFICIENT...  0.639 10 0.00000 1.02042 C1.02042
(ADJUSTED FOR DuFudevasosoeaes 04622 1 4100000 2.49135 1.50265
F-VALUE FOR ANALYSIS OF VARIANCE...  9.314 12 1.00000 2.00065 ~1.00065
STANDARD ERROR OF ESTIMATEs.eesseeos 1.126 13 100000 2.00736 ~1.00736
(ADJUSTED FOR DoFodecenasescns 1.146 14 1.00000 1.15308 —0.15308
1 3.00000 2.90446 0.09554
VAR IABLE REGRESSION STD. ERROR OF COMPUTED BETA 12 z‘ggggo 1083531 016469
NUMBER COEFFICIENT  REG. COEFF. T-VALUE COEFFICIENT et 3 00000 256004 0043996
2 0.00632 0.00186 3.397 0.51162 18 . 00000 345228 0.54772
5 0.04316 0.01332 3.241 0.48817 19 - 00000 3062661 0 37336
INTERCEPT —1.20349 20 3.00000 2.68068 0.31932
21 4.00000 3.64886 0.35114
22 4,00000 1.86541 2.13459
STEP 3 23 1.C0000 2.09863 ~1.09863
24 0.00000 1.97217 -1.97217
VARIABLE ENTERED..... 3 25 4.00000 1.41254 2.58746
26 1.c00cC 1.88027 -0.88027
SUM OF SQUARES REDUCED IN THIS STEP.... 7.572 a FOEare 227646 I E4d
PROPORTION REDUCED IN THIS STEPeesecacs 0.131 59 4:00000 2.95746 0.04254
3¢ 0.00000 0.45458 ~0.45458
CUMULATIVE SUM OF SQUARES REDUCED 31.196
CUMULATIVE PROPORTION REDUCED... 0.539 OF 57.867 STEP-WISE MULTIPLE REGRESSION.....SAMPLE
FOR 3 VARIABLES ENTERED
MULTIPLE CORRELATION COEFFICIENT... 0.734 SELECTION..... 2
(ADJUSTED FOR DeFedeecevaseoes  0.T11
F-VALUE FOR ANALYSIS OF VARIANCE...  10.137 DEPENDENT VARIABLE.cosecasenes 6
NUMBER OF VARIABLES FORCED.... O
STANDARD ERROR OF ESTIMATE.eeeceans {'823 NUMBER OF VARIABLES DELETED ... 2
{ADJUSTED FOR DeFedeavenoonens .
VARTABLE REGRESSION STD. ERROR OF COMPUTED BETA STEP 1
NUMBER COEFFICIENT  REG. COEFF. T-VALUE COEFFICIENT
2 0.00744 0.00172 4.318 0.60233
5 0.05363 0.01258 4.263 0.60648 VARIABLE ENTERED..... 2
3 0.Clio7 0.00551 2.717 0.38618
INTERCEPT =5. 9
¢ 55352 SUM OF SQUARES REDUCED IN THIS STEP.... 10.300
PROPORTION REDUCED IN THIS STEP.Weeenss 0.178
STEP 4 =
CUMULATIVE SUM OF SQUARES REDUCED.eses. 1€.3€0
ARTABLE ENT
VARIABLE ENTERED ! CUMULATIVE PROPORTION REDUCED.eeses 0.178 OF 57.867
SUM OF SQUAFES REDUCED IN THIS STEP.... c.127 FOR 1 VARIABLES ENTERED
PROPCRTION REDUCED IN THIS STEP.e.eeon. ©.002 MULTIPLE CORRELATION COEFFICIENT... C.422
(ADJUSTED FOR DuFu)eevenssoass  €u0422
F-VALUE FOR ANALYSIS OF VARIANCE... 6.063
CUMULATIVE SUM OF SQUARES REDUCED...... 31.323 ' ' STANDARD ERROR OF ESTIMATE......... 1.203
CUMULATIVE PFOPORTION REDUCED.eveseones C.541 OF 57.867 (ADJUSTED FOR DeFedovscoseesen 1.302
FOR 4 VARIABLES ENTEPED VARTABLE REGRESSION STD. ERROR OF COMPUTED BETA
MULTIPLE CORRELATION COEFFICIENT 0.736 NUMBER COEFFICIENT  REG. COEFF. T-VALUE COEFFICIENT
(ADJUSTED FOR DuFeduuvans . 0.699 2 €.00521 0.00212 ?.462 0.42189
F-VALUE FOR ANALYSIS OF VARIANCE... 7.375 INTERCEPT 0.62005
STANDARD ERROR OF ESTIMATEs:ecsossss 1.036
(ADJUSTED FOR DuFadouesrnoeens 1.088
STEP 2
VARTABLE REGRESSTON STD. ERROR OF COMPUTED BETA
NUMBER COEFFICIENT REG. COEFF. T-VALUE COEFFICIENT VARIABLE ENTERED..
2 ©.0C741 0.00175 4.222 0.59997 .
5 0.05076 0.01524 3.332 0.57411
3 C.C1493 €.00561 2.662 0.38499 SUM OF SQUARES REDUCED IN THIS STEP.... 13.324
1 0.61226 0.03541 0.366 0.05661 PROPCRTION REDUCED IN THIS STEP.essesss ©.230
INTERCEPT -5.94617
CUMULATIVE SUM OF SQUARES REDUCED.....w 23.624
STEP 5 CUMULATIVE PROPORTION %EDUCED.seosasees 0.4C8 OF 57.867
VARIABLE ENTERED...s. & FOR 2 VARIABLES ENTERED
MULTIPLE CORRELATION COEFFICIENT... 0.639
(ADJUSTED FOR DuFodaseannssans C.622
SUM OF SQUARES REDUCED IN THIS STEP.... c.002 F-VALUE FOR ANALYSIS OF VARIANCE... 9.314
PROPORTION FEDUCED IN THIS STEPeeseeses c.coc STANDARD ERROR OF ESTIMATE..ocvcass 1.126
{ADJUSTED FOR DuFeleuuonsnonns 1.146
CUMULATIVE SUM OF SQUARES REDUCED. ... 31.325 VARTABLE REGRESSION STD. ERROR OF COMPUTED BETA
CUMULATIVE PROPORTION REDUCEDsoesesvans C.541 OF 57.867 NUMBER COEFFICIENT REG. COEFF, T-VALUE COEFFICIENT
2 0.00632 0.00186 3.397 0.51162
FOR 5 VARIABLES ENTERED 5 0.04316 0.01332 3.2641 0.48817
MULTIPLE CORRELATION COEFFICIENT... 0.736 INTERCEPT —1.20349
(ADJUSTED FOR DuFolueennss 0,684 :
F-VALUE FOR ANALYSIS OF VARIANC 5,665 sTEP 3
STANDAFD ERROR OF ESTIMATE.... 1.052
(ADJUSTED FOR DeFeduasesnasons 1.133 VARIABLE ENTERED.oees 3
VARTABLE REGRESSION ERROR OF COMPUTED BETA
NUMBER COEFFICIENT COEFF, T-VALUE COEFFICIENT SUM OF SQUARES REDUCED IN THIS STEP.... 7.572
g g-g%ig g-ggtfg i-‘:gg g-;g:gg PROPORTION REDUCED IN THIS STEP.eesseas c.131
3 0.01504 €.00635 2.369 0.38790
1 0.c1242 €.03635 0.342 .0.05735 CUMULATIVE SUM OF SQUARES REDUCED..sss. 31.196
lNTE;CEPT 2'3%;‘; e.03679 G.041 0.01907 CUMULATIVE PROPORTION REDUCED+esesansas 0.539 OF 57.867
FOR 3 VARIABLES ENTERED
MULTIPLE CORRELATION COEFFICIENT...  0.734
(ADJUSTED FOR DuFulouenoss 0.711
F-VALUE FOR ANALYSIS OF VARIANC 10.137
STANDARD ERROR OF ESTIMATE.s.esasss 1.013
(ADJUSTED FOR DuFodueevaesnnas 1.050
VARTABLE REGRESSION STD. ERROR OF COMPUTED BETA
NUMBER COEFFICIENT  REG. COEFF. T-VALUE COEFFICIENT.
2 0.00744 0.00172 4.318 0.60233
5 0.05363 0.01258 4.263 0.60648
3 0.01497 0.00551 ° 2.717 0.38618
INTERCEPT -5.53529
Figure 19. (Continued) Figure 19, (Continued)
. . .
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STEP-WISE MULTIPLE REGFESSION.....SAMPLF
SELECTION«vase 2
TABLE OF RESIDUALS
CASE NO. Y VALUE Y ESTIMATE PESIDUAL
1 1.00000 0.59869 0.40131
2 2.00000 1.88363 C.11637
3 2.00000 2.2662C -C.2662C
4 C. 00000 0.90704 -C.90704
5 2.€0000 1.99813 C.C0187
6 2.0000C 1.58408 C.41592
7 3.cc0cc 3.49859 ~C.49859
8 2.00000 2.23348 ~0.23348
9 3.cc00C 3.85876 -C.85876
1c 0.C0000 €.98943 ~0.98943
11 4.00000 2.51255 1.48745
12 1.00000 1.95926 -C.95926
13 1.c0000 2.04998 =1.04998
14 1.00000 1.10726 -C.10726
15 3.00000 2.91951 C.C8C49
16 2.00¢CC 1.76539 C€.23461
17 3.0000C 2.54052 0.45948
18 4.0000C 3.36591 C. 63409
19 4.00000 3.67961 0.32C39
20 3.0000C 2.65435 C.34565
21 4.00000 3.70045 0.29555
22 4.60000 1.84629 2.15371
23 1.00000 2.069CC -1.0690C
24 c.cocoo 1.95640 ~1.9564C
25 4.00000 1.34020 2.6598C
26 1.cco0C 1.79817 -0.79817
27 3.€0000 2.24542 C.75458
28 4.€000C 4041268 -C.41268
29 4.€00C0 3.92577 0.07423
30 0.ccoco C.33332 =0.33332
END OF SAMPLE PROGRAM

Figure 19, (Continued)

Program Modifications

Input data in a different format can be handled by
providing a special format statement. The special
input routine, DAT2 is normally written by the user
to handle different formats for different problems.
The user may modify this routine to perform test-
ing of input data, transformation of data and so on.
When doing so, attention should be paid to the format
statement in DAT2 (DAT2 230), which writes on the
intermediate data set. The format in this statement
must be the same as the format in statement STEP |
1390.

Operating Instructions

The sample program for stepwise multiple regression
is a standard PL/I program. Special operating in-
structions are not required. Data set SYSIN is used
for input; data set SYSPRINT, for output. A scratch
tape (data set XDATA) is used as intermediate
storage.

Error Messages

The following error condition will result in a
message:

1. The number of selections not specified on the
control card: NUMBER OF SELECTIONS NOT SPECI-
FIED. JOB TERMINATED.
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Timing

The execution of this sample program on a System/360
Model 40, using an IBM 2540 Card Reader as input and
an IBM 1403, Model N1, as output, is 41 seconds.

STEP.. STEP 10
/ /STEP 20
A4 */STEP 30
lAd TO READ THE PROBLEM PARAMETER CARD FOR A STEP-WISE REGRESSION*/STEP 40
1% READ SUBSET SELECTION CARD, CALL THE PROCEDURES TO CALCULATE #/STEP 50
lAd MEANS, STANDARD- DEVIATIONSs AND THE PROCEDURE THAT PERFORMS */STEP 60
lAd STEP-WISE REGRESSION. */STEP 70
lAd */STEP 80
/STEP 90

PROCEDURE OPTIONS (MAIN) . STEP 100
DECLARE STEP 110
XDATA FILE STREAM ENVIRONMENT (CONSECUTIVE V(2000,200)), STEP 120
(15100J9KyKKyMsMMsNsNRyNSyNSEL) FIXED BINARY, STEP 130

PRl CHARACTER (6], STEP 140
(NCARDyNV) EXTERNAL, STEP 150

ERROR EXTERNAL CHARACTER (1), STEP 160

CH  CHARACTER (80)s. STEP 170

* */STEP 180
ON ENDFILE (SYSIN) GO TO EXIT,. STEP 190

e STEP 200

GET EDIT (CH) (A(80)),. STEP 210
GET STRING (CH) EDIT (PRL,NyMyNS,PCTyNRyNCARD) (A(6),F(5)s2 F(2), STEP 220
F(6490)4F(1)4F(2))ya TEP 230

/% */STEP 240
/% READ PROBLEM PARAMETER CARD */STEP 250
/* */STEP 260
% PRl = PROBLEM CODE (MAY BE ALPHAMERIC) */STEP 270
/% N - NUMBER OF OBSERVATIGONS */STEP 280
/* M = NUMBER OF VARIABLES */STEP 290
rAd NS — NUMBER OF SELECTIONS */STEP 300
/% PCT — A CONSTANT VALUE CF PROPORTION OF SUM OF SQUARES THAT */STEP 310
/% WILL BE USED TO LIMIT VARIABLES ENTERING IN THE REGRES-*/STEP 320
/% SION */STEP 330
lAd NR - OPTION CODE FOR TABLE OF RESIDUALS */STEP 340
VAd 0 - IF IT IS NOT DESIRED */STEP 350
Al 1 = IF IT IS DESIRED */STEP 360
/* NCARD - NUMBER OF DATA CARDS PER OBSERVATION */STEP 370
/% */STEP 380
NV =NRjy. - STEP 390

. NCARD=NCARD*80. STEP 400
Vel */STEP 410
PUT EDIT ('STEP-WISE MULTIPLE REGRESSIONe....';PR1) STEP 420
(PAGE,COLUMN(10) sAsA) 4. STEP 430

PUT SKIP(2)y. STEP 440
PUT EDIT ('NUMBER OF OBSERVATIONS'yN) (R(FM1)),. STEP 450
PUT EDIT ('NUMBER OF VARIABLES *yM) (R(FM1))se STEP 460
PUT EDIT ('NUMBER OF SELECTIONS *yNS) (R(FML})s. STEP 470
Mle. STEP 480
FORMAT (SKIP(1),COLUMN(10),A,F(5)),. STEP 490
PUT EDIT ('CONSTANT TO LIMIT VARIABLE',PCT) . STEP 500
(SKIP{2)sCOLUMNI10) sAsF(945)) 5. STEP 510

ONE.. STEP 520
BEGINy. STEP 530
DECLARE STEP 540
(XBAR(M) s STD{M)4D(M) 3 BIM) yRXIMsM) sR(MsM);ANS(11)sX(1s1)y STEP 550
RESILYEST) STEP 560

