








































































































































































































































































































































































































































































































IF A GT 1000 
THEN DO,. 

XS =2*AA/XO,. 
OF =2•BB,. 
CALL CDTRCXS,OF,P,OUMMY),. 
P =1-P, • 
GO TO SlltO,. 
ENO,. 

IF 8 GT 1000 
THEN OD,. 

XS =2•BB•xo,. 
OF =2•AA,. 
CALL CDTRIXSrOF,P,OUMMY),. 
GO TO Sl4Q,. . 
ENO,. 

I* TEST FOR A OR 8 GREATER 
I• THAN 1000 

•/BDTR 1230 
•IBDTR1240 

BDTR1250 
BDTR1260 
BDTR 1270 
BDTR12BO 
BDTR12'90 
BDTP 1300 
BDTRl '310 
BDTRl'.320 
BOTRlBO 

1340 
BDTR1350 
BDTP 1360 
80TRl370 

IF X LE • 5 
THEN IF AA LE l 

THEN DO,. 
RR =AA+l, • 
GO TO S6C,. 
END,. 

ELSE DO,. 
RR =<AA,. 

I* SELECT PARAMETERS FDR CON- *IBOTR1380 
I• TINUED FRACTION COMPUTATION *IBDTP1'390 

eDTR 1400 
BDTR1410 
BDTR142Q 
BDTR1430 
8DTR1440 
8DTR1450 

S60 •• 
DO =I RR-1> - I RR+BB-11 *XX* EXP I DLXX/5) +2 t. 
IF DO LE 0 
THEN GO TO SSO,. 
ELSE GO TO S9t'J,. 
END,. 

IF 88 LE l 
THEN 00,. 

RR 
s10 •• 

RR =BB+l,. 
GO TO S70,. 
ENO,• 
=BB,. 

Oil =IRR-11-1 AAt-RR-lJ *C 1-XXl*EXPIDLlX/5) •2, • 
IF DO LE 0 
THEN GO TO S90,. 

sea •• 
ID =11. 
FF ""OL lX,. 
OllX =DLXX,. 
OLXX 
XO -=l/XO, • 
FF =AA,. 
AA =BB,• 
BB =FF,. 
G2 =Gl,. 

S9C •• 
FF =Ot. 
IF AA LE l 
THEN DO,. 

CALL LGAMIAA+l,G4J,. 

I* TEST fOR A LESS THAN l 

00 =AA*OLXX+BB*DllX+G3-G2-G4, • 
IF DD GT -l.68E+2 
THEN FF=FF+EXPCOO),. 
AA -=AA+l, .. 
ENO,. 

FN =AA+BB-1 1 • I* COMPUTE P USING CONTINUED 
RR dA-lt• I* FRACTION EXPANSION 
SS :::sC I 186-801 ... RR+BO I) I c (RR+2*BO-l I*( RR+Z•ao) J >•xa,. 

DO X.1=79 TO 1 BY -1,. 
OD =C IX I•CFN+XI 11 IC CRR+2•XI+ l l•<RR+2•XI)) 1•xo,. 
CC =CIC BB-XI J •IRR+XI J >II IRR+2•Xl-U*C RR+2•XI J) )*XO,• 
SS =CC/Cl+DD/Cl-SSJJ,. 
ENO,. 

SS =l/tl-SSJ ,. 
IF SS LE 0 
THEN GO TO sue,. 
CALL LGAMIAA+BB,GlJ 1• 

CALL LGAMIAA+lrG4),. 
PP =Gl-G2-G4+AA*DLXX+C 88-1 >•DllX+LOGC SS I,. 
IF PP LE -l.6BE+2 
THEN QQ, • 

pp ::rFF1. 
GO TO SlOO,. 
END,. 

pp =EXP( PP )+FF,. 
SlOC! •• 

IF ID GT 0 
THEN PP=l-PP, • 
P =PP,. 
IF P LT 0 
THEN If ABSI Pl GT lE-7 

THEN GD TO Sll.O,. 
ELSE DO,. 

P .. a,. 
GO TO 5130,. 
ENO,. 

ELSE IF P GT 1 
THEN IF ABS( 1-PI GT lE-7 

THEN 
suo •• 

ELSE 
s120 •• 

sno •• 

oo,. 
ERROf;.= 1 3 1 ,. 

P =+1E+75r. 
GO TO Sl'+O,. 
ENO,. 

ELSE 
p =1,. 
GO TO S130,. 
ENO,. 

IF P LE lE-8 
THEN DO,. 

p :::sQ,. 

GO TO Sl301. 
ENO,. 

ELSE IF 1-P LE lE-8 
THEtf P=t ,. 

ERROR=•O• ,. 
Sl4C •• 

RETURN,• 
ENO,. 

Purpose: 

I* SET ERROR INDICATOR 

I* ENO OF PROCEDURE BOTR 

BDTR1460 
BDTR147C 
BOTR1480 
BDTR1490 
BDTR1500 
BDTR1510 
BDTR 1520 
BOTR 1530 
BDTR151t0 
8DTR1550 
BDTR1560 
BDTR1570 
BOTR1580 
BDTR1590 
BDTR 1600· 
BDTR1610 
80TR1620 
BOTR1630 
BDTR1640 
l!OTR 1650 
BOTR1660 
8DTR1670 
6DTR1680 
BOTR1690 
BOTRl 700 
BDTRl 710 
BOTR 1720 
BOTRl 730 

*/BOTRl 740 
BDTRl 750 
BOTR 1760 
BDTR 1770 
BDTRl 780 
BDTR1790 
BDTR 1800 
8DTR1810 

*/BDTR1820 
*IBOTR183D 

BOTR1840 
BDTR l 850 
BDTR1860 
BOTP 1870 
eon 1880 
80TR1890. 
BOTR1900 
BOTR1910 
BDTR.1920 
80TR1930 
BOTR.1940 
BOTR1950 
8DTR1960 
BDTR 1970 
BDTR1980 
BDTR.1990 
BDTR2000 
E'OTR.2010 
8DTRZ020 
BDTR203C 
BDTP2040 
80TRZ050 

•/8DTR2060 
BDTP2070 
BDTR2080 
BOTR2090 
BDTR2100 
BDTR2110 
BDTR2120 
BDTR2130 
BDTR214-0 
8DTR2150 
BOTR2160 
BDTR2110 
BDTR2180 
BDTR2190 
BDTR2200 
BDTR2210 
BOTRZ220 
BDTR2230 
BDTR224-0 
BDTR2250 
BDTR2260 
BOTR2270 
BDTR2280 
BOTR229D 
BDTR2l00 
BDTR2310 
BOTR2320 
BDTR2330 
BDTR234-0 
BDTR2350 
BDTR2360 
BDTR2370 
BDTR2380 

·*/BOTRZ390 

BDTR computes P(x) = probability that the random 
variable X, distributed according to the beta dis.,. 
tribution with parameters A and B, is less than or 

equal to x. f (A, B, X), the ordinate of the beta 
density of X, is also computed. 

Usage: 

CALL BDTR (X, A, B, P, D);. 

X ... BINARY FLOAT 
Given variable containing the scalar for which 
P(x) is computed. 

A -BINARY FLOAT 
Given variable containing the beta distribution 
parameter. 

B -BINARY FLOAT 
Given variable containing the beta distribution 
parameter. 

P -BINARY FLOAT 
Resultant variable containing the probability. 

D -BINARY FLOAT 
Resultant variable containing the density. 

If no errors are detected in the processing of data, 
the error indicator, ERROR; is set to zero. The 
following constitute the possible error conditions 
that may be detected: 

ERROR=l - invalid value of X. (X<O or » 1) 
ERROR=2 - invalid valqe of A or B (A or B < • 5, or 

A or B> 105). 
If either of the above conditions exists, 
the values of P and Dare set to -1. E75. 

ERROR=3 - Invalid output (:P<o or P > 1). If this 
condition exists, the value of P is set to 
1. E75. 

Subroutines and. function subroutines required: 

CDTR 
LGAM 
NDTR 

Method: 

Refer to: 

R. E. Bargmann ands. P. Ghosh, "Statistical 
Description Programs for a Computer Language", 
IBM Research Report RC-1094, 1963. 
M. Abramowitz and I. A. Stegun, Handbook of 
Mathematical Funct:lons. u. s. Department of 
Commerce, National Bureau of standards Applied 
Mathematics Series, 1966. 

Mathematical Background: 

This subroutine computes P=J,c (m, n) =Prob (X :S:x), 
where X is a random variable following the beta 
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distribution with .degrees ?f freedom {continuous 
parameters) m and n. For .computation to take 
place, 0::;. x:::: 1, o. 5:::: m:::: 10+5, and o. 5 sns10+5• 
D, the ordinate of the beta density at x, is also pre­
sented in the output. 

For 0 s x s 1, I (m, n) may be written as: x ; . . 

x 
I {m, n) = J f {m, n, y) dy x . 

. . 0 

where: 

1 .· in-1 n-1 
f (m, n, y) = B{m,n) y (1-y). 

(1) 

B (m,n) 
. r (m) r (n). - . • . .·. 

r(m + n) , D - f {m,n,x) 
' ,' . ~' 

Ix(m, n) can be reduced to a binominal partial sum 
that can be evaluated by means of a continued frac-. 
tion expansion. 

L~t N .;,, m+n-1 and r = ni-1. Then: 

I (m,n) =I (r+l, N-r) 
x x 

... • N -

Ix (r+l, . ~-r) = L .. (~)xs 
s = r+l . 

·· N-s 
(1-x) 

. - (r ~1} xr+l (1-x)N-r-ls 

where 0:::: s s N 

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

_ (N - i - r) (r+ i) x 
ci -:- (r + .2L"'." 1) (r+ 2i) . 1 - x 

;.\: ;, ..- ·:' 
d = i (N +. i) .. 

i (r+.2i+1)c(r+ 2i) 
x 

1- x. 

(2) 

(3) 

(4) 

(5). 

The .above continued fraction e~pailSion ()f Ix' (in, n) · · 
llolds for positive m and n (integers or .. n()~integers), 
'.'l" ~ O (m + n ~ 1), and r ~ 0 (m ~ 1). Jn order to 
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fulfill these last two conditions, if m < 1, the follow­
ing transformation must be made before computation 
of Ix (m, n) can take place: 

- r (m + n) m n + + 
Ix(m,n) -r (m+l)r (n) x (1-x) Ix(m 1,n) 

(6) 

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

. ,Jt is known that Ix(m,n) = I1_x(n,m). Thus, either 
of the two parameter sets indicated bythis 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 s. 5 or (1-x) 
otherwise. If the quantity [ (p-1) - (p+q-1) 
z 6/5 + 2] is positive, use the parameter set 
corresponding to z. Otherwise, use the para­
meter set corresponding to (1-z). 

. -8 -8 .. 
If O sx s10 or 0 s1-x s10 , the approximation 
is made that x = 0 or 1 respectively. P and D are 
then set according to the following table: 

0 sx s10-8 0 :::; 1-x:::; 10-8 

p =O p = 1 

If: Then: If: Then: 

A< 1 D = 10 75 B < 1 D = 1075 

A= 1 D = 1/B(m,n) B =1 D =1/B(m,n) 

A> 1 D = 0 B > 1 D = 0 

Ifeither morn, or both are within 10""'8 of 1, the 
beta integral is solved explicitly form= 1, n: = 1, 
or m =n = 1: 

If: 

A= 1, B = 1 

A= 1, Bf. 1 

A /.1, B = 1 

Then:· 

P=x 

n 
P = 1 - (1.-" x) 

... m 
P=x 



If morn is greater than 1000, the chi-square ap­
proximation is used: 

z1 = 2m (1-x)/x is distr:ihuted as X 2 with 2n 
degrees of freedom and P = 1 PX 2 (z1) for m > 
1000. 

z2 = 2nx/ (1-x) is distr:ibuted as x2with 2 m 
degrees of freedom and P = Px2 (z2) for n > 1000. 
If both m and n are greater than 1000, the approx­
imation corresponding to z1 is used. 

The values of P very near zero or one may be some­
what imprecise. To eliminate ~ossible misinte~re­
tation of results, if O s;p s;10- or O s;l-P s;10- , 
Pis set to O or 1 respectively. 

• ·Subroutine CDTR 

CDTR. • CDTR 10 
/*************** .. ****************************************************/CDTR 20 
I* */CDTR 30 
I* COMPUTES PUJ .. PROBABILITY THAT THE RANDOM VARIABLE U, */CDTR 40 
I* DISTRIBUTED ACCORDING TO THE CHI-SQUARE DISTRIBUTION WITH G */CDTR 50 
I* DEGREES OF FREEDOM, IS LESS THAN DR EQUAL TD X. FIG,XI, THE */CDTR 60 
I* ORDINATE OF THE' CHI-SQUARE DENSITY AT X, IS ALSO COMPUTED. */COTA 70 
I*. */CDTR 80 
l*'!l***************************************************•*********o*****ICDTR 90 

PROCEDURE l>C,G,P,D),. CDTR 100 
DECLARE COTA 110 

UX,DLXJC,DLX2,GG,G2, QLT3 'THETA, THPl,GLG2,oo, TU, sea, cc,x2, CDTR 120 
XI rFAC,TLOG, TERM,GTHtA21A18rCtDT2tDT3t THPI) COTR· 130 
FLOAT BINARY (531. CDTR· HO 
U,J,K,13) FIXED BINARY1 CDT.A 150 
ERROR EXTERNAL CHARACTER ( 1) t CllTR 160 
1x,G,o,sc,p, Tl,T2, T3,DUMMYJ FLOAT BINARY,. CDTR 170 

I* TEST INPUT VALIDITY •/CDTR. 180 
IF G LT .49999 OR G. GT 2.E+05 OR X LT 0 CDTR 190 
THEN DO,. I• SET ERROR INDICATOR •ICDTR 200 

o,p =-l.E75,. CDTR 210 
ERROR=' 1 1 t • CDTR 220 
GO TO Sl50,. COTA 230 
END,. COTA 240 

-ELSE IF X -LE 1. E-08 I•. TEST· FOR X NEAR ZERO •ICDTR 250 

sio •• 

S30 •• 

540 •• 

THEN DO,. I• SET p· AND D DEPENDING •/CDTR: 260 
p •o.o,. ,,. ON THE PARAMETER G O/COTR 270 
IF G LT 2.0 CDTR 280 
THEN DO,. CDTR 290 

D ,.l.E751. CDTR 300 
GO TO S30t • COTA 310 
ENO,. CDTR 320 

ELSE IF G .. 2.0 COTA 330 
THEN DO,. COTA. 340 

D •0.5,. CDTR 350 
GD TD 530,. CDTR 360 
END,• CDTR. 370 

ELSE DO,. CDTR · 380 
D aQ.O,. CDTR 390 
GO TO S30,. COTR. 400 
END 1 • CDTR 410 

ENDt• 
ELSE IF X GT l.E+06 I• TEST FDR X > 1.£+06 

I*. SET P AHO D 

CDTR 420 
O/COTR "\30 
ta/COTA "\'tO 

CDTR 'o\-50 
CDTR 460 
CDTR "\70 

THEN oo,. 
D =0.01• 
P =1.0,. 
GO TO 530, • 
ENO,. 

ELSE DOt • I• SET PROGRAM PARAMETERS 
XX =PRECISIONIX,53),. 
DLXX =LOG(XX),. 
X2 :oXX/2.EO,. 
DLXZ =LDGlX2J,. . 
GG =PRECISIDN(G,53) t• 
GZ =GG/2.EO,. 

I* COMPUTE THE ORDINATE 
CALL LGAMIG2rGLG2J,. 

CDTR 4-80 
*/COTR 490 

COTR 500 
CDTR 510 
COTA 520 
CDTR 530 
COTA 540 
CDTR 550 

*/CDTR, 560 
COTA 570 
CDTR 580 
CDTR 590 

DD ,.CG2-l. EO l*DLXX-XZ-GZ*• 69314718D559945EO-Gl.G21 • 
IF DD LE l.6BE02 
THEN IF IDD+ l.6BE02J LE 0 

THEN DO,. 
o · .. o.o,. 

CDTR ·600 
CDTR 610 
CDTR .620 

.' . CDTR 630 
I* TEST FOR G > 1000. & );( > · 2000*/CDTR 640 

IF G LE 1000 CDTR 650 
THEN IF X GT 2000 CDTR :660 

THEN COTA 670 

oa,. 
p =t.o,. 

ERROR .. '0'1• 
GO TO 5150,. 
ENO,. 

ELSE D01. 
I* COMPUTE THETA 
K =FLDORCGZJ,. 
THETA=G2-FLDATIK,53J,. 
GD TO S401 • 
ENO,. 

ELSE QO,. I* WILSON HILFERTY APPROX. 

ENO,• 
ELSE DO,. 

A =LOGIXX/GGJ/3.EO,. 
A ,,.EXPl"AI. •.. 
B =2.E0/19.EO*GGJ t• 
CrSC =IA-1.EO+B)/SQRT(BJ;. 
CALL NDTRISC,P1DUMHYJ 1 • 
GO TO 560,. 
ENO,. 

OD,D =EXP( DDJ1. 
GO TO 510,. 
END,. 

COTA 680 
CDTR ·690 
COTA ·1co 
CDTR 710 
CDTR ,720 
CDTR 730 
.CDTR 740 
COTR 750 

*/COTR 760 
COTR "770 
.COTR 780 
CDTR 790 
CDTR 800 

*/COTR 810 
CDTR 820 
CDTR :830 
COTR 840 
CDTR 850 
COTR 860 

ELSE DO,. 

CDTR .870 
CDTR 880 
COTR 890 
COTA 900 
COTR 910 
CDTR 920 
COTR 930 
CDTR 940 
CDTR 950 
CDTR 1)60 
CDTR 970 
CDTR 980 END,. 

0 =l.E75,. 
GD TO SlO, • 
ENO,. 

JF THETA LE 1.E-8 
THEN THETA.,.O.EO,. 
THP 1 =THETA+t .eo,. 