BINARY FLOAT, /*SINGLE PRECISION VERSION /¥S*/STEP 570

/% BINARY FLOAT (53), /*DOUBLE PRECISION VERSION /*D*/STEP 580

(IDX(M) L (M) 4NSTEP(5)) FIXED BINARY,. STEP 590

10 =0y. STEP 600

X =040 STEP 610

OPEN FILE (XDATA) OUTPUT,. STEP 620

CALL CORR (NyMsI0yX9XBARySTD9RXsRsB)ye STEP 630

CLOSE FILE (XDATA),. . STEP 640

IF ERROR NE '0' STEP 650

THEN PUT EDIT ("IN RCUTINE CORR ERROR CODE = *',ERROR) STEP 660

(SKIP(2),COLUMN(10) 5A5A(1)) . - STEP 670

/% */STEP 680

/% PRINT MEANS AND STANDARD DEVIATION */STEP 690

/% */STEP 700

PUT EDIT ('VARIABLE',*MEAN", 'STANDARD',*NO.',*DEVIATION') STEP 710

(SKIP(2) yCOLUMN(10) yAsX(5)9A¢X(5) Ay SKIPsCOLUMN(13)5A5X(16) STEP 720

1A) 9. STEP 730

0O I =1T0 STEP 740

PUT EDIT (lyXBAR(l)pSTDll)) (SKIP,COLUMN(13)+F(2),F(1495), STEP 750

FI1245)) 4. STEP 760

ENDy. . STEP 770

/% */STEP 780

/% PRINT CORRELATION MATRIX */STEP 790

/% */STEP 800

PUT EDIT ('CORRELATION MATRIX') (SKIP(2),COLUMN(10)sA)s. STEP 810

DO I =1 TO Mye STEP 820

PUT EDIT (°*ROW'yI) (SKIP(2),COLUMN(10)sA,F(3)), EP 830

PUT EDIT ((R(I,J) DO J= 1 TO M}) ISKIP.COLUHN(10)79 F(1295)) s S'IEP 840

ENDy. STEP 850

IF NS-LE O /% TEST NUMBER OF SELECTIONS  */STEP 860

THEN DO, . STEP 870

PUT EDIT (*NUMBER OF SELECTIONS NOT SPECIFIED') STEP 880

(SKIP(2)yCOLUMN(10)5A),. STEP 890

GO TO S200y. STEP 900

ENDy .. STEP 910

1% ) */STEP 920

1% SAVE THE MATRIX OF SUMS OF CROSS-PRODUCTS OF DEVIATION */STEP 930

Al */STEP 940

=RXye STEP 950

NSEL =lye STEP 960

GO TO S1504. STEP 970

/% */STEP 980

Ad COPY THE MATRIX OF SUMS OF CROSS—PRODUCTS OF DEVIATIONS */STEP 990

VAl */STEP1000

S145.. STEP1010

RX  =Ry. STEP1020

5150.. /% READ A SELECTION CARD */STEP1030

PUT EDIT ('SELECTIONe«cos'yNSEL) (SKIP(3),COLUMNI10),A,F(2)),. STEP1040

CALL IDT2 (MyIDX)ye STEP1050

/% */STEP1060

lAd IN EACH POSITION OF IDX, ONE OF THE FOLLOWING CODES MUST BE */STEP1070

/% SPECIFIED. */STEP1080

/% 0 OR BLANK — INDEPENDENT VARIABLE AVAILABLE FOR SELECTION */STEP1090

/% 1 — INDEPENDENT VARIABLE TO BE FORCED IN REGRES- #*/STEP1100

VA SION */STEP1110
lAd 2 — VARIABLE TO BE DELETED */STEP1120 |

VAd 3 ~ DEPENDENT VARIABLE */STEP1130
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/% */STEP1140 SOUT.. R sout
/% CALL THE PROCEDURE TO PERFORM A STEP-WISE REGRESSION ANALYSIS*/STEP1150 / /S0UT
1% */STEP1160 1% */S0UT
CALL STRG (H.NyRX.XBAR,IDX,PCT.NSTEP.ANS.L,B'STD)'- STEP1170 1% TO PRINT THE RESULTS OF A STEP-WISE MULTIPLE REGRESSION. */S0UT
IF ERROR NE '0' STEP1180 144 *#/S0UT
THEN PUT EDIT (*IN ROUTINE STRG ERROR CUDE = ',ERROR) STEP1190 %% /S0UT
- (SKIP(Z),CDLUHN(IO):A,A(IIl,. lu:;g::;:)g PuigiggléRE (NSTEP+ANSyL4B9SyT+BETA) . 23\&1
/%
% FIND HHETHER‘ TO PRINT THE TABLE OF RESIDUALS :jg:g:tggg F(‘li;gl(’*fX;Ei?Ag(g?A?:g}EgE:k:;), Egg:
1% . ’ ' ’ )
IF NR LE STEP1240 BINARY FLOAT, /*STMGLE PRECISION VERSION /%*S*/SOUT
THEN GO TD 5185y« STEP1250 1% BINARY FLOAT (53), /*DOUBLE PRECISION VE_RSIUN /%*D%/S0UT
/% */STEP1260 (NSTEPI*)yLU%)y1,N) SouT
/% PRINT TABLE OF RESIDUALS *;STEPlgzg . FIXED BINARY,. w,lggg;
7% ) . . */STEP1
PUT EDIT (°*STEP-WISE MULTIPLE REGRESSIONeeees'yPR1) STEP1290 1% TEST WHETHER THIS 1S THE FIRST STEP - “/SCU“Y
(PAGE,COLUMN(10),A5A) 5« STEP1300 1% *ISG\{I
PUT EDIT (°*SELECTION«sess'yNSEL) (SKIP(3)'CULUHN(IOMA'F(Z)l.. STEP1310 IF NSTEP(4) LE 1 SOUY
PUT EDIT ('TABLE OF RESIDUALS','CASE NO.','Y VALUE','Y ESTIMATE', g;g::;:g THEN gg?'son (VDEPENDENT VARIABLE ' NSTEPILD) ggg;
'RESIDUAL ') Cseeesenesnnely
(SKIP(2)yCOLUMN{26) 3A,SKIP(2),COLUMN(L10),AsX(5)sAsX(5)sAy :;E:;;‘;g pUT EI‘J??:sﬁzjaggkugg(cgaiﬁéié?;(’J}‘RCED ' NSTEP(2)) gglﬁl;
X(6) A7) cesely
MM =NSTEP(;..) STEP1360 {SKIP,COLUMN(10),A,F(2)),. SOUT
OPEN FILE (XDA1AI INPUT,. STEPL370 PUT EDIT ('NUMBER DF VARIABLES DELETED...'yNSTEP(3}) sout
DO I =1 TO Ny STEP1380 (SKIP,COLUMN(10) yAsF(2) ). SouT
GET FILE (XDAYA) EDIT ((D(J) DO J= 1 TO M)) ((M)F(6+0))y. S;EPIS‘JO " ENDy o ‘/ggtj‘;
VEST ANS(9) STEP1400
:NSTEPU";.. STEP1410 1% PRINT THE RESULTS OF A STEP */S0UT
D0 J =1 TD K STEP1420 1% */S0UT
KK =Lt ” STEP1430 PUT EDIT ('STEP',NSTEP(4)) (SK[P(B)'CDLUMNllO)yA'FlBH'- souT
YEST SVESTOB(JHD(KKH. STEP1440 PUT EDIT (*VARIABLE ENTEREDseses'HNSTEP(S}) SouT
END, STEP1450 (SKIP(2)+COLUMN(10) yA4F(2)) . souT
RES[ -D(HH)—VEST STEP1460 PUT SKIP(2), SOUT
T e (hg;l)ﬂll 'YEST'RESH {COLUNIIONIFES) 1P L1515 )y :::::2;’3 ‘I':E;:S;lE;(;)”#E (?Srf;éséED VARIABLE).") (SKIP,COLUMN(10),A) gg:ﬂ
2 Fll4 . v 1A)e e
' ' STEP1490 PUT EDIT ('SUM OF SQUARES REDUCED IN THIS STEP....'sANS(1)) SouT
CLOSE Fll.E (XDATA) yo "gggsiggg . (R(FM1} ),y . ggg{’
% TEST WHETHER ALL SELECTIONS ARE COHPLETED */STEP1520 ;DR!‘AT (SKIP(1),COLUNN(10),A4F(13,3)),. sout
1% i */STEP1530 PUT EDIT ('PFUPORTION REDUCED IN THIS STEPeesesaes'sANS(2)) sout
S185.. STEP1540 (PH:M})),. Zgg;
IF NSEL LT NS STEP1550 PUT SKIP(2
THEN DDy STEP1560 PUT EDIT ('CUMULATIVE SUM OF SQUARES REDUCED.cssss'yANS(3)) souT
=| + TEP157 (RIFML} )y sout
'I:lslgLED’l‘?El(.'gl'Ep-u[sE MULTIPLE REGRESSIONeweos? 'p;u) gs,fgp:gag PUT EDIT ('CUMULATIVE PROPORTION REDUCEDsesaseosss? tANS(4),* OF*, SOUT
(PAGE,COLUMN(10) yA5A) 4. STEP1590 ANS(5)) (SKIP,COLUMN{10},A,F{1343),A,F(1343))y. souT
GO TO S1454. STEP1600 PUT EDIT ('FOR',NSTEP(4) 4! VARIABLES ENTERED') soutT
ENDy. STEP1610 (SKIP(2),COLUMNC 10) yA,F(3) 4A),. sout
ENDy. STEP1620 PUT EDIT ('MULTIPLE CORRELATION COEFFICIENT...'3ANS(6)) souT
GD TO S100y. STEP1630 (SKIP{1),COLUMNI(12),A4F(9,:3)),. Sout
EXITeo STEP1640 PUT EDIT (*(ADJUSTED FOR DeFelovescaseese'yANS(10)) sout
PUT FILE (SYSPRINT) EDIT ('END OF SAMPLE PROGRAM') STEP1650 (SKIP(1)¢COLUMN(LT) 4A4F(943)),. sout
(SKIP(5),COLUMNI10) sA) g0 STEP1660 PUT EDIT (*F~-VALUE FOR ANALYSIS OF VARIANCE...'yANS(T)) sour
$200.. N STEP1670 (SKIP{1)yCOLUMNI12)4A4F(943)),. sour
.ENDyo /*END OF PROCEDURE STEP */STEP1680 PUT EDIT (*STANDARD ERROR OF ESTIMATEcecescoas! 'ANS(G)) SouT
(SKIP(1),COLUMN(12)4A,F(943)),. souT
PUT EDIT (*(ADJUSTED FOR D.F.) seeee'sANSI(11)) souv
(SKIP(1),COLUMN(LT)A4F(9, 1. SouT
PUT EDIT ('YVARIABLE','REGRESSION',*STD. ERROR OF *,*COMPUTED', souT
*BETA', '*NUMBER','COEFFICIENT ', *REG. COEFF.','T-VALUE®', sSout
DAT2.. DATZ2 10 *COEFFICIENT') sout
/ /DAT2 20 (SKIP(2),COLUMN{12),5CA,X(5)),SKIP(L),COLUNN(L3),A,X(6)sAy souT
1% */DAT2 30 X(4)sApX(8) g AgX(6)9A)9a souT
1% TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIME. */DAT2 40 N ESSIEV(:)'}B ggg}’
1% DATA MAY BE SAVED ON A DATA SET. */DAT2 50 = Neo
1% */DAT2 60 PUT EDIT - (LU1),B(I),S{I),T{1),BETA(I)) (SKIP(1),COLUMN(14), souTt
7 */DAT2 70 FU3),F(18y5)4F(1645)yF(1493),F(1445)),y. SouT
PROCEDURE (MyD)y. DAT2 80 ENDy . i souT
DECLARE v DAT2 90 PUT EDIT (YINTERCEPT';ANS{9)) (SKIP,COLUMN(12)4A,F(1445)),. sour
XDATA FILE STREAM ENVIRONMENT [CONSECUTIVE V(2000,200)), DAT2 100 NSTOP=tOY, sout
(NCARD4NV) EXTERNALy DAT2 110 RETURN, . sout
CH CHARACTER(NCARD) » DAT2 120 ENDy . /*END OF PROCEDURE SOUT */SOUT
{I1,MyMM) FIXED BINARY, DAT2 130 .
O(*) FLOAT BINARY,. DAT2 140
/% */DAT2 150
ON ENOFILE (SYSIN) DAT2 160
GO TO EXITye DAT2 170
GET EDIT (CH) {A(NCARD)),. DAT2 180
HM =CEIL(M/12),. DAT2.190
GEY STRING (CH) EDIT (ID{{} DO I= 1 TO #4)) DAT2 200
. ((MHH(LZH‘-Ié,C).X-d))).. DAT2 210
IF Hv= 1 0aTZ 220 CANONICAL CORRELATION CANO
THEH PUT FILE (ADATA) EDIT ((D(I) DO I= 1 TO M)) {(MIF(6+0)),. DAT2 230
REVERT ENDFILE {(SYSIN),. DAT2 240
RETURN, o DAT2 250
EXIT.. DAT2 260 s 3
PUT FILE (SYSPRINT) EOIT ('ERROR INSUFFICIENT DATA') DAT2 270 Problem Description
(SKIP(1),COLUMN(10),A),. DAT2 280
STOP, . DAT2 290 .
ENDy . /*END OF PROCEDURE DAT2 */DAT2 300 . . .
This program analyzes the interrelations between
two sets of variables measured on the same sub-
IoT2.. T2 10 jects. These variables are predictors in one set
’ /1072 20 . PO . Sk s 3
7% “/1012 30 and criteria in the other set, but it is irrelevant
1% T0 READ FIXED POINT DATA. */10T2 40 . . . .
o x/1DT2 50 whether the variables in the first set or in the sec-
/71072 60 . . . .
DEciaRE TR oz 70| ond set are considered as the prediction variables.
CH CHARACTER (80) 1072 90 i i i T {=
( 1X0#) s NF o N1 sH2 PMaT) o1z o0 The canonical correlation, which gives the maxi
IXED BINARY,. IDT2 110 2 3 3
NF =7244 1072 120 mum correlation between linear funéztlons of the two
N1 =l,. 1IDT2 130 . . . : - :
o2 e 1otz 140 sets of variables, is calculated. x“ is also com-
2. 1072
Then ne - rorz 160 |- puted to testthe significance of canonical correlation.
THEN N2 =M,. 1072 170
GET- EDIT (CH) (A(80)),. 1072 180 . .
GET STRING (CH) EDIT ({1X(I) DO I= NI TO N2)) C((NFIFI1)),: 1072 190 The sample problem for canonical correlation
N1 - =N2+1,. 1072 200 . . . .
IF N LE W 1072 210 consists of four variables in the first set (left-hand
. 1072 220 . . .
N2 o TNzenE,. Iorz 230 side) and three variables in the second set (right-
ENDy . . . . ) )
RETURN, . 1072 250 hand side) as presented in Table 2. These two sets
ENDy . /*END OF PROCEDURE IDT2 */10T2 270 " s
of measurements have been made on 23 subjects.
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Table 2. Sample Data for Canonical Correlation

First set Second set
Observation Xy X2 X3 - X Y: Yz
1 191 155 65 19 179 145
2 195 149 70 20 201 152
3 181 148 71 19 185 149
4 183 153 82 18 188 149
5 176 144 67 18 171 142
6 208 157 81 22 192 152
7 189 150 75 21 190 149
8 197 159 90 20 189 152
9 188 152 76 19 197 159
~ 10 192 150 78 20 187 151
11 179 158 99 18 186 148
12 183 147 65 18 174 147
13 174 150 71 19 185 152
14 190 159 91 19 195 157
15 188 151 98 20 187 158
16 163 137 59 18 161 130
17 195 155 85 20 183 158
18 196 153 80 21 173 148
19 181 145 77 20 182 146
20 175 140 70 19 165 137
21 192 154 69 20 185 152
22 174 143 79 20 178 147
23 176 139 70 20 176 143
Program
Description

The canonical correlation program consists of the
main routine named CANO, a special input routine,
DAT?2, and five subroutines from the Scientific
Subroutine Package: CORR, CANC, MINV, MGDU,
and MSDU.

Capacity

The capacity of the sample program and the format
required for data input have been set up as follows:

1. The number of variables in the first set (that
is, left-hand variables) must be greater than or
equal to the number of variables in the second set
(that is, right-hand variables).

2, Up to 99,999 observations

3. Up to ten data cards per observation

4. (12 F (6,0)) format for input data cards.
Therefore, if aproblem satisfies the above condi-
tions, it is not necessary to modify the sample
program. However, if the input data cards are
prepared using a different format, the input format

Appendix B--Sample Program--Canonical Correlation

in the special input subroutine, DAT2, must be
modified, The general rules for program modifi-
cation are described later.

Input
Control Card
One control card is required for each problem and

is read by the main program, CANO. This card is
prepared as follows:

Columns Contents For Sample
—_— —_— Problem
1-6 Problem number (may SAMPLE
be alphameric)
7-11 Number of observations 00023
12-13 Number of variables in 04
the first set (that is, ‘
left-hand variables)*
14-15 Number of variables in 03
the second set (that is,
right-hand variables)
16-17 Number of data cards 01

per observation

Leading zeros do not have to be keypunched, but
must be right-justified within the field.

Data Cards

Since input data are read into the computer one ob-

‘servation at a time, each row of data in Table 2 is

keypunched on a separate card using the format

(12 F (6, 0)). This format assumes twelve 6-column
fields per card.

Deck Setup

Deck setup is shown in Figure 20.

*The number of variables in the first set must be
greater than or equal to the number of variables
in the second set.
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SAMPLECCC22C40201 10
. 191 155 65 19 179 145 7C 20
155 145 70 20 201 152 65 30
Last Pr°ble.m 181 148 71 19 185 149 75 40
Control 183 153 82 18 188 149 8¢ 50
Card 176 144 67 18 171 142 71 60
2CE 157 81 22 192 152 77 70
185 150 15 21 19C 145 72 80
157 15 90 20 185 152 82 90
188 152 76 15 197 155 84 100
152 15¢C 18 20 187 151 72 110
179 158 9 18 18¢ 148 89 120
183 147 65 18 174 147 7c 130
s d probl 174 15¢C 7 19 185 152 65 140
econd problem 156 15S 91 15 195 157 95 150
| 186 151 98 20 187 158 87 160
CE"": 162 137 55 18 161 130 63 170
ar 155 1:% 85 20 183 158 81 180
196 153 80 21 1713 148 T4 190
181 145 77 2c 182 146 7c 200
175 14¢C 7c 15 165 137 81 210
192 154 6S 20 185 152 63 220
174 143 7S 20 178 147 73 230
First problem 176 12$ 70 20 17¢ 143 65 240
Control
Figure 21,
Output
Description

Procedures and main program

Figure 20.
Sample

The listing of input cards for the sample problem is
shown in Figure 21,

The output of the sample program for canonical
correlation includes:

1. Means

2. Standard deviations

3. Correlation coefficients

4, Eigenvalues and corresponding canonical
correlation

5., Lambda .

6. Chi-square for left- and right-hand variables.

Sample

The output listing for the sample problem is shown
in Figure 22,

CANONICAL CORRELATION.....SAMPLE
NO. COF 08SERVATIONS 23
NO. OF LEFT HAND VARIARLES 4
NO. OF RIGHT HAND VARTABLES 3
MEANS
185.47826 149.913C4 76.86955 19.47826 183.0G6CCC 148.R2608 75.73912
STANDARD DEVIATIONS
1C.10342 6.31673 10.46338 1.n8165 9.84424 6.73965 9.C5647
CORRELATION COEFFICIENTS
ROW 1
1.c0CCC 0.74852 C.37CR2 C. 66461 f.62291 C.66080 0.246832
ROW 2
€.74852 1.CC00C 0.63252 €.2259¢C C.66811 c.72780 0.53194
ROW 3 .
0.37C82 Cs63252 1.0c0CC 0.20657 0.47394 0.6C169 0.79684
ROW - 4
0.66441 0.2259¢C 0.20657 1.ccCcC c.32870C 0.34863 -0.10733 -
ROW 5
0.62251 0.66811 C.47394 C.32867C 1.co0c0 0.8255% 0.39258
ROW 6
0.66C80 C.72780 C.6C169 C.24863 0.82555 l1.CcCoCC 0.47657
ROW 7
C.24683 0.52194 C. 75684 -0.17733 €.39258 C.67657 l.coron
Figure 22.
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NUMBER OF
EIGENVALUES
REMOVED
n

LARGEST
EIGENVALUE
REMAINING

€.79880C
1 C.41910
2 0.00767

CCPRRESPONDING
CANDNICAL
CCPRELATICN
C.89376
C.64738
c.C876C

LAMEDA CHI-SQUARE
.11598
57644
+99233

40.93277
10.46676
0.14636

oo

CANONICAL CORRELATION C.E9376
COEFFICIENTS FIR LEFT HAND VAFIABLES

n.56310 ~C.160 5 1.05822 -C.56651
COEFFICIENTS FOR RIGHT HAND VARIASLES

-0.02133 0.89730

CANONICAL CNRRELATION C.64738

COEFFICIENTS FOP LEFT HAND VARIABLES

0.09454 -0.83915 0.66309 ~0.64892

COEFFICIENTS FOR RIGHT HAND VARIABLES
-0.43841 ~0.55503 0.76692

CANONICAL CCRRELATION 0.C876C
COEFFICIENTS FOP LEFT HAND VARIABLES

.02681 G.36(C55 -0.28827 -0.32496

COEFFICIENTS FOR RIGHT HAND VARIABLES

©.70325 -C.70384 0.10028

END OF SAMPLE PROGRAM

DEGREES

FREEDCOM
12

&
2

Figure 22. (Continued)

Program Modifications

Input data in a different format can also be handled
by providing a specific format statement. In order
to familiarize the user with program modifications,
the following general rule is supplied in terms of the
sample problem:

1. Changes in the input format statement of the
special input routine, DAT2.

Since sample data are either two- or three-digit
numbers, rather than using six-column fields as in
the sample problem, each row of data might have
been keypunched in seven 3-column fields; if so, the
format would be changed to (7 F (3, 0)). Note that
the current input format statement will allow a max-
imum of twelve variables per card.

The special input routine is normally written
by the user to handle different formats for different
problems. The user may modify this subroutine to
perform testing of input data, transformatmn of
data, and so on.

2, If there is more than one card per row of data,
the value of the card count indicator (NCARD), which
appears in columns 16-17 of the control card, must
be changed to agree with the number of data cards
per row.

Operating Instructions

The sample program for canonical correlation is a
standard PL/I program. Special operating instruc-
tions are not required. Data set SYSIN is used for
input; data set SYSPRINT, for output.

Timing

The execution of this sample program on a System/
360 Model 40, using an IBM 2540 Card Reader as
input and an IBM 1403, Model N1, as ouiput, is 17
seconds,

_
CANO. . CANO 10
/ /CANO 20
/% */CAND 30
/% TO READ THE PROBLEM PARAMETER CARD FOR A CANONICAL CORRE- */CANO 40
VA LATION, CALL TWO PROCEDURES TO CALCULATE SIMPLE CORRELATIONS,*/CANO 50
/% CANONICAL CORRELATIONS, CHI-SQUARES, DEGREES OF FREEDOM FOR */CANO 60
/* CHI-SQUARES, AND COEFFICIENTS FOR LEFT AND RIGHT HAND */CANO TO
/% VARIABLESs; NAMELY CANONICAL VARIATES, AND PRINT THE RESULTS. */CANO 80
/% */CANO 90
/ /CANO 100

PROCEDURE OPTIONS (MAIN) ;. CANO 110
DECLARE CAND .120
(I+s105J,M,MM,MP,MQ,N,N1) CANO 130

FIXED BINARY, CANO 140

CH CHARACTER (80), CANO 150

ERROR EXTERNAL CHARACTER (1), CANOD 160
(NCARDyNV] EXTERNAL, CANO 170

PR CHARACTER (6)y. CANC, 180

* */CANO 190
ON ENDFILE (SYSIN) GO TO EXIT,. CANO 200

.o CANO 210

GET EDIT (CH) (A{80)),. CANO 220
GET STRING (CH) EDIT (PRyNsMPyMQsNCARD) (A(6)sF(5)93 F(2))y. CANO 230
/% */CANO 240
/* PRececens PROBLEM NUMBER (MAY BE ALPHAMERIC) */CANO 250
/* Ne «+«NUMBER OF OBSERVATIONS */CANO 260
1% MP. «+«NUMBER OF LEFT HAND VARIABLES */CAND 270
Vad MQ. ««NUMBER OF RIGHT HAND VARIABLES */CANO 280
/% © NCARD....NUMBER OF CARDS PER OBSERVATION */CANO 290
* . N . */CANO 300
PUT EDIT (*CANONICAL CORRELATION.ceos "yPRy'NO. OF OBSERVATIONS',N, CANO 310
*NO. OF LEFT HAND VARIABLES',MP, CANO 320

'NO. OF RIGHT HAND VARIABLES'sMQ) (PAGE,COLUMN{10),AsA(6), CANO 330
SKIP(1),COLUMN{L2)AsX(8)4F{4),SKIP(1),COLUMN(12),A,F(5), CANO 340
SKIP(I).COLUHNHZ),A'FM))'. CANO 350
=MP+MQ, . . . CANO 360
NCARD-NCARD*BO.. : CANO 370
NV =09 CANO 380
STRT.. CANOC 390
BEGINy. CANO - 400
DECLARE CAND 410
(COEFL(MP,HQ).CDEFR(NQ.HQ).R(H.Ml'RX(M'IUpCH!SQ(HleCANR(HQ). CAND 420

STO(M) s XBAR(M) 9X(1,1),8(M),RO0TS(MQ),WLAM{MQ)) CANO 430

BINARY FLOAT, /*SINGLE PRECISION VERSION /*S*/CANO 440

1% BINARY FLOAT (53), /*DOUBLE PRECISION VERS]ON /*D*/CANO 450
NDF{MQ)  FIXED BINARY,. CANO 460

10 =09 CANOC 470

X =0.09. CANDO 480
CALL CORR (NsMsIOsX9XBAR,STDsRXyR9B)ye CANO 490

IF ERROR NE '0° CANO 500
THEN DO,. CANO 510
PUT EDIT (*IN ROUTINE CORR ERROR CODE = *',ERROR) CANO 520
{SKIP(2),COLUMN{10),A5A(1))y. CANO 530

GO TO 5100'. . CANO 540

END,y. . CANO 550

/% */CANO 560
VAl PRINT MEANS, STANDARD DEVIATIONS, AND CORRELATION */CANO 570
/* COEFFICIENTS OF ALL VARIABLES */CANO 580
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/%

PUT EDIT ('MEANS') (R(FM1)),.

FMl..

FORMAT (SKIP(2),COLUMN(10),A) 4.

PUT EDIT ((XBAR(I) DO I= 1 TD M)) (R(FM2)),.
FM2.. .
FORMAT (SKIP+COLUMN(10)+7 F(1555))4.

PUT EDIT (*STANDARD DEVIATIONS®) (R(FM1)),.

PUT EDIT ((STD(I) DO I= 1 TO M)) (R(FM2)),

PUT EDIT (*CORRELATION COEFFICIENTS®) (SKXP(Z):CULUHN(].O)'A):
DO I =1 TO M,
PUT EDIT ('RDH';!I (SKIP(2),COLUMNI10)sAsF(4) )y

END
CALL CANC (N'HP,HQ.R,RUDTS;HLAH,C&NR'CHISQ,NDF,COEFR.COEFL)'.
IF ERROR NE '0
THEN DOy .

PUT EDIT ('IN ROUTINE CANC ERROR CODE = ',ERROR)

(SKIP(2),COLUMN(LO)sA5AlL) )y
IF ERROR = *1°
THEN GO TO S100,.

ENDy.
Vel
lAd PRINT EIGENVALUES, CANONICAL CORRELATIONS, LAMBDA,
Al CHI-SQUARES DEGREES OF FREEDOM
/%

PUT EDIT ('NUMBER OF ',*LARGEST®,'CORRESPONDING','DEGREES',
TEIGENVALUES 'y "EIGENVALUE®  "CANONICAL 'y "LAMBDA®
'CHI-SQUARE" s *OF 'y "REMOVED*, 'REMAINING", "CORRELATION',
'FREEDOM') (SKIP(4)4COLUMNIL3)AsX(5)4AsX{7)sAsX(31)4A,
SKIPyCOLUMNILL) sAsX(5)sAsXIT)sAsX(T)sAsX(5)5AsX(T)5A,
SKIPyCOLUMNIL3) sAsX(T)1AsX(T)yAsX(32)4A)5.

DO I =1 TO MQs.