COTR 990 
COTRlOOO 
CDTR101D 
COTR1020 

•ICDTR1030 
•ICDTRlO'tO 

COTR1050 ·IF THETA GT 0 

.. THEN IF XX LE 10.EO 
THEN DO,. 

I* SELECT METHOD FDR 
I* COMPUTING Tl 

I* COMPUTE Tl FD?: • 
I• THETA > 0 & X .< DR = 10 

SER =X2•1 L.EO/THPl-XZ/<THPl+l.EOJ J t • 

J •lt• 
CC .afLDATIJ,53J,... 
DO IT1""3 TO 30, • 
XI. =FLDATllT1,53>t• 
CALL LGAMIXl,FACJ,. 
TLOG =Xl*DLX2-FAC-LDGIXl+THETAJ,. 
TERM =EXPITlOGJ,. 
TERM •SIGNICCJ•ABS(TERMJ,. 
SER •SER+ TERM, .. 
cc -cc,. 
IF ABSCTERMJ LT l.E-9 
THEN GO TO S80,. 
END_•.•. 

•/CDTR1060 
*/CDTR1070 

CDTR1080 
. CDTR1090 

COTRUOO 
CDTRlllO 

. CDTR1120 
CDTRU30 
CDTR1140 
COTRU50 

·. COTR1160 
COTR1170 
COTRUBO 
CDTR1190 
COTR1200 
CDTR1210 
CDTR1Z20 
CDTR.1230 
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GO TO S90t • 
ENO,. 

COTR121t0 
tDTR1250 

ELSE OOt. 
A2 =O.EOt. 
00 l=l TO 25,. 
XI =FlOATC [,53)',. 

I* Tl FOR THET A>O AND 10<X<2000•/CDTR 1260 
CDTR1270 
CDTR1280 
COTR1290 

CALL LGAMITHPl1GTHl1. 
TU _.. ( 13.EO*XXI /Xl+THPl*LOGU3. EO•X)(/Xll-GTH--LOGIXl >t • 
IF ITU+l.6BEOZI GT 0 
THEN DO •• 

Tll 21.EXPCTltJ,. 
AZ "'A2+T 11,. 
ENO,. 

ENO,. 
GO TO Sl30,. 
ENO,. 

ELSE IF X2 GE l.68E02 
THEN oo,. 

sso •• 
Tl =l.O,. 

IF G GE 2 
THEN IF G GE 4 

THEN DO,• 

OT3 •O.EO,. 
Otl 13,.z TO K,. 

I* COMPUTE Tl FOR THETA "' 0 

I* SELECT APPRO. EXP. FOR P 

I* CALC. FOR G > OR • ~ 
,. ·ANO < OR "' loo 

THPI •FLOAT(l3t53)+THETA,. 
CAl.L LGAM ITHf>I 1GTH),. 
DL T 3 •T HP I •OLXZ-DL XX-X2-GTH, • 
IF .(OLT3+1.68E021 GT 0 
THEN OT3 •DT3+EXPfDLT3J,. 
ENO,. 
T3 •DT3,. 
P •T l-T3-T3, • 
GO TD S60t • 
ENO,. 

ELSE DO,. 
P •Tl,• 

560 •• 
IF P LT O 
THEN IF ABSCPI LE 1.E-7 

THEN 
570 •• 

oo,. 
p -o.o,. 
GO TO S30,. 
ENO,. 

ELSE GO TO 590,. 
ELSE IF P GT 1.0 

THEN IF ABSU.-PJ GT l.E-7 
THEN GO TO 590,. 
ELSE GO TO S20t• 

ELSE GO TD SlOO,. 
ENO,. 

ELSE GO TO 5145,. 
ENO,. . 

ELSE 00,. 
Tll,Tl =1.EO-EXPl-XZJ, • 
GO TO SSO,. 
ENO,. 

sea •• 
IF (SERI LE 0 
THEN GO to 590,. 
ELSE oo,. 

CALL LGAM (THPl,GTHJ, • 
TLOG =THETA*DLXZ+LOG(SERJ-GTH,. 
IF (TLOG+l .68E021 LE 0 
THEN GO TO S 110 t • 

ELSE GO TO 5120,. 
ENO,. 

590 •• 
ERROR=' 2 1 ,. 

P =l.E75,. 
Go ro s1so,. 

5100 •• 
IF P LE l.E-8 
THEN GO TD S70, • 
ELSE lF 11.0-PI LE l.E-8 

THEN GO TO SZO,. 
ELSE GO TO S30,. 

suo •• 
Tl =O.O,. 
Go TO SSO,. 

s120 •• 
r11,n =EXPITLOG),. 
GO TO SSO,. 

5130 •• 

I* SET ERROR INDICATOR 

A =l. 012820Sl+THETA/ 156. EO-XX/312 .EO,"' 
8 =ABSCAJ,. 
C =-X2+THP l*OLX.2+LOGI B l-GTK-3 .95124371858142EO,. 
IF (C+l.68EQ2) LE Cl 
fHEN DO,. 

c ""o.Eo,. 
Sl40 •• 

C =A2+C,. 
Tll,Tl =l.EO-C,. 
GO TO 550,. 
ENO,• 

ELSE IF A LT 0 

5145 •• 

THEN DO,. 
C "'-EXPIC),. 
GO TO 5_140,. 
ENO,. 

ELSE IF A =O 
tHEN 00,. 

c =o.eo,. 
GO TO 5140,. 
ENO,. 

ELSE oo,. 
C =EXP(CJ,. 
GO TO 5140,. 
END,. 

CALL LGAM ITHPl,GTHJ,. l•CCMPUTE P FOR O<G<Z 
DT2 =THET A*OLXX-X2 .. THP l* • 69314 7180559945EO-GTH, • 
IF IDT2+l.68E02) LE 0 
THEN DO, .. 

p :fl,. 
GO TO 560 1 • 

ENO,• 
ELSE OO,. 

or2,r2 =EXPI OlZ),. 
P -=Tl+T2+T2,. 
GO TO S60,. 
ENO,. 

5150 •• 
RETURN,. 
ENO,. 

/*COMPUTE P FOR G > OR = 2 

I* END OF PROCEDURE CDTR 

244 Statistics--Distribution Functions 

CDTR1300 
COTR1310 
CDTR1320 
&DTR1330 
CDTR13"t0 
COTR1350 
CDTR1360 
CDTA.1370 
COTR1380 
COTR1390 
CDTRl'tOO 

•ICOTRl'tlO 
CDTR1420 
CDTR1430 

•ICDTR1440 
CDTR1450 
CDTR1460 

•/CDTR1470 
•/CDTRI't80 

CDTRl't90 
CDTR1500 
CDTR1510 
CDTR1520 
CDTR1530 
CDTR151t0 
CDTR1550 
CDTR1560 
COTR1570 
CDTR1580 
CDTR1590 
COTR1600 
CDTR1610 
COTR1620 
COTR1630 
CDTR16't0 
C0TR1650 
CDTR1660 
CDTR1670 
CDTR1680 
CDTR1690 
CDTR1700 
COTR17U;l 
COTR1720 
CDTR1730 
CDTR1740 
CDTR1750 
COTR1760 
COTR1770 
CDTR 1780 
CDTR1790 
CDTR1800 
CDTR1810 
CDTR1B20 
CDTRla3o 
CDTR1840 
CDTR1B50 
CDTR1660 
CDTR1870 
CDTR1880 
CDTR1890 
tDTR 1900 
CDTR1910 
CDTR19ZO 
CDTR1930 
COTR1940 
CDTR1950 

•ICDTR1960 
CDTR1970 
CDTR1980 
CDTR1990 
CDTRZOOO 
CDTRZOlO 
CDTRZOZO 
CDTR2030 
CDTR2040 
CDTR2050 
CDTR2060 
CDTR2070 
COTR2080 
COTR2090 
COTR2100 
CDTR2110 
COTRZ120 
COTR2130 
COTR2140 
COTR2150 
CDTR2160 
CDTR2170 
CDTR2"180 
COTR2190 
CDTR2200 
COTR2210 
COTRZZZO 
COTR2230 
CDTR2240 
CDTR2250 
CDTR2260 
CDTR2270 
CDTR2280 
COTR2290 
CDTR2300 
CDTR2310 
CDTR2320 
COTR233 .. 
COTR2340 
CDTR2350 
COTR2360 
COTR2370 

*/COTRZ380 
COTR2390 
CDTR2400 

•/CDTR2410 
COTR2420 
COTR2430 
COTR2440 
CDTR2450 
COTR2460 
COTR2470 
CDfR2480 
CDTR2490 
CDTR2500 
CDTR2510 

*/COTR2520 

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. 

G - 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 s- G :,; 2 (105). 

P - BINARY FLOAT 
Resultant variable containi:ag the probability. 

D - BINARY FLOAT 
Resultant variable containing the density. 

Remarks: 

If° 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=l - invalid value of X. 
(X < 0) or invalid value of G. 
(G < . 5 or G > 200, 000) 
If this condition exists, the values of P 
and Dare set to -1. E75. 

ERROR=2 - invalid output (P < 0 or P > 1) or the 
series Tl has failed to converge. If 
this condition exists, the values of P 
and Dare set to -1. E75. 

Subroutines and function subroutines required: 

Method: 

LGAM 
NDTR 

For reference see: 

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

2. 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 s x), 
where X is a random variable following the x2 dis­
tribution with continuous parameter g. X must5be 
greater than or equal to zero and • 5 s g s 2 (10 ) for 
computation to take place. D, the ordmate of the 
x2 density at x, is also presented in the output. 

where: 

For x 2: 0, P(x) may be written as: 

x 
P(x) = f f(g, y) dy 

0 

f (g, y) = y(g-2)/2 e -y/2 /<2g/2 r ( !) ) 
2 

D = f(g,x) 

To evaluate the integral,. we first define 

a = .[_ [.[.J 
2 2 ' 

where-fdenotes the largest integer less than or 
equal tof. e is thus the fractional part of+. 

(1) 

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

If: 

0 <.. g <2 

2 :S::g <4 

g 2: 4 

where: 

T2 = f(2+26, x) 

[:J 
T3 = ~ f(2i+29, x) 

i=2 

Then: 

P(x) =Tl+ T2 

P(x) =Tl 

P(x) = Tl - 2T3 

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

If 9 = O ( ~ is an integer), Tl is easily evaluated as: 

Tl= 1 - e -x/2 

If 9 > 0 , Tl can be expanded in the following infinite 
series: 

Tl 

where 
x z =2. 

This series is used in the range 10-8 <x $10, 
and not m:ore than 30 terms are necessary to ensure 
convergence within error bounds of 10-9. 

For x > 10, 1-Tl is evaluated by the Euler­
McLaurin formula up to third derivative terms 
(see Reference 2, equation 23.1.30). One finds: 

N 
1 - Tl= j h(u) du 

0 

where: 

h(u) =-1- ( 2u) - (1+ 9) 
!tl+ 9) Nx u -1 e -Nx/2u 

N N-1 
f h(u> du = L h (u) + ; h <N) - 1~ h' <N) 
O u=O 

1 
+- h"' (N) 720 

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

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

If O ~x ~10- 8 , the approximation is made that 
x=O. P is set to O, and D is set to 1. E75, . 5, or 
0, corresponding tog less than 2, equal to 2, or 
greater than 2 respectively. 

(3) 

If g > 1000, Wilson and Hilferty' s approximation 
is used. (~) 1/3 is awroximately normally dis­
tributed with mean 1 -gg and variance* (see ref­
erence 2, equation 26.4.14). If g :s.1000 and 
x>2000, or g>lOOO andx>106, Pis set to 1. 

Since Tl may have an error of about 10-9, values 
of P(x) very near zero or one may be somewhat 
imprecise. To elimmate possible misinterpretation 
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of results, if 0~P(x)s=10-8 or 0 ~1 -P(x) ~lo-8 , 
P(x) is set to O 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) =JG (n,A; ':If; u) du 

0 

where 

n-1 -(u-a)/':I!/ __ n · 
G (n, a, ':If; u) = (u-a) e / ( '!'I' (n) ). 

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: 

x = 2(u-a)/ w and_g = 2n 

Th~n P(x) will be the desired probability, and 
~will be the desired ordinate. 
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• Subroutine NDTI 

NDTI • • NOT I 10 
/* .. **********************"*******il**********************************/NDT 1 20 
I* •INDTI 30 
I* COMPUTES' X•P**X(-1}( VJ, THE ARGUMENT X SUCH THAT Y=P(XJ=THE. •INDTI 40 
I* PROBABILITY THAT THE RANDOM VARIABLE Ur DISTRIBUTED NORMALLY •INOTI 50 
I* 10,111 IS LESS THAN OR EQUAL TO X. FCXJ THE ORDINATE OF THE •/NDTI 60 
I* NORMAL DENSJTY, AT Xr IS ALSO COMPUTED. •INDTI 70 
" ~~TI ~ 
1*****************************************••*******************41******/NDTI 90 

PROCEDURElPrX1D>t • , . NDTI 100 
DECLARE NDTl 110 

(p,x,o,r2, n FLOAT BINARY, NOT! 120 
ERROR EXTERNAL CHARACTER (1) t. NOT! 130 

ERROR••o•,. .tmTI 140 
X.,D =01 • NOT! 150 

"[f p LT.a.a NOTI 160 
THEN NOTI 170 

SlO.~· NDTI 180 
' DD,• I* P < 0--SET ERROR U!OICATOR *INDTI 190 

ERRORa• t •,. NOTI 200 
GO·TD S3Q.,. NOTI 210 
END., • NOT I 220 

ELSE IF P • 0 .O NDTI 230 

szo •• 

THEN DO,• I* P "" 0-SET X AND D •INDTl 240 
X .. -.999999E+741 • NDTI 250 

o =o.o,. 
GO TO S30,. 
ENO.,. 

ELSE IF P GT 1.0 
THEN GO TO SlO, • 
ELSE IF P = 1.0 

NDTI 260 
NOTI 270 
NDTl 280 
NDTI 290 
NDTI 300 

.'/* P > 1--SET ~RROR INDICATOR •l~g~~ ~~g 

THEN DO.,• I* P = 1-SET X AND D */NDTl 330 
NDTI 340 
NDTl 350 
NDTl 360 

X ... 999999E+74.,. 
GO TO 520.,. 
ENO,. 

ELSE DO.,. 
D .. p.,. 
IF D GT 0.5 

/*P>DANDP<l •INDTI 370 
NDTI 380 
NDTI 390 

I* COMPLEMENT P ' *INDTI 400 
THEN D ... 1 •. 0-0, • , . . • · NOTl 410 

I* CALC. EQUATION 2 IN WRITE UP*/NDTl 420 
TZ •LOG(l.O/CD•DJJ,. NDTI 430 
T =SQRTCT2)., • NDTl 440 

I* CALC. EQUATION l IN WRITE UP•/NDTI 450 
=T-12.515517+0.802853*T+0.010328*T2) I NDTI 460 

I l.o+l.432788*T+O .189269*T2+0.0013D8*T NDTI 470 
*T2J.,. NDTI 480 

If P LE 0.5 I* P < OR = .5 */NDTI 490 
THEN X =-X,./* NEGATE X */NDTJ 500 

, I* CALCULATE DENSITY */NDTI 510 
D ::sQ.3989423•EXPl-X*X/2.0) t•. NOTl 520 
ENDr • NDTl 530 

530 •• 
RETURN,• 
ENO,. I* ENO OF PROCEDURE NDTI 

NDTI 540 
NDTI 550 

*/NDTI 560 

Purpose: 

-1 
NDTI computes x = P (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 x, is also com­
puted. 

Usage: 

CALL NDTI (P, X, D); 

P - BINARY FLOAT 
Given variable containing the probability. 

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

D - BINARY FLOAT 
Resultant variable containing the density 
f (X). . 

Remarks: 

If no errors are detected in the processing of data, 
the error indicator, ERROR, is set to zero. 'How­
ever, if P=O, Xis set to -(10)74, and Dis set to 
zero. If P=l, X is set to (10) 74 and D is set to 



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

ERROR=! - 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-1(y) such that 
y = P(x)· = Prob(X Sx), where Xis a random var­
iable distributed normally with mean zero and · 
variance one. That is, given P(x), the following is 
solved for x: 

x 

P(x) = .Arr .1 exp (-u2 /2) du 

The following approximation is used: 

2 . 3 . 
x = w - 2: a.w1/2: b.w1 

i=O 1 i=O 1 . 

where: 

w =hn. (1/p2) (0 < p s. 5) 

a0 = 2. 515517 

a1 = o. 802853 

a2 = o. 010328 

bl = 1. 432788 

b2 = o. 189269 

b3 = o. 001308 

(1) 

(2) 

If P{x) is greater than o. 5, 1-P(x) is used as p in 
{2) above, and the result of (1), x, is negated. The 
maximum error is o. 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 TABl 
KRNK TA~2 

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

SUBROUTINES WITH 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 QAS 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 QHS 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, I.A. 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 of digits 
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. Jn compiling maximum 
differences, the maximum was taken over the set of 



points indicated in the table. The average clifference 
was normally much smaller. 

Functions 
Name Functions checked 

calculated with reference 

BDTR p=Ix (a,b) Ix-1 (a,b) 
Tables by Leon 
H. Harter: New 
Tables of the 
Incomplete 
Gamma Function 
Ratio and of 
Percentage 
Points of the 
x 2 and Beta 
Distribution, 
1964 

CDTR y=Pg(X) 
where Pis 

y=Pg(X) 

the x2 

distribution 
function 
with para-
meter g. 

K(k) K(m); k+-
(single K (a); k= sin O! 
precision) 

CELI 
(a in degrees) 

Complete 
elliptic 1--- - - - -- t- - - - - - - ---
1st integral K(k) K(m); k=tm 

(double 
·precision) 

K(O! ); k_= sin a 
(a in degrees) 

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

Range 
Maximum 

checked 
with reference 

difference 

p=. 0001, • 0005 correct to 5 DP 
a=1 (1) 40 
b=5(5) 40 

p=.0100,.0500 
a= 2(2)10 
b=5 (5) 30 

x=. 001 (. 001) • 01; 1 in the 5th DP 
• 01(.01) 1. O; 
1. 0 (.1) 2. O; 
2. 0 (. 2) 10. O; 
10. 0 (. 5) 20. O; 
20 (1) 40 
40 (2) 76 

for 

g= 1(1)30 

m=. 01 (. 01). 99 2 in 7th SD 

a= 1(1)73 2 in 7th SD 

a= 74(1)86 3 in 7th SD 

- ·-- - - - - - - -- --1---- - - - - ----

m = . 01(. 01). 86 1in16th SD 

m = • 87(. 01) • 96 4in16th SD 
m = • 97(. 01). 99 11in16th SD 
O! = 1(1)75 1in16th SD 
<1. :.: 76(1)80 2 in 16th SD 
<1. = 81(1)86 11in16th SD 
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Name 

CEL2 
Generalized 
complete 
elliptic 
2nd 

Functions 
calculated 

K(k) 

with A= B = 1 
E(k) 
with A= 1 

B = 1 -k2 
(single 
precision) 

Functions 
checked 

with reference 

K(m);k=F 

K(O! ); k = sin O! 

(a in degrees) 

E<m>; k=lm' 

E(a); k =sin O! 

K'E + E'K - KK' 

(Legendre's re-
lation) 

Range 
checked Maximum 

with reference difference 

m = • 01(. 01) • 99 2 in 7th SD 

O! = 1(1) 73 2 in 7th SD . -

O! = 74(1)86 
., 

3 in 7th SD 

m =. 01(01) 2 in 7th SD 

O! = 1(1) 86 2 in 7th SD 

m = • 01(. 01) • 99 7 in 7th SD 

O! = 1(1) 89 1in6th SD 

integral - - - - - --- - - -- --- - - -.- - - --+-- ----- ---
K(k) K(m); k = F m = • 01(. 01)~ 99 2 in 16th SD 

ELil 

with A= B = 1 
E(k) K(O!); k = sin O! 
with A = 1 (O! in degrees) . 

B = 1 -k2 
(double 
precision) 

F(C /a) 
with 
x =tan C 

k =~ ck~ 1-k2 

(single 
precision) 

E(O!); k = sin o: 
K'E + E'K - KK' 
(Legendre's 
relation) 

F(C/a) 
(I,:, a in degrees) 

O! = 1(1)80 

ix. = 81(1)86 
O! = 1(1)89 
m = • 01(. 01). 99 
O! = 1(1)89 

c = 0(5)10 
O! = 0(2)90 

c = 15(5)35 
O! ,;, 0(2)90 

c = 40(5)50 
a = 0(2)90 

c = 55(5)85 
O! = 0(2)90 

Incomplete 1--------1------ -- ------- - --- - -~ - -
elliptic 1st F(cp/a) F(cp/oo cp = 0(5)85 
integral with (cp , a in degrees) a = 0(2)90 

x =tan cp 

k ~~ 
ck '\' 1 - k 

(double 
precision) 

F(cp/a) + F(l/J/a). 

(cp, a, l/J in degrees) 
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cp = 0(5)85 

O! = 0(2)80 

lfi = arctan f. 
f = 1/(cos o: ·tan c,o) 

2 in 16th SD 

11in16th SD 
2in16th SD 
9 in 16th SD 
9 iri 16th SD 

2 in 7th DP 

7 in 7th SD 

11 in 7th DP 

3 in 7th SD 

1 in 9th DP (prob­
ably due to rounding 
errors in table) 

2 in 15th DP 



Name 

ELI2 
Generalized 
incomplete 
elliptic 
2nd integral 

Functions 
calculated 

F(I;; /a) 
with A= B = 1 

E(( /a) 
withA=1 
andB=1-k2 

x =tan i;: 
k = sin a 
ck =~ 1 - k2 

(single 
precision) 

Functions 
checked 

with reference 

F((/a) 
(I;; , a in degrees) 

E(I;; /a) 
(I;; , Ci. in degrees) 

-------+--------
F(cp/a) F(cp/a) 
with A = B = 1 (cp , a in degrees) 
E(<p I Ci.) 
with A= 1 

B = 1-k2 

and 
x = tan <p 
k = sin a 
ck={l-k2 

(double 
precision) 

E(<p/ot.) 
(cp , ot. in degrees) 

E(cp/a) +E(l/!/a) 

= E(]-!a.) + s~n2a sin cp 
sm zf! 

(<p , a in degrees) 

F(<p/a) + F(zf!/ot.) 

= F(~!ot.) 
(<p, ot. in degrees) 

Range 
checked 

with reference 

i;: = 0(5)10 
ot. = 0(2) 90 

i;: = 15(5)35 
ot. = 0(2)90 

i;: = 40(5)50 
ot. = 0(2)90 

i;: = 55(5)85 
ot. = 0(2)90 

I;: = 0, 5 
a = 0(2)90 

c = 10(5)35 
a = 0(2)90 

' = 40(5)55 
ot. = 0(2)90 

' = 60(5)85 
ot. = 0(2)90 

Maximum 
difference 

2 in 7th DP 

7 in 7th SD 

11 in 7th DP 

3 in 7th SD 

2 in 7th DP 

7 in 7th SD 

12 in 7th DP 

36 in 7th DP 

---+---------
<p = 0(5)85 
ot. = 0(2)90 

<p = 0(5)85 
ot. = 0(2)90 

<p. = 0(5)85 
. ot. = 0(2)90 

zf! = arctan f 
f = 1/ (cos a . tan Cf)) 

<p = 0(5)85 

ot. = 0(2) 82 

zf! = arctan f 
f = 1/ (cos o: ·tan Cf)) 

1 in 9th DP (prob­
ably due to rounding 
errors in table) 

1 in 9th DP 
(probably due to 
rounding errors in 
table) 

2 in 15th DP 

3 in 15th DP 
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Functions 
Functions Range 

Maximum 
Name 

calculated 
checked checked 

difference 
with reference with reference 

JELF sn u =sin cp sn u =sin cp cp = 0(1)89 1in6th DP + 

Jacobian en u =cos cp (cp , a in degrees) O'. = 0(5)85 
elliptic 

dn u =l 1-k2 sin2cp 
en u =cos cp cp = 0(1)89 2 in 6th DP + 

functions 
with 

(cp , °' in degrees) °' = 0(5)85 

cp =am u or dn u =ll-k2sin2 cp cp = 0(1)89 1in6th DP + 

u = F(<p/O'.), (cp, °' in degrees) °' = 0(5)85 
k = sin°' 
sck = 1-k2 sn u k2 = . 00(. 05). 95 1 in 6th DP ++ 

(single t = 0(1)25 

precision) u = t. K(k)/25 

en u k2 = . 00(. 05). 95 2 in 6th DP++ 
t = 0(1)25 
u = t. K(k)/25 

dn u k2 = . 00(. 05). 95 1 in 6th DP++ 

t = 0(1)25 
u = 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 

sn u + sn(2K + u) u = t. K(k)/25 

sn u + sn(4K - u) 10 in 6th DP 

en u + cn(2K - u) k2 = . 00(. 05). 90 4 in 6th DP 
t = 0(1)25 

en u + cn(2K + u) u = t. K(k)/25 4 in 6th DP 

en u - cn(4K - u) 6 in 6th DP 

dn u - dn(2K - u) k2 = . 00(. 05). 90 3 in 6th DP 
dn u - dn(2K+ u) t = 0(1)25 3 in 6th DP 

u = t. K(k)/25 
dn u - dn(4K - u) 5 in 6th DP 

1--------------- --------- --------- .._ __ -- - -- ---I 

+ Calculation ofu = F(cp/ a.) with double-precision subroutine 
++ Difference between result of single- and double-precision routines 
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Functions 
Functions Range 

Maximum 
Name 

calculated 
checked checked 

difference 
with reference with reference 

sn u =sin cp sn u =sin cp cp = 5(5)85 2 in 15th DP + 
(cp, a. in degrees) Ci. = 0(2)90 

Jacobian en u =cos cp en u =cos cp cp = 5(5)85 3 in 15th DP + 
elliptic 

dn u =V 1- k2a 
(cp , et. in degrees) Ci. = 0(2)90 

functions 

(a= sin2c,o) dn u ='11-k2sin2cp cp = 5(5)85 2 in 15th DP + 
with (cp , a. in degrees) Ci. = 0(2)90 
cp=amu 
u = F(cp/a.) sn u - sn(2K - u) k2 = • 00(. 05). 90 5 in 15th DP 
k = sin et. t = 0(1)25 
sck = 1 - k2 

(double sn u + sn(2K + u) u = t.K(k)/25 5 in 15th DP 

precision) 
sn u + sn(4K - u) 12 in 15th DP 

en u + cn(2K - u) k2 = . 00(. 05). 90 3 in 15th DP 
t = 0(1)25 

en u + cn(2K + u) u = t. K(k)/25 3 in 15th DP 

en u - cn(4K - u) 7 in 15th DP 

dn u - dn(2K - u) k2 = .00(.05).90 3 in 15th DP 
t = 0(1)25 

dn u - dn(2K + u) u = t. K(k)/25 2 in 15th DP 

dn u - dn(4K - u) 6 in 15th DP 

LGAM Inr (x) ln r (x) x=1 6 in 9th DP 
(log of x=l. 005(. 005) 
the gamma 1.025 9 in 8th DP 
function) x=l. 980(. 005) 

1. 995 9 in 8th SD 
x=l. 03(. 01)1. 31 8 in 9th SD 
x=l. 32(. 01)1. 67 8 in 10th SD 
x=l. 68(. 01)1. 97 7 in 9th SD 
x=2 6 in 9th SD 

log10r (x) x=3. 0(1. 0) 100. 0 No error in 8 place 
tables 

NDTR Y = P (x) y = p (x) x = -6 (. 01)6 7 in 7th DP 

P =normal 

pdf 

NDTI x = p-1 (y) 
-1 

x = p (y) y =. 01(. 01). 99 5 in4th DP 

p =normal 

pdf 
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Functions Range 
Functions checked I checked Maximum 

Name calculated with reference with reference difference 
-· 

SMIR L(x) L (x); x = 0(. 01) • 61 1 in 6th DP 
Kolmogorov- Tables by (1 in 6th DP) 
Smirnov N. Smirnov, 

x = .62 3 in 5th DP limiting reprinted in 
(see program distribution Annals of Math. 

Stat. 19, pp. comments) 

280- 231 < 6- and 
(3 in 5thDP) 

7- place x = • 63 (. 01) 1. 04 3 in 6th DP 
tables). (2 in 6th DP) 
Double-preci-

x = 1. 05(. 01)1.15 6 in 6th DP sion version 
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 
column. 

(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 DATl, 
and three subroutines from the Scientific Subroutine 
Package: SBST, TABl, 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 parameter card with the following format must 
precede each matrix. of observations. 

Columns Contents 

1-6 Problem number 
(maybe. 
alphameric) 

7-11 Number of 
observations 

12-16 Number of 
variables 

17-21 Number of 
conditions 

22-26 Number of 
selections 

27-31 Number. of data 
cards per 
observation 

Data Cards 

For Sample 
Problem 

SAMPLE 

0100 

0004 

02 

00003 

01 

1. For the observation matrix, di:i.ta 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: 

Columns 

1-5 

6-15 
16-25 
26-35 

Contents 

Number of the 
variable to be 
tabulated 
Lower bound 
Number of intervals* 
Upper bound 

For Sample 
Problem 

00003 

.120~ 
20. 

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 

The deck setup is shown in Figure 11. 

Selection 
Cards 

Data 

Selection 
Cards 

Data 

Control 
Card 

Selection 
Cards 

Last problem 

Second problem 

Data First problem 

Control 
Card 

DATl 

HIST 

BOOL 
Procedures and main program 

TA Bl 

SBST 

DACR 

Figure U. 

Sample 

A listing of input cards for the sample problem is 
shown in Figure 12. 
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SAP'IPLE ICC 4 2 3 I 10 
46. ... 113. 12. 20 
24. 72. 11c. 6. 30 
32, u. 154. 16. 40 
41. f6. 129. 10. 50 
50. '5. 1'72. 9, 60 
•63. 15. 203. 12. 70 
29. 10. 122. 14. 60 
26. ... 136. 13. 90 
52. 11. 141. LI. 100 
36. fl. 153. 16. llO 
31. •6. 165. 9. 120 
72. lC. 11e. 10. 130 
53. 11. 2CS. 14. 140 
21. os. 219. 12. 150 
49. "· 150. .. 160 
26. 62. l6C. 16. 170 
53, 12. 161. 13. 160 
47. 73. 142. 15. 190 
37. fl, 193. 16. 200 
64. •6. 156. 14. 210 
65. •C. 114. 10. 220 
62. •4. 153. 12. 230 
19. f6. 225. 9. 240 
46. fl. lSE .. ll. 250 
33, 12. 121. 4. 260 
37. '5. 132. 13. 270 
41. 16. 148. 16. 280 
52. 11. 123. 16. 290 
29. •6. 12S. 14. 300 
32. '5. 155. "· 310 
24. 12. 172. 16. 320 
56. 73. 163. 10. 330 
63. '5. 15E. LI. 340 
67. "· 146. 2. 350 
56. f6. 171. 9. 360 
41. '5. 153. 12. 370 
49. ... 165 .. 14. 360 
52. 72. 172. 16. 390 
23. 76. 183. 15. 400 
56. 11. 195. 16. 410 
52. <6. ua. 1. 420 
40. f6. 165. 14. 430 
39. f6. 215. 16. 440 
23. 71. 154. IZ. 450 

. 56. •s. 14CJ • 10. 460 
is. '5. 162. 16. 470 
37. f6. 152. 16. 460 
46. lC. 15<;. IS. 490 
41. ... 131. 14. 500 
62. 71. 163. 12. 510 
29. 72. 191. 4. 520 
19. "· 16S .. 10. 530 
46. ... 158 • 16. 540 
37. f4. 13'i. 16. 550 
34. f6. 156. 10. 560 
64. fl. 153 .. 12. 570 
57. fl. 141. 13. 580 
32. •6. 157. "· 590 
29. lC. 183. 15. 600 
53. lZ. 164'. 16. 610 
47. 12. 156 .. 16. 620 
56. 13. 16C. ,., 630 
61. 74. 169. IZ. 640. 
21. •6. 161. 10. 650 
25. 16. 178. ll. 660 
23. 12. 157. 16. 610 
29. f6. 186. 16. 660 
39. lC. lS'i. 14. 690 
42. lC. 154. IC. 700 
56. •Z. lS'i. 12. 710 
63. lC. 177. 12. 120 
51. 11. 161. 9. 730 
41. ... lSE • 10. 740 
33. "· lSE. 16. 750 
37. f6. 157. 16. 760 
25. lC. 163. IS. 770 
63. "· 159. 12. 760 
53. 11. 202. .. 790 
51. 12. 167 .. 14. 600 
47. 13. IM. 14. 610 
39. 15. 151· 12. 620 
28. ". 166. 10. 630 
64. '". 156. 16. 640 
55. 67. 14Lt. 16. 650 
5 l. ... 177 • 10. 660 
46. fS. l57. 12 ~ 870 
72. ... 125 • 10. 660 
66. '5. 131. 12. 690 
26. 74. 14S. 16. 900 
21. 11. lts. 11. 910 
23. 72. 158. 12. 920 
23. 1.t. 163. 12. 930 
60. "· 157. 9. 940 
30. . .. 142. 10. 950 
39. '1. 162. 16. %0 
4•. , .. 154. I .. 970 
SC. 66. 15E. 10. 960 
<!. . .. 161. 14. 990 ... ... 157 • 15. 1000 
32. 11. 156. 16. 1010 

l 2 65 1020 
4 6 6 1030 

3 12C. 2C. 210. 1040 
I 2c. 7. 7C. 1050 
4 LC. 12. :;1C. 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 



(element 1 =nonzero), summary statistics for each 
selected variable, and a histogram of frequencies 
versus intervals for that variable. 

CATA SCREEN ING PRCSLE~ SAMPLE 

SLBSET VECTCR 
1 1.c 51 c. c 
2 c .c " 1.c 
3 l .C 5' 1.c 

1.c 54 l.C 
l .C 55 1.C 

• l .C ,. 1.c 
7 l .C 57 1.c 
e 1.c 5E l.C 
9 l.C 5< l.C 

lC 1.c 6C 1.c 
11 1.c 61 1.c 
lZ c .i: 62 1.c 
13 l.C 63 1.c 
14 1.c .. 1.c 
15 o.c E5 l .C 
16 l .C 66 1.c 
17 1.c 67 l .C 
IE 1.c •• 1.0 
19 1.c 6< 1.c 
2C 1. c 7C 1.c 
21 l .C 71 l.C 
22 1.c 72 1.c ,, 1.~ 73 1.0 
24 1.c 74 l·C 
25 c.c 7' l.C 
26 l.C 7f 1.c 
27 1.c 77 1.c 
28 l.C 7E c.c ,. 1.c 79 l.C 
3C l.C EC l .C 
31 1.c El 1.c 
32 l.C " t.C 
~~ l.C " l.C 
34 o.c .. 1.c 
35 1.c E5 l.C 

" 1.c .. 1.c 
37 1.c e1 c.c 

" l.C " c.c 
39 1.c .. l.O 
4C l.C 9C l.C 
41 c. c 91 l.C 
42 1.c <2 l.C 
43 1.c 93 l.C 
44 l .C 94 l.C 
45 1.c 95 l .C 
46 l.C 96 l.C 
47 1.c S7 l.C 
4' l .C SE l.C 
49 1.c 99 l.C 
5C l .G lCO l.C 

SUMMARY SJATISTICS FOR VARIABLE 

Sample 

The output listing for the sample problem is shown in 
Figure 13. 

TOTAL =14492.000 AVERAGE= 161.022 STANDARD DEVIATION= 19.329 MINIMUM= 114.0CO MAXIMUM= 225.000 

FREQUENCY 

23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
ll 
10 

9 
8 
7 
6 
5 
4 
3 
2 
l 

INTERVAL 
CLASS 

Figure 13. 