AsF(1245))y

N1 =I-1,.
Vil
A TEST WHETHER EIGENVALUE IS GREATER THAN ZERD
/7%
MM =Nl,.
IF ROOTS(I) GT 0.0
THEN DOy«
PUT EDIT (N1,ROOTS(I);CANR(I),WLAM(I),CHISQ(I}sNDF(I))
(SKIP(1),COLUMN(L0)+F(T7),F(19+5)+F(16+5),
2 F{1495)+X(5)4F(5) )y
MM =MQ,.
ENDy o
END,y.
%
/% PRINT CANONICAL CORRELATION
/%
00 I =1 T0O

*/CAND 590
CANC 600
CANO 610
CAND 620
CANO 630
CAND 640

[
PUT EDIT ((R(I,J) DO J= 1 TO M}) (SKIP,COLUMN{10),9 F{12,5)),. CANO 710
CA

CAND1000
CANO1010
CAND1020
CANO1030
CAND1040
*/CANO1050
*/CAND1060
*/CAND1070
NO1080

C
PUT EDIT ('CANGNICAL CORRELATION®,CANR(I)) (SKIP{5),COLUMN{10),CANO1090
CA

NO1100

PUT EDIT ('CDEFF[CIENTS FOR LEFT HAND VARIABLES') (R(FML1)),. CANOC1110

PUT EDIT ((COEFL(JyI) DO J= 1 TO MP)) (RIFM2)),. CANO1120

PUT EDIT (*COEFFICIENTS FOR RIGHT HAND VARIABLES®') (R(FM1)),. - CANOL1130

PUT EDIT ((COEFR(JyI) DO J= 1 TO MQ)) (R(FM2)),. CANO1140

END, . CANO1150

ENDy . CANOL160
GO TO S100,. CANO1170
EXIV.o . . CANO1180
PUT FILE (SYSPRLNT) EDIT ('END OF SAMPLE PROGRAM!') CANO1190
(SKIP(5)COLUMN(10) 4A) . . CANO1200

ENDy .« /*END OF PROCEDURE CANO */CAND1210
DAT2 DAT2 .. 10
1% % /DAT2 20
/% */DAT2 30
/% - TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIME. */DAT2 40
/% DATA MAY BE SAVED ON A DATA SET. */DAT2 S50
/1% */DAT2 60
/ /DAT2 70
PROCEDURE (M4D),y. DAT2 80
DECLARE DAT2 90
XDATA FILE STREAM ENVIRONMENT (CONSECUTIVE Vv(2000,200)), DAT2 100
(NCARDyNV) EXTERNAL, DAT2 110

CH CHARACTER(NCARD) » DAT2 120
(I4MyMM) FIXED BINARY, DAT2 130

D(*) FLCAT BINARY,. DAT2 140

7% */DAT2 150
ON ENDFILE (SYSIN) DAT2 160
.GO TO EXIT DAT2 170

- GET EDIT (CHl (A(NCARD)) 4. DAT2 180
M =CEIL(M/12)y. DAT2 190
GET STRING (CH) EDIT ((D(I) DO I= 1 TO M)) DAT2 200
CIMM) (L 12)F(6,0) 4X(8))),. DAT2 210

IF Nv= 1 DAT2 220
THEN PUT FILE (XDATA)} EDIT ((D(I) DO I= 1 TO M)) ((MIF(6,C)),. DAT2 230
REVERT ENDFILE (SYSIN),. DAT2 240
RETURN, « DAT2 250
XIT.o . . DAT2 260
PUT FILE (SYSPRINT) EDIT ('ERROR INSUFFICIENT DATA') DAT2 270
(SKIP(1),COLUMN(10)+A),. . DAT2 280

STOP, . L DAT2 290
ENDy . /*END OF PROCEDURE DAT2 */DAT2 300

ANALYSIS OF VARIANCE ANOV

Problem Description

An anainis of variance is performed for-a factorial
design by use of three special operators suggested
by H.O. Hartley.* The analysis of many other

*H, O. Hartley, "Analysis of Variance" in Mathe-
. matical Methods for Digital Computers, edited by
A. Ralston and H, Wilf, J ohn Wlley and Sons, 1962,

" Chapter 20,

designs can be derived by first reducing them to
factorial designs, and then pooling certain com-
ponents of the analysis—of-variance table,

Consider a three-factor factorial experiment in
a randomized complete block design, as presented
in Table 3. In this experiment factor A has four -
levels, factors B and C have three levels, and the
entire experiment is replicated twice. The repli-
cates are completely unrelated and do not constitute
a factor.

Table 3. Sample Data for Analysis of Variance
Replicate b, b2 by

(Block) ay ap a3 a4| a; @ a3 a4l a; a, a; ay
{ 1 3 10 9 8 |24 8 9 3 2 8 9 8
R c, 4 12 3 922 7 18 2|2 2 7 2
c; 5 10 5 8 |23 9 17 3 2 8 6 3
N 2 14 9 13 (29 16 11 3 2 7 5 3
Ty c, 7 11 5 8 |28 18 10 6 6 6 5 9
c, 9 10 27 8 128 16 11 7 8 9 8 15

Nevertheless, for the purpose of this program, a
four-factor experiment (with factors A, B, C, and
R) is assumied. Thus, each element of the data in
Table 3 may be represented in the form:

Xaber where a= 1,2,3,4
b =1,2,3
¢ = 1,2,3
r=1,2

The general principle of the analysis-of-variance
procedure used in the program is first to perform a
formal factorial analysis and then to pool certain
components in accordance with summary instructions
that specifically apply to the particular design. The
summary instructions for four different designs are
presented in the output section,

Prograin

Description

The analysis of variance program consists of the
main routine, named ANOV, a special input routine

DATS3, and one subroutine from the Smentlfm Sub-
routine Package: AVAR,
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Capacity

The capacity of the sample program and the format
required for data input have been set up as follows:

1. Up to 14 factors

2. The total number of data points is limited
only by the size of available core storage used for
input.

3. (12 F(6, 0)) format for input data cards. There-
fore, if a problem satisfies the above conditions, it
is not necessary to modify the sample program,
However, if the input data cards are prepared using
a different format, the input format statement must.
be modified. The general rules for program modi~
fications are described later,

I_nput
Control Cards

Two control cards are required for each problem
and are read by the main program, ANOV,

The first card is prepared as follows:

Columns Contents For Sample
—_— — Problem
1-6 Problem number (may be SAMPLE
alphameric)
7-8 Number of factors 04

The second card is prepared as follows:.

Columns Contents For Sample
_— —_— Problem
1 Label for the first factor . A
2-5 . Number of levels for the 0004
first factor .
6 Label for the second B
factor
7-10 Number of levels for the 0003

second factor
11 Label for the third factor C
12-15 Number of levels for the
third factor
16 Label for the fourth factor, R

17-20 Number of levels for the 0002
fourth factor

66 Label of the fourteenth
factor

67-T70 Number of levels of the

fourteenth factor

Leading zeros do not have to be keypunched,

Data Cards

Data is keypunched in the following order: X

1111°
X2111’ X3111’ X1211’ X2211’ X"3211’ teee X41:3i3.2°

In other words, the leftmost subscript (namely, the
first factor) is changed first; then the second, third,
and fourth subscripts. In the sample problem, the
first subscript corresponds to factor A; the second,
third, and fourth subscripts, to factors B, C, and
R. Since the number of data fields per card is
twelve, implied by the format (12 F(6,0)), each row
in Table 3 is keypunched on a separate card.

Deck Setup

Deck setup is shown in Figure 23.

| Data ”
Control

, Cards
/

/ Second problem \

First problem

Last problem

Control
Cards

Control
Cards

Procedures and main program

Figure 23.

Sample

The listing of input cards for the sample problem is
shown in Figure 24.

“SAMPLE 4 10
A 48 3¢ W 2 20
2

~
N

o~®
-
o

25 16 11
2¢€ 18 1C
28 16 11

FEXCINICEN
=
Svouwae
-
~
~NCWwWNW
NN N
oo~NoN®
ouuo -~
VoOwwN®
o
o

o
~
—

cowowo
N
It

Figure 24,
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Output
Description

The output of the sample é,nalysis—of-variance pro-
gram includes the numbers of levels of factors as
input, the mean of all data, and the table of analysis
of variance. In order to complete the analysis of
variance properly, however, certain components in
the table may need to be pooled, This is accom-
plished by means of summary instructions that
specifically apply to the particular experiment.
Some of these are presented in Table 4.

As mentioned earlier, the sample problem is a
randomized complete block design with three factors
replicated twice. Therefore, it is necessary to pool
certain components in the table of analysis of vari-
ance shown in Figure 25. Specifically, the compo-
nents AR, BR, ABR, CR, ACR, BCR, and ABCR
are combined into one value, called the error term.
The result is indicated in Figure 25, Since these
data are purely hypothetical, interpretations of the
various effects are not made.

Table 4, Instructions to Summarize Components
of Analysis of Variance

Randomized
Single Classification | Two-way Classificatiog Complete Block Split Plot
with Replicates with Cell Replicates [with Two Factors
(Input)
Factor No. 1 Groups =A Rows =A Factor 1 = A Main treatment = A
2 Replicates = R Columns =B Factor2 = B Subtreatment = B
3 Replicates = Blocks = Blocks =R
(Output)
Sums of squares A A A A
R B B B
AR AB AB AB
R R R
AR AR AR
BR BR BR
ABR ABR ABR
Summary Error =R + (AR) Error =R + (AR) Error = (AR)+(BR) | Error = (BR)+(ABR)
instruction +HBR)+(ABR) +(ABR) (]
Analysis of Groups A Rows A Factor 1 A Main treatment A
variance Error Columns B Factor2 B Blocks
Interaction AB Interaction AB Error (a) AR
Error Blocks R Subtreatment B
Error Interaction AB
Error (b)
Sample

The output listing for the sample problem is shown
in Figure 25,

ANALYSIS OF VARIANCEessose SAMPLE
LEVELS OF FACTORS

A 4

B 3

c 3

R 2
GRAND MEAN 9.40278
SOURCE OF SUMS OF DEGREES OF MEAN
VARIATION SQUARES FREEDOM SQUARES
A . ’ 229.04166 3 T76.364721
B 722.69434 2 361.34717
AB 1382.08325 6 230.34720
c 55.11110 2 27.55554
AC 42.00000 6 7.00000
BC 13.13889 4 3.28472
ABC 140.75000 12 11.72917
R 141.68054 1 141.68054
AR 18.81944 3 6.27315
BR 6.02778 2 3.01389
ABR 176.97221 6 29.49536
CR 40.77777 2 20.38889
ACR 5C.55554 6 8442592
BCR 62.63889 4 15.65972
ABCR 151.€2777 12 12.58565
TOTAL 3233.31763 71
END OF SAMPLE PROGRAM

Figure 25.

Program Modifications

Input data in a different format can also be handled
by providing a different format statement. In order
to familiarize the user with the program modifica~
tions, the following general rule is supplied in terms
of the sample problem:

Only the format statement and the variable per card
count indicator for input data may be changed. Since
sample data are either one- or two-digit numbers,
rather than using a six-column field, as in the
sample problem, each row of data might have been
keypunched in a two-column field; if so, the format
is changed to (12 F(2,0)). This format assumes
twelve 2-column fields per card, beginning in
column 1,

Operating Instructions

The sample analysis of variance program is a stan-
dard PL/I program. Special operating instructions
are not required. Data set SYSIN is used for input;
data set SYSPRINT, for output.

Timing

The execution of this sample program on a System/
360 Model 40, using an IBM 2540 Card Reader as
input and an IBM 1403, Model N1, as output, is 11
seconds.
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ANOV., . ANOV 10
A K % ok /ANOV 20
/% */ANJV  30.
1% T0 READ THE PROBLEM PARAMETEF CARD FOR ANALYSIS OF VARIANCE, */ANOV 40
/% CALL THE PROCEDURES FOR THE CALCULATION CF SUMS OF SQUARES, */ANOV 5C
lAd DEGREES OF FREEDOM AND MEAN SQUAPE, AND PRINT FACTD® LEVELS, */ANOV 60
/% GRAND MEAN AND ANALYSIS OF VARIANCE TABLE. */ANOV 70
A */ANQV 80
£ RE R ZANOV 90
PROCEOUFE OPTIONS (MAIN) .. ANOV 100
DECLARE ANOV 11¢
(TyJsKyLsMyMM,N) ANOV 12C

FIXED BINARY, . ANOV 13C

ERROR EXTERNAL CHARACTER(1}, ANOV 14C

PR1 CHARACTER (6), ANOV 150

CH CHARACTER (8C)y. ANOV 160

% */ANOV 170
ON ENDFILE (SYSIN) GO TO EXIT,. ANDV 18C

.o ANGV 19C

GET EDIT (CH) (A(8C))y. ANGCV 200
GET STRING (CH) EDIT (PR1,K) (A(E)4F(2)),. ANOV 21C
/1% */ANCV 22C
1% PRL....PROBLEM NUMBER (MAY BE ALPHAMERIC) *#/ANOV 230
A Keoooeo NUMBER GF FACTORS */ANOV 240
s */ANOV 250
=(2%%K) =1y ANOV 260

ONE.. ANDV 27C
BEGIN, . ANDY 280
DECLARE ANCV 29C
{SUMSQ(N) y SMEAN(N) yGMEAN, SUN) ANOV 3CC

FLOAT BINARY, /*SINGLE PRECISION VERSION
1% FLDAT BINARY (53),. /%DOUBLE PRECISION VERSION
(LEVEL(K) yNDFIN),ISTEP(K)) BINARY FIXED,
(HEAD(K)yFMT(K}) CHARACTER (11,.
GET EDIT (CH) (AL8G)),.
GET STRING (CH) EDIT ((HEAD(I),LEVEL(I) DO I=1 TO K))
(140ALL)4F(4))),.

/1%

/% HEAD..,FACTOR LEVELS

/% LEVEL..LEVELS OF FACTORS
/%

PUT EDIT ('ANALYSIS OF VAPIANCE.....'yPR1,'LEVELS OF FACTORS')
(PAGESKIP(4),COLUMN(10) yA,A[6)4SKIP(4)yCOLUMN(LG)sA),.

PUT EDIT ((HEAD(I),LEVEL(I) DO I= 1 7O K))
(SKIPyCOLUMNIL3) yA(1) 9 XUT)4F(4) ),

/%SE/ANCY 31C
/%D%/ANOV 32C

ANOV 33C
ANQV 340

ANCV 370
*/ANGV 280
*/ANOV 390
*/ANOV 4CO
*/ANQV 410

ANOV 420

ANOV 430

ANOV 440

ANOQV 45C

ANOV 46C

ANQV 47C

ANDV 48C

ANOV 49C

ANOV 500

ANOV 510

ANOV 54C
*/ANGV 550
*/ANCV 560

M = PROD (LEVEL)y.
MM = PROD (LEVEL+1l),.
TWO..
BEGINy .
DECLARE
X(MM)
FLOAT BINARY.. /%SINGLE PRECISION VERSION /#Sx/ANOV 520
Al FLOAT BINARY (53),. /*DOUBLE PRECISION VERSION /*D¥/ANGCV 530
X =0y,
1%
1% READ IN ALL INPUT DATA
/%

CALL DAT3 (MyX)y.
CALL AVAR (KyLEVEL My XsGMEAN,SUMSQ,yNDF ySMEAN) 5«
IF ERROR NE '0°*
THEN DOy.
PUT EDIT ('IN ROUTINE AVAR ERROR CODE = *,ERROR)
COLUMN{10) sA9A(1) ) 4.
GO TO S100Cy.

(SKIP(2)y

ENDy o
/1%
7% PRINT THE GRAND MEAN
/%

PUT EDIT ('GRAND MEAN',GMEAN)} (SKIP(6),COLUMN(LIC)+A4F(2C,5))s.

A PRINT ANALYSIS OF VARIANCE TABLE
1%

PUT EDIT ('SOURCE OF' ,'SUMS OF','DEGREES OF','MEAN',
'VARIATION®, * SQUARES®,*FREEDCM" , * SQUARES ")
(SKIP(6)yCOLUMNI10) yAsX(18) 444X (10)+AyX(9)9AsSKIPy
COLUMN{10) 9A+X(18)sAsX(11)1AsX(10)9A)s.

PUT SKIP(2),.

ISTEP= 0,.

ISTEP(1)= 1,.
0 I 1

/% INITIALIZE FOR PRINT OUT

L = 0y
DO J =1 TO Ky
FMT(J)=" 1,
IF ISTEP{J) NE C

THEN DOy
L =L+ly.
FEMT(L)=HEAD(J) 4.
ENDy.

ENDyo

PUT EDIT ((FMT(L) DO L= 1 TO K),SUMSQ(I),NDF{I),SMEAN(I})
(SKIP,COLUMN(1C),(K)A(1),COLUMN(23),F(2C,5),X(10)y
F(6)+F(2015)) 4.

IF I LT N
THEN DQ,.
DO J = 1 TO Ky
IF ISTEP(J)= O
THEN DO,.
ISTEP(J)=1,.
GO TO S1604.
ENDy. '
ISTEP(J)=0,.
END,.
END,y .«
516044
ENDy .
M =M=1l,.

SUN  =SUM({SUMSQ),.

PUT EDIT {'TOTAL®,SUN,M)
XC1C)F(6) )y

ENDy o

ENDy o

GO TO S1C0y.

EXIT.. .

PUT FILE (SYSPRINT) EDIT ('END OF SAMPLE PROGRAM')
(SKIP(5),COLUMN(10) 4A),.

ENDy «

(SKIP(2),COLUMN(10)4A,X(10),F(1845),

/%END OF PROCEDURE ANOV

ANOV 810
ANOV 82C
ANOV 830
ANDV 84C
ANOV 850
ANOV 86C
ANOV 870
ANOV 880
ANOV 890
ANOV 900
ANOV 910
ANOV 920
ANOV 930
ANOV 940
ANOV 950
ANOV 960
ANOV 970
ANOV 980

- ANOV 990
ANOV1000
ANOV1010
ANOV1020
ANOV1030
ANOV1040
ANOV1050
ANOV1060
ANOV1070
ANOV1080
ANOVL090
ANOV1100
ANOV1110
ANOV1120
ANOV1130C
ANOV1140
ANOV1150

*/ANOV1160
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DAT3.. DAT3 10
VELEES /DAT3 20
1% . */DAT3 30
/% TO READ A VECTOR OF FLOATING POINT DATA. */DAT3 40
/% */DAT3 50
Vhihiks /DAT3 60
PROCEDURE (M4D)e. DAT3 70
DECLARE DAT3 80

CH CHARACTER(80), DAT3 90
(1,MyNyN1yN2) DAT3 100

FIXED BINARY, DAT3 110

D(M) FLOAT BINARY,. DAT3 120

Al */DAT3 130
/% N EQUAL THE NUMBER OF DATA POINTS PER 80 COLUMNS OF A DATA  */DAT3 140
% CARD. */DAT3 150
> */DAT3 160
ON ENDFILE (SYSIN) DAT3 170
GO TO EXITy. DAT3 180

N =124 DAT3 190
N1 =ly. DAT3 200
N2 =N,. DAT3 210
S$10.. DAT3 220
IF M LE N2 DAT3 230
THEN N2 =M,. DAT3 240
GET EDIT (CH) (A(80)),. DAT3 250
GET STRING (CH) EDIT ((D(I) DD I= N1 TO N2)) ((N)F(640)),y. DAT3 260
N1 =N2+1,. DAT3 270
IF N1 LE M DAT3 280
THEN DOy . DAT3 290
N2 =N24N,. DAT3 300

GO TN S1Gy. DAT3 310

END,y o DAT3 320

REVERT ENDFILE (SYSIN),. DAT3 330
RETURN, . DAT3 340
EXIT.. DAT3 350
PUT FILE (SYSPRINT) EDIT (*ERROR INSUFFICIENT DATA') DAT3 360
(SKIP(1)+COLUMN(10) A}y DAT3 370

STOP, . DAT3 380
ENDy . /*END OF PROCEDURE DAT3 */DAT3 390

DISCRIMINANT ANALYSIS MDSC

Problem Description

A set of linear functions is calculated from data on
many groups for the purpose of classifying new

individuals into one of several groups.

The classi-

fication of an individual into a group is performed
by evaluating each of the calculated linear functions,
then finding the group for which the associated prob-

ability is largest.

The sample problem for discriminant analysis
consists of four groups of observations, as presented

in Table 5.

The number of observations in the first

group is eight, the second group seven, the third
group seven, and the fourth group eight. The number

of variables in all groups is six.
Program

Description

The discriminant analysis consists of the main pro-
gram MDSC, a special input routine DAT2, and
three subroutines from the Scientific Subroutine

Package: DMTX, MINV, DSCR.
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Table 5. Sample Data for Discriminant Analysis

Observation X, X, X, X, X X5
Group 1 1 3 10 9 8 24 8
: 2 4 12 3 8 22 7
3 9 3 2 8 9 8
4 16 2 2 2 7 2
5 5 10 5 8 23 9
6 17 3 2 8 6 3
7 2 10 9 8 29 16
8 7 10 5 8 28 18-
Group 2 1 9 10 27 8 28 16
’ 2 11 7 8 9 8 15
3 8 10 2 8 27 16
4 1 6 8 14 14 13
5 7 8 9 6 18 2
6 7 9 -8 2 19 9
7 7 10 5 8 27 17
Group 3 1 3 11 9., 15 20 10
2 9 4 10, 7 .9 9
3 4 13 10 7 21 15
4 8 5 16 16 16 7
5 6 9 10 5 23 11
6 8 10 5 8 27 16
7 17 3 2 7 6 3
Group 4 1 3 10 8 8 23 8
2 4 12 3 8 23 7
3 9 3 2 8 21 7
4 15 2 2 2 7 2
5 9 10 26 8 27 16
6 8 9 2 8 26 16
7 7 8 6 9 - 18 2
8 7 10 5 . 8 26 16

Capacity .

The capacity of the sample program and the format
required for data input have been set up as follows:
1. Up to 25 groups .

2. The number of variables and the number o
observations depend on the size of core available
for input.,

- 3..(12 F(6, 0)) format for input data, - Therefore,
if a problem satisfies the above conditions, it is
not necessary to modify the sample program, .How-
ever, if input data cards are prepared using a dif-
ferent format, the input format statement in the
special input routine may be modified. The general
rules for program modification are described
later. '

Tnput

Control Cards

" Two control cards are required for each problém
and are read by the main program, MDSC.