HJSTCJGRAM 

10 23 14 

. . 

LO 11 12 l3 14 15 16 17 18 19 20 
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SU•llAflY STATISTICS FCR VARIABLE 

TOTAL = 3E!C4.COC AHRAGE == 42,.~67 STAf\DARD CEVIATION = 13.467 MINIMU.,. = 19.0CO "'HIJllU"' = 65.0'JO 

HSTC:GR,6F"' 

FflEc;;UENC·Y Z ZC 19 17 19 13 
------------------:-------~----------------:---------------: 

2D 
19 
18 
17 
16 
15 
14 
13 
12 
11 
ID 

9 
8 
7 

• 5 
• 
3 
2 
1 

.. 
-----------·-----------------------------------------

lf\TER'd•L 
CL.ASS 

SlJMf"ARY STATISTICS FOR VARIABLE 

.• 

TCTAL = 1205.00C AVERAGE = 13.38i; STAN.OARD DEVIATION = 2.685 MINIMUM"" 9.0QO MAXIMUM = LB.COO 

HISTOGRAM 

FREC::UENCY 6 13 5 16 4 11 21 ----------------------------------------------------------------
21 
2D 
19 
18 
17 
16 
15 
14 
13 
12 
11 
ID 

9 
8 
7 

. . 

• 5 
4 
3 
2 
1 

INTERVAL 
CL~SS 

ENC Of CA"SE 

ENC OF SAMPLE PROGRAM 

Figure 13. (Continued) 

Program Modifications 

. ' 

. . . . 
• • . 
• 

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

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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lD 11 12 

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: 

T = R(l) * R(2) 

Operating Instructions 

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



Timing 

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

DACR.. DACR 10 
l*********************************************************************IDACR 20 
I* •/DACR 30 
I* TO PERFORM DATA SCREENING CALCULATIONS ON A SET Of" *IDACR 40 
I* OBSERVATIONS. */DACR 50 
I* */DACR 60 
/*********************************************************************/DACR 70 

PROCEDURE OPTIONS IHAJNJ ,. DACR 80 
DECLARE DACR 90 

lN01NStNN1NNN,NCtl1J1NOVARrNX,NCOL,Lltl2) DACR 100 
FIXED BINARY, DACR 110 
PRl CHARACTER (6), DACR 120 
ERROR EXTERNAL CHARACTER IL), DACR 130 
CH CHARACTER 180), DACR 140 
INV,NCARD) EXTERNAL, DACR 150 
BDOL ENTRY,. DACR 160 ,. 
ON ENDFILE ISYSIN) GD.TO EXIT,. 

STRT •• 

*IDACR 170 
DACR 180 
OACR 190 
DACR 200 
DACR 210 ,. ,. ,. ,. ,. ,. ,. ,. 

GET EDIT CCHI CAIBOJJ,. 
GET STRING (°CHJ EDIT IPRl1N01NX,NC,NS,NCARDJ IAC61,5 Fl5JJ,. 

PRl ••••••• PROBLEM NUMBER IMAY BE ALPHAHERICJ 
NO ••• •••• .NUMBER OF· OBSERVATIONS 
NX ••• ••••.NUMBER Of VARIABLES 
NC ••• •••• .NUMBER OF CONDITIONS· 
NS •••••••• NUMBER OF SELECTIONS 
NCARO ••••• NUMBER OF DATA CARDS PER OBSERVATION 

NCARD,..NCARD*BO t • 

ONE •• 
BEGIN,. 
DECLARE 

,. ,. ,. 
.I• 

IACNOrNXJ ,CC31NCJ 1UBDC3J ,SINOJ 1RINC I 1STATS 151 rDINXJ rDDC3J J 
FLOAT BINARY,. 

IF INPUT DATA JS TD BE SAVED ON A DATA SET, INITIALIZE 
NV=l. OTHERWISE NV:zO. 

NV :o,. 
DD I .. 1 TO ND1. 
CALL DATUNX,DI t• 

END,. 
NCARD=BO,. 

DO J :::z 1 TO NX,. 
All1Jl•O(JI ,. 
ENO,. 

DO I = 1 TO NCt• 
NNN =3,. 
CALL DATl lNNN1DDI,. 

• DO J = 1 TO 31. 
CCJ,IJ=DOCJI , .. 
END,. 

ENO,. 
CALL SBST CAtC1R1BOOL1S1NO,NX,NCI,. 

I* READ IN DATA 

I* READ IN CONDITIONS 

*IDACR 220 
*/DACR 230 
•IDACR 240 
•/DACR 250 
*/DACR 260 
*/DACR 270 
•/DACR 280 
•/DACR 290 

DACR 300 
DACR 310 
DACR 320 
DACR 330 
DACR 340 
DACR 350 

*/DACR 360 
•IDACR 370 
•IDACR 380 
*/DACR 390 

DACR. 400 
•/DACR 410 

DACR 420 
DACR 430 
DACR 440 
DACR 450 
OACR 460 
DACR 470 

•IOACR 480 
OACR 490 
DACR 500 
DACR 510 
DACR 520 
OACR 530 
DACR 540 
DACR 550 

PUT EDIT I 'DATA SCREENING PROBLEM• rPRl) 
IF ERROR NE 'D' 

IPAGE1COLUMNl 101 ,A,X (41,AI, .DACR 560 

THEN Do, .. · 
PUT EDIT l'IN ROUTINE SBST ERROR CODE= 1 1ERRDRI 

C SKIPl2 I 1COLUHNI JOI ,A,AI 11 J,. 
GO TO FIN,. 
ENO,. 

PUT EDIT I 'SUBSET VECTOR•) ISKIPl3J,COLUMNUOl,A1SKIPl3JJ,. 
NCDL =CEJLIN0/50),. 
If NCDL LE 1 

DACR 570 
DACR 580 
DACR 590 
DACR 600 
DACR 610 
DACR 620 
OACR 630 
OACR 640 
OACR 650 

THEN PUT EDIT lll1SllJ DD I• 1 TO NO)) ICOLUHNUOJ,F(6J,F(5,UJ,. DACR 660 
ELSE DO, .. 

ll =o,. 
DO I = 1 TO 50,. 
Ll .,..Ll+l,. 
L2 =SO•INCOL-U+Ll,. 
IF L2= NO 
THEN NCOL =NCOL-11 • 

DACR 670 
DACR 680 
DACR 690 
DACR 700 
DACR 710 
OACR 720 
DACR 730 

PUT EDIT I (J,SIJJ DO J= Ll TO L2 BV 50) J 
, 19) IFl61,Fl5,U J 1,. 

lSKIP,COLUMNUOI OACR 740 

ENO,. 
ENO,. 
DO J = l TO NS,. 
GET EDIT ICHI IAISOJJ,. . 
GET STRING ICHJ EDIT INOVAR, CUBDII J 00 I=" 1 TO 31 I 

CFCS) r3 FUO,OJJ r• 

DACR 750 
DACR 760 
DACR 770 
DACR 780 
DACR 790 
DACR 800 
DACR 810 

I* •/OACR 820 
I* NOVAR ••••• NUM8ER OF THE VARIABLE TO BE TABULATED •/DACR 830 
I* UBO l U •••• LOWER BOUND . */DACR 840 
,. ueoc21 •••• NUMBER OF INTERVALS •/DACR 850 
I• UBOC31 ..... UPPER BOUND */DACR 860 
/* •/DACR 870 

NN :UBOl21 ,.. DACR 880 
TWO.. DACR 890 

BEGIN,. DACR 900 
DECLARE DACR 910 

lFREQINNl,PCTINNJ) FLOAT BINARY,. DACR 920 
CALL TABl u,s,NOVAR,UBO,FREQ,PCT,STATS,NO,NXJ,. DACR 930 
IF ERROR NE 1 0 1 DACR 940 
THEN PUT EDIT ('IN ROUTINE TABl ERROR CODE= •,ERROR) DACR 950 

(SKIPCllrCOLUMNUO),A,AUJI,. DACR 960 
ELSE DO,. OACR 970 

PUT EDIT ('SUMMARY STATISTICS FDR VARIABLE 1 1NOVARJ OACR 980 
IPAGE,SKIPl41,COLUMNUOJ,A,Fl311,. DACR 990 
PUT EDIT l 1 TOTAL =1 1STATSIU,•AVERAGE =•,STATSl2J, DACRlOOD 

•STANDARD DEVIATION =•1STATSC31,•MINIMUM =•,STATSl4J 1 DACR101D 
'MAXIMUM = 1 ,STATSl5J) OACR1020 
(SKJPt21,COLUHNUOJ151ArFl913 I 1Xl2) I 1 r. DACR1030 

CALL HIST CJ,F~EQ,NNJ,. D~CR104D 

END,. 
END,. 

ENO,. 

OACR1050 
DACR1D60 
DACR101D 
DACR108D 
DACR1090 
DACRllOD 
DACRUlO 
DACR1120 
DACRl 130 
DACR1140 

PUT EDIT l 1 EtllD OF CASE'I ISKJPl21 1 CDLUMNl101 1AI,. 
END,. 
GO TO STRT,. 

EXIT.• 
PUT FILE ISYSPRINTI EDIT l'END OF SAMPLE PROGRAM'> 

l SKIP( 5J rCOLUHNI 10) rAJ,. 
FIN •• 

END,. /•END OF PROCEDURE DACR */OACR1150 

BOOL.. BOOL 10 
l••••••••••••••••••••••••••••*************•••••••••*******************/BOCL 20 
I* */BOOL 30 
I• TO PERFCRM.A l!OOLEAf\ CPERATIC" FCR Tl-IE PROCEDURE SBSTr Wl-IICH */BOCL 40 
I* IS USED BY THE DATA SCREENING SAMPLE PRCGRAM. •IBOOL 50 
I• •IBOCL 60 
l•*•****************•••••••••*********•*******************************/BOCL" 70 

PROCEDURE IR,TJ,. eooL 80 
DECLARE (R(*l 1 T) fLCAT B[r\ARY,". BOCL 9C 

I* BOOL CHECKS GNLY THE FIRST TWO CDNDITIClllS CF PROCEDURE SBST */BOCL 100 
T =Rlll*Rl2J,. BOOL 110 
RETLRP..,. BDCL 120 _ 
ENO,. /OEND CF PROCECUPE BOOL */BOOL 130 

HIST.. HIST 10 
/**********************•**********************************************/HI ST 20 
~ WHIU ~ 
I* TC PLOT A HISTOGRAM CF FREQUENCIES FCR THE DATA SCREENING */HIST 4D 
I* SAMPLE PROGRAM. */HJ ST 50 
I* , . */HIST 6D 
/*****************•****"'*********•************************************IHI ST 70. 

,. ,. ,. 

PROCEDURE INZ1FREQ,IN1t. . HIST OD 
DECLARE HI ST 90 

ll1lNrIX1J1JSCAL,L1MAX,NU,NZJ HIST lDO 
FIXED BINARY, HIST 110 
(K,JOUTCINJ) CHARACTER IU, HIST 120 
IFREQl•I rFHAX,X) FLOAT BINARY,. "HIST 130 

PRINT TITLE AND FREQUENCY VECTOR 

PUT EDIT I 'HISTOGRAM 1 1NZI (SKIP(3,,COLUHNl57J,A,Fl3JI .. 
NU =FLDORUDD/INI,. 
PUT EDIT C'FREQUENCY',(FREQIJ) DO J = l TO INJI 

I SK1Pl2J ,COLUHNI 101 ,A, I INIFI NUI I 1 •. 

PUT EDIT 1 1---------------------------•, •------------------------------------'I 
IRIFMll J ,. • 

*/HJ ST 140 
*/HIST 150 
•/HIST 160 

F•11 •• 

HIST 110 
HI ST 180 
HI ST 190 
HI ST 200 
HISf 210 
HI ST 220 
HIST 230 
11151 2'10 
lllST 2'0 

,. ,. ,. 

,. ,. ,. 

FORMAT ISKIP1COLUMNU211A1AI ,. 
FHAX =01. 

DO I = 1 TO IN,. 
IF FREQII J GT fl'AX 
THEN FPIAX =FREQ I I),. 
END,4. 

JSCAL=lt. 
IF FHAX GT SD 
THEN DO,. 

JSCAL=FLOOR I I FHAX+49)/501 ,. 

I• FIND LARGEST FREQUENCY 

I* SCALE IF NECESSARY 

PUT EDIT C1EACH 1 ,•••, 1 EQUAL 1 ,JSCAL, 1 POJNTS 1 1 
CSKIP,CCLUHNI lDJ ,A ,AU I tArF12J ,A,SKIPI 1 • 

END,. 

*/Ill SI 260 
Hl ST 270 
HI ST 280 
HI ST· 290 
HI ST 300 

*/HJ ST 310 
HJ"ST 320 
HI ST 330 
HI ST 340 
HIST 350 
HI ST 360 
HJ ST 370 

JOUT =· I •• I* CLEAR CUTPUT AREA" TO BLANKS */HIST 380 

HAX 

LOCATE FREQUENCIES IN EACH INTERVAL 

=FLOORIFHAX/JSCAll,. 
DO I = 1 TO MAX,. 
X =HAX-IJ-1) ,. 

DD J = 1 TO IN,. 
IF FREQI JI /JSCAL GE X 
THEN JOUTC J)='*' •• 
END,. 

IX =X•JSCAL,. 

PRINT LINE OF FREQUENCIES 

*/HJ ST 390 
*/HI ST 400 
O/HI ST 410 

HI ST 420 
HIST 430 
HJ ST 44D 
HIST 450 
HIST 460 
HIST 470 
HIST 480 
HIST 490 

*/HJ ST 500 
•/HIST 51D 
*/HIST 520 

PUT EDIT IIX,IJOUTILJ DC L = 1 TO IN)J 
X141, llNJ IXCNU-11,AC1) J J ,. 

{SKIP1 COLUHN(l01tFC5J, HIST 530 
HI ST 540 

ENO,. 
CO I = 1 TO IN,. 
FREQI I J=I r. 

I* GENERATE CONST ANTS 

PUT E~~~'i•-----· ------· ---l.-----•, , ___ .:....---~-------------------~-------•I 
lRIFHUlr• . 

PUT EDIT l'INTERVAL ·•,(FREQll) DO I: 1 TC INJJ 
ISKIPl21 1CCLUHNl 1CI ,A, I 11\JFCNU) I,. 

PUT EDIT l'CLASS•J tSKIP,COLUHNllOJ,AJ,. 
RETURN,. 
END,. /*END. CF PROCEDURE HIST 

HJ ST 550 
*IHI ST 560 

HJ ST 570 
!:"ti ST 580 
HIST 5qo 
liIST 600 
HIST 610 
HI ST 62C 
HIST 63C 
HI ST 640 
HI ST 650 

*IHI ST 66C 

CATI.. DATl lD 
l**************************************************************·*******/DATL 2D 
I• */DATl· 30 
I* TO READ FLCATlhG POINT DATA, ONE OBSERVATION AT A TIME. O/OATl 4D 
I* DATA HAY BE SAVED ON A DATA SET. . . *IDATl 50 
I• */DATl 60 
l******************************•**************************************IDA T 1 70 

PROCEDURE CM1Dlr• DATl 80 
DECLARE DATl · 9Q 

XDATA FILE STREAM ENVIRONMENT (CONSECUTIVE V(Z000,2001 J, DATl 100 
INCARD 1 HYI EXTERNAL, DATl 110 
CH CHARACTERINCARDI, DATl 120 
11 9 H1MHI BINARY FIXED, DATl l30 
Dl•J FLOAT BlNARY,. DATl 1~0 

I* •/DATl 150 
ON ENDFILE ISYSINI DATl 160 
GO TO EXIT,. OATl 170 
GET EDIT tCHJ IAC NCARO) J,. DAll 18D 
HM =CEILCH/71 r• OATl 190 
GET STRING lCHJ EDIT I IDCIJ DD l= 1 TO HI I OATl 200 

((MM)ll1JFll010ltXllOJJJ,,. DAll 210 
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~~E~v~u~ FILE (XDATAJ EDIT (IDIIJ DO I= I TO 1"1) ((!'JFt6 .. 0JI,. 
REVERT ENOFILE (SYSINJ, .. 
RETURN ... 

EXI~UT FILE ISYSPRINTI EDlT l'ERROR INSUFFICIENT DATA') 
( SKIPI lJ ,COLUMN I 10) tAl, • 

STOP,. 
ENO,,. /*END CF PROCEDURE DAT l 

MULTIPLE LINEAR REGRESSION REGR 

Problem Description 

DA Tl 220 
DATl 230 
DATl 240 
DATl 250 
OATl 260 
DA Tl 270 
DATl 280 
DATl 2'10 

*/OATl 300 

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 x, X2 x, x. x, x6 
l 29 289 216 85 14 l 
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 llO 42 4 
12 44 349 252 88 21 l 
13 44 141 236 129 56 l 
14 44 245 236 97 24 l 
15 45 297 256 lll 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 l 
24 49 139 220 136 59 0 
25 49 245 205 113 37 4 
26 49 373 215 88 25 l 
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 IDTl, 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 DA T2 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 control 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, O)). 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: 

Columns 

1-2 

3-4 

5-6 

Contents 

Option code for table 
of residuals 0 if 
table is not desired; 
1 if table is 
desired. 
Dependent variable 
designated for the 
forthcoming re­
gressl.on. 
Number of independ­
ent variables in­
cluded in the forth­
coming regression, 
(the subscript num -
hers of individual 
variables are 
specified below}. 

For Sample Problem 
Selection 1 Selection 2 

01 01 

06 06 

05 03 

The second card is prepared as follows: 

Columns 

1-2 ! 

3-4 

5-6 

7-8 

9-10 

etc. 

Contents 

1st independent 
variable included 
2nd independent 
variable included 
3rd independent 
variable included 
4th independent 
variable included 
5th independent 
variable included 

For Sample Problem 
Selection 1 Selection 2 

01 02 

02 03 

03 05 

04 

05 

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

Deck Setup 

Deck setup is shown in Figure 14. 