The first card is prepared as follows:

Columns Contents For Sample
E— _— Problem
1-6 Problem number (may SAMPLE
be alphameric) -
- 7-8 Number of groups 04
' (greater than 1)
9-10 Number of variables 06
11-12 Number of cards per 01
observation '

The second card is ‘prepared as follows:

Columns Contents For Sample
—_— —_— Problem
1-3 Number of observations 08
, in the first group .
4-6 Number of observations 07
. in the second group
7-9 Number of observations 08
in the third group
10-12 Number of observations
in the fourth group
73-75 Number of observations

in the 25th group
Leading zeros are not required to be keypunched.
Data Cards

Since input data are read into the computer one ob-
servation at a time, each row of data in Table 5 is
keypunched on a separate card, using the format
(12 F(6, 0)). This format assumes twelve 6-column
fields per card.

If there are more than twelve variables in a
problem, each row of data is continued on the sec-
ond and third cards until the last data point is key-
punched. However, each row of data must begin on
a new card. B :

If there is more than one data card per observa-
tion, the data card count indicator (NCARD), which
appears in columns 11-12 of the first control card,
must be changed to agree with the number of data
cards per observation,
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Deck Setup SAMPLE 4 6 1 10
a 7 71 8 20
i1 3 8 mo 7 i
The deck setup is shown in Figure 26. g2 2z 8 s 0 50
5 10 5 8 23 9 70
17 3 2 8 € 3 80
2 1Cc S 8 29 16 90
7 10 5 8 2€ 18 100
S 10 27 8 28 16 110
Last problem "o 2 8 21 1s 130
Cantrol A 10
Cards 7 9 8 2 15 9 160
7 1C 5 8 27 17 170
3 11 9 15 2C 10 180
S 4 10 7 S 9 190
4 13 1Cc 7 21 15 200
8 5 16 16 16 7 210
L] 9 10 5 23 11 220
& 1C 5 8 27 16 230
17 3 2 7 6 3 240
Second problem 310 8 8 23 8 250
Control L 22
Cards 15 2 2 2 7 2 280
S 1C 26 8 27 16 290
e S 2 8 26 16 300
7 8 6 S 18 2 310
7 10 5 8 2¢ 16 320
First problem Figure 27.
Control
Cards Output
J ki shnd
Description
The output of the sample program for discriminant
analysis includes:
Procedures and main program 1. Means of variables in each group
2. Pooled dispersion matrix
3. Common means
4, General Mahalanobis D-square
5. Constant and coefficient of each discriminant
function
6. Probability associated with the largest dis-
Figure 26. criminant function evaluated for each observation
Sample
b Sample
The listing of input cards for the sample is shown The output listing for the sample problem is shown
in Figure 27, as Figure 28. :
DISCRIMINANT ANALYSIS..... SAMPLE
NUMBER OF GROUPS 4
NUMBER JF VARIABLES 6
SAMPLE SIZES..
GROUP
1 8
2 7
3 7
4 8
GROUP 1 MEANS
7.8750C 7.50CCC 4.62500 7.25000 18.500C0 8.87500
GROUP 2 MEANS -
7.14286 8.57143 9.57143 T7.85714 20.14285 12.57143
GROUP 3 MEANS -
7.85714 7.85714 8.85714 9.28571 17.42856 10.14286
GROUP & MEANS'
7.750C0 8.00c00 6.750C0 7.37500 21.37500 9.25000
POOLED DISPERSION MATRIX
ROW 1
19.61876 -11.16208 -5.21497 ~6.09890 —22.74855 -9.54052
ROW 2 - -
-11.16208 11.94505 5.61813 1.91758 22.60982 10.66757
ROW '3 : '
—5.21497 5.61813 39.45938 3.93681 16.23486 9.34546
ROW 4 . i
-6.09890 1.91758 ‘3.93681 9.83310 4.62156 3.83791
ROW 5
~22.74855 22.60982 16.23486 4.62156 62.78633 30.18262
ROW 6
-9.54052 10.66757 2.34546 3.83791 30.18262 29.57480
Figure 28.
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CGMMON MEANS

EVALUATION CF CLASSIFICATION FUNCTICNS FOR EACH CBSERVATION

GROUP 1
PROBABILITY ASSOCIATED WITH LARGEST
OBSERVATION LARGEST DISCRIMINANT FUNCTION FUNCTION NO.
1 C.38C65 4
2 C.37C45 1
3 C.36261 1
4 C.44190 1
5 C.34454 1
6 C. 44215 3
7 C.31787 2
8 €.29274 - 2
GROUP 2
PRCBABILITY ASSOCLATED-WITH LARGEST

CBSERVATION LARGEST CISCFIMINANT FUNCTION
+51C€29
+50C6C
+3476C
«43130
44282
+364CT
. 28515

FUNCTION NO.

NeVM bW -
Annmmnan
NN W AW

GROUP 3 )

PRCBABILITY ASSNCIATED WITH
LARGEST DISCRIMINANT FUNCTION
67611
.46629
54636
66688
3¢600
33043
+39005

LARGEST

OBSERVATION FUNCTION NO.

Nouwpr W
o0o0mnoNn
WENW NN W

GROUP 4 .
PROBABILITY ASSOCIATED WITH
LARGEST DISCRIMINANT FUNCTION

LARGEST
OBSERVATION FUNCTION NO.
«37475
+62340
« 45657
«52175
«34061
«43135
C.27849

ERNE XU RE N
OoONNOOOO
w

EEE YN

END OF SAMPLE PROGRAM

T.66667 7.96667 7.33333 7.90000 19.39998
GENERALTZED MAHALANOBIS D-SQUARE 12.78063
DISCRIMINANT FUNCTION 1
CONSTANT *  COEFFICIENTS
~-28.49431 *
2.63870 2.122¢5 -0.17167 1.91198
DISCRIMINANT FUNCTION 2
CONSTANT *  COEFFICIENTS
-29.21C17 *
2.6193C 2.2523C ~0.04816 1.88319
OISCRIMINANT FUNCTION 3
CONSTANT *  CCEFFICIENTS
-31.86435 *
2.7445C 2439588 -0.06457 2.13260
DISCFIMINANT FUNCTION 4
CCNSTANT *  COEFFICIENTS
-3C.82028  *
2.7186C 2.€3927 -0.13352 1.94539

10.13332
0.58476 -0.40477
0.43732 -0.21784
0.426¥9 -0.32718
0.71677 ~0.48760

Figure 28. (Continued)
Program Modification

1, Changes in the input format statement of the
special input routine, DAT2:
Only the format statement for input data may be
changed. Since sample data are either one- or
two-digit numbers, rather than using six-column
~ fields, as in the sample problem, each row of data
might have been keypunched in two-column fields;
if so, the format is changed to (6 ¥(2,0)). This
format assumes six 2-column fields per card,
beginning in column 1.
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2. If there are more than twelve variables in a
problem, each row of data is continued on the sec-
ond card until the last data point is keypunched.
However, each row of data must begin in a new
card. If there is more than one data card per ob-
servation, the value of the data card count indicator
(NCARD), which appears in columns 11-12 of the
first control card, must be changed to agree with
the number of data cards,
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Operating Instructions

The sample program for discriminant analysis is a

standard PL/I program. Special operating instruc-
tions are not required. Data set SYSIN is used for

input; data set SYSPRINT, for output.

Timing

The execution of this sample program on a System/
360 Model 40, using an IBM 2540 Card Reader as
input and an IBM 1403, Model N1, as output, is 28
seconds.

MDSC.. MDSC 10
/ /MDSC 20
I+ */MDSC 30
/% TO READ THE PROBLEM PARAMETER CARD AND DATA FOR DISCRIMINANT */MDSC 40
/~ ANALYSIS, CALL THE PROCEDURES TO CALCULATE VARIABLE MEANS IN */MDSC 50
/% EACH GROUP, PODLED DISPERSION MATRIX, COMMON COEFFICIENTS OF */MDSC 60
/% DISCRININANT FUNCTIONS AND PROBABILITY ASSOCIATED WITH LARG- */MDSC 70
/% EST DISCRIMINANT FUNCTIDN OF EACH CASE IN EACH GROUP, AND  */MDSC 80
/% PRINT THE RESULTS. */MDSC 90
/% */MDSC 100
/MDSC 110

PROCEDURE OPTIONS (MAIN) 5. MDSC 120
DECLARE MDSC 130
(IsdsKoLyMyNL4N24NN) MDSC 140

FIXED BINARY, . MDSC 150

PRL CHARACTER (6), MDSC 160

ERROR EXTERNAL CHARACTER (1), MDSC 170
(NCARDsNV) EXTERNAL, MDSC 180

CH CHARACTER (80),. MDSC 190

’% */MDSC 200
ON ENDFILE (SYSIN) GO TO EXIT,. MDSC 210
5100.. MDSC 220
GET EDIT (CH) (A(80)),. MDSC 230
GET STRING (CH) EDIT {PRLsKyMsNCARD) (A(6)53 F(2)),. - MDSC 240
’* */MDSC 250
/% PRL. PROBLEM NUMBER (MAY BE ALPHAMERIC) */MDSC 260
’* -NUMBER OF GROUPS */MDSC 270
7% <NUMBER OF VARIABLES */MDSC 280
7% NCARD....NUNBER OF CARDS PER OBSERVATION */MDSC 290
’* */MDSC 300
NCARD=NCARD*80y. MDSC 310

NV =0,. . MDSC 320
ONE.. MDSC 330
BEGIN,. MDSC 340
DECLARE MDSC 350
N(K) FIXED BINARY, MDSC 360
(XBAR(MyK)sC(M+14K) 4D (MyM) CMEAN (M) 4 DETVy CON) MDSC 370

BINARY FLOAT,. /*SINGLE PRECISION VERSION /*S#/MDSC 380

/% BINARY FLOAT (53),. /%DOUBLE PRECISION VERSION /#D*/MDSC 390
/% */MDSC 400
7% READ SAMPLE SIZE OF EACH GROUP */MDSC 410
/% */MDSC 420
GET EDIT (CH) (A(80)) : MDSC 430
GET STRING (CH) EDIT {IN(I) DO I= 1 TO K)) . MDSC 440
(25 F(31),. MDSC 450

NN =SUM (N)ye MDSC 460
THO. . MDSC 470
BEGIN, .« MDSC 480
DECLARE MDSC 490
LG(NN) FIXED BINARY, MDSC 500

X(NN,M) FLOAT BINARY, MDSC 510

PINN) MDSC 520

BINARY FLOAT,. : /#SINGLE PRECISION VERSION /#S#/MDSC 530

I BINARY FLOAT (53),. /*DOUBLE PRECISION VERSION /#D%/MDSC 540
PUT EDIT (*DISCRIMINANT ANALYSIS.....?yPR1, ' NUMBER OF GROUPS',K, MDSC 550

' NUMBER OF VARIABLES,My' SAMPLE SIZES..'y'GROUP') MDSC 560

(PAGE +SKIP14) yCOLUMN(L0) ,A»A»SKIP(2) COLUMN(10)4AsX(7)5F(3),  MDSC 570
SKIP(1)yCOLUMN(10) A+ F(T) 4 SKIPI1),COLUMN(10),A,SKIP(1)y MDSC 580
COLUMN(22) 4A) ye MDSC 590

puT EDI'I‘ (u,mu DO I= 1 TO K)) (SKIP(1),COLUHN(22),F(3),X(8), MDSC 600
MDSC 610

put son (- 1) (SKIP(2),A),s MDSC 620
/% . */MDSC 630
/+ READ IN DATA. IN THE MANNER EQUIVALENT TO A 3-DIMENSIONAL  */MDSC 640
’* ARRAY X(Ly191)9X(2y191)9X{3,1,1),ETC. THE FIRST SUBSCRIPT  */MDSC 650
/% IS THE CASE NUMBER,THE SECOND SUBSCRIPT IS THE VARIABLE */MDSC 660
/% NUMBER AND THE THIRD SUBSCRIPT IS THE GROUP NUMBER */MDSC 670
’* */MDSC 680
DO I = 1 TO NN, MDSC 690

CALL DATZ (M,CHEAN] 5o MDSC 700
J=17T0 Mye MDSC 710
X(1,J)=CHEAN(J) 40 MDSC 720

END; . MDSC 730

ENDy. MDSC 740

CALL DMTX (K,M,N;X,XBAR;D) 5. MDSC 750

IF ERROR NE '0° MDSC 760
THEN DO, . MDSC 770
PUT EDIT ('IN ROUTINE DMTX ERROR CODE = *,ERROR) MDSC 780
(SKIP(2),COLUMNI10) yAsALL) )y MDSC 790

GO TO FINy. MDSC 800

END, . MDSC 810

/% */MDSC 820
7% PRINT MEANS AND POOLED DISPERSION MATRIX */MDSC 830
I */MDSC 840
DO I =1 T0K, MDSC 850

PUT son (*GROUP® I, MEANS®] (SKIP(2),COLUMN(11),A,F(3),X(2), MDSC 860

MDSC 870

pUT EDXT ((XBAR(J,I) DO J= 1 TO M)) (SKIP(1),COLUMN(10), MDSC 880
(6)F(1545)) 4. : MDSC 890

MDSC 900

pUT snn {'POOLED DISPERSION MATRIX') (SKIP(3),COLUMN(10),A),. MDSC 910
DO I =17T0H, MDSC 920

PUT EDIT (*ROW®,I) (SKIP(2)sCOLUMN(10)5A/F(31),. MDSC 930

PUT EDIT ((D[I,J) DO J= L TO M)) (SKIP,COLUMN(10)+6 F(15,5)),. MDSC 940

END,. MDSC 950

CON =0, MDSC 960

CALL MINV lD'M'DET'CDN).. MDSC 970
IF ERROR NE MDSC 980
THEN DO,y. MDSC 990
PUT EDIT (*IN ROUTINE MINV ERROR CODE = *',ERROR) (SKIP(2), MDSC1000

. COLUMN(10)1AsA(1)) 4. MDSC1010

GO TO CONTy. MDSC1020

ENDy . MDSC1030

CALL DSCR (KyMyNyXsXBARyDyCHMEANsV+CyPyLG)ye MDSCL040
IF ERROR NE '0°¢ MDSC1050
THEN DOy.. MDSC1060
PUT EDIT ('IN ROUTINE DSCR ERROR CODE = *,ERROR) MDSCL070
(SKIP(2)yCOLUMN(LO) yAsA(L) ). MDSC1080

GO TO S100s. MDSC1090

ENDy . MDSC1100

/* */MDSC1110
% PRINT THE COMMON MEANS. */MDSC1120
/% */MDSC1130
PUT EDIT ("COMMON MEANS*) (SKIP(4),COLUNN{10)+A)s. MDSC1140
PUT EDIT ((CMEAN(I) DO I= 1 TO M)) (SKIPsCOLUMN(LO),(6)F(15,5)),. MDSC1150
lAd */MDSC1160
VAd PRINT GENERALIZED MAHALANOBIS D-SQUARE */MDSC1170
IAd */MDSC1180
PUT EDIT ('GENERALIZED MAHALANOBIS D—~SQUARE',V) MDSC1190
{SKIP(4)COLUMN(10) ,AsF(15+5)4SKIP(2))s. MDSC1200

7% */MDSC1210
% . PRINT CONSTANTS AND COEFFICIENTS OF DISCRIMINANT FUNCTIONS */MDSC1220
/% */MDSC1230
DO I =1T0 MDSC1240.

PUT EDIT l'DISCRlHlNANT FUNCTION® 914" CONSTANT *1, MDSC1250
YCOEFFICIENTS®) (SKIP(2),COLUMN{10)sA¢F(3)ySKIP(2)y MDSC1260
COLUMN(L16)9AsX(3)4A) . MDSC1270

PUT EDIT (C(1l4s1),* * *) (SKIP(2),COLUMN{10)sF(1445)5A)y. MDSC1280

PUT EDIT ((C(Jy1) DO J= 2 TO M#1l)) (SKIPyCOLUMN(32), MDSC1290
(6)F(1455)) 4. MDSC1300

ENDy . MDSC1310

/% */MDSC1320
/% PRINT EVALUATION OF CLASSIFICATION FUNCTIONS OF EACH */MDSC1330
/* OBSERVATION. */MDSC1340
/% */MDSC1350
PUT EDIT ('EVALUATION OF CLASSIFICATION FUNCTIONS FOR EACH', MDSC1360

* OBSERVATION') (SKIP(4),COLUMNILO0)sAsA)se MDSC1370

N1 =ly. MDSC1380
N2 =N(1),. MDSC1390
DO I =1 T0 Kye MDSC1400

PUT EDIT (°*GROUP',I,'PROBABILITY ASSOCIATED WITH',"'LARGEST!', MDSC1410

' DBSERVATION'y*LARGEST DISCRIMINANT FUNCTION', MDSC1420

'FUNCTION NC.') MDSC1430
(SKIP(2)COLUMN(10)sAsF(3)ySKIPsCOLUMN{28)5AsX(11)+4, MDSC1440
SKIP3COLUMN(10) sA9X(5) 9AsX(8)5A)y. MDSC1450

L =05 MDSC1460

DO J = N1 TO N2ye MDSC1470

=L+1ly MDSC1480

PUI’ EDIT (L'P(J)'LG(JH {SKIP,COLUMN(10)sF(6)+X{20)4F(8,5)MDSC1490

1X(20) 4F(6) )y MDSC1500

ENDy o MDSC1510

IF I = K MDSC1520

THEN GO TO CONTs. MDSC1530

N1 =N1+N(I),. MDSC1540

N2 =N2+N(I+1),. MDSC1550

ENDy. MDSC1560

CONT.. MDSC1570
ENDy . MDSC1580

ENDy .o MDSC1590
GO TO S100y. MDSC1600
EXIT.. MDSC1610
PUT FILE (SYSPRINT) EDIT ('END OF SAMPLE PROGRAM') MDSC1620
(SKIP(5),COLUMN{10) 5A) . MDSC1630

FIN.. MDSC1640
ENDy .o . /*END OF PROCEDURE MDSC */MDSC1650
DAT2.. DAT2 1C
/ /DAT2 20C
VAl *#/DAT2 3C
Al TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIME. */DAT2 40
A DATA MAY BE SAVED ON A DATA SET. */DAT2 S0
lad */DAT2 60
/ /DAT2 T7C
PROCEDURE (M4D)y. DAT2 80
DECLARE DAT2 90
XDATA FILE STSEAM ENVIRONMENT (CONSECUTIVE V(2000,2GC)), DAT2 100
(NCARDyNV) EXTERNAL, DAT2 116

CH CHARACTER (NCARD) o DAT2 120
(1yMyMM) FIXED BINARY, D0AT2 130

D{*) FLCAT BINARY,. DAT2 140

/% */DATZ 150
ON ENOFILE (SYSIN) DAT2 16C
GO TO EXITy. DAT2 170
GET EDIT (CH) (AINCARD)),. * DAT2 180

MM =CEIL(M/12),. DAT2 19C
GET STRING (CH) EDIT {(D(I) DO I= 1 YO M)) DAT2 20C
(IMM)TE12)F(64C)4X(8))) 4. DAT2 21C

IF NV= 1 DAT2 22C
THEN PUT FILE (XDATA) EDIT ((D(I) DO I= 1 TO M)) ((MIF(6,+C))y. DAT2 23C
REVERT ENDFILE (SYSIN),. DAT2 240
RETURN, « DAT2 250
EXIT.. DAT2 26C
PUT FILE (SYSPRINT) EDIT ('ERROR INSUFFICIENT DATA') DAT2 27C
(SKIP(1),COLUMN(10),A),. DAT2 280

sTOP, . DAT2 290
ENDy . /*END OF PROCEDURE DAT2 *#/DAT2 300

Appendix B--Sample Program--Principal Components Analysis

PRINCIPAL COMPONENTS ANALYSIS FACT

Problem Description

A principal component solution and the varimax

rotation of the factor matrix are performed. Prin-
cipal components analysis is used to determine the
minimum number of independent dimensions needed

281




to account for most of the variance in the original
set of variables. The varimax rotation is used to
simplify columns (factors) rather than rows (vari-
ables) of the factor matrix. _
‘The sample problem for principal components
- analysis consists of 23 observations with nine
variables, as presented in Table 6. In order to
keep the number of independent dimensions as small
as possible, only those eigenvalues (of correlation
coefficients) greater than or equal to 1.0 are
retained in the analysis.

Table 6. Sample Data for Principal
Components Analysis

Observation Xy Xz X3 Xy Xs Xs X Xs Xy
1 7 7 9 7 15 36 60 15 24

2 13 18 25 15 13 35 .61 18 30

3 9 18 24 . 23 12 43 62 14 31
4 7 13 25 36 11 12 63 26 32
5 6 8 20 7 15 46 18 28 15

6 10 12 30 11 10 42 27 . 12 17

7 7 6 11 7 15 35 - 60 20 25

. 8 l6 19 25 l6 13 30 64 20 30
9 9 22 26 24 13 40 66 15 32
10 8 15 26 30 13 10 66 25 34
11 8 10 20 8 17.. 40 20 30 18
12 9 12 28 11 8 45 30 15 19
13 11 17 21 30 10 45 60 17 30
14 9 16 26 27 14 31 59 19 17
15 10 15 24 18 12 29 48 18 26
16 11 11 30 19 19 26 57 20 30
17 16 9 16 20 18 31 60 21 .17
18 9 8 19 14 l6 33 67 9 19
19 7 18 22 9 - 15 37 62 11 20
20 8 11 23 18 9 36 61 22 24
21 6 6 27 23 7 40 55 24 31
22 10 9 26 26 10 37 57 27 29
123 8 10 26 15 11 42 59 20 28

_1:“'1*0 gram
Description

The principal components analysis sample program
consists of a main routine, FACT, a special input
routine named DAT2, and five subroutines from the
Scientific Subroutine Package: CORR, MSDU,
TRAC, LOAD, and VRMX.

Capacity

The capacity of the sample program and the format
required for data input have been set up as follows:

1. Up to 96 variables can be read.

2. Up to 99999 observations can be read.

3. Up to eight data cards per observation can be
read. - '

4. (12 F(6,0)) format for input data cards. -
Therefore, if a problem satisfies the above condi-
tions, it is not necessary to modify the sample .
program. However, if input data cards are pre-
pared using a different format, the input format
statement in the input procedure, DAT2, must be
modified. The general rules for program modifi-
cation are described later. :

Input
Control :Card ‘
Contents

Columns For Sample Problem

1-6 Problem number

: (may be alphameric)
7-11  Number of obser-.

' vations , 00023
Number of variables 09
Value used to limit 0001.0
the number of eigen- ‘
values of correlation

coefficients. Only

those eigenvalues

greater than or equal

to this value are re-

tained in the analysis.

(A decimal point

must be specified.)

Number of data 01
cards per observa- '
tion.

. SAMPLE

12-13
14-19

20-21

Leading zeros do not have to be keypunched.
Data Cards ‘

Since input data are read into the computer one ob-
servation at a time, each row'of data in Table 6 is
keypunched on a separate card, using the format
_(12 F(6,0)). This format assumes twelve 6-column
fields per card. S ‘

If there are more than twelve variables in a
problem, each row of data is continued on the second .
and third cards until the last data point is keypunched..
However, each row of data must begin on a new card.

Deck Setup

The deck setup is shown in Figure 29.
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Figure 29,

Sample

Control
Card

Control
Card

Control
Card

Second problem

First problem

Procedures and main program

SANPLECOC22090C01.C 1 10
3 7 9 7 15 36 60 15 24 20
13 18 25 15 13 35 6l 18 30 30
Last problem 9 18 24 23 12 43 62 14 31 40
? 12 25 36 11 12 &3 26 32 50
6 8 20 7 15 46 18 28 15 60
10 12 30 11 1c 42 27 12 17 70
7 6 11 7 15 35  6C 20 25 80
16 1s 25 16 12 30 64 20 30 90
S 22 26 24 13 40 66 15 32 100
8 15 26 30 13 10 66 25 34 110
8 10 20 8 17 40  2¢ 30 18 120
s 12 28 11 8 45 E 15 19 130
11 17 21 ac 1 45 6C 17 30 140
S 16 26 27 14 a1 55 19 17 150
1c 15 24 18 12 29 48 18 26 160
11 1 30 19 is 26 57 20 30 170
16 s 16 20 18 a1 6c 21 17 180
s 8 19 14 16 33 67 9 19 190
7 18 22 s 15 37 62 11 20 200
8 1 23 18 s 36 6l 22 24 210
€ & 21 23 7 40 55 24 31 220
10 s 26 26 1 37 57 21 29 230
e 10 26 15 11 42 5 20 28 240

The listing of input cards for the sample problem is
shown in Figure 30.

Figure 30,
Output

Description

The output of the sample program for principal
components analysis includes:

1.

cycle
9.
10.

Means .

Standard deviations

Correlation coefficients

Eigenvalues

Cumulative percentage of eigenvalues
Eigenvectors

Factor matrix

Variance of factor matrix for each iteration

Rotated factor matrix
Check on communalities

Sample

The output listing for the sample problem is shown
in Figure 31.

PRINCIPAL COMPONENT ANALYSIS.....SAMPLE
NO. OF CASES 23
NO. OF VARIABLES 9
MEANS
9.30435 12.60870 23.00000 18.00000 12.86957 34.82608 564.00000
19.39130 25.13043
STANDARD DEVIATIONS
2.70412 4.59578 5.33427 8.33393 3.13781 9.29149 14.87826
5.56563 6.09249
CORRELATION COEFFICIENTS
ROW 1
1.00000 0.34987 0.11975 0.12102 0.21917  -0.09549 0.20901  -0.12908 0.05818
ROW 2
0.34987 1.0c00¢ 0.41311 0.35572  -0.08243  -0.0910C 0.29622  =-0.32044 0.35387
ROW 3
0.11975 0.41311 1.0000¢ C.41512  =0.43179  -0.08346  -0.10252 0.03215 0.27833
ROW 4
0.12102 0.35572 0.41512 1.0000C  -0.31288 . -0.50365 0.49856 .22539 0.5989C
ROW 5 :
0.21917  =-0.08243  =-0.43179  —0.31288 1.00000  =-0.23000 0.0331C  =-0.00475  -0.3C341
ROW 6
-0.09549  =-0.091C0  =-0.08346  =-0.50365 -0.23000 1.00000  -0.44520  -0.25441  -0.37456
ROW 7
0.20901 0.29622  -0.10252 0.49856 0.03310  -0.44520 1.00000  —0.28050 0.6C124
ROW 8 .
-0.12908  —C.32044 0.03215 0.22539  -0.00475  —0.25441  =-0.2805C 1.00000 ¢.13516
ROW 9
0.05818 0.35387 0.27833 0.59890  -0.30341  ~0.37456 0.60124 0.13516 1.0c0cC

Figure 31,
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EIGENVALUES

2.94988 1.64368
CUMULATIVE PERCENTAGE OF
0.32776 €.51040
EIGENVECTORS
VECTOR 1
0.16437 0.34836
VECTOR 2
0.34837 0.06552
VECTOR 3
-0.29899  -0.46825
VECTOR 4
0.54461 0.16909
FACTOR MATRIX ( 4 FACTOR
VARIABLE 1
0.28232 0.44663
VARIABLE 2
0.59831 0.0840C
VARTABLE 3
0.4946C  -0,57240C
VARIABLE 4
0.85293  -0.15248
VARIABLE 5
~0.28865 0.78475
VARIABLE 6
-0,56544  -0,33882
VARIABLE 7
0.68590 0.49621
VARIABLE 8
0.02211  -0.31853
VARIABLE 9
0.81614  =0.0771C
ITERATION VARIANCES
CYCLE
o 9.211228
1 0.336136
2 0.39702¢
3 0.4030C4
4 0.405175
5 0.405527
6 0.405579
7 0.4C5586
8 0.4C5586
9 0.4C5586
10 0.465586
11 0.4C5586
12 0.4C5586
ROTATED FACTOP MATRIX (
VARIABLE 1
0.05498 0.07183
VAPIABLE 2
0.29329  -0.39653
VARIABLE 3
C.C5114  -0.82493
VARIABLE &
0.74040  -0.414C1
VAP TABLE 5
-C.C9091 0.8C652
VARIABLE 6
-0.66236  -0.21579
VARIABLE 7
5.86997 0.18299
VARIABLE 8
0.03602  ~0.05520
VARIABLE 9
C.8C531  -0.32759

CHECK ON COMMUNALITIES
VARIABLE ORIGINAL
C.73409
0.73¢€49
C.81464
C.79955
C.83109
0.75725
€.92006
C.86476
C.75652

DBNOW A BN -

END OF SAMPLE PPOGRAM

1.55514 1.06579
EIGENVALUES
0.68319 0.80161
0.28797 0.49661 -0.16806
=0.44647 -0.11893 0.61210
-C.23534 0.17377 0.14468
C.28288 0.04163 0.30537
NI
-C.37286 0.56203
-0.58394 0.17457
-C.29348 0.39528
0.21671 0.04297
0.18C43 C.31525
-0.543C3 -0.16686
0.C2345 —0.44816
0.768C2 0.41587
0.15551 =0.24559
4 FACTORS)
-0.05578 0.85017
-G.35581 0.60549
0.15C68 0.32984
0.24579 0.13972
0.13525 0.39228
~C.44983 =0.20503
-0.34918 G.C883C
0.91375 -0.15962
0.00994 -0.C238C
FINAL DIFFERENCE
0.73408 0.00001
C.73647 0.00001
0.81463 0.00001
0.79954 0.00001
C.83107 0.00001
0.75724 0.000C1
C.92005 0.00001
C.86474 0.C0001
0.75651 0.00001

-0.32922

-0.26428

-0.43545

-0.16163

0.39935

0.38860

0.01881

-0.43410

0.01287

-0.24845
0.61587

0.40283

0.47518

-0.06014

0.12470

-0.23789

Figure 31, (Continued)
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Program Modifications

S§10C.. FACT 210
: Ger gg;}Né“:éH;‘és?l"’(’;ﬁl Ny MyCCN,NCARD) (A(6)4F(5),F(2),F(6,0) z‘g: 3
. GET Ny My ’ ’ ’ 1F(6,0), Al 230
Input data in a different format can also be handled ,, F(21),. FacT 240
by providing a different format statement. In order 2: ’“-----;;;Egagég"ﬁ“gigz‘;;": BE ALPHAMERIC ) 2/FACT 260
21 s Y sps * cee B VARIABL *
to familiarize the user with the program modifica- 2 " IGONSTANT USED T DECIDE HOW WANY EIGEWALUES  L/EACT 290
. . . . TO RETAIN */FACT 300
tions, the following general rules are supplied in e -NUMBER OF DATA CARDS PER OBSERVATION IEAGT 320
terms of the sample problem: NCARDZNCARD®00: - FACT 330
. . INy.
1. Changes in the input format statement of the DECLARE facT 3%
. . . (R{MyM) s VIMyM) 1BIM) sDIM) 3 S(M) o TIM) o XBAR(M),TV(51)4X(1,1)) FACT 37¢C
special input subroutine, DAT2: BINARY FLOAT,. /#SINGLE PRECISION VERSION /*S#/FACT 380
i I.PUT Eg:;‘A?Yp:?ﬁé;p;zaéﬁﬁpuneut ANAL:;??UBLE ?FIE:{SI?xDVEg:'DNS /:D‘IEACT 200
Only the format statement for input data may DT G PRINCIPAL COMPONE s+ PRLy ND. OF CASES', FACT 400
be changed. Since sample data are either one- or L AEKIPOLY COLURNC IS oA e oK TRy tCOLIMNIIB X FLS)  EAET 420
Py . . 10 =0y,
two-digit numbers, rather than using six-column X FACT 450
. . . = FACT 46C
fields as in the sample problem, each row of data g;tgkgggﬁNQN;g'lﬂmmR'S-vmm-- Fact 410
i i 3 o 9 THEN DO, .
mlght have been keypunched in two—COIumn flelds’ 1f i PUT EDIT (°*IN ROUTINE CORR ERROR CODE = ',ERROR) :::(C:; ggg
so, the format is changed to 9F(2,0). This format P L S T e
. . . . . END,y . FACT 530
assumes nine 2-column fields per card, beginning in PUT EDIT ('MEANS') (SKIP(2),COLUMN(LC),A) ACT 540
PUT EDIT ((XBAF(J) DO J= 1 TO M)) (SKvaCULUNN(lDl.(7)F(15p5l)7. FACT 550
column 1. 7 */FACT 560
1% PRINT MEANS AND STANDARD DEVIATIONS */FACT 570
] i i i * */FACT 580
The SpeCIa’l lnput Subroutlne’ DATZ’ 18 / PUT EDIT ('STANDARD DEVIATIONS') (SKIP(2),COLUMN(10),A),. FACT 590
normally Written by the user tO handle different e PUT EDIT ((S(J) DO J= 1 TC M)) (SKIP,COLUMN{10)},(7)F(15+5))y. ‘/::g; zsg
. /% ON COEFFICIENTS */FACT 620
formats for different problems. The user may % PRINT cORRELATION " S7ERCT 630
PUT EOIT ('CCRRELATION COEFFICIENTS®) (SKlP(Z)'CDLUHN(lO)'Ah- FACT 640
i i i i = TC M FACT 650
mOdlfy thls procedure to perform teStlng Of lnput SSTIEDI% (€RUH'.XI (SKIP(2),COLUMN(10)sAyF(3)}) . FACT 660
: P » D = M)) (S ’ M 29 F 9+5))s. FACT 670
data, transformatlon of data, and SO on. E:;'SD[T ((R(I,J) DO J=1 T0C ) KIP,COLUMNI10),9 F(12,5) FAEY 280
. . =0y FACT 69¢C
2. If there are more than twelve variables in a ??LE HSDU (R, Vy MV . FACT 700
RROR NE *
prOblem’ eaCh row Of data 1s contlnued on the . THEN gﬂ;.EDlT (*IN ROUTINE MSDU ERROR CODE ',ERROR} E:g; :llgg
second and third cards until the last data point is 60 m‘iﬁzfz"C°L”""”°""“”"‘ FACY 750
. FACT 760
keypunched. However, each row of data must begin CALL TRAC (M,R ,CONK1DI 4+ FACT 770
. o . 1F ERROR NE 'C* FACT 780
on a new card. If this condition exists, the value THEN DO, . FACT 790
. . . PUT EDIT (*IN ROUTINE TRAC ERROR CODE = ',ERROR) FACT 800
-of the data card count indicator (NCARD), which €0 7o' SALP(21COLUKNILDN 4,4t L D, . Fact 810
appears in columns 20-21 of the control card, must FA A /% PRINT EIGENVALUES srFACT 840
. SCI) =R(I,1),. FACT 850
be changed to agree with the number of data cards END, . _ FACT 860
PUT EDIT (*EIGENVALUES') (SKIP(3),COLUMN{1C)A},. FACT 870
T = ’ »9 F ’ 1. CT 880
per Tow. s PUT EDIT ((S(J) DO J= 1 TO K)) (SKIP,COLUMN(10},9 F(12,5)) ‘/E:CT gqo
1% PRINT CUMULATIVE PERCENTAGE OF EIGENVALUES */FACT 900
/% */FACT 910
Operating Instructions e et oz
PUT EDIT ((D(J) DO J= 1 TO K)) (SKIP,COLUMN(10}+9 F(12,5})s. FACT 940
1% */FACT 950
. . /% PRINT EIGENVECTORS AND FACTOR MATRIX */FACT 960
» */FACT 970
The sample program for prlnc:lpal components ! PUT EDIT ('EIGENVECTORS®) (SKIP(3),CCLUMN(10)+A)s. FACT 980
i i 3 = T FACT 99C
analySIS is a Standard PL/I program' Specla]' gtlTJEDllY (C"VECTDR'.J) (SKIP(2),COLUMN(10),A,F(3}), FACTL1000
operating instructions are not required. Data set BUT EOIT (VELd) 60 121 YC Wi} (SKIPIGOLUMNCIOYS FL12,31), - FACTION0
PUT EDIT,;'FACTDR MATRIX ('yK.' FACTORS)') FACT1030
SYSIN is used for input; data set SYSPRINT, for T SK1P 51+ COLUMNLION 1A+ F (31 48011 FACT1040
CALL LNAD (MyKeRygV)ye FACT1050
ERR G F 0
output. }’EENRDgT.NE F:‘c:;iggo
PUT EDIT ('IN ROUTINE LOAD ERROR CODE = *,ERROR) FACT1080
(SKIP(2),COLUMN(10)4A,A(1) ), FACT1090
. . GO T CCye 0
Timing B0y, FACTI110
—— DO I =1 TO Mye FACT1120
PUT EDIT {*VARIABLE®*,I) (SKIP(2),COLUMN(10),A,F(3)),. FACT1130
. . zx; EDIT ((V(1,J) DO J= 1 TO K)) (SKIP,COLUMN(10):9 F(12,5))s. ::g::};g
The execution of this sample program on a System/ AL o KAV sNCA TV ABTaD) s FACT1150
360 Model 40, using an IBM 2540 Card Reader as THEN D0y FACT1180
. . PUT (& R = 0 FACT1190
input and an IBM 1403, Model N1, as output, is 45 FUSKIP(2) ,COLUNNC 100 pAsalLY 1o s - 7 ERRORD FACTI200
d gnos o0 FACTI 220
seconas. «NC’; /% PRINT VARIANCES */FACT1230
PUT EDIT ('ITERAYION' *VARIANCES',' CYCLE') (SKIP(BI,CULUHN(!DI'A' FACT124C
X(7) 4A,SKIP, CULUHN([O).A),- FACT1250
DO I = )1 TO NW,. FACT1260
FACT.. £ACT 10 NC  =I-1,. FACT1270
Vs /FACT 20 PUT EDIT (NC,TV(I)) (SKIP,COLUMN(10),F(5),F(2046)),. FACT1280
r o] I i
1% TO READ T 0BL '
75 PERFORM A PRINCIPAL COMPONENT SOLUTION AND THE VARIMAX ROTA- »/FACT 56 7+ PRINT ROTATED FACTOR WATRIX s/EacTI3 10
“ TION OF A FACTOR MATRIX, AND PRINT THE RESULTS. AR PUT EDIT (YROTATED FACTOR MATRIX (',K,* FACTORS)®) FACT1330
7/ /EACT 80 (SKIP(3)yCOLUMNILC) 4A4F(3),A),. FACT1340
PROCEDURE OPTIONS (MAIN),. FACT 90 Lo 1 =1T0 M. FACT1350
DECLARE FACT 100 PUT EDIT ('VARIABLE®sI) (SKIP(2),COLUMN(10)AsF(3)),. FACT1360
CLr105dsKsMyMVoNyNC o NW) FaCT 110 PUT EDIT ((V(I,J) DO J= 1 TO K)) (SKIP;COLUMNIL0),9 F(12,5)),. FACT1370
FIXED BINARY, FACT 120 END, . FACT1380
ERROR EXTERNAL CHARACTER(1), FACT 130 * */FACT1390
(NV,NCARD) EXTERNAL, FACT 140 /% PRINT COMMUNALITIES */FACT1400
' CON FACT 150 ’* #/FACT1410
FLOAT BINARY, FACT 160 PUT EDIT ('CHECK ON CCMMUNALITIES®,'VARIABLE'y'ORIGINAL®,"FINAL',  FACT1420
PR1 CHARACTER (6], FACT 170 'DIFFERENCE®) (SKIP(3),COLUMN(1G)4AsSKIP(2),COLUMN(10),A, FACT1430
CH CHARACTER (80),. FACT 180 X(T)gApX012) 4 A X(10) 4A) 4. FACT1440
I% */EACT 190 DO I =1 TO M. FACT1450
ON ENDFILE (SYSIN) GO TO EXIT,. FACT 2CO0
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PUT EDIT (I,B(I),T(1),D(1)) (SKIP,COLUMN(10)+F(5)y3 F(18,5))s. FACTL460

ENDy . FACT1470

$20C.. FACT1480
FACT1490
FACT1500
FACT1510

- FACT1520
FACT1530

© */FACT1540

END, «
GO TO S1C0y.

PUT FILE (SYSPRINT) EDIT ('END OF SAMPLE PROGRAM')
(SKIP(5),COLUMN(10)4A) .
ENDy /*END OF PROCEDURE FACT

DAT2.. DAT2 10
/ *£%/DAT2  2C
7% =/DATZ * 30

/% TO READ FLOATING. POINT DATA, ONE OBSERVATION AT A TTME. */DAT2 40
1% DATA MAY BE SAVED ON A DATA SET. #/DAT2 50
1% */DAT2 69
/ ) Sk ko Rk & *x%/DAT2 TC
PROCEDURE (M4D)ye X DAT2 80
CECLARE DAT2 90
XDATA FILE STREAM ENVIRONMENT (CONSECUTIVE v(2000,200)), DAT2 100
(NCARD,NV) EXTERNAL, DAT2 11C

CH CHARACTER (NCARD) DAT2 120
(1+MyMM) FIXED BINARY, DAT2 130

D(*) FLOAT BINARY,. DAT2 140

/% */DAT2 150
CN ENDFILE (SYSIN) DAT2 16C

GO TO EXIT, . DAY2 170
GET EDIT (CH) (A(NCARD) )y DAT2 180

MM =CEIL(M/12) 4. DAT2 190
GET STRING (CH) EDIT ((D(I) DO I= 1 TO M)) CAT2 2060
(MM ((12)F(640)4X(8))) 4. DAT2 21C

IF Nv= 1 DAT2 22C
THEN PUT FILE (XDATA) EDIT ((D(I) DO I= 1 TO M)) ((MIF(6,C)),. DAT2 230
REVERT .ENOFILE (SYSIN),. DAT2 24C
RETURN, - DAT2 250
EXIT. DAT2 260
pPut F!LE (SYSPRINT) EDIT (‘ERROR INSUFFICIENT DATA') DAT2 270
(SKIP{1)4sCOLUMN(10) 4A),. CAT2 280C

STOP, .« DAT2 290

ENDy. /%END OF PROCEDURE DAT2 */DAT2 3C0

"KOLMOGOROV-SMIRNOV TEST KOLM

Problem Description

This program is concerned with the problem of
determining from what probability density function
a particular sample is drawn, or whether two
‘different samples were drawn from the same
population. In other words, in the one-sample
case, the actual distribution function of the sample
is compared with one or more theoretical distribu~
tion functions, which may be normal, and/or
exponential, and/or Cauchy, and/or uniform, and/
or a user-specified distribution. In the two-sample
case, the two sample (actual) distribution functions
making up the pair are compared with one another.

From the above comparisons, a statistic is
derived. In the one-sample case, this statistic

‘evaluates the probability that the statistic will be as
‘great as or greater than its current value, if the
hypothesis that the actual (sample) and the theoreti-
cal distribution functions are equal is correct. In
other words, if the probability is determined to be
0.40, for example, rejecting the hypothesis of
equality of the distributior: functions will be an in-
correct action 40 times out of 100. Similarly, in
‘the two-sample case, the hypothesis being tested is
the equality of the two actual (sample) distribution
functions. :

This probability is calculated usmg asymptotic
formulae. This means that the sample sizes in-
volved should be large. Sizes greater than 100 are
suggested by the literature. In this connection, the
remarks given under subroutine SMIR should be
considered.

Note also that added problems arise when, in the
one-sample case, the parameters of the continuous
distribution in question are estimated from the
sample. Lilliefors discusses these problems (C‘ee
reference given in KLMO description).

Program
Description

This program consists of the main routine KOLM;
and four subroutines from the Scientific Subroutine
Package: KLMO, KLM2, SMIR, and NDTR.

Capacity

This program allows up to two samples,: each with
500 or fewer observations to be examined. If the
user desires to modify this program to handle more
observations, the instructions given below under
"Program Modification should be followed.