Control 
Card 

Last problem 

Data Second problem 

Figure 14. 

Sample 

Control 
Card 

First problem 

Procedures and main program 

The listing of input cards for the sample problem is 
shown in Figure 15. 
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SAflPLECCC3CCt:O 2 I 
Z9 2'5 21< es 14 
3C 3c; l 244 52 I< 
3C lf21f 24• <C IE 
3C 313 23< SI IC 
35 243 275 <5 3C 
35 3t:5 21< <5 21 
43 35• 2<7 ICC 35 
4? 356 274 75 I< 
44 34• 255 126 s• .. 15fl .t:5E <5 2B 
44 21E 249 llC 42 
44 349 252 " 2l 
44 141 23fl 12'i ,. 
44 245 23< '7 24 ., 2<7 25< 111 45 ., 31C 262 94 2C 
45 151 335 96 35 
45 37C 35 7 " 15 
45 37< 19' 147 64 
45 4<3 20~ 1C5 31 
45 31< 245 U2 6C 
45 2EC 225 !CS ,. .. 3r;5 215 lCI 27 .. U'i 22C l?fl 59 .. 21f5 2C5 113 37 .. 313 215 " 25 
51 2(:'t 215 ue 54 
51 <77 210 116 --
5l 424 210 l4C 5c; 
51 15C .t:lC IC5 3C 

Cl06C5 
c1c2nc1tcs 
ClC6C3 
C2C3C5 

Figure 15. 

Description 

The output based on the selection card of the. sample 
program for multiple linear regression includes: 

1. Means 
2. Standard deviations 
3. Correlation coefficients between independent 

variables and dependent variables 
4. Regression coefficients 
5. Standard errors of regression coefficients 

MULTIPLE REGRESSION•••.• SAMPLE 

NUMBER OF OBSERVATIONS.•• 30 

NUMBER OF VARIABLES.••• •• 

SELECTION ••••• 1 

VARIABLE MEAN STANDARD CORRELATION STD• ERROR 

10 
20 
30 
40 
50 
60 
70 
9C 
90 

lOO 
l 10 
12C 
130 
140 
15(: 
too 
170 
lBO 
l';o 
210 
210 
220 
230 
240 
250 
260 
270 
290 
29V 
3:10 
3 l:i 
320 
330 
340 
350 

NO, 
l 43.13333 
2 3H·.16650 

DEVIATION 
6. 52116 

114 • .42990 

x vs y 
0.20422 
0.42189 

REGRESSION 
COEFFICIENT 

0 .01242 
0.00739 
0.o15(14 
0.00151 

Of REG.COEFF. 
0.03635 
0.00186 

3 241.19999 36. 43074 0.11900 
4 105. 66666 17.85640 Q,37822 
5 34.13333 15.97571 0.39412 0 .04919 

DEPENDENT 
6 2. 26667 1.41259 

INTERCEPT -6.07928 

MULTIPLE CORP.ELATION 0.13575 

STD. ERROR QF ESTIMATE I.05162 

ANALYSIS OF VARIANCE FOR 1\-lE REGRESSION 

0 .00635 
0.03679 
0.04141 

6. Computed T values 
7. Intercept 
8. Multiple correlation coefficients 
9. Standard error of estimate 

10. Beta coefficients 
11. Analysis of variance for the multiple regression 
12. Table of residuals (optional) 

Sample 

The output listing for the sample problem is shown in 
Figure 16. 

COMPUTED 
T VALUE 

0.34111 
3.96545 
2.36e01 
0.04100 
1.18702 

BETA 
COEFF. 

0.05735 
0.59026 
o.30190 
0.01907 
o.55631 

SOURCE OF VARIATION DEGREES 
OF FPEEDDM 

5 

SUM OF 
SQUAFES 

31.32506 
26.54161 
57.86667 

MEAN 
SQUAHS 
6.26501 
1.10590 

F VALUE 

ATRRIBUTABLE TO REGRESSION' 
DEVIATION FROM REGRESSION 

TOTAL 

Figure 16 

5.66508 
24 
29 
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MULTIPLE REGRESS ION•• •• • SAMPLE 

SELECTION ..... l 
TABLE OF RESIDUALS 

CASE NO. 
L 
2 
3 
4 
5 
6 
7 
B 
9 

LO 
LL 
L2 
13 
L4 
L5 
L6 
17 
LB 
L9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Y VALUE 
t.coooo 
2.00000 
2 .COCCO 
0.00000 
2. ococo 
2 .cooco 
3.00000 
2 .00000 
3.00000 
c.ococo 
4. 00000 
1.00000 
l. 00000 
1.00000 
3.00000 
2. 00000 
3.00000 
4.coooo 
·4.00000 
3. ococo 
4. 00000 
4. 00000 
1. 00000 
o.coooo 
4. 00000 
l.00000 
3 .00000 
4.00000 
4.00000 
0.00000 

Y ESTIMATE 
(1.48091 
l.1161C 
2.14506 
o. 8288C 
1.9(1522 
l. 52125 
3.46447 
2.25887 
3. 80259 
1.02042 
2. 49735 
2.00066 
2.0C735 
1. 15308 
2.90446 
1. 83532 
2. 56004 
3.45229 
3.62661 
2. 68068 
3.64885 
1. 86542 
2.C9863 
1.97217 
1.41253 
t.88027 
2.27646 
4.5L080 
3.95745 
(1.45458 

MULTIPLE REGRESSION ••••• SAMPLE 

NUMBER OF OBSERVAHONS •.. 30 

NUMBER OF VARIABLES•.•••• 

SELECTtoN •• ••. 2 

VARlABLE MEAN STANDARD 
NO. DEVIATION 

2 316. 1665D 114. 42990 
3 241.79999 36.43074 
5 34.13333 15. '97571 

DEPENDENT 
6 2.26667 1.41259 

INTERCEPT -5. 53528 

MULTIPLE CORRELATION 0. 73423 

STD. ERROR OF ESTIMATE 1.01282 

RESIOUfil 
0.51909 
0.2233C 

-C..14586 
-o. 82880 

o. 09478 
0.41875 

-0.46447 
-0.25887 
-0.802'59 
-1.0204? 

1. 50265 
-l.COC66 
-l.C0735 
-0.153(8 

O.C9554 
0.16468 
C.439'i6 
o. 54711 
C.?7339 
0.31932 
0.35115 
2.13458 

-l.O'W63 
-1.97217 

2.58747 
-0.88027 

C. 72354 
-C'.5108G 

o. 04255 
-C.45458 

CORRELATION 
x vs y 
0.42189 
O. ll '90C 
0.39412 

REGRESSION 
COEFFICIENT 

0 .00744 
0.o1497 
0.05363 

STD• ERROR 
OF REG.COEFF. 

0.(10112 
O.C0551 
0.01258 

COMPUTED 
T VALUE 

4. 31 763 
2. 71693 
4.26262 

BETA 
COEFF • 

0.60233 
0.36618 
0.6C648 

ANALYSIS OF VAPIANCE FOR THE llEGRESSION 

SOURCE OF VARIATION DEGREES 

ATPPIBUTABLE TO REGRESSION 
DEVIATION FROM REGRESSION 

TOTAL 

OF FREEDOM 
3 

SUM OF 
SQUARES 

31.19594 
26.67C73 
57. 86667 

26 
29 

MULTIPLE REGRESS ION• •• • •SAMPLE 

SELECTION ••••• 2 
TABLE OF RESIDUALS 

CASE NO. 
L 
2 
3 
4 
5 
6 
7 
B 
9 

LC 
11 
L2 
13 
14 
15 
L6 
17 
L8 
L9 
20 
2L 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Y VALUE 
1. 00000 
2.00000 
2.00000 
C.00000 
2.00000 
2. 00000 
3.000CO 
2.coooo 
3. ococc 
c.ocooo 
4. coooo 
i·.aoooo 
l.OOOCO 
l .COOCO 
3. 00000 
2 .00000 
3.00000 
4. coooo 
4. COCCO 
3.0COOO 
4. coooo 
4.00000 
1. ocooc 
o. oooco 
4. coooo 
1. ccooo 
3. 00000 
4. 00000 
4.0000C 
o.cooco 

END OF SAMPLE PR.OGRAM 

Figure 16, (Continued) 

V ESTI~.ATE 
c. 59869 
t. 88363 
2.20619 
C.90704 
l.99Bl2 
1. 58408 
3.49858 
2.23348 
3. 85875 
o. 98943 . 
2. 51254 
1.95925 
2. 04998 
1.10726 
2.91951 
1.76539 
2. 54C52 

. 3.36591 
3.67961 
2.65435 
3. 7C045 
lo 84629 
2.069GC 
1.95640 
1.34Cl9 
1.79817 
2. 24542 
4.41268 
3.92577 
0.33332 

RESIDUAL 
(1.40131 
0.11637 

-o. 26619 
-0.90704 

C.0C·l88 
0-.41592 

-0.49858 
-o. 23348 
-0.85875 
-C.93943 

1.48746 
-0.95925 
-t.04998 
-0.10726 

o. 08049 
0.23461 
0.45948 
O. 634C9 
0.32C39 
o. 34565 
o. 29955 
2.15371 

-1. 06900 
-1.95640 

2.65981 
-0.79817 

o. 75458 
-0.41268 

0.07423 
-o. 33332 

HEAN 
SQUARES 

10.39865 
1.02580 

F VALUE 

10.13714 
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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 DA T2: 

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 DA T2 
(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 co;ntinued 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 
(NC ARD), 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 Mess ages 

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 SYS PRINT, 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 

Reader as input and an IBM 1403, Model Nl, as 
output, is 40 seconds. 

REGR.. REGR 10 

/ *i'I'**************************************** ***************************/ R EGR ZO I* +/REGR 30 
/+ TO READ THE PROBLEM PARAMETER CARD FOR A MULTIPLE REGRESSION,+/REGR ltO 
I* READ SUBSET SELECTION CARDS, CALL THE PROCEDURES TO CALCULATE*/REGR 50 
/* MEANS, STANDARD DEVIATIONS, SIMPLE ANO MULTIPLE CORRELATION +/REGR 60 
I* CDEFFICIENTSf REGRESSION' COEFFICIENTS, T-VALUESt BETA COEFF- */REGR 70 
I* ICIENTSr AND ANALYSIS OF VARIANCE FOR MULTIPLE REGRESSION, */REGR BO 
I* ANO PRINT THE RESULTS. */REGR 90 
I* */REGR 100 
I*********************************************************************/ R EGR 110 

PROCEDURE OPTIONS (HAIN) r• REGR 120 
DECLARE REGR 130 

ll,II,IO,J,K,L 1 H1 MM,N 1 NDEP 1 NRESI,NS1L11L2) FIXED BINARY, REGR 140 
XDATA FILE STREAM ENVIRONMENT !CONSECUTIVE Vl20001200)), REGR 150 
lNCAROrNVI EXTERNAL, REGR 160 
ERROR EXTERNAL CHARACTER Ill, REGR 170 
CH CHARACTER 1801 t REGR 180 
PRl CHARACTER 16),. REGR 190 ,. 

FMl •• 
*/REGR 200 

REGR 210 

,. ,. ,. 
FORMAT tAl6J,Fl5Jt3 Fl2JJ,. 

ON ENOFILE ISYSINJ GO TO EXIT,. 

INPUT DATA JS SAVED IF NV IS SET TO 1 

NV =l,. ,. 
SlOO •• 

GET EDIT ICHI IA(80) J t• 
GET STRING (CHI EDIT IPRlrNrMtNS,NCARDJ IRlFHl)J,. 

REGR 220 
REGR 230 

•/REGR 240 
•/REGR 250 
*/REGR 260 

REGR 270 
*/REGR 280 

REGR 290 
REGR 300 
REGR 310 

I* */REGR 320 
I* NAHE - PROBLEM NUMBER fMAY BE ALPHAHERIC) */REGR 330 
I* N - NUMBER OF OBSERVATIONS */REGR 340 
I* M - NUMBER OF VARIABLES */REGR 350 
I* NS - NUMBER OF SELECT IONS •/REGR 360 
I* NCARO- NUMBER OF DATA CARDS PER OBSERVATJON •/REGR 370 
f* •/REGR 380 

NCARD=NCARO*BO,. REGR 390 
I* */REGR 400 
STRT.. REGR 410 

BEGIN,. REGR 420 
FM2.. REGR 430 

. ,. ,. 

, . . ,. ,. 

,. ,. ,. 

FORMAT (PAGE, SKIP (4) r COLUMN I 10l 1A1Al6) 1 SKIP (21,COLUMNl10) ,A, Ar REGR 440 
Ff5) 1 SK1Pl2l ,COLUMN I lOl ,A,Fl5) rS~IPl2) ,COLUMN( lOJ,A,F 121) t• REGR 450 

DECLARE REGR 460 
IXI 1 11) ,W(M) ,RESJJ REGR 470 
FLOAT BINARY, REGR 480 
IRI M,MI ,RXI Hr Ml rXBAR lMJ ,RY( HJ tDlHJ rSTD I HJ r ANS 110), FSUM,OET rCONJREGR 490 
BINARY FLOAT,. /*SINGLE PRECISION VERSION /*S*/REGR 500 
BINARY FLOAT 1531 t. /•DOUBLE PRECISION VERSION /*D*/REGR 510 

ID =o,. 
x =o,. 
OPEN FlLE IXOATA) OUTPUT,. 
CALL CORR {N,H,IO,X,XBAR,STO,RX,R,OJ,. 
CLOSE ·FILE IXDATAI ,. 
IF ERROR NE 1 0 1 

THEN PUT EDIT I 'IN ROUTINE CORR ERROR CODE = 
ISKIP(2J 1COLUMNllOJ ,A,AI 1)) t • 

TEST NUMBER OF SELECTIONS 

IF NS LE 0 
THEN DO,• 

',ERROR) 

.P:/REGR 520 
REGR 530 
REGR 540 
REGR -550 
REGR 560 
REGR 570 
REGR 580 
REGR 590 
REGR 600 

*/REGR 610 
*/REGR 620 
*/REGR 630 

REGR 640 
REGR 650 

PUT EDIT I 'NUMBER OF SELECTIONS NOT 
ISKIPf4) ,COLUHNUOJ ,Al,. 

GO TO S300,. 
ENO,. 

SPECIFIED. JOB TERHINATED 1 tREGR 660 
REGR 670 
REGR 6BO 
REGR 690 

DO I = 1 TO NS,• 
PUT EDIT ('MULTIPLE REGRESSION ••••• •,PR1, 1 NUMBER OF OBSERVA 1 , 

1TIONS ••• 1 1Nr 'NUMBER OF VARIABLES ....... • ,H, 
1 SELECTION ...... •wt) IRIFH21lr• 

READ SUBSET SELECTION CARD 

GET EDIT ICHJ IAISOJJ,. 
GET STRING ICHI EDIT <NRESJ,NDEP,KI 13 fl2)1,. 

REGR 700 
REGR 710 
REGR 720 
REGR 730 

*/REGR 740 
*/REGR 750 
*/REGR 760 

KREO •• 
BEGIN,. 

REGR 770 
REGR 780 
REGR 790 
REGR 800 

FH3 •• 

FH4 ... 

,. 
,. 
,. ,. ,. ,. ,. ,. ,. ,. ,. 

,. 
I• ,. 

,. 

FOR HAT I SKIP 1 COLUHN 110) ,F l4J, 7 F(l4,5l Ir. 

FORMAT I PAGE, SKIP 14) ,COLUMN I 10) ,A,Af6), SKIPl21 rCOLUMN( lOJ t 
ArF12J J,. 

DECLARE 
IRZI K, Kl ,BC Kl ,SB IKJ 'T IKJ 1 BETA( K) ,RT IKJ) 
BINARY FLOAT, /*SINGLE PRECISION VERSION 
BINARY FLOAT l5a), /*DOUBLE PRECISION VERSION 
IISAVEfK+lJJ I 

FIXED BINARY,. 

CALL IDTl IKrISAVEJ ,. 

NRESI - OPTION CODE FOR TABLE OF RESIDUALS 
0 If IT JS NOT DESIRED. 
1 IF IT IS DESIRED. 

NDEP - DEPENDENT VARIABLE. 
K - NUMBER OF INDEPENDENT VARIABLES INCLUDED 
ISAVE - A VECTOR CONTAINING THE INDEPENDENT VARIABLES 

I NCLUDEO 

CALL ORDR IHrR1NDEP1K1ISAVErRZ,RT1t. 
IF ERROR NE 1 0 1 

THEN DO,. 
PUT EDIT I 'IN ROUTINE ORDR ERROR CODE = 

ISKJPl2J ,COLUMN( 10) ,A,AI 11),. 
GO TO SZOO,. 
END,. 

CON =O .. O,. . 
CALL MJNV(RZrK1DET,CONJ,. 

TEST SINGULARITY OF THE MATRIX INVERTED 

IF ERROR NE 1 0 1 

THEN oo,. 

1 rERROR) 

PUT EDJTI' IN ROUTINE MINV ERROR = 
COLUHNllOJ ,A,AC lJ),. 

•,ERROR) ISKIPl2J, 

GO TO S200,. 
ENO,. 

REGR 810 
REGR 820 
REGR 830 
REGR 840 
REGR 650 
REGR 860 
REGR 670 

/*S*/REGR 880 
/*D*/REGR 890 

REGR 900 
REGR 910 

*/REGR 920 
REGR 930 

*/REGR 940 
*/REGR 950 
*/REGR 960 
*/REGR 970 
*/REGR 980 
*/REGR 990 
•IREGRlOOO 
*/REGRlOlO 
*/REGR1020 

REGR1030 
REGR1040 
REGR1050 
REGR1060 
REGR1070 
REGRIOBO 
REGR1090 
REGRllOO 
REGRll 10 

*/REGR1120 
•IREGR1130 
*/REGR1140 

REGR1150 
REGR1160 
REGRll 70 
REGRll60 
REGR1190 
REGR1200 

*/REGR1210 

264 Appendix B--Sample Program--Multiple Regression 



,. 
I• 
I• 
I• ,. 
I• 

I• 
I• 
I• 
I• 

I• 
I• 
I• 

CALL ML TR tN1K1XBAR,STD 1DrRZ,RT1 lSAVE1 e,se, r,BETA,ANSJ I. 
IF ERROR NE 1 0 1 

THEN DD1. 
PUT EDIT l'IN ROUTINE MLTR ERROR CODE= 1 ,ERRDRI 

( SKIPl2J ,COLUMNllOJ 1A1AI 1) I 1 • 
GO TO S2001. 
END,. 