Input

Each job consists of two control cards and the data
cards (1-3 below) .

1. Job control card (minus signs in cc 1-4)

2. Program control card. Each job requires
one program control card, defined below:

For Sample'

Columns Contents Problems
1-20 Title (alphameric) Uniform test
(Job 1)
Uniform-
Gauss Test
(job 2)
21 1 -- one-sample test 1 (job 1)
2 -- two-sample test 2 (job 2)
22 Leave blank for one- 0 (job 1)
sample test, 1 (job 2).
0 -- Read both samples
(two-sample tests).
1 -- Read only one
sample and compare
it with the first
sample read on pre-
. ceding job, ,
23 0 -- Do not print the 0 (job 1)
sample(s). -
1 -- Print the sorted 1 (job 2)
sample(s). ‘

(F10. 3, ten per line) .
(The rest of this control card pertains to a one-
sample test.)
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Columns
24
25 - 29
30 - 34
35
36 - 40
41 - 45
46

47 -51
52 - 56
57
58 -'62

63 - 67
. 68
69 - 73
74 - 78

Contents

0 -- Do not compare
with normal pdf.

1 -- Compare with
normal pdf,

u ~-~ mean of the normal
pd : .

© s == standard deviation .

of the normal pdf

_ 0 == Do not compare

with exponential pdf.

1 -- Compare with
exponential pdf.

u -- mean of the
exponential pdf

s -- standard devia-.
tion of the. exponential
pdf .

0 -- Do not compare
with Cauchy pdf.

1 -- Compare with
Cauchy pdf.

- u -- median of the

Cauchy pdf

s == u-s is the first
quartile of the
Cauchy pdf

0 -=- Do not compare
with uniform pdf,

1 -- Compare with
uniform pdf.

u -- left endpoint
of the uniform pdf

s —- right endpoint of
uniform pdf

0 -- Do not compare
with user's pdf.

1 -- Compare with
user-specified pdf,

ul __ Parameters for

s} user-specified pdf

u and s are described
fully in "Description of
Parameters' under
subroutine KI.MO, and
are read using Format
F(5, 0); decimal points
will override the
format specification,

For Sample

Problems

1 (job 1)

0.5 (job 1)

0.5 (job 1)

1 (job 1)

0.5 (job 1)

1.0 (job 1)

1 (job 1)
0.5 (job 1)

1,0 (job 1)

1 (job 1)
0 (job 1)
1.0 (job 1)

0 (job 1)

0 (job 1)
0 (job 1)

3. Data is read into the computer one sample at
a time. The reading of a sample is terminated by a.
data element of 999999, New samples must begin on
a new card. Data elements are punched on cards'
using format F(6,0), which assumes twelve 6-column
fields per card; decimal points on the card override
the format specification. Since the routines KLMO
and KLLM2 sort the samples, no particular order
within a sample is necessary. '

Deck Setup

The deck setup is shown in Figure 32,

Sample- (data) |
’ /A

Program I

Last probl
Control Card ask problem

- Job Control
Card -

/-

Sample (data)

Program

irst problem
Control Card I-:"s pro

Job Control’

Procedures and main program

Figure 32.

Sample

The listing of input cards for the sample problems
is shown in Figure 33.
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— . T Output
UNIFORM TEST 1€€100€.5C00.510€0.5CCCC1100C.50CCCL10C0C0000CL 20 _—

0.377 C.26C 0.172 0.6E8 0,581 C.290 0.514 0.472 0.204 0.976 0.018 0.326 30

C.795 0827 0.870 0.686 C.ZB8E 0.555 0,737 C.427 0.931 0,745 0.092 C.843 40 . ae

0.231 C.8C6 0.753 0.2€3 C.EC4 C.458 0.508 C.S28 0.954 C.608 0.702 0.743 50 Description

0.005 C.S51 04664 0.425 C.57C C.596 0.444 0.3C2 C.817 0.183'0.746 0.823 60

0.282 C.2C1 C.662 0.167 €.C43 C.750 C.117 0.S53 0.665 0.411 0.477 0.164 70

0.692 0.6€3 C.€67 C.C54 0.51€ C.624 0.083 0.E82 C.540 0.301 0.953 0.006 80

0.458 0.654 C.041 C.SS5 0.£C4 0.666 0.561 0.3€1 0.156 C.630 0.377 0.589 90 :

0.135 €.526 €.$63 €.556 C.C68 0.801 0.195 0.5€5 0.113 0.816 0.880 0.931 100 The output from the program KOLM gives the

C.67C 0.64C 0.805 0.C73 0.19€ C.516 0.336 0.371 0.157 0.843 0.288 0.139 110 s ds a7 .

0.24Z 0.2CC 0.C25 0.349 C.87C C.CB0 0.652 G.150 €.275 C.939 0.161 0.514 120 statistics and probab111ty statements described be-

0.636 C.19C 0.416 C.786 C.573 0.767 0.845 C.168 C.40C 0.888 0.726 0.3€5 130 .. o . K .

0.652 C.622 C.523 C.E44 C.761 0.569 0.565 0.C73 C.751 C.851 0.340 0.383 140 low., and in addition ident tribution func-

0.243 C.CCE C.86C C.CS3 C.E16 C.C58 0.006 0.515 0.033 0.565 0.093 C.470 150 low, ti identifies the dis

€.982 0.6€6 0.154 C.523 0.Z15 C.£SC 0.405 C.44l 0.963 C.810 0.195 0.876 160 3 3 i int—

0.501 C.123 0.228 C.2€4 0.531 0.810 C.C83 0.202 0.465 0.996 0.752 0.545 170 tions belng considered. Sorted Samples are print

0.503 0.117 C.17C C.572 C.258 0.042 0.574 C.Cé5 0.225 0.766 0.57C 0.520 180 .

0.996 €.252 €.79C C.111 C,556 C.337 0.C12 0.C42 C.143 0.482 0.607 0.302 190 ed on Opthn.

0.352 C.357 0.20€ C.662 0.115 0.754 C.450 C.S18 G.453 0.463 0.659 0.022 200 . .

0.842 C.€55 G.577 C.725 C.163 0.450 0.232 0.345 C.0CO 0.864 0.181 0.311 210 The fOl].OWlng items are produced as output:

6.236 0.622 C.607 0.C42 C.787 C.346 0.C06 C.SC4 C.365 0.053 0.037 0.745 220

0.136 0.112 0.455 €.7C8 C.15& 0.572 0.012 C.928 C.455 C.381 0.193 0.728 230

04625 C.220 0.657 0.S€2 C.86C C.50L C.26€ C.(98 C.181 0.203 0.588 0.701 240 1. Z score, where

0.905 0.14€ 0.7CE C.SC9 0.C8B 0.345 0.277 0.556 C.840 0.033 0.639 0.539 250 - s

0.482 0.041 €.507 0.C77 G.255 0.C97 0.892 G.47€ C.835 0.7C7 0.733 0.029 260 z = ‘\/_ﬁDn for the one-sample test; n is

0.581 €224 C.112 0.655 C.545 0.741 0.94C C.S56S C.360 0.434 0.365 0.285 270 . . .

0.422 C.SE7 0.005 0.328 0,524 0.595 C.253 C.157 0.668 0.59% 0.554 0.984 280 the sample size, and Dn is the maximum

0.913 0.622 0.516 C.502 C.364 C.£67 0.724 C.344 0.546 C.178 0.151 0.302 290 di b th irical distrib

0.457 C.0z1 0.015 0.523 0.3€5 0.€B2 C.0LC C.12L 0.637 0.734 0.671 0.416 300 iff W -

0.455 0.CCS C.919 0.424 C.331 0.C79 0.50C C.284 C.209 0.694 0.283 0.454 310 erence between the empiric 1Stribu

0.17€ 0.978 0.272 0.827 0.512 0.634 0.195 C.462 C.01S 0.956 0.560 0.761 320 3 3 : 3 hy -

| 0.524 C.254 0.C47 0.624 0.282 0.5S1 0.103 C.3C3 C.889 0.607 0.638 0.367 330 tion function and the theoretical distribu
i | 0.462 C.471 0.664 0.742 C.476 C.178 0.785 C.113 0.610 0.646 0.390 0.520 340 s s

€.611 C.S88 0.431 C.£99 0.21z 0.580 0.672 0.810 C.814 C.5S7 0.256 C.164 350 tion function,

0.675 0.6C3 0.504 C.555 0.C33 0.846 0.783 C,C79 C.430 C.868 0.343 0.244 360

0.376 0.C€Z C.59C C.381 C.371 0.801 0.467 C.552 C.348 0.759 0.422 0.657 370

0.388 0.055 0.836 C.518 C.585 C.842 0.793 C.177 0.526 0.964 0.450 0.022 380 :

0.C85 0.311 0.102 C,E16 C.S72 0.494 0.20€ 0.8C3 C.948 0.462 0.242 0.287 390 two- .

0.546 0,658 0.269 0.329 0,607 0.59% 0.102 G.266 0.677 0.668 0.913 0.462 400 +1’1 m n for the o-sample test;

0.562 €.2C7 0.188 C.2€4 C.855 C.991 0.853 C.442 C.615 C.7C9 0.722 C.950 410

0.208 C.656 0.304 C.557 0.605 0.€17 0.25¢ C.584 0.595 0.715 0.936 0.178 420

0.141 C.152 0.654 0.544 C.376 C.363 0,793 C.452 C.812 0,447 0.376 0.231 430 . . .

0.644 0.263 0.785 C.241 C.982 C.825595995 440 m is the size of the second sample; nis
—— 450 .

UNIFORM-GALSS TEST 211 460 i i . i
=0.283 C.516 0.776 C.6SC C.S10 0.506 C.£16 C.348 C.659-0.301 0.630-0.357 470 the size of the first sample; Dm,n is the

|| 0.515 C.227 1.253 0.421 0.495 0.288 1.185-C.264 0.099 0.051 0.411 0.951 480 s s tw -
| ©.273 C.154 0.861 C.527 C.44€ 0.702 1.451 C.C25 C.515 C.770 0.559 1.053 490 maximum difference between the 0 em

-1.157 €.9C2 0.533 1.270 C.761 1.110 1.19C 0.433 C.573 C.374 1.317 1.255 500 sye . - . N

0.547 1.145 0.667-C.077 C.422-0.159-0.037 C.C88 0.406 0.849 0.898 0.372 510 plrlcal distribution functions.

-0.324 0.025 0.632 04365 0.375 0.654-0.206 C.126-0.381 1.149 0.983 1.184 520 9. Th bability of i i iecti the
-C.011 C+653 0.266 1.C35 C.53€ C.936 1.177 1.€44 0.782 0.198 0.222 0.445 530 obability of incorrec rejectin,

0.714  C.6C7 0.374 C.34L C.79C 0.302 1.075 C.2C4 0.436 C.887 0.234 0.874 540 * € pr Y y rey g

0.04E 0.538 0.733-0.340-0.C12 0,457 C.41E C.840 C.091 0.578 0.606-0.340 550 3 3 3 7 7 3

0.656 C.EEC 0.584 €.837 C.454 C.€55 0.606 0.053-0.276 1.600 1.394-0.038 560 hypothesis of equality of distribution functions.

1.172 0.7€2 0.642 0.185~C.C22 0.037 0.508 C.313-0.718-C.249 0.124-0.096 570
~0.255 0156 1.086 C,487 0.317 0.635 0.462 C.555 C.181 1.799 0.287 0.583 580

0.313 0.3E7 1.C67 6.556 C.7C2 C.068-0.227 C.1S8 0.3C5-0.021 0.849 1.063 590 .

1.045 0.226-0.257 €.S30 0.82€ 0.884 1.217-0.351 0.007-0.004 1.238 0.376 600 Sample

0.418 1.075 6.C83-0.020 0.362 0.601 0.037 0.634 0.109 0.524 1.356 1.024 610

[1-0.602 C.763 1.261 0.3C2-0.C63 0.704 0.446-C.410 0.401 0.7C4 1.070-0.023 620
1-0.064 1.C87-0.737-0.476 1.156 0.648 0.624 C.257 0.643 0.147 C.71S C.174 630
~0.55z-C.1€3 0.583 C.740 C.592-0.144 0.222 0.388 0.563 0.933 1.108 1.022 640 s : s

0.818 C.6E€ 0.683 0.514 C.284-C.280 0.35€ 1.203-0.643 0.110 0.012 0.399 650 Sample output is shown in Figure 34.

€.855 C.4CC 0.994 0.880 C.743 0.1C2 1.12C C.3S1 0.191 0.196 1.176 0.149 660

0.512 1.122 €.516 C.838 C.445 1,330 0.563 C.£10 C.6S9 0.675 0.310 G.586 670

0.44E=0.4175 0217 C.E58 C.835-0.297 0.214 C.585 0.484 1.004 1.598 0.494 680

0.467 1.188 0.536 C.381 1.339-0.011 0.C64 C.113 C.619 0.604 0.687 0.622 650 .

] c.257 €.2€3 0.378 1.313 C.€25 0.422 0.CT8 C.C57 C.143 0.868-0.302 0.693 700 UNIFORY TEST
'] 0.633 1.11€ 0.118~C.469 C.663 0.708 0.685 C.850 0.566 0.657 1.217 0.394 710
‘i 0.643-C.055-C.C00 0.881 1.163' 0.520 0.787 1.453 1.366 C.801 0.301 1.384 720] . -
~0.541 1,176 0.236 0.675 1.115 1.C00 0.250 0.457-C.01C 0.098 0.975 0.288 730 8 1 SAMPLE TEST WAS REQUESTED.

0.68€ C.7€4 0.007 0,657 C.785 0.259 0.414 C.&BC 0.852 0.315 .23l 0.203 740

1.394 C.121 0.963 C.659 C404—C.124 0.583 0.071 1.838-0.313-0.467 0.191 750

0.125 1.67C 0.224 0.4C0 0.65€ 0.50C 1,034 0.CC5 0.801 C.920-0.188 0.786 760 THE SIZE OF SAMPLE 1 IS 498.

0.387 1.243 C.875 0.689 C.718=0.152 0.C0S 1.329 0.562 0.687 0.968 0.450 770

0.16C C.177-C.025 1.125 C.217 1.206 1.221-C.145-C.088 0.629-0.131 0.272 780 )

" | 0.388 0.772 1.C46=C.067 C.76C 0.428 0.852 C.E67 C,610 0.359 1.352 0.571 790 THE MYPOTHESIS THAT THE SAMPLE 1S FROM A(N) NORMAL DISTRIBUTION
-0.011-0.2C5 1.084 C.CCS C.S17 0.438 1.C50 0.€16 C.884 0.954=0.275 1.295 800 Can BE REJECTED with sroBABILITY <occe OF géﬁgomruﬂeﬂ THE STATISTIC Z
0.346-1.018 1.C49 0.417 1.23C 1.127 1.435 C.823-0.065 0.464 1.261-0.179 810 S A LR A .
0.812 C.527 0.875 C.190 0.707 0.857 0.C94 0.176 C.916 0.406 0.204 0.49% 820 . ' .

| 1.709 0.133 0.460 C.828-C.174 0.457 G.584 C.832-C.026 1.265-0.232-0.373 830 R
~0.172 €.913 €.673 C.203 0.035 1.226-0.072 C.520 1.207-0.003 0.632 0.004 840 :

0.951 €.3C7 0.798 1.479 0.196 1.058 0.872 C.060 C.524 0.501 0.373 0.954 850 T LS T o rheance O MM ppg  PONENTIAL - DISTRIBUTION
~0.C72 0.988 04351 0.C53 0,248 C.430-0.379 C+533 0.688 0.524 C.447 1.376 860 o .
~0.263-0.064 C.301 1.486 C.351 0.806-0.374 0.735 0.958-0.262 0.332 0.963 870 gL e MITh arBasILITy 0.Cec OF RETNG. INCORRECT. THE STATISTIC 2
1559995 880 ] Evoe THIS samMPLe. :

\ .

' . THE KYPCTHESIS THAT THE SAMPLE IS FRGM A(N) CAuruv .+ DISTRIBUTION

WITH MEAN €.5C0C AND FIRST QUARTILE -0 :

4 . . Th € REJECTED Witn PROBABILITY CoCOC P BEING [REDRRECT. _THE STATISTIC Z

Figure 33. IS 7.8873E400 FOR THIS SAMPLE. .
THE MYPOTHESLS THAT THE SAMPLE 1S FROM ALN) UNIFORM DISTRIBUTION
1% THE INTERVAL 0.000C Tn 6700 INCLUSIVE
Car AE REJECTED WITH PAGBABILITY 6,85 OF BEING INCORRECT. THE STATISTIC 2
IS  4.4444E-C1 FOR THIS SAMPLE,
\
' THE JCB WITH TITLF UNIFCRM TEST WAS CCMPLETED.
Figure 34.
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UNIFORM-GAUSS TEST

f.0CC €.005

0.012 0.018

0.033 0.033

0.0S3 0.054

0.079

N.C98

0.117

2.151

0.167

0.18L

0.199

0.209

0.242

G.264

0.284

0.3C1

0.328

0.348

0.365

0.377

Catll

0.434

0.455

€.463

0.482

C.512

C.524

C.555

5.572

C.592

G.605

C€.622

C.63%8

C.662

C.67C

0.694

0.7C8

0.737

€.753

0.786

0.805

C.817

0.843

c.867

0.e90C

J.918

n.933

G.95%

c.972

. €.985 £.988
SORTED SAMPLE TWQ AS FOLLOWS
=1.157 -1.018 -0.73

-0.469 -0.467

-0.340 -0.324

-0.276 =0.275

-C.188 -C.183

-0.124 =0.C96

-0.063 -G.C55

-c.C12 -0.C11

2,007 0.CG7

0.048 0.C51

0.083 0.088

0.118 0.124

0.160 0.174

0.196 0.196

0.222 0.222

C.257 0.259

C.3C1 0.361

0.315 0.317

0.359 0.362

C.381 0.387

-401 0.4C4

0.422 0.422

0.446 0.447

0.484 0.487

0.512 0.514

0.536 0.526

0.571 €.573

0.601 0.604

0.624 0.629

643 C.648

0.673 0.675

0.688 0.699

0.704 C.7C4

0.743 0.760

0.786 0.787

0.818 0.823

0.849 0.849

0.873 0.874

0.899 0.900

0.92C «93C

0.958 0.963

0.996 1.000

1.05C 1.053

1.087 1.1C8

1.149 1.156

1.190 1.203

1.243 1.253

1.329 1.330

1.435 1.451

1.799 1.838

A 2 SAMPLE TEST WAS REQUESTEC.
THE SIZE OF SAMPLE 2 IS 492.

¥
SCRTED SAMPLE ONE AS FOLLOWS

0.005
0.019
0.C37
0.055
0.080
€.102
C.119
0.153
G.168
c.183
0.200
C.215
0.242
C.264
0.285
¢.302
0.331
Q.348
0.365
0.381
C.416
0.441
0.455
0.467
0.492
0.514
0.531
C.55¢
C.574
0.594
C.607
0.622
0,639
G.662
C.671
0.696
0.709
C.741
0.754
0.787
0.806
©.827
C.843
c.868
€.892
Cc.919
0.936
C.95¢
0.973
c.99¢C

~-C.410

0.932
0.963
1.004
1.058
l1.11C
1.163
1.20¢
1.255
1.339
1.479

END OF SAMPLE PROGRAM

C.607
0.624
C.64C
C.664
C.672
C.697
C.715
C.742
C.759
0.78C
0.810
C.829
0.844
C.870
0.893
€.923
G.939
C.962
C.973
C.991

-0.718
-C.367
~-0.302
-0.263
-C.174
-0.C77
-0.C37
-0.C11
c.cc9
0.€53
C.C94
0.126
€.177
C.198
0.226
C.272
0.302
C.322
0.372
C.388
0.4C6
C.430
0.454
C.494
0.515
0.547
€.583
C.60C6
C.632
C.656
0.680
0.694
0.7Cc8
C.762
0.790
c.828
0.852
0.875
c.910
0.936
€.968
1.C22
1.C63
l.11¢
1.173
1.2¢7
1.261
1.352
1.486

INCORRECT OF 0.CCC.

0.006
0.021
0.041
0.062
C.n83
C.103
C.123
C.156
0.172
0.19¢C
C.202
0.224
0.244
0.268
0.288
0.302
€.337
0.349
C.367
0.382

0.444
C.458

0.975
1.024
1.067
1.119
1.176
1.217
1.261
1.356
1.493

THE HYPOTHESIS THAT THE TWO SAMPLES ARE. FRCM THE
PROBABILITY OF BEING

0.006
0.022
0.042
0.065
0.085
0.111
C.136
0.157
0.177
c.190
01203
0.225
0.253
0.269
C.288
C.303
0.239
C.353
0.371

0.447
0.458

SAMZ PCPULATION CAN BE REJECTED WITH (ASYMPTOTIC)

THE STATISTIC Z IS 2.59COE+00 FOR THESE SAMPLES.

THE JOB WITH TITLE UMIFORM-GAUSS TEST WAS COMPLETED.

0.008 0.009 0.010 0.012
0.022 0.025 0.029 0.033
0.042 0.042 0.043 0.047
0.068 0.073 0,073 0.077
0.088 0.092 0.093 0.093
0.112 0.113 0.113 0.113
0.139 0.139 0.141 0.143
0.158 0.161 0.163 0.164
0.178 0.178 0.178 0.178
0.193 0.195 0.195 0.196
0.204 0.206 0.207 0.208
0.228 0.231 0.231 0.232
0.256 C.256 0.260 0.263
0.272 0.275 0.277 0.282
0.290 0.292 0.294 0.298
0.304 0.311 0.311 0.312
0.340 0.341 0.343 0.344
0.360 0.363 0.364 0.365
0.371 0.376 0.37% 0.376
0.388 0.390 0.397 0.40C
0.425 0.427 0.430 0.431
0.450 0.450 0.450 0.453
0.459 0.462 0.462 0.462
0.472 0.476 0.477 0.478
0.501 C€.502 0.503 0.504
0.516 0.518 0.518 0.520
0.544 0.545 0.546 0.546
0.561 0.562 0.565 0.570
0.581 0.585 0.588 0.589
0.595 0.596 0.597 0.603
«608 c.610 0.611 0.615

0.632 0.634 0.634 0.636
C.652 0.652 0.654 0.657
0.666 C.666 0.667 0.668
0.683 0.686 0.688 0.692
0.699 c.701 0.702 0.707
0.725 0.726 0.728 0.733
0.745 0.746 0.750 0.751
0.766 0.767 0.783 0.785
0.795 0.801 0.8C1 0.803
0.812 0.814 0.816 0.816
0.836 0.837 0.840 C.842
0.851 0.859 0,860 C.86C .
0.880 0.882 0.882 0.888
0.907 0.909 0.909 G.913
0.926 0.928 0.928 0.931
0.948 €.95¢C 0.951 0.953
C.964 0.965 C.967 0.969
0.982 €.982 ©.984 0.984
0.996 0.996

-C.552 =0.541 -0.476

-0.379 =0.374 -0.373

-0.297 ~0.297 -0.283

=0.232 -0.227 -0.206

-0.152 —C.145 -G.l164

=C.C69 -0.ce7 -0.064

-0.623 =C.023 -0.621

-0.€03 0.0C0 C.G04

0.035 0.035 Q.C27

0.C64 0.C68 £.071

C.102 C.109 c.l10

C.143 0.147 C.149

0.19C G.191 0.191 .
0.204 0.204 0.214

G.234 C.236 C.248

©.287 0.288 0.288

C.307 G.31C 0.313

0.348 C.351 0.351

C.374 C.375 C.376

G.394 ©.399 C.400

C.417 C.418 C.418

0.438 C.445 C.445

0.46C C.462 C.464

0.499 0.501 0.5C6

0.524 C.524 C€.533

0.562 G.563 C.563

C.584 C.584 0.586

0.61C C.616 0.619

0.634 C.635 C.642

0.659 C.660 C.663

0.686 0.686 G.687

0.699 C.699 C.702

0.719 0.733 G.735

C.770 0.772 0.776

0.8901 0.8C6 C.B12

€.837 0.838 0.839

G.858 C.861 C.867

0.884 0.884 6.887

0.516 0.916 C.917

0.951 €.951 0.954

€.985 0.988 €.989

1.C35 1.046 1.C49

1.C75 1.C75 1.C84

1.125 1.127 1.132

1.177 1.184 1.188

1.221 1.226 1.230

1.270 1.295 1.313

1.376 1.384 1.394

1.6C0 1.644 1.67C

Figure 34.
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Program Modifications

1. Program capacity may be increased or de-
creased by making changes in the allocation state-
ments, If this is done, the limits on the DO state-
ments may require modification, as will bé the
case if data formats require changing. It is also

possible that output formats may require changes,

2. Any modifications to the subroutine KLMO in-
terms of added continuous pdf's should be reflected
in the program KOLM. It may be necessary to:

a. Modify the declaration of DIST (5, 3),
which contains the switches calling'on pdf'
and also contains the parameters u and s
used by KLMO.

b. Modify the pdf titling cards numbered
KOLM 230 through 270.

c. Modify the: section of the program from
S70 throughi 8100 to reflect changes a and
b above. These statements call KLMO to
perform tests and output results.

3. List of variables in KOLM, and their usage:

D - Temporary vector used in reading

samples

Job Control Card name (----)

5 by 3 matrix. The five elements in

column 1 are switches that allow the

5 pdf's to be used in one-sample tests.

Columns 2 and 3 contain the parame-

ters u and s for the associated test.

Error (in using KLMO, used for

skipping the test concerned)

I- Counter used to print correct pdf name
for pdf used in the test

DAS2 -
DIST -

ERROR -

IFL - Error indicator (job deck error)
IES - ~ Error (in using KLMO, used for error
. message)
10 - Switch (used for printing samples)
R - "Number of samples to be read 1n cur-
rent job
IS - Number of samples to be used in cur- -
rent job (1 or 2)
M- Size of the second sample
N~ Size of first sample
P - Probability of being incorrect if hy-
~ pothesis is rejected
S2 - Temporary storage for u and s out—
put
TIT1 - Current pdf names
TITLE - Job title
X - Sample 1
Y - Sample 2
Z - . Z statistic from KLMO or KLM2

Operating Instructions

This sample program is a standard PL/I program
and needs no special operating instructions. Data
set SYSIN is used for input; data set SYSPRINT,

- for output.

~ Error Messages

. The following error conditions will result in mes-
‘sages, followed by the action specified:

1, Neither a one-nor two-sample test is re-
quested, or the size of either sample is larger

- than 500 -- CC. 21, CONTROL CARD, INCORRECT,

OR SAMPLE SIZE TOO LARGE, JOB IGNORED.,
Action: Cards are read until a new job control
card is found, or until the hopper is empty.

2. Sample size is less than 100 (not an error) --

| NOTE THE REMARKS CONCERNING ASYMPTOTIC

RESULTS AND SAMPLE SIZE IN SUBROUTINE
SMIR. Action: none. Job continues.

3. The requirement of subroutine KLMO that
certain parameters be nonzero or positive is vio-
lated -~ AT LEAST ONE (S) ENTRY PARAMETER
FOR THE SUBROUTINE KLMO WAS INCORRECT.
THE TEST FOR THE ASSOCIATED CONTINUOUS

‘PDF WAS IGNORED, Action: All tests are made

for cases where the parameter s was correct.

4. A case in which an error requires aborting
the job, and the succeeding job in the job stack re-
quests a two-sample test where the second sample
is to be compared with a (first) sample, which was
read on the previous job =- THIS JOB CALLS FOR

.THE USE OF A PREVIOUSLY READ SAMPLE, -AND

THE PREVIOUS JOB WAS IGNORED BECAUSE OF
ERRORS. JOB IGNORED. -Action: Cards are read
until a new job control card is found, or until the
hopper is empty.

5. The job control card precedmg a job is not
there or is incorrect -- FIRST CARD IN JOB DECK
(JOB CONTROL CARD) IS INCORRECT. Action:
Cards are read until a new job control card is

~ found, or until the hopper is empty.

Timing

The execution time of this program on a System / 360
Model 40, using a 2540 Card Reader as input and a
1403 Printer, Model N1, as output, is 35 seconds
for job 1 and 55 seconds for job 2.
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KOLM.. KOLM 10
/ /KOLM 20
/% */KOLM 30
/* THE PURPOSE OF THIS ROUTINE 1S TO: */KOLM. 40
lAd READ THE CONTROL CARD FOR A ONE OR TWO SAMPLE TEST. */KOLM 50
/% (2) READ THE SAMPLE DATA AND DETERMINE THE SAMPLE SIZES. */KOLM 60
Vad (3) CALL SMIRy KLMOs» AND KLM2 FOR CALCULATICN OF */KOLM 70
/* PROBABILITIES. */KOLM 80
VAl .£4) PRINT RESULTS. */KOLH 90
lAd */KOLM 100
/ /KOLM 110
PROCEDURE OPTIONS (HMAIN) . KOLM 120
DECLARE KOLM 130
(DASH,DAS2) CHARACTER (4), KOLM 140
(I4JyKeLyMsNs ISy IRy IO IFL4E) FIXED BINARY, KOLM 150
(DIST(5+3),D(12),X(501),Y(501)5P+2Z5S2) FLOAT BINARY, KOLM 160

TITLE CHARACTER (20), KOLH 170

TITL(5) CHARACTER (16), KOLM 180

IES CHARACTER (1), KOLM 190

ERROR EXTERNAL CHARACTER (1)s. KOLM 200

DN ENDFILE(SYSIN) GO TO S200s. KOLM 210
=090 KOLM 220

IFL =0y KOLM 230
DASH =t=——=t,, /% INITIALIZE NAMES */KOLM 240
TITLLL) =t NORMAL . /% AND JOB CONTROL CARD */KOLM 250
TITLL2) =% EXPONENTIAL KOLM 260
TIT1(3) =1 CAUCHY KOLM 270
TITL(4) UNIFORM 1 KOLM 280
TITL(S) =' USER-SPECIFIED *,. KOLM 290
$10.. KOLM 300
GET EDIT(DAS2+E) (A(4) yX1T5)4F(1))ye KOLM 310

IF DASH=DAS2 KOLM 320
THEN /* READ TITLE AND */KOLM -330
520.. /* PROGRAM PARAMETERS */KOLM 340
0y KOLM 350

GET EDIT(TITLE+IS,IR,I0,DIST(#,%),E)(A(20)43 FIL1)yS(F(1)42 F(5)KOLM 360
19X(1)5F (L)) ye KOLM 370

IES ='07,. : KOLM 380

PUT EDIT (TITLE)(A{20)) PAGE, KOLM 390

PUT EDIT (' A',IS,' SAMPLE I’EST HAS REQUESI’ED.')lSK]P(B!.A(Z)v KOLM 400
FL2)5A(27) )y KOLM 410

IF SH=0 AND IS=2 AND IR=1 KOLM 420

THEN DOy« OLM 430

PUT EDIT(' FIRST JOB REQUIRES PREVIOUS DATA FOR A THWO SAM'KDLN 440

2 'PLE TEST.*)(SKIP(3),A(47),A(9)),. KOLM 450

SW  =lse KOLM 460

GO TO S40,. KOLM 470

END,. KOLM 480

=1, KOLM 490

lF IR=0 /% NO. OF SAMPLES DECISION */KOLM 500

THEN IF IS GE 1 KOLM 510

THEN GO TO S140s. KOLM 520

SE /% NO. OF SAMPLES WRONG */KOLM 530

S$30.. KOLM 540
DOy KOLM 550

PUT EDIT(® CC.21 OF THE PROGRAM CONTROL CARD IS INCO'KOLM 560

9 'RRECT. JOB IGNORED.')(SKIP(3),A(42),A(20))y. KOLM 570

540.. KOLM 580
GET EDIT(DASZ24E) (Al4) 3X(75),F(1))y. KOLM 590

IF DASH=DAS2 KOLM 600

THEN DO, KOLM 610

IFL =1y. KOLM 620

GO TO S20y. KOLM 630

ENDy « KOLM 640

ELSE GO TO S40,. KOLM 650

ENDye KOLM 660

ELSE IF IFL NE 0 KOLM 670

THEN DOse /#* ERROR IN PREVIOUS JOB */KOLM 680

PUT EDIT(® THIS JOB CALLS FOR THE USE OF A PREVIOUSL*KOLM 690

»'Y READ SAMPLE, AND THE PREVIOUS JOB WAS IGNORE'KOLM 700

+*D BECAUSE OF ERRORS.','JOB IGNORED.'®){SKIP(3), KOLM 710

A(42) 9A146) 1A(20) ySKIPyA{13)),. KOLM 720

GO TO S40y. KOLM 730

ENDy. KOLM 740

ELSE GO TO S180s. KOLM 750

ENDy. KOLM 760

ELSE DOy« KOLM 770
PUT EDIT(' FIRST CARD IN JOB DECK (JOB CONTROL CARD) IS INCURR'KULM 780

9 'ECT. ") (SKIP(3),A(52) sAl4) )0 OLM 790

GO TU 5404. KULH 800

ENDy. KOLM 810

S$50.. _KOLM 820
IF IS=2 KOLM 830
THEN GO TO S180,. KOLM 840
ELSE IF IS 6T 2 KOLM 850
THEN GO TO S30,. KOLM 860

ELSE GO TD S$654. . KOLM 870

60.. : M 880
IF IS LE 1 /% DNE SAMPLE TEST USING ALL  */KOLM 890
THEN DO, . /% DISTRIBUTIONS REQUESTED .  */KOLM 900
565.. KOLM 910
D0 I=1 TO 5,. KOLM 920

IF DIST{I,1) NE O . KOLM 930

THEN GO TO S70s. KOLM 940

ENDy o KOLM 950

PUT EDIT(®* NO PDF COMPARISON IS ASKED FOR.')(SKIP(3),A(32)),. KOLM 960

$70.. KOLM 970
DD I=1 TO 5 . . KOLM 980

IF DIST{I,1) =1 KOLM 990

THEN CALL KLMO(XsN¢ZyPsI+DIST(I42)9DIST(I43))y. KOLM1000

IF ERROR='0' OR ERROR='3' KOLM1010

THEN KOLM1020
/* OQUTPUT RESULTS */KOLM1030

PUT EDIT{* THE HYPOTHESIS THAT THE SAMPLE IS FROM A(N) "KOLM1040
sTITL{I),* DISTRIBUTION' )(SKIP(3),A(47),A(16),A(13)) KOLM1050

1e KOLM1060
IF I LT 3 /% PREPARE OUTPUT */KOLM1070
THEN DOy. KOLM1080
s2 =DIST(I,3)%%2,. KOLM1090

PUT EDIT(' WITH MEAN®,DIST(I,2)y' AND VARIANCE',S2) KOLM1100

(SKIPSAL0) 4F(13,4)5A(13),F(13,4))5. KOLM1110

60 TO $80,. KOLM1120
END,. ~ KOLM1130
ELSE IF I=3 KOLM1140
THEN DO, KOLM1150
S2 =DIST(I,2)-DIST(I,3),. KOLM1160

PUT EDIT(' WITH MEAN',DIST(I,2),% AND FIRST ', KOLM1170
*QUARTILE',S2) (SKIPyA(10),F(13,%),A(11)}, = KOLM1180

AL8) F(13,41) 44 KOLM1190

GO TO S804 KOLM1200

END; . KOLM1210

ELSE IF I LE 4 KOLM1220

THEN DOs. KOLM1230
PUT EDIT(' IN THE INTERVAL',DIST(I,2),' TO'KOLM1240

#DISTU{I,3)y* INCLUSIVE')(SKIPsA(16), KOLM1250
F(13+4),A(3)4F(13,4),A(10)),. KOLM1260
S80.. KOLM1I2T70

PUT EDIT(* CAN BE REJECTED WITH PROBABILIT*KOLM1280
#'Y'yP,* OF BEING INCORRECT. THE STAT'KOLM1290
2 ISTIC Z*y* 1S%yZ,* FOR THIS SAMPLE.®)KOLM1300
(SKIPyA(32)4Al1)+F(643)9A(30),A(7),SKIPKOLM1310

1A(3),E(12¢4)1ALLT) )y, KOLH1320

ENDy . KOLM1330

GO TO 590,. KOLM1340

ENDy « KOLM1350

ELSE IES =ERRORy. KOLM1360
$90.. KOLM1370
END,. KOLM1380
ENDy. ' KOLM1390

ELSE GO TO S1104. KOLM1400
IF 10 NE O /% OUTPUT SAMPLE ONE DECISION #/KOLM1410
THEN DOy . KOLM1420
PUT EDIT (® SORTED SAMPLE ONE FOLLOWS®)(SKIP(3),A(26))s. KOLM1430

PUT EDIT ((X(J) DO J=1 TO N))(SKIPy10 (F(1053)))y. KOLM1440
ENDyo KDLM1450

IF IES ='0* KOLM1460
THEN KOLML470
5100.. KOLM1480
D0y KOLM1490

IFL =0y, . KOLM1500

PUT EDIT (* THE JOB WITH TITLE®,TITLE," WAS COMPLETED.') KOLM1510
(SKIP(3) yA122)4A(18)5A(15)),. KOLM1520

IF ERROR='3"* KoLM1530

THEN PUT EDIT ('NOTE THE REMARKS CONCERNING ASYMPTOTIC RESULTS*KOLM1540

+' AND SAMPLE SIZE IN SUBROUTINE SMIR.')(SKIP(3),A(46), KOLML550

AL36)) 40 KOLM1560

GO TO S104. KOLM1570
END.. KOLM1580

ELSE DOy KOLM1590

PUT EDIT(‘ AT LEAST ONE (S) ENTRY PARAMETER FOR THE SUBROUTINE®KOLM1600
»' KLMD WAS INCORRECT. ',' TEST FOR THE,L ASSOCIATED CONTINU'KOLM1610

'OUS PDF WAS IGNORED.® )(SKIPIB)yA(SZlyAIZl),SKIP.A(BZ), KOLM1620

A(ZO) dye KOLM1630

GO TO S100,y. KOLM1640

END». KOLM1650

$110.. KOLM1660
CALL KLM2(X3YyNyMsZ3sP)yeo /* TWO SAMPLE TEST */KOLM1670

IF 10=0 . /% OUTPUT SAMPLES DECISION */KOLM1680
THEN KOLM1690
$120.. . KOLM1700
KOLM1710

PUT EDIT(' THE HYPOTHESIS THAT THE TWO SAMPLES ARE FROM THE ', KOLM1720
* SAME POPULATION CAN BE REJECTED WITH (ASYMPTOTIC)', KOLM1730
* PROBABILITY OF BEING INCORRECT OF'sPy*. THE STATISTIC Z 'KOLM1740
»'IS *5Z," FOR THESE SAMPLES.')(SKIP(3),A(50),A(50),SKIPy KOLM1750

Al34) sF(653),A018)5A(3)1E(1244) +1A(19) )y KOLM1760
GO TO S100,. KOLM1770
END, . : KOLM1780
ELSE KOLM1790
S$130.. KOLM1800
0y« KOLM1810
PUT EDIT (' SORTED SAMPLE ONE AS FOLLONWS®)(SKIP(3),A(29))s. KOLM1820
PUT EDIT ((X(J) DO J=1 TO N))(SKIPy10 F(10y3))y. KOLM1830
PUT EDIT (' SORTED SAMPLE TWO AS FOLLOWS®)(SKIP(3),A(29))y. . KOLM1840
PUT EDIT ((Y(J) DO J=1 TO M))(SKIP;10 F(10s3)),. KOLM1850
GO TO $120,. KOLM1860
END, . . KOLM1870
$140.. KOLM1880
N =0y. /% READ FIRST SAMPLE */KOLM1890
DO I=1 TO 50,. KOLM1900
GET EDIT((D(K) DO 'K=1 TO 12),E)(12 FL6)+X{T),F(1)),. KOLM1910
DO J=1 TO 12,. KOLM1920
IF D(J) = 999999.0 /% CHECK FOR END DF SAMPLE */KOLM1930
THEN GO TO S170s. : : KOLM1940
N =N+1se KOLM195C
IF N GE 501 /7% MAXIMUM SAMPLE SIZE */KOLM1960
THEN KOLM1970
S150.. KOLM1980
KOLM1990
PUT EDIT (' SAMPLE SIZE IS TOD LARGE. JOB IGNORED.')KOLM2000
(SKIP(3),A043)0,. KOLM2010
GO TO S40,. KOLM2020
END». KOLM2030
X(N) =D(J)s. /% PLACE SAMPLE IN X */KOLM2040
ENDy « . KOLM2050
ENDy. KOLM2060
$170.. . KOLM2070
PUT EDIT(® THE SIZE OF SAMPLE 1 IS"3Ns*«?)(SKIP(3)5A(24)4F(4),Al1)) KOLM2080
ve KOLM2090
GO TO S504. KOLM2100
S180.. . KOLM2110
H =0, /% READ SECOND SAMPLE */KOLM2120
00 =1 T0 50, KOLM2130)
GET EDIT((DIK) DU K=1'TO 12),E) (12 F(6),X(7),F (1)}, KOLM2140
DO J=1 TO 12,. KOLM2150
IF D(J)=999999.0 /% CHECK FOR END OF SAMPLE */KOLM2160
THEN GO TO S190,. KOLM2170
M =M#ly. KOLM2180
IF M GE 501 /% MAX SIZE OF SAMPLE */KOLM2190|
THEN DO,. KOLM2200
PUT EDIT('* SAMPLE SIZE IS TOD LARGE. JOB IGNORED.') KOLM2210
(SKIP(3),A(43)),. KOLM2220
GO TO S405. . KOLM2230
ENDy. X KOLM2240
Y(M) =D(J)ye /% PLACE SAMPLE IN Y */KOLM2250] .
ENDy .« ‘ KOLM2260
END, . KOLM2270
$190.. . KOLM2280
PUT EDIT(* THE SIZE OF SAMPLE 2 IS'yM,'.")(SKIP(3),A(24),F(4),A(1)) KOLM2290
’e KOLM2300
GO TO S60,. KOLM2310

$200.. KOLM2320

PUT FILE (SYSPRINT) EDIT ('END OF SAMPLE PROGRAM') KOLM2330
(SKIP(2),COLUMN(10) 5A) . KOLM2340
ENDy. /% END OF PROCEDURE KOLM */KOLM2350

TRIPLE EXPONENTIAL SMOOTHING EXPN

Problem Description

Given a time series X, a smoothing constant, and
three coefficients of the prediction equation, this
sample program finds the triple exponentially.
smoothed series S of the time series X,
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Program
Description

The sample program for triple exponential smooth-
ing consists of the main program, named EXPN, a
special input routine, named DAT3, and one sub-
routine from the Scientific Subroutine Package:
EXSM. :

Capacity

The capacity of the sample program and the format
required for data input have been set up as follows:

(12F (6,0)) format for input data cards. There-

fore, if a problem satisfies the above conditions, _

the sample program need not be modified. How-
ever, if input data cards are prepared using a
different format, the input format in the input
routine DAT3 must be modified. The general
rules for program modification are described
later,

Input
Control Card
One control card is required for each problem and

is read by the main program, EXPN, This card is
prepared as follows:

Columns Contents For Sample Problem
1-6 Problem number - SAMPLE
(may be alpha-
meric)
7-10 Number of data 0038
points in a given
time series
11-15 Smoothing constant, 0.1
o (0.0<0<1,0)
16-25 First coefficient 0.0
(A) of the predic-
tion equation
26-35 Second coefficient 0.0
(B) of the predic-
tion equation
36-45 Third coefficient (C) 0.0

of the prediction
equation

Smoothing constant and three coefficients must be
keypunched with decimal points.