PRINT MEANS, STANDARD DEVIATJDNSr INTERCORRELATIONS BETWEEN 
X AND y, REGRESSION CDEFFICIENTSr STANDARD DEVIATIONS OF 
REGRESSION COEFFICIENTS, COMPUTED T VALUES, AND BETA 
COEFFICIENTS. 

MM =K+l,. 
PUT EDIT I' VARIABLE', 1 HEAN 1 , 1 STANDARD' 1 'CORRELATION', 

•REGRESSION I' I STD. ERROR• I •COMPUTED•,• BETA' I 1 ND. I I 

'DEVI All ON', •x vs v•, •COEFFICIENT', •oF REG.COEFF. •, 
1 T VALUE 1 r 1 CDEFF. 1 I (SKI PC 2),COLUHNCLO),A,XISJ,A, 
Xl61 rA1X l6l 1ArXC4J 1A1X 14) 1A1X 15 J 1A1Xl7 J 1A1SKIP1 
~~~~~~~!~I 1A 1X 11~) 1A1Xl7l 1A1X1711A1XC3J 1A1X 131 ,A, 

DO J = 1 TD Kt• 
L =ISAVEIJ) t• 

REGR1220 
REGRl230 
REGR1240 
REGR1250 
REGR1260 
REGR1270 
REGR1280 

*/REGR1290 
•/REGR1300 
•/REGR1310 
•IREGR1320 
•/REGR1330 
•/REGR1340 

REGR1350 
REGR1360 
REGR1370° 
REGR1380 
REGR1390 
REGR1400 
REGR1410 
REGR1420 
REGR1430 

PUT EDIT IL1XBARILJ rSTDILJ 1RT I JI 1BIJJ,SBIJJ, TCJJ 1BETAIJ I J 
CR(FH31 J, • 

REGR1440 
REGR1450 
REGR1460 

END,. 
PUT EDIT ('DEPENDENT') ISKIPl2J,COLUMN(lOl,AJ,. 
L =ISAVEIHHJ,. 
PUT.EDIT IL1XBARILl1STDILll IR(FM3JJ,. 

PRINT INTERCEPT, MULTIPLE CORRELATION COEFFICIENT, ANO 
STANDARD ERROR OF ESTIMATE 

REGR1470 
REGR1480 
REGR1490 
REGR1500 

•IREGR1510 
•/REGR1520 
*/REGR1530 
•/REGR1540 

PUT EDIT l•INTERCEPT•,ANSllJ,•MULTIPLE CORRELATION 1 1ANS(2J, REGR1550 
•STD. ERROR OF ESTIMATE 1 1ANSl3,I (SKIP(3),COLUMNl10,, REGR1560 
A,X(IO) 1Fll6151r12 I ( SKIPIZ),COLUMNflOJ ,A, Ffl3r 51 J J,. 

PRINT ANALYSIS OF VARIANCE FOR THE REGRESSION 

PUT EDIT I• ANAL VS IS OF VARIANCE FOR THE REGRESS ION ', 
•SOURCE OF VARIATION 1 1'DEGREES 1 ,•SUH oF•,•MEAN', 
' F VALUE'1'0f FREEOOH•,•SQUARES'1 1 SQUARES•J 
ISKIPI 2) 1COLUMNC31J1A1SkIPC2J rCOLUMNI 15 J, A1Xl7J 1A1 
XC711A1XllOJ rA1XI09J 1ArSKIP1CDLUHNl40),A, Xl41 r Ar 
X19J 1AI ,. 

L =ANSIB) r• 
PUT EDIT l'ATRRIBUTABLE TO REGRESSION 1 rKrANSl4J,ANSl611 

ANSI 101 r •DEVIATION FROM REGRESSION 1 1L1ANS(7), 
ANSI 9J I ISKIP,COLUMNI lOJ .A,f(6 I 13 Fl l6r!il 1SKIP1 
COLUMNl10l1A1Fl6J12 Fll6r5JI,. 

L =N-1,. 
FSUH =ANSl4J+ANS(7J t• 
PUT EDIT( 'TOTAL t 1LrFSUHI ICOLUHNC15 J 1A1Xll9 I 1FC6J ,F 116151J 1 • 
IF NRESI LE 0 
THEN GO TO 5200,. 
PUT EDIT l 1 HULTlPLE REGRESSION ••••• 1 ,PRl1 1 SELECTION ••••• 1 ,IJ 

IRIFH4JJ t• 
PUT EDIT 11 TABLE OF RESIDUALS 1 1 1 CASE N0. 1 , 1 Y VALUE•, 

•v ESTIMATE•, •RESIDUAL•> 1sK1P,COLUHN12s1,fl,SKIPI2J, 
COLUMN I lOl 1A1Xl5J 1A1X 151,A,X 161 ,AJ,. 

HM =ISAVElK+lJ,. 
OPEN FILE IXDATAI INPUT,. 

DO lI = 1 TO Nr. 
GET FILE lXOATA) eon ( IWIJJ Do J .. 1 TO HJ J 

I IM)Fl610J J ,. 
FSUM =ANSI lJ t• 

DO J = 1 TO Kt• 
L =ISAVEIJJ 1• 
FSUM .. fSUH+WILJ•BIJJ,. 
END,. 

RESI =WI MHl-FSUH,. 
PUT EDIT IU1WIMH) rFSUH1RESJJ CCOLUMNl10J,FC511FU5r5J1 

. 2 FU415J J ,. 
END,. 

CLOSE FILE IXDATAJ,. 
GO TO SlOO,. 

REGR1570 
•IREGR1580 
•/REGR1590 
•/REGR1600 

EXIT•• 

REGR1610 
REGR1620 
REGR1630 
REGR1640 
REGR1650 
REGR1660 
REGR1670 
REGR1680< 
REGR1690 
REGRl 700 
REGR1710 
REGRl 720 
REGR1730 
REGR1740 
REGR1750 
REGRl 760 
REGRl 770 
REGRl 780 
REGR1790 
REGRISOO 
REGRlBlO 
REGR1820 
REGR1830 
REGR1840 
REGR1850 
REGR1860 
REGR1870 
REGR1880 
REGR1890 
REGR1900 
REGR1910 
REGR1920 
REGR1930 
REGR1940 
REGR1950 
REGR1960 
REGR2010 
REGR.2020 
REGR2030 
REGR2040 
REGR2050 

PUT FILE I SYSPRJNTJ EDIT I 1 ENO OF SAMPLE PROGRAM' J 
I SKIPI 511COLUHNC lOl 1AI,. 

S300 •• 
ENO,. /*END OF PROCEDURE REGR */REGR2060_ 

DAT2.. DAT2 10 
l***********************************'°'*********************************/DAT2 20 
I• */DAT2 30 
I• TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIHE. •IOAT2 40 
I* DATA MAY BE SAYED ON A DATA SET• */DAT2 50 
I* */DAT2 60 
/*********************************************************************/DAT2 70 

,. 

PROCEDURE C H1D 11 • DlT2 80 
DECLARE DAT2 90 

XOATA FILE STREAM ENVIRONMENT I CONSECUTIVE VIZ000,200J), DAT2 100 
INCARD,NVJ EXTERNAL, OAT2 110 
CH CHARACTERINCARDI, DAT2 120 
11,H,MHI FIXED. BINARY, DAT2 130 
Dt•I FLOAT BINAPY,. DAT2 140 

ON ENDFILE I SYSlNI 
GO TO EXIT,. 
GET EDIT (CHI IAINCARDJI,. 
HH ::CEILCH/12J,. 
GET STRING ICHI EDIT ttotIJ DO I= 1 TO H)I 

11 HM)( ( 121FI 6r011 XI BJ JI,• 
IF NY= 1 
THEN PUT FILF. IXDATAI EDIT 110111 DO I= l TO MJJ C1Mlfl6 1 0>1r. 
PEVERT ENDFILE ISYSJNJ,. 
RETURN,. 

EXIT•• 

•IOAT2 150 
OAT2 160 
DAT2 170 
DATZ 180 
DAT2 190 
DATZ 200 
DAT2 210 
DAT2 220 
DAT2 230 
DATZ 240 
DAT2 250 
DAT2 260 
DAT2 270 
DAT2 28Q 
DAT2 290 

PUT FILE I SY SPRINT> EDIT I 'ERP OR INSUFFICIENT DATA' I 
( SKIPI ll 1COLUMNI101 ,AJ,. 

STOP,. . 
ENO,. /*ENO OF PROCEDURE OAT2 */DAT2 300 

IDTL.. IDTl 10 
I*********************************************************************/ I OTl 20 
I* */IOTl 30 
I* TO READ FIXED POINT DATA. */IDTl 40 
I* •/IOTl 50 
!****************************** ***************************************/ l DTl 60 

PROCEDURE (H,IXJ,. IDTl 70 
DECLARE I on 80 

CH CHARACTER 1801, IDTl 90 
l1Xl•J,NF1Nl1N21M1IJ IDTl 100 
FIXED BINARY,. IOTl 110 

NF 
NI 
N2 

=40,. IDTl 120 
=1 1 • IDTl 130 
=NF,. IDTl 140 

SlO •• 
IF H LE N2 
THEN N2 =H 1 • 

GET EDIT fCHJ UfBO)J,. 
GET STRING ICtO EDIT llIXllJ 
NL =N2+1,. 
IFNlLEM 
THEN DD,. 

N2 =N2+NF,. 
GO TO SlO,. 
ENO,• 

RETURN1. 
END,. 

DO I= Nl TO N2JJ ltNFIFI 2J J t. 

/*END OF PROCEDURE IDT 1 

STEPWISE MULTIPLE REGRESSION STEP 

Problem Description 

IDTl 150 
IDTl 160 
IDTl 170 
IDTl lBO 
IDTl 190 
lOTl 200 
IDTl 210 
IDTl 220· 
IDTl 230 
IOTl 240 
IDTl 250 
IDTl 260 

*/IDTl 270 

Stepwise multiple regression analysis is performed 
for a set of independent variables and a dependent 
variable. Selection of different sets of independent 
variables and designation of a dependent variable can 
be made as many times as desired. 

1. The sample problem for stepwise multiple re­
gression consists of 30 observations with six variables, 
as presented in Table 1 earlier in this Appendix. 

2. The first five variables are independent vari­
ables, and the last variable is the dependent variable. 
All five independent 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. 

Program 

Description 

The stepwise multiple regression program consists · 
of the main routine named STEP, two special input 
subroutines named DAT2 and IDT2, ·an output/sub­
routine n:µned SOUT, and two routines from the 

·Scientific SUbroutine Package: CORR and STRG. 

Capacity 

1. Up to 99, 999 observations if observations are 
read into the computer one at a time by the special 
input routine. 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 72 variables 
3. Up to 99 selections (must be greater than zero) 
4. (12 F(6, 0)) format for input .data cards. There­

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 ill the special input routine, DAT2, 
must be modified. The general rules for program 
modifications are described later. 

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: 

Columns 

1-6 

7-11 
12-13 
14-15 
16-20 

21 

22-23 

Contents 

Problem number (may be 
alphameric) 
Number of observations 
Number of variables 
Number o~ selections 
A constant value of pro­
portion of sum of squares 
that will be used to limit 
variables entering in the· 
regression 
Option code for table of 
residuals 

0 - if it is not desired 
1 - if it is desired 

Number of cards per 
observation 

For 
Sample 

Problem 

SAMPLE 

00030 
06 
02 
o.o 

1 

1 

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 · - IndeJ>endent variable forced in 

2 
3 

regression 
- Variable to be deleted 
- 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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Last problem 

Second problem 

First problem 

Procedures and main pragram 

Figure 17. 

Sample 

The listing of the input cards for the sample problem 
is shown in Figure 18. 

SAMPLECCC3C0602 c.01 1 
I 

10 ,. 2'• 216 85 14 ·1 20 
3C 3•1 2'4 ., 16 2 30 
30 4C'4 246 •c 18 2 40 
3C 313 23' •1 10 0 50 
35 243 275 95 3C 2 60 
35 365 219 •5 21 2 10 
43 396 267 100 3• 3 BC 
43 356 274 19 19 2 90 
44 346 255 126 56 3 100 
44 156 258 95 28 0 110 
44 218 249 llC 42 4 120 
44 349 252 •• 21 1 130 
44 141 23< 129 56 1 140 
44 245 236 <1 24 1 150 
45 2'1 256 ·111 45 3 160 
45 31C 262 •4 2C 2 110 
45 151 339 96 35 3 180 
45 37C 357 EB 15 4 190 
45 379 198 141 64 4 200 
45 4<3 206 1C5 31 3 210 .. 316 245 132 6C 4 220 
45 28C 225 lCB .. 4 230 
44 395 215 lCl 27 1 240 
49 13c; 220 136 5• 0 250 
4• 245 205 113 37 4 260 .. 313 215 •• 25 1 210 
51 224 "215 118 54 3 280 
51 611 210 116 33 4 290 
51 424 210 140 59 4 300 
51 150 210 1C5 3C 0 310 

C00003 320 
2CC203 330 

Figure 18. 

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 
4. Swn of squares reduced in the step 
5. Proportion reduced in the step 
6. Multiple correlation coefficient 
7. F value for analysis of variance 
8. Standard error of estimate 
9. Computed T value 

10. Beta coefficients 
11. Table of residuals (optional) 

Sample 

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

STEP-WISE MULTIPLE REGRESSION, •••• SAMPLE 

NUMBER OF OBSERVATIONS 30 
NUMBER OF VARIABLES 6 
NUKBER OF SELECTIONS Z 

CONSTANT TD LIMIT VARIABLE 0.00000 

VARIABLE MEAN 

43.13333 
316.16650 
241.79999 
105.66666 

34.13333 

STANDARD 
DEVIA Tl ON NO. 

l 
2 
3 
4 
5 

• 2.26667 

6. 52176 
ll4.4299C. 
36.43074 
17.85640 
15.97571 
1.41259 

CORRELATION MATRIX 

ROW 1 
1.00000 -0.06721 -0.13"689 

ROW 2 
-0.06721 1.00000 -C.17857 

ROW 3 
-0.13689 -0.17857 l.oooco 

ROW 4 
0.49755 -0.05227 -C.40874 

ROW 5 
o.55849 -0.18381 -C.26319 

ROW 6 
Q.28422 0.42189 0;11900 

SELECTION ••••• 1 

DEPENDENT VAR I ABLE• ••• • ••• • ••• 6 
NUMBER OF VARIABLES FORCED •••• 0 
NUMBER OF VAR(ABLES DELETED •• • 0 

STEP l 

VARIABLE ENTERED •••• • 2 

0.49755 

-0.05227 

-0.40874 

1.00000 

0.93552 

o. 37822 

0 .55849 

-0.18381 

-C.26319 

Q.93552 

i. caooo 

Q.39412 

SUH OF SQUARES PEDUCED lN THIS STEP •••• 
PROPORTION REDUCED IN THIS STEP ........ . 

lCr.300 
0.178 

CUMULATIVE SUM OF SQUARES REDUCED •• •• •• 
CUMULATIVE PROPORTION REDUCED ••••• ••.•• 

FOR l VARIABLES ENTERED 
HULTIPLE CORRELATION COEFFICIENT... 0.422 

(ADJUSTED FOR O.F.J............ 0.422 
F-VALUE FOR ANALYSIS OF VARIANCE... 6.063 
STANDARD ERROR OF ESTIMATE••••••••• 1.303 

(ADJUSTED FOR O.F.J ••••••••• •• 1.303 

VARIABLE 
NUMBER 

2 
INTERCEPT 

Figure 19. 

REGRESSION 
COEFFICIENT 

D.00521 
Q.62005 

STD. ERROR OF 
REG. COEFF. 

0.00212 

!0.3CO 
0.! 78 OF 

COMPUTED 
T-YALUE 
2.462 

0.28422 

0.42189 

Q.11900 

0 .. 31922 

o.39412 

1.00000 

BETA 
COEFFICIENT 
Q.42189 
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STEP 2 

VARIABLE ENTERED••••• 5 

SUH OF SQUARES REDUCED IN THIS STEP •• •• 
PROPORTION REDUCED IN THIS STEP.••••••• 

13.324 
0.230 

CUMULATIVE SUM OF SQUARES REDUCED •••••• 
CUMULATIVE PROPORTION REDUCED ••••• ••••• 

23.624 

FOR 2 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT.•. 0.639 

(ADJUSTED FOR D.F • J • u • •. • •• • • 0.622 
F-VALUE FQR ANALYSIS OF VARIANCE •• • 9.314 
STANDARD ERROR OF ESTIMATE.•••••••. 1.126 

(ADJUSTED FOR O.F.l.oo•••••••• 1.146 

YAP IABLE 
NUMBER 

2 
5 

INTERCEPT 

STEP 3 

REGRESSION 
COEFFICIENT 

0.00632 
0.04316 

-1.20349 