Leading zeros do not have to be keypunched,

292

Data Cards

Time series data are keypunched using the format
(12 ¥(6,0)). This format assumes that each data
point is keypunched in a six-column field, with
twelve fields per card.

Data Setup

The deck setup is shown in Figure 35,

Last problem

Control
Card

Second problem

Control

Card

First problem
Control
Card

Procedures and main program

Figure 35.

Sample

The listing of input cards for the sample problem is

~ shown in Figure 36,

SAMFLE 28 .1 0.C 0.C C.C
430 426 422 415 414 413 412 4C9 411 417 422 430
438 441 447 455 461 453 44E 449 454 463 47C 472
47¢ 4€1 483 487 491 492 485 486 . 482 479 479 476
472 470

Figure 36.

Output
Description

The output of the sample program for triple expo-
nential smoothing includes:
1. Original and updated coefficients
2. Time series as input and triple exponentially
smoothed time series
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Sample

The output listing for the sample problem is shown
in Figure 37,

Timing

The execution of this sample program on a System/360
Model 40, using a 2540 Card Reader as input and a
1403 Printer, Model N1, as output, is 33 seconds.

TRIPLE EXPONENTIAL SMOCTHING..ss«SAMPLE
NUMBES CF DATA POINTS 28
SMCOTHING CCNSTANT c.1cC
CCEFFICIENTS A 3 c
NRIGINAL c.ceoce €.c000C €.00600
UPDATE 4864.8C17¢ 1.71309 C.Cal66
SMOOTHED DATA
INPUT DATA (FOFECAST)
eag.ceocce 430.C0C00
426, f‘C"CC 426, CCLO0
< 422.000CC
418.00CC0
cC 414.29980
413."((‘"C 410.23950
412.CCCCC 407.08960
4C2.CcCrC 404.66797
411.CCCCC 402,22363
417.0CCCC 4C1.25049
422.CCCCC 402.64575
s 4C5.61621
41C.71338
441, tCCCC 417.46948
447.000CC 423.99829
455.8CC0CC 431.18286
4€l.CCCCC 439.43359
J 447.87866
452,21558
454,10522
455.8C713
458.54614
463.3C518
469.C6445
474.C9521
479.11C35
484,38623
48E.94629
492,5C854
498.05444%
501.£€992
5C2.12549
482.00C0CC 502,44434
479.CCCCC 501.16724
47¢.CCCCO 498,92749
476.C0CECC 496.84155
472,000 494,CC806
47C.CCC"C 49C.3C420
Figure 37.

Program Modifications

Input data in a different format can also be handled
by providing a different format statement. In order
to familiarize the user with the program modifica-
tion, the following general rules are supplied in
terms of the sample problem,
Changes in the input format statement of the
input routine DATS3.
Only the format statement and the variables
per card count indicator (NF), which appears
in subroutine DAT3, can be changed. Since
sample data are three-digit numbers, rather
than using six-column fields, as in the sample
problem, each data point might have been key~
punched in a three-column field, with 24 fields
per card, If so, the format is changed to
(24 F(3,0)) and the variables per card count in-
dicator (NF) is changed to agree with the number
of variables per data card.

Operating Instructions

The sample program for triple exponential smooth-
ing is a standard PL/I program. Special operating
instructions are not required. Data set SYSIN is
used for input; data set SYSPRINT, for output.

EXPNao EXPN 10
P2 e L T T * /EXPN 20
/% */EXPN 30
Ad TO READ THE PROBLEM PARAMETER CARD AND A TIME SERIES, CALL */EXPN 40
Ad THE PROCEDURE EXSM TO SMOCTH THE TIME SERIESs AND PRINT THE */EXPN SC
lAd RESULT. */EXPN 60
/% */EXPN TG
JERRRERER R ® JEXPN 80
PROCEDURE OPTIONS (MAIN),. EXPN 90
DECLAFE EXPN 10C
(AsRyCyAL) FLOAT BINARY, EXPN 110

(I,NX) EXPN 120

FIXED BINARY, EXPN 13C

ERROR EXTERNAL CHARACTER(1), EXPN 14C

CH CHARACTER (80), EXPN 15C

PR1 CHARACTER (6)y. EXPN 160

/% */EXPN 170
ON ENDFILE (SYSIN) GO TO EXIT,. EXPN 180
S100.. EXPN 190
GET EDIT (CH) (A(80)),y. /% READ PROBLEM PARAMETER CARD */EXPN 200
GET STRING (CH) EDIT (PR1yNX,AL3sA+8+C) EXPN 210
CAL6) +FL4),F(540343 FILG4C)) s EXPN 220

/% : */EXPN 230
/% PRl.....PROBLEM NUMBER (MAY BE ALPHAMERIC) */EXPN 24G
/* ++«NUMBER CF DATA POINTS IN TIME SERIES */EXPN 250
Ad . +SMOOTHING CONSTANT */EXPN 260
/% AyB,C...COEFFICIENTS OF THE PREDICTION EQUATION */EXPN 270
1% */EXPN 280
PUT EDIT ('TFIPLE EXPONENTIAL SMOOTHING...so'sPR1) (PAGE,SKIP(4), EXPN 290
COLUMN(1C) sA4A),. - EXPN 300

PUT EDIT (*NUMBER OF DATA POINTS',NX) (SKIP(2),COLUMN(1C),A,F(6))y. EXPN 310
PUT EDIT (*SMOOTHING CONSTANT',AL) (SKIP,COLUMN(10),A4F(9+3))s. EXPN 320

/% */EXPN 330
/% PRINT ORIGINAL COEFFICIENTS */EXPN 340
/% */EXPN 350
PUT EDIT ('CCEFFICIENTYS®,*A",'B",'C") (SKIP(2),COLUMN(10),A,X(9)4A, EXPN 360
X(14) 4AsX(14) 4A)ye EXPN 370

PUT EDIT ('ORIGINAL',A,8,C) (SKIP(2),COLUMN(1014A,F(19,5), EXPN 380

2 F(15+5) )y, EXPN 390

ONE.. EXPN 400
BEGIN,. EXPN 410
DECLARE EXPN 420
{XUNX) 9 SINX) ) FLOAT BINARY,. EXPN 430

CALL DAT3 (NXyX)ye /% READ TIME SERIES DATA */EXPN 440
CALL EXSM (XyNXyALyA4B+CyS)y. EXPN 450

If ERROR NE *0' EXPN 460
THEN 00, . EXPN 470
PUT EDIT (*IN ROUTINE EXSM ERROR CODE = ',ERROR) EXPN 480
(SKIP{2),COLUMN(10),A,A(1)),. EXPN 490

GU TO S10C,. EXPN 500

ENDy. EXPN S10

/% */EXPN 520
‘I‘ PRINT UPDATED COEFFICIENTS */EXPN 530
1% . */EXPN 540
PUT EDIT (*UPDATE',A,B,C) (SKIP(2),COLUMN(10),A,F{2045), EXPN 550

2 FUL15+5) ). EXPN 560

/% */EXPN 570
/% PRINT INPUT AND SMOOTHED DATA */EXPN 580
* */EXPN 590
PUT EDIT ( *SMOOTHED DATA','INPUT DATA', ’(FORECQST)') EXPN 600
(SKIP(B).COLUHN(S?),A'SKIP'COLUHN(1'”,!')((13) EXPN 610

PUT EDIT ((X(I)yS{I) DO I=1 TO NX)) (SKIP:COLUHN(IO).FIILS): EXPN 620
X(8)4F(15,52),. EXPN 630

ENDy o EXPN 640

G0 TO S100,. EXPN 650
ExIT.. EXPN 660
PUT FILE (SYSPFINT) EDIT ('END OF SAMPLE PROGRAM') EXPN 670
(SKIP(5),COLUMN(10),A),. EXPN 680

ENDy . /*END OF PROCEDURE EXPN */EXPN 690
DAT3.. DAT3 10
xRk ok /DAT3 2C
/% */DAT3 3C
/% TO READ A VECTOR OF FLOATING POINT DATA. */DAT3 4C
TAd */DAT3 50
/ /DAT3 60
PROCEDURE (M4D)y. DAT3 79
DECLARE DAT3 89
CH CHARACTERI(8C), DAT3 90
(14MyNsNL,N2} DAT3 10C

FIXED BINARY, 9AT3 11C

D(M) FLOAT BINARY,. DAT3 120

A */DAT3 13C
/* N EQUAL THE NUMBER OF DATA PCINTS PER 8C COLUMNS OF A DATA  */DAT3 140
/% CARD. */DAT3 150
/% */DAT3 160
ON ENDFILE (SYSIN) ) DAT3 170
G0 TO EXIT,. DAT3 18C
DAT3 190

DAT3 200

DAT3 21C

DAT3 22C

DAT3 230

. DAT3 240

GET EDIT (CH) (A(8C)),y DAT3 250
GET STRING (CH) EDIT ((D(l) DO I= N1 TO N2)) ((NJF(65C)),. DAT3 260
N1 =N2+1,. DAT3 270

IF N1 LE M DAT3 280
THEN 00, . DAT2 290
N2 =N2+N,. DAT3 200

GCI 10 S10,. 0AT3 310

ENi DAT3 32C

REVERT ENDFILE {SYSIN),. DAT3 330
RETURN, . DAT3 340
EXIT.. DAT3 350
PUT FILE (SYSPRINT) EDIT (*ERROR INSUFFICIENT DATA®') DAT3 36C
(SKIP{1),COLUMN{10),A),. DAT3 37C

STOP, . DAT3 380
ENDy . /*END OF PROCEDURE DAT3 */DAT3 39C
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ALLOCATION OF OVERHEAD COSTS (COST)

Problem Description

A standard problem in finance is the allocation of
overhead costs (for example, electricity, transpor-
tation, .. .) to productive (charge) departments.

Overhead costs are initially charged to auxiliary
departments, The costs of the auxiliary depart-
ments must be distributed among the productive
departments using a given allocation key. For any
auxiliary department the allocation key gives the
distribution of unit costs among all departments
‘(productive and auxiliary).

The problem is to calculate a transition matrix
that can be used to obtain the final cost allocation
to productive departments (by multiplying it with
the given cost vector).

Mathematical Background

The calculation procedure is best described using
matrix notation,

Let n be the number of auxiliary departments
and m the number of productive departments.

The given allocation keys form a matrix K of
dimension n+m by n, where the i-th column gives
the distribution of unit costs of the i-th auxiliary
department among all m+n departments.,

n-columns

| K= (R) } n-rows (1)

S/} m-rows

K (given) is segmented into two parts, R and S,

R is of dimension n by n and S of dimension m
by n. R contains the allocation keys for charging
auxiliary departments by an auxiliary department,
while S contains the allocation keys for charging
productive departments by an auxiliary department,

If R is null, S is already the required transition
matrix, . '

Note that all elements of K are nonnegative and
that the sum of all elements in any column is one.

Let C be the vector of dimension n+m containing
the costs of auxiliary departments (first n elements)
and the costs of productive departments (last m
elements):

c=(8)3 o | @

Distributing overhead costs CA according to allo-
cation key K gives a new vector

CA, CA, =R.CA
c, = with 3)

CPl . CP1 =8, CA+ CP

and By iteration

C-= CAk

k

CA =R.C =R ,CA
witn K B TR @)

CP. =8, . .
k CPk S CAk-l + CPk—l

A realistic allocation key requires each auxiliary de-
partment to allot part of its costs to productive de-
partments.

Under this assumption for the elements r,, of R,

ik
OsrikScx<1fora11'=1,2, P i

and
n
> riksa<1forallk=1,2,...,n (5)
i=1

This means Rk - 0 for k = « and I-R is nonsingular,

Therefore, iteration (3) will give the allocation
of costs C to productive departments.

One step is sufficient if R = 0 (when no auxiliary
department is charging an auxiliary department
again),

The process (3) is easily described in matrix
notation:

: . ko
_ _ (R 0), _ (RO
Co=C G~ <s 1) C-1 <S, 1) Co
Therefore:
lim R 0 k__
ke \s 1)

lim (RS 1 0 0 o
k @ o S(H+R+...+R ) I = T I

- defines the desired transition matrix T, which will

give the final cost allocation with a single matrix
multiplication: :

T =1lim

S- (I+R+...+Rk'1) =8 (I-R)’1
k 4 ’ . . .

The rows of T may be calculated one at a time from

L = @R) L. 8T o ()

294  Appendix B--Sample Program--Allocation of Overhead Costs



Programming Considerations

Calculation of T is done in two major steps:

1. The matrix (I-R)T is factored into a product
of two triangular matrices L - U = (I-R)T,

2. The column vectors of ST (that is, row vec-
tors of S) are divided by the triangular factors L and
U.

Doing the second step sequentially, one column
at a time, saves considerable storage space, since
the only data needed in core simultaneously is an
n by n matrix, containing (I-R)T, the triangular
factors L and U, and a vector of dimension n. This
allows calculation of the transition matrix T, which
allocates overhead costs, for a very large number
of charge departments, as long as the number of
auxiliary departments is of moderate size.

Program

The program for allocation of overhead costs con-
sists of the main program, COST, and two proce-
dures from the Scientific Subroutine Package:
'MFG -- triangular factorization of a general
matrix
MDLG--division by triangular factors from left-
hand side '

Capacity

The limitation on the number of auxiliary depart-
ments depends on the size of storage available for
data. The number of productive departments is

. not limited by core size. }
Dynamic storage allocation is used for data ar-
. rays with extent n+1 by n.

Input

One control card is i'equired for each data set.
This card is prepared as follows:

- Columns Contents For Sample Problem
1-10 Problem number HILBERT
(may be alpha-
meric)
11-15 Number of auxil- 6
iary departments
16-20 Number of pro- 4

ductive departments -

- Leading zeros do not have to be keypunched,

Data Cards

The rows of matrix K = (g) are read into the com-~
puter one at a time,

The elements are keypunched in successive
cards, assuming six 10-column fields per card.
These fields are 11-20, 21-30, 31-40, 41-50, 51-60,
61-70. Columns 1-4 are used for identification of
the row. Each row must start with a new card. An
input format of ¥ (10, 8) is used for the ten-column
fields.

Deck setup is shown in Figure 38,

( Data
Control
Card

Last problem

r Data
Control
Card

First problem

MFG

Procedures and main program

( MDLG
COsT

Figure 38.

Sample

A listing of input cards for the sample problem is
shown in Figure 39.

HILBERT 6 4 ' 10
[AAOL 0.341417430;247540110.207916319.185625310.171199560.16104686 20
AAO2 0.170708710.165026720.155937250.148500200.142666220. 13804018 30
AAO3 0.113805770.123770050,124749770.123750150.122285360.12078517 40
AAQ4% 0.085354320.099016010.103958120.106071590.106999690.10736459 50
AAOS 0.068283430.082513330.089106970.092812650.095110830.09662812 60
AAOS 0.056902890.070725730.077968590. 082500100.085599720.08784371 70
AAOL 0.048773910.061885020.069305410.074250100.077817910.08052343 80
AAOQ2 " 0.042677180.055008910.062374890.067500050.071333110.07432931 90
AAO3 0.037935260. 049508000.056704450.061875090.065845960.06902003 100
AAO4 0.034141730.045007280.051979080.057115480.061142670.06441873 110;
Figure 39,

Output
_—

As output, the resulting transition matrix T is
listed rowwise.
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Sample

" The output listing for the sample problem is shown
in Figure 40.

#*

ALLOCATION OF OVERHEAD COSTS *

w3

i3]
PROBLEM = HILBERT
NUMBER OF AUXILIARY DEPARTMENTS = 6

NUM3ER OF PRNDUCTIVE DEPARTMENTS = 4

RESULTANT ERROR INDICATOR WITHIN PROCEDURE MFG ERROR =0

AARY 2.9081767RE-C1. 2.89823174E-C1 2.88753211E-C1 2.87737966E-01 2.86809385E~-01 2.85970271E~-CL

AAC2 2.55813845E-21 2.59676158E~01 2,59507656E~C1 2.59332657E-01 2.59161770E-01 2.58998632E~01

ARC3 2.34915495€-01 2.35311449E-01 2.2573333CE-0C1 2.3613C297E~-01 2.364909C5E~C1 2.36814141€-01

APCG 2.144539956-01 2.1519C649E~C1 2.1500G6935€E-C1 2.16799796E-01 2.17539072€-01 2.18217134E-01
Figure 40,

Program Modifications

Input data in a different format can be handled by
providing different formats in corresponding GET
EDIT statements.

Error Messages

The value of the error indicator as set by procedure
MFG is included in the listing:

ERROR ='0' means successful factorization.

ERROR ='P' means incorrect value N,

ERROR = '8! means incorrect data matrix R.
(I-R) is singular.

ERROR ='C' means (I-R) is nearly singular. To
avoid a breakdown of the method, in-
put data has been slightly modified.

ERROR ='W' means (I-R) is nearly singular.

Results may have poor accuracy.
In the case ERROR ="'S', calculation is bypassed.

Operating Instructions

The sample program for overhead cost allocation

is a standard PL/I procedure. Special operating in-
structions are not required. Data set SYSIN is used
for input; and data set SYSPRINT, for output.

Timing

The execution time of this samplé program on a
System/360 Model 40, using a 2540 Card Reader and
a 1403 Printer, Model N2, as output, is 19 seconds.
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COST.. cosT 1C
/ /COST 2¢C
A */COST  3C
1% ALLOCATION OF OVERHEAD COSTS */COST 40
1% */COST S0
/ /COST  6C
PROCEDURE OPTIONS(MAIN),y. cosT 70
DECLARE . . . COST 8C
ERROR EXTERNAL CHARACTER(1), /*EXTERNAL ERROR INDICATOR */COST  9¢C
(CNR,CHNF) CHARACTER(1C) €OST 1C0

CH CHARACTER(1), COST 110

EPS BINARY FLOAT, COST 12¢
(lleD.KerM'N) COST 130

BINARY FIXED, COST 140

ON ENDFILE (SYSIN) GO TO BACKy. €COST 150
START .. /%SET EPS FOR INTERNAL TEST FOR*/COST 160
EPS =1E-6y. /%L0SS OF SIGNIFICANT DIGITS */COST 170
GET EDIT COST 180
(CNRyNyMy CH /*READ NUMBER OF COLUMNS, ROWS */COST 190
(AL10),F(5) .F(s).xtso).ul)).. COST 20C

PUT EDIT /*WRITE HEADING #/COST 210

[ 'y €OST 22¢

L3 *0, COST 23C

'x ALLOCATION OF OVERHEAD COSTS 0, COST 24C

X oy COST 250

. 9 CDST 26C
(PAGEySKIP{2)4(5)(X{30) +A,SKIP)),. COST 270

PUT €DIT COST 280
(*PROBLEM =',CNRy*NUMBER OF AUXILIARY DEPARTMENTS =',N, COST 290

*NUMBEP OF PRODUCTIVE DEPAPTMENTS =1',M) €OST 3C0
(SKIPL2)4XU30)+AAs(2) (SKIPL2),X(30)+A,F(5)))y. COST 31C

BEGINy. COST 320
DECLARE CNsT 330

{RINgN) 4SINy1 COST 340

W(N) DEFINED S(lSUB'l)) COST 35¢

BINARY FLDAT, /%*SINGLE PRECISION VERSION /#S*/COST 360

A4 BINARY FLOAT(53), /*DOUBLE PRECISION VERSION /#D*/COST. 370
IPER(N) COST 38C

BINARY FIXEDy. COST 39C

IND  =1,. /*CALCULATE VALUES FOR INPUT */COST 400

L =Ny /*FORMAT LIST */COST 41C

DO WHILE (L GT 6)y. COST 420

L =L=6y. COST 43C

IND =IND+l,. /*IND' MEANS THE NUMBER OF CARDS*/COST 440

ENDy. © /*FOR ONE ROW OF R */COST-45C

L =(6-L)*10,. /%L SPECIFIES HORIZONT, SPACING*/COST 460

00 I =1 TO Ny. /*EXECUTE LOOP OVER ROWS OF R */COST 470
GET EDIT /*READ I-TH ROW DF MATRIX R */COST 48C
(CHNR W COST 49C
(A(lC)y(INDH(6)F(10'B)qX|20)))'. COST sCC

GET EDIT /*HORIZONTAL SPACING */COST 51C
(CNR) COST s2¢
(X{L)AC100) 5, . COST 530

WET) =w(I)=1,. /%*COMPUTE TRANSPOSED (U-R) */COST 540
R{*xyT)==Wy. /*WHERE U MEANS UNIT MATRIX */COST 550
COST 56C

ENDy »
CALL MFG(RyIPERyNsEPS),y. /*CALL FACTORIZATION PROCEDURE */CDST 570

PUT EOIT /*WRITE ERROR INDICATOR OF MFG */COST 580
(*RESULTANT ERROR INDICATOR WITHIN PROCEDURE MFG', €COST 590
TERFOR =',ERROR) (SKIP(3),X(10)sAyX{10)9AsA)y. COST 600

00 1 =1 TC M,. /*EXECUTE LOOP OVER ROWS OF S */COST 61C

GET EDIT /*READ ANY ROW OF MATRIX S */COST 620
(CHNR ) COST 630
(A(lC),(lNDH(ﬁ)F(10'8)')((20)))'. COST 640
GET EDIT COST. 650
(CNR) COST 660
(X(L)4ALLC) D, . COST 670}
IF ERROR NE 'S°* COST 680
THEN DOy /*PERFORM MATRIX OIVISION */COST 690
CALL MOLG(RyS+IPERyNs1Bs'C*)y * COST 700
PUT EDIT /*WRITE ALLUCATIUN ROW */COST 710
{CHNR, W) COST 720
lSKIP(Z)'X(B)'A.X(S)y(lNDH(GlE(l'I'B).X(lsl))'. CDST 730
ENDyo asT 740
ENDy . - COST.‘ISO
ENDy .« COST 760
GO TO START,. €osT /770
BACK.. 0ST. 78¢C
ENDy . /*END OF PROCEDURE COST

+/COST 79¢
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