VAPIABLE ENTERED••••• 3 

STD. ERROR OF 
REG. COEFF. 

0.00186 
o. 01332 

SUH OF SQUARES REDUCED IN THIS STEP •••• 
PROPORTION REDUCED IN THIS STEP ....... . 

C .408 OF 

COMPUTED 
T-VALUE 

3.3<H 
3.241 

7.572 
0.131 

CUMULATIVE SUM OF SQUARES REDUCED •• ••.• 
CUMULATIVE PROPORTION REDUCED.••••••••• 

31.196 
0.539 OF 

FOR 3 VAR I ABLES ENTERED 
MULTIPLE CORRELATION CC1EFF ICIENT • • • 

(ADJUSTED FOR D.F.lo•••••••••• 
F-VALUE FOR ANALYSIS OF VARIANCE ••• 
STANDARD ERROR OF ESTIMATE •• •.••••• 

(ADJUSTED FOR O.F.1.oo•••••••• 

0. 734 
o. 711 

10.137 
1.013 
lo 050 

VARIABLE 
NUMBER 

2 
5 
3 

REGRESSION 
COEFFICIENT 

O.C0744 
0.05363 
O.Cl497 

STD. ERROR OF 
PEG. COEFF. 

o. 00172 
o. 01258 
0.00551 

INTERCEPT -5.53529 

STEP 4 

VARIABLE ENTERED ••••• 1 

SUM OF SOUAFES FEOUCED IN THIS STEP •••• 
PROPCRTION REDUCED IN THIS STEP.••••••• 

CUMULATIVE SUM OF SQUARES REDUCED u. • •. 

CUMULATIVE PFOPORTION t<.EDUCEO ••• •. ••. •• 

FOR 4 VARIABLES ENTEPED 
MULTIPLE CORRELATION COEFFICIENT ••• 

(ADJUSTED FOR O.F.) ••••••••••• 
F-VALUE·FOR ANALYSIS OF VARIANCE ... 
STANDARD ERROR OF ESTIMATE:: •• ••••••• 

lllDJUSTED FOR D.F.>••••••••••• 

o. 736 
0.699 
7 .375 
1.030 
1. 088 

VARIABLE 
NU~l8ER 

2 
5 
3 
l 

REGRESS ION 
COEFFICIENT 

C.OC741 
0.05076 
C.Cl493 
O.C'l226 

STD. ERROP OF 
REG• COEFF. 

(1.00175 
0.01524 
C.00561 
0.03541 

INTERCEPT -5.q4617 

STEP 5 

VARIABLE ENTERED ••••• 4 

SUM OF SQU.\RES REDUCED IN THIS STEP •••• 
PROPORTION PEDUCEO IN THIS STEP•••••••• 

CUMULATIVf SUM OF SQUARES REDUCED •••••• 
CUMULATIVE PROPOPTION ~EDUCED ••• ••••••• 

FOR 5 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT ... 

(ADJUSTED FOR O.F.) ••••••••••• 
F-VALUE FOR ANALYSIS OF VARIANCE ••• 
STAND.dFD EF!ROR OF ESTIMATE ••••••••• 

(ADJUSTED FOR D.F.J ••••••••••• 

o. 736 
0.684 
5.665 
1. 052 
1.133 

VARIABLE 
NUMBER 

2 
5 
3 

REGRESSION 
COEFFICIENT 

O.C0739 
o.04919 
0.01504 
0.("1242 
0.00151 

STD. ERROR OF 
REG. CQEFF. 

('. 00186 
C.C4141 
C.1)0635 

1 
4 

INTERCEPT -6.01g29 

Figure 19. (Continued) 

c .. 03635 
0.03679 

COMPUTED 
T-VALUE 
4.318 
4.263 
2. 717 

c.121 
0.002 

31.323 
C.541 OF 

COMPUTED 
T-VALUE 
4.222 
3.332 
2.662 
0 .346 

c .co2 
C.'COC 

31.325 
C.541 OF 

COMPUTED 
T-VALUE 
3.%5 
1.188 
2.369 
o.342 
0.041 

. 57.867 

BETA 
COEFFICIENT 
0.51162 
0.48817 

57. 867 

BETA 
COEFFICIENT 
0.60233 
0 .60648 
0.38618 

57.867 

BETA 
COEFFICIENT 
0.59997 
0.57411 
0.38499 
0.05661 

57.867 

BETA 
COEFFICIENT 
0.59826 
0.55632 
0.38790 

.0.05735 
0.01907 

STEP-WISE MULTIPLE REGRESSION ••• • .SAMPLE 

SELECTION.•• •• 1 

TABLE OF RESIDUALS 

CASE ND. 
1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Y VALUE 
l.COOOO 
2 .00000 
2 .00000 
0.00000 
2.00000 
2·. 00000 
3.00000 
2 .• 00000 
3. 00000 
o. 00000 
4. 00000 
1. 00000 
1.00000 
1.00000 
3.COOOO 
2. 00000 
3. 0000'0 
4.00000 
4.00000 
3. 00000 
4. 00000 
4.00000 
1. coooo 
o. 00000 
4.000CO 
l.COOOO 
3. 00000 
4.00000 
4 .00000 
o. 00000 

Y ESTIMATE 
o. 48090 
l.7767C 
2.14586 
o. 82880 
1.90522 
l.52125 
3.46447 
2.25887 
3.80259 
1.02042 
2.49735 
2.00065 
2.00736 
1.15308 
2. 90446 
lo 83531 
2.560C4 
3.45228 
3.62661 
2. 68068 
3. 64886 
l. 86541 
2. 09863 
1.97217 
1.41254 
1.88027 
2. 27646 
4.51080 
3."95746 
0.45458 

STEP-WISE MULTIPLE RfGRESSION ••• •.SAMPLE 

SELECTION ••••• 2 

DEPENDENT VAR I ABLE •••••••••••• 
NUMBER OF VARIA.BLES FORCED •••• 
NUMBER OF VARIABLES DELETED ••• 

STEP 1 

VARIABLE ENTERED ••••• 2 

RESIDUAL 
0.51910 
0.22330 

-0.14586 
-c. 82880 

C.C9478 
0.47875 

-0.46447 
-o. 25887 
-0.80259 
-1. 02042 

1. 50265 
-1. OC065 
-1.00736 
-0.153('8 

0.09554 
Q.16469 
C.43996 
0.54772 
0.37339 
0.31932 
o.35114 
2- 13459 

-1.09863 
-1.97217 
2. 58746 

-o. 88027 
o. 72354 

-0.51C80 
0.04254 

-o. 45458 

SUM OF SQUARES REDUCED IN THIS STEP •••• 
PROPORTION REDUCED IN THIS STEP.· ••••••• 

10.300 
c.17a 

CUMULATIVE SUM Of SQUARES REDUCED •••••• 
CUMULATIVE PROPORTION REDUCED •••• •••••• 

FOR 1 VARIABLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT •• , 

(ADJUSTED FOR O.F.) ••••••••••• 
F-VALUE FOR ANALYSIS OF VARIANCE •• , 
STANDARD ERROR OF ESTH1ATE. • • ••••• , 

{ADJUSTED FOR D.F.) ••••••••••• 

('1.422 
(I. 422 
6.063 
1. 303 
1.303 

VARIABLE 
NUMBER 

2 
INTERC:EPT 

REGRESSION 
COEFFICIENT 

0.00521 
o. 62005 

STO • ERROR OF 
REG. COEFf. 

0.00212 

STEP 2 

VARIABLE: ENTERED ••••• 5 

SUH OF SQUARES REDUCED IN THIS STEP.••• 
PQ.OPCRTION REDUCED IN THIS STEP••.••• •• 

CUMULATIVE SUM OF SQUARES REDUCED• ••••• 
CUMULATIVE PROPORTION o_EQUCED •••• •••. •• 

FOR 2 VARUBLES ENTERED 
MULTIPLE CORRELATION COEFFICIENT ••• 

I ADJUSTED FOR O.F.J. •••••••••• 
F-VALUE FOR ANALYSIS OF VARIANCE..• 
STANDARD ERROR OF ESTIMATE.•••••• •• 

!ADJUSTED FOR O.F.J ••••••••••• 

C.639 
C-.622 
9. 314 
l.126 
1.146 

VAR I ABLE 
NUMBER 

2 
5 

INTERCEPT 

REGRESSION 
COEFFICIENT 

O.C0632 
0.04316 

-1.20349 

STD. ERROR OF 
REG. COEFF. 

0.00186 
0.01332 

STEP 3 

VARIABLE ENTERED ..... 3 

SUH OF SQUARES REDUCED IN THIS STEP •• •• 
·PROPORTION REDUCED IN THIS STEP •• •••••• 

CUMULATIVE SUM OF SQUARES REDUCED ••• ••• 
CUMULATIVE PROPORTION REDUCED •• ••••• ••• 

FOR 3 VARIABLES ENTERED 

1C.3CO 
0.178 OF 

COMPUTED 
T-VALUE 

? .462 

13. 324 
C.230 

23.624 
C'.4('8 OF 

COMPUTED 
T-VALUE 

3.397 
3.241 

7 .572 
C.131 

MULTIPLE CORRELA Tl ON COEFFICIENT ••• 
(ADJUSTED FOR D.F.J ••••••••••• 

F-VALUE FOR ANALYSIS OF VARIANCE ••• 
STANDARD ERROR OF ESTIMATE.• ••••••• 

IADJUSTED FOR O.F.J ••••••••••• 

o. 734 
o·. 111 

10.137 

VARIABLE 
NUMBER 

2 
5 
3 

INTERCEPT 

REGRESS I ON 
COEFFICIENT 

0.00744 
0.05363 
o.ol4<n 

-5. 53529 
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1.013 
1. 050 

STD. ERROR OF 
REG. COEFF. 

0.00112 
C.01258 
0.00551 

COMPUTED 
T-VALUE 

4.318 
4.263 
2. 717 
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57. Bb1 

BETA 
COEFFICIENT 
0.42189 

57.867 

BETA 
COEFFICIENT 
0. 51162 
0048817 

57.867 

BETA 
COE FF IC IENT 
0 .60233 
0 .60648 
0.38618 



STEP-WISE MULTIPLE REGPESS[ON ••••• SAHPLF 

SELECTION••• •• 2 

TABLE OF RESIDUALS 

CASE NO. V VALUE V ESTIMATE PESIDUAL 
I 1.00000 o. 59069 0.40131 
2 2.00000 l. 88363 C.11637 
3 2.00000 2. 2662C -C.2662C' 
4 c.00000 0.90704 -C.90704 
5 2.coooo 1. 99813 C.C0187 
6 2.00000 1. 58408 0.41592 
7 3.00000 3.49859 -C.49859 
8 2 .00000 2. 23348 -o. 23348 
9 3.COOCC 3. 85876 -C.85876 

10 o.coooo C.98943 -('1.98943 
II 4.00000 z. 51255 1.48745 
12 1.00000 1.95926 -C.95926 
13 l .COOOIJ 2. C4998 -1.04998 
14 1.00000 1.10726 -C.10726 
15 3.00000 2. 91951 0.08C49 
16 2 .oooco l. 76539 C.23461 
17 3.00000 2. 54052 o. 45948 
18 4.0000C 3. 36591 c. 634r.9 
19 4.00000 3.67961 o. 32039 
20 3.00000 2.65435 o. 34565 
21 4.0000C 3. 70045 o. 29955 
22 4.C:OOOO 1. 8462Q 2.15371 
23 1.00000 z. 069CC -1.06900 
24 ~.COC'OO 1.95640 -l.9564C 
25 4.00000 1. 34020 2. 6598C 
26 t.coooo 1. 79817 -0.79817 
27 3.COOOO z. 24542 o. 75458 
28 4.COOOC 4.41268 -C.41268 
29 4.COOCO 3.92577 0.07423 
30 0.00000 C.33332 -o. 33332 

ENO 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. 
Wlien doing so, attention should be paid to the format 
statement in DA T2 (DA T2 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. 

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 Nl, as output, is 41 seconds. 

STEP.. STEP 10 
/******•*******************************************•******************/STEP 20 
I• •/STEP 30 
I• TD READ THE PROBLEM PARAMETER CARD FOR A STEP-WISE REGRESSION*/STEP 40 
I• READ SUBSET SELECTION CARD, CALL THE PROCEDURES TO CALCULATE •/STEP 50 
I* MEANS, STANDARD· DEVIATIONS, ANO THE PROCEDURE THAT PERFORMS */STEP 60 
I* STEP-WISE REGRESSION. •/STEP 70 
~ ~=p ~ 

/*********************************************************************/STEP 90 
PROCEDURE OPTIONS CHAIN),. STEP 100 
DECLARE STEP 110 

XDATA FILE STREAM ENVIRONMENT ICDNSECUTlVE Vl2000,200J), STEP 120 
ll11DtJ1KtKK,H,HM1N1NR1NS,NSEL) FIXED BINARY, STEP 130 
PRl CHARACTER 161, STEP 140 
CNCARD1NVJ EXTERNAL, STEP 150 
ERROR EXTERNAL CHARACTER 11 J t STEP 160 
CH CHARACTER (BO),. STEP 170 ,. 

ON ENDFlLE ISYSINJ GO TO EXIT,. 
s100 •• 

*/STEP 180 
STEP 190 
STEP 200 
STEP 210 

,. ,. 
I• ,. ,. ,. ,. 
I• 
I• ,. ,. 
I• 
I• 
I• ,. 

GET EDIT ICHJ IACBOI J t• 
GET STRING lc'.HJ EDIT CPRl,N,H,NS,PCT1NRtNCAROJ 

. F16tOJ 1FllJ,Fl2U ,. 

READ PROBLEM PARAMETER CARD 

IAl6J,f(5J,2 FIZI. STEP 220 
STEP 230 

*/STEP 240 
•/STEP 250 
*/STEP 260 

PRl - PROBLEM CODE CHAY BE ALPHAHERICJ •/STEP 270 
N - NUMBER OF OBSERVATIONS •/STEP 280 
M - NUMBER OF VARIABLES •/STEP 290 
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 

NR - OPTION CODE FOR TABLE OF RESIDUALS */STEP 340 
0 - IF JT JS NOT DESIRED •/STEP 350 
1 - IF IT JS DESIRED ~/STEP 360 

NCARO - NUMBER OF DATA CARDS PER OBSERVATION */STEP 370 

NV =NRt• 
. NCARD=NCARD•8o,. 

*/STEP 380 
STEP 390 
STEP 400 

I• 
PUT EDlT I 'STEP-WISE MULTIPLE REGRESSION.••••' rPRl) 

IPAGE,COLUHN( 10) tAtAI t• 
PUT SKJPl21 ~. 
PUT EDIT I 1NUM8ER OF OBSERVATIONS' ,NJ IRI FM!) 1 r. 
PUT EDIT I 'NUMBER OF VARIABLES 'rMJ IRIFMU Jr• 
PUT EDIT l 1NUH8ER Of SELECTIONS 1 rNSJ IRIFHlllt• 

*/STEP 410 
STEP 420 
STEP 430 
STEP 440 
STEP 450 

FMl •• 

STEP 460 
STEP 470 
STEP 480 

FORMAT I SKIPll J,COLUMNUOJ ,A,Fl5)J t• 
PUT EDIT I 'CONSTANT TO LIMIT VARIABLE' ,PCT) 

I SKJPIZJ, COLUMN I 101 ,A,Fl9r51), • 
ONE •• 

STEP 490 
STEP 500 
STEP 510 
STEP 520 

I* 

I* ,. ,. 

I• ,. ,. 

I* 
I* 
I• 

,. ,. 

BEGIN,. 
DECLARE 

CXBAR(HI, STD I Ht rDIMJ r 81HJ1RXI M,MJ 1RIM,HJ ,ANSUl I 1XI lt lJ t 
RESI ,YESTJ 

STEP 530 
STEP 540 
STEP 550 
STEP 560 

BINARY FLOAT, 
BINARY FLOAT 15311 
UOXIMI tLIMJ ,NSTEP(SJ I 

!•SINGLE PRECISION VERSION l•S•/STEP 570 
/•DOUBLE PRECISION VERSION /*D*/STEP 580 

IO =O,. 
x =o,. 

FIXED BINARY,. STEP 590 
STEP 600 
STEP 610 

OPEN FILE IXOATAJ OUTPUT,. 
CALL CORR IN1M1lO,X1XBAR1STDrRX1RrBI t• 
CLOSE FILE IXDATAJ ,. 
IF ERROR NE 1 0 1 

THEN PUT EDIT I• IN RCUTI NE CORR ERROR CODE = 
ISKIPI 211COLUHNI 10) ,A,AI 11 J t • 

PRINT HEA111S ANO STANDARD DEVIATION 

I ,ERROR) 

PUT EDIT I 'VAR I ABLE', 'MEAN' t •STANDARD',' NO. 1 ,' DEVIATION' J 
(SKIP(ZJ ,COLUMN( 1011A1X 15J ,A1XI 51tA,SKIP,COLUMN11311A1XI16) 
1Al I. 
DO I = l TO M, • 
PUT EDIT II1XBARllJ1STDIJJJ ISKIP,COLUHNU3J,Fl2J,Fll41Slt 

Fll2 1 5)) 1 • 

END,. 

PRJNT CORRELATION MATRIX 

STEP 620 
STEP 630 
STEP 640 
STEP 650 
STEP 660 
STEP 670 

•/STEP 680 
*/STEP 690 
•/STEP 700 

STEP 710 
STEP 720 
STEP 730 
STEP 740 
STEP 750 
STEP 760 
STEP 770 

*/STEP 780 
*/STEP 790 
•/STEP 800 

PUT EDIT I 'CORRELATION MATRIX' J I SKIPC2t ,COLUMN I 10},A),. STEP 810 
00 J = 1 TO H,. STEP 820 
PUT EDIT l'ROW 1 ,II ISKIPl21tCOLUHNllOJ,A,Fl3111• STEP 830 
PUT EDIT ICRIJ,JJ DO J= l TO MU ISKJP,COLUMNllOJ,9 FU2,S)),. STEP 840 
ENO,. STEP 85D 

JF NS ·LE 0 I* TEST NUMBER OF SELECTIONS */STEP 860 
THEN DOt. STEP 870 

PUT EDIT I' NUMBER OF SELECTIONS NOT SPECJFJE01 J STEP 880 
ISKIPC21,COLUHNClOJ,A),. STEP 890 

GO TO S200 1 • STEP 900 
ENO,.. STEP 910 

SAVE THE MATRIX OF SUMS OF CROSS-PRODUCTS Of DEVIATION 

R =RX,. 
NSEL =11. 
GO TO Sl50,. 

COPY THE MATRIX OF SUMS OF CROSS-PRODUCTS Of DEVIATIONS 

*/STEP 920 
*/STEP 930 
*/STEP 940 

STEP .950 
STEP 960 
STEP 970 

I* 
Sl45 •• 

*/STEP 980 
•/STEP 990 
*/STEPlOOO 

STEP1010 
RX =R1. 

Sl50.. I* READ A SELECT ION CARD 

,. 
I• 
I• 
I• 
I• 
I• ,. ,. 

PUT EDIT C'SELECTION ••••• •,NSELI ISKJPl3J,COLUMNC10J,A,Fl2)),. 
CALL IOT2 IMtlDXI t• 

IN EACH POSITION OF JDX, ONE Of THE FOLLOWING CODES MUST BE 
SPECIFIED. 

0 OR BLANK - INDEPENDENT VARIABLE AVAILABLE FOR SELECTION 
1 - INDEPENDENT VARIABLE TO BE FORCED JN REGRES­

SION 
- VARIABLE TO BE DELETED 
- DEPENDENT VARIABLE 

STEP1020 
*/STEP1030 

STEP1040 
STEP1050 

•/STEP1060 
*/STEP1070 
*/STEP1080 
*/STEP1090 
•/STEPllOO 
*/STEPlllO 
•/STEPl 120 
•ISTEf!ll30 
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I* ,. ,. 

,. ,. 
I• 

I* 
I* ,. 

I• 
I• 

CALL THE PROCEDURE TO PERFORM A STEP-WISE 
*ISTEP1140 

REGRESSION ANALYSlS*/STEPl 150 

CALL STRG IM,NrRXrXBAR,IDX,PCT rNSTEPtANS 1Lr BrSTDJ, • 
IF ERROR NE '0' . 
THEN PUT EDIT l 1 IN ROUTINE STRG ERROR CODE"" 'rERRORJ 

lSKIPl2J rCDLU~NUOJ 1ArAUJ J ,. . 

FINO-WHETHER. TO PRINT THE TABLE OF RESIDUALS 

IF NR LE 0 
THEN GO TO 5185,. 

PRINT TABLE OF RESIDUALS 

PUT ED.IT C'STEP~WISE MULTIPLE REGRESSION•••••'rPRU 

PUT E~~~G~:~~~~~~~~~~ :~=~~ :NsELJ <SKIPl3J 1 COLUMNI 10) ,A,FI 2'J I 1 • 
PUT EDIT l'TABLE OF RESIDUALS• •. •c4se NO.•,•v VALUE•,•v ESTIMATE•, 

'RESIDUAL I) 
ISKIPl2J 1CDLUMNl26J 1A1SKIPl2) ,COLUMN( lOl 1ArXC5J 1A1X151rAr 
XC6J,AJ •• 

MM aNSTEP I lJ r. 
OPEN FILE CXDATAJ INPUT,. 

OD I a 1 TD N,. 
GET FILE IXDATAJ EDIT llOIJJ DO J= 1 ro MJI CIMJFl610U1. 
YEST =ANSC9Jr• 
K aNST·EPl4h• 

DD J s: 1 TO Kt• 
KK =LtJI •• 
YEST •YEST+BIJl•DIKKI t• 
END,. 

RESI =OIHHl-VEST,. 
·PUT EDIT II1DIHMJ 1YEST 1RESU ICDLUHNUOlrFl51rFU5r5), 

2 FIHr5JJ,. 
ENO,. 

CLOSE FILE IXOATAI r• 

TE~T WHETHER ALL SELECTIONS ARE COHPLETEO 

*/STEP1160 
STEPll 70 
STEPllBO 
STEP1190 
STEP1200 

*ISTEP1210 
*ISTEP1220 
•ISTEP1230 

STEP1240 
STEP1250 

*/STEP1260 
•ISTEP1270 
*/STEP1280 

STEP1290 
STEP1300 
STEP1310 
STEP1320 
STEP1330 
STEP1340 
STEP1350 
STEP1360 
STEPL370 
STEP1380 
STEP1390 
STEP1400 
STEP1410 
STEP1420 
STEP1430 
STEP1440 
STEP1450 
STEP1460 
STEP1470 
STEP14BO 
STEP1490 
STEP1500 

I* 
Sl85. • 

•ISTEP1510 
•ISTEP1520 
•ISTEP1530 

STEP1540 
STEP1550 
STEP1560 

IF NSEL LT NS 
THEN oo,. 

ENO,. 

NSEL =NSEL+lt •.. 
PUT EDIT C'STEP-WISE MULTIPLE REGRESSION ••••• •.,PRlJ 

IPAGErCOLUMNUOJ 1A1AJ 1 • 
GO TD Sllt51 • 
ENO,. 

GO TD SlOO,. 

STEP1570 
STEP1580 
STEP1590 
STEP1600 
STEP1610 
STEP1620 
STEP1630 

EXIT •• STEP1640 
STEP1650 
STEP16<,.0 
STEP1670 

PUT FILE C SY SPRINT J EDIT I 'ENO OF SAMPLE PROGRAM' I 
ISKIPI 51,COLUHNI 101 rAI,. 

s200 •• 
.ENO,. l*ENO OF PROCEDURE STEP */STEP1680 

DAT2.. DAT2 10 
l*********************************************************************/DAT2 20 
I* . */DAT2 30 
I* TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIME. •IDAT2 1tO· 
I* DATA MAY BE SAYED ON A DATA SET. */DAT2 50 
I* •!DATZ 60 
l*********************************************************************/DAT2 70 

,. 

PROCEDURE 04,D 1 r. DA12 ao 
DECLARE DAT2 90 

XDATA FILE STREAM ENVIRONMENT ICONSECUTIVE Vl20001200JJ, DAT2 100 
INCARDrNVI EXTERNAL, DAT2 110 
CH CHARACTERINCAROI, 0AT2 120 
11,HrMM) FIXED BINARY, DAT2 130 
Dl*J FLOAT BINARY,. OAT2 lltO 

ON ENOFILE ( SVSJNJ 
GO TO EXIT,. 
GET EDIT (CHJ UINCAROIJ,. 
HM =CEILIH/1211, 
GET STRING ICHJ EDIT (IDtU 00 I= 1 TO MIJ 

((HM)C ( 12H· 16rCJ 1J:\ BJ I Jr. 
IF NV= 1 • 
TH=:N PUT FILE 1.~0A.TAI EDIT (CDllJ DO I= l TO MJJ ((M1FC6r011 1 • 

REVERT ENDFILE CSYSINlr. 
RETURN,• 

EXIT •• 

*IDAT2 150 
DAT2 160 
DAT2 170 
DAT2 180 
DAT2 190 
DATZ 200 
DAT2 210 
DAT2 220 
DAT2 230 
OAT2 21t0 
OAT2 250 
DAT2 260 
OAT2 270 
DAT2 280 
DAT2 290 

PUT FILE lSYSPRJNTJ EDIT ( 1 ERROR INSUFFICIENT OATA'J 
I SKJPI 1JrCOLUHNl101 1A) r. 

STOP,• 
ENO,. /*ENO OF PROCEDURE DAT2 */DAT2 300 

IDT2 •• IDT2 10 
l*************************************""******'il***•********************/lDT2 20 
I* */IDT2 30 

./* TO READ FIXED POINT DATA. *llDT2 '40 
I* *I IDT2 50 
I***********************************************'**********************! I OT 2 60 

PROCEDURE IHrIXlr• JOT2 70 
DECLARE JOT2 80 

CH CHARACTER CBOJ, IDT2 90 1....... 
llXl*lrNFrNl1N2r'H,I) IDT2 100 
FIXED BINARY,. JOT2 110 

NF 
Nl 
N2 

=72, • IOT2 120 
=lr • IDT2 130 
"'NF,• IDT2 140 

SlO •• 
IF H LE N2 
THEN N2 =H,. 
GET· EDIT ICH) IAl8Q)),. 
GET STRING (CHJ EDIT I crxc J) 
Nl · ""N2+lr. 
JF· NL LE f4 
THEN DO,. 

N2 =N2+NF, • 
GO.TO 510,. 
END,• 

RETURN,. 
ENDr • 

OD I= Nl TO N2JI ICNFIFllJlr• 

/*END Of PROCEDURE IDT2 

IDT2 150 
IDT2 160 
1012 170 
JDT2 180 
1DT2·1CJO 
IDT2 200 
IOT2 210 
IDT2 220 
IDT2 230 
IDT2 240 
IDTZ 250 
IDTZ 260 

*I IOT2 270 

souT.. sour 10 
'************** ** *** c:••**** *********~** *******************************'sour 20 
I* •/SOUT 30 
I*. TO PRINT THE RESULTS OF A STEP-WISE MULTIPLE REGRESSION. */SOUT 40 
I* *ISOUT ~O 

l****************************************************************Ct****ISOUT !-."~ 

I• 

I• ,. 
I• 

,. ,. ,. 

PROCEO.URE I NSTEPrANS1l1BrS1T rBETAI 1. 
DECLARE 

NSTOP EXTERNAL CHARACTER" UI r 
IANS<•J ,Be •J ,s1•1, T1•1, BETAl•l I 
BINARY FLOAT, /*SINGLE PRECISION VERSION 
BINARY FLOAT (5311 !*DOUBLE- PRECISION VERSION 
INSTEPl*I tll *J rl rNl . 
FIXED BINAPY,. 

TEST WHETHER THIS l S THE FIRST ST.EP 

IF NSTEP(4) LE 1 
THEN 001 • 

PUT EDIT l'DEPENDENT VARIABLE••••••••••••'rNSTEPlll) 
I SKIP12J ,COLUMN( lOJ 1ArFC 21 J,. 

PUT EDIT l 1 NUHBER OF VARIABLES FORCED •••• •,NSTEPC2JJ 
I SKI P1 COLUMNClOI ,A, Fl Z J J 1. 

PUT EDIT C'NUMeEP. OF VARIABLES DELETEO ••• •,NSTEPUJ) 
I SKI PrCOLUHN(lOJ ,A,f( 2) J 1. 

ENDr. 

PRINT THE RE SUL TS OF A STEP 

PUT EDIT l 1STEP 1 rNSTEP(41J (SKIP(31,CDLUMNl10J,A,fl3JI,. 
PUT EDIT ('VARIABLE ENTERED ••••• •,NSTEP(5)) 

{ 5Kl PC 21,COLUMNI101rArFC21J1. 
PUT SKI PC 2J,. -
IF t-JSTEP( 41 LE NSTEPC 21 
THEN PUT EDIT I' CFOPCED VARJABLEl'I CSKIPrCOLUMNUOJ,AJ,. 
!>UT EDIT C'SUM OF SQUARES REDUCED IN THIS STEP••••'rANSClJI 

IRIF/1l)J,. 
FHl •• 

FORHAT ( SKIPI 1J ,COLUHNI 101rA1FC13 ,31) r. 
PUT EDIT ('Pl<OPORTJCIN REOUCl:D IN THIS STEPo•••••••'rANSl211 

IP.I FMll J 1 • 

PUT SKJP(2J,. 
PUT EDIT l'CUMULATIVE SUH OF· SQUARES REOUCED••••••'tANSl3JI 

IRIF~lJJ,. 

SOUT "j\) 

sr.iuT 30 
~UUT ~O 
~t)UT 100 

/*S*/SOUT 110 
/*D*/SOUT 120 

sour 130 
SOUT 140 

*ISOUT 150 
*/SOUT 160 
*/SOUT 170 

sour 100 
snur lCJo 
SOIJT 200 
sour 210 
sour 220 
SOUT 230 
sour 240 
SOUT 250 
sour 260 

*/SOUT 270 
•ISOIJ'T 280 
*/SDUT 290 

SOUT 300 
sour 310 
sour 320 
sour 330 
sour 340 
sour 350 
sour 360 
sour 370 
SOUT 380 
SOUT 390 
sour 400 
SOUT 410 
sour 420 
SOUT 430 
SOUT 440 

PUT EDIT l'CUMULATJVE PROPORTION REDUCED •••••••••• •,ANS(4),• 
ANSI 51 J C Ski P,COLUHNI 10 J ,A,FC 13,31 tA ,FC 13r31J1 • 

OF'r SOUT-450 

PUT EDIT ( 1FOR 1 rNSTEPl4J r' VARIABLES ENTERED') 
I SKIPl2J, COLUMNC 1011A1FC3J ,A It• 

PUT EDIT l'MULT1PLE CORRELATION COEFFICIENT ••• 1 ,ANSCbll 
ISKIPI 11,COLUMNC l21 rAtFC9,3) Ir. 

PUT EDIT l'IADJUSTED FOR D.F.l•••••••••••'1ANSl10JI 
C SKI PO 1rCOLUMNI171tArFl9r3J)1 • 

PUT EDIT { 'f"-YALUE FOR ANALYSIS OF VARIANCE ••• •,ANSC11 I 
I SKI Pl l J,COLUHNI 12) rArFC9.3J It• . 

PUT EDIT I 'STANDARD ERROR OF ESTIMATE •••••• ••.' rANS.CBJ I 
I SKI P(l ),COLUMN I 121,A,FC 9.31 Jr• 

PUT EDIT l 1 0DJUSTEO FOR O.F.J.••••••••••'rANSllllJ 
I SKIP( l I 1COLUHNI 171,A,FI913111. 

PUT EDIT l'VARI·A8LE 1 r 1REGRESS10"'•'STO. ERROR OF •,•tOHPUTED•, 
'BETA' r 1 NUHBE1P, 'COEFFICIENT' r 'REG. COEFF. 1 r 1T-VALUE 1 r 
'COEFFICIENT' J 
C SKJPI 21rCOLUMNC12) 15 lA,KI 511,SKIPI11rCOLUHNI131 rAr Xl61 rAt 
X14), A,XI 81 rArXC6) rAI t• 
ooNSTEP( 41 1 • 

DO I = 1 TO N"" 

SOUT 460 
SOUT 470 
SDUT 480 
sour 490 
sour 500 
sour 510 
sour 520 
sour 530 
sour 540 
SOUT 550 
SOUT 560 
sour 570 
sour 5so 
sour 590 
sour 600 
sour 610 
sour 620 
SOUT 630 

PUT EDIT 'I LI 11 rBI II ,Sil J 1TC I J rBETACI I J ISKIPU),COLUf4NI lltl1 
. Fl 3J ,Fl 18,51 rFU6,51rF11413J1Flllt15J h· 

SOUT 640 
sour 650 
SOUT .660 
sour 670 

END,. , 
PUT EDIT l'JNTERCEPT 1 rANSl'9)) ISKIPrCCl..UHNU211ArF11415JJ,. 
NSTOP"''~'•• 
FIETUR.N,. 
ENO,. l*ENO OF PROCEDURE SOUT 

CANONICAL CORRELATION CANO 

Problem Description 

sour 680 
SOUT 690 
sour 100 
SOUT 710 

*/SOUT 720 

This program analyzes the interrelatio.ns between 
two sets of variables measured on the same sub­
jects. These variables are predictors in one set 
and criteria in the other set, but it is irrelevant 
whether the variables in the first set or in the sec­
ond set are considered as the prediction variables. 
The canonical correlation, which gives the maxi­
mum correlation between linear functions of the two 
sets of variables, is calculated. x2 is :ilso com­
puted to testthe significance of canonical correlation. 

The sample problem for canonical correlation 
consists of four variables in the first set (left-hand 
side) and three variables in the second set· (right­
hand side) as presented in Table 2. These two sets 
of measurements have been made on 23 subjects. 
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Table 2. Sample Data for Canonical Correlation 

First set Second set 

Observation X1 X2 X3 . Xi Y1 Y2 

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, 
DAT2, 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 a problem 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 

Y3 

70 
69 
75 
86 
71 
77 
72 
82 
84 
72 
89 
70 
65 
99 
87 
63 
81 
74 
70. 
81 
63 
73 
69 

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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Data ~ 
,c=C=o=n=tr=ol=:::;;i_ La•t pr~ble.m 

Card 

.2=.==a- Second problem Data 'l 
Control 

Card 

Dato ~ l ,c:!=.==i'Ly Finl problem 

Procedures and main program 

Figure 20. 

Sample 

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

CANON I CAL COltRELA TlON • • • • • SA~PLE 
•o. OF 1'.'18SEltVAT10~S 23 

""· OF LEFT HA.NO VAIUARLES 4 
NO. OF ltIGHT HANO YA~JABLES 3 

MEANS 
185.47826 l49.913C4 76.Bb955 19 .47826 183 .ccccc 

STANDARD DEVIATIONS 
1C.1C342 6.31673 10.46338 1.08165 9.84424 

COQQELATI ON COE FF tCI ENTS 

ROW 1 
l .coccc 0.74852 c. "37082 o. 66441 r:' .62291 0.66081: 

ROW 2 
C.74852 l. coooo· Q.63252 0.2259C c .668 ll o.121ao 

ROW 3 
0.37Cl12 C.63252 1. occcc 0.206'37 0.47394 0.6C·l69 

ROW· 4 
0.66441 O. 2259C 0.20657 l.CCCCC c .32870 0.34%3 

ROW 5 
0.622'H 0.66811 C.47394 o. 32&7(\ l .COOCC 0.8255'3 

ROW 6 
0.66C90 0.7276(1 C.6Cl69 C.34963 C! .82555 l .cci::cr:: 

•ow 1 
0.24683 0.53194 C!. 7S684 -0.1~733 0. 39258 c.47.'j57 

Figure 22. 

SAfl.PL E CCC2 3 C403Q'l 
1"1 155 65 19 179 145 7C 
1Cj5 l« 10 20 201 152 6< 
181 148 71 19 185 149 75 
183 153 82 18 188 149 86 
176 144 67 18 171 142 71 
2CE 157 81 22 192 152 11 
18< 150 75 21 l9C 149 72 
197 15Cj 90 20 18< 152 82 
188 152 76 19 197 159 84 
192 15C 78 20 187 151 72 
179 15E •• 18 186 148 B9 
183 147 65 lB 174 147 7C 
174 15C 71 19 185 152 65 
19G }51j 91 19 195 157 99 
1B6 151 98 20 IB7 ISE B7 
163 1:37 .. lB 161 130 63 
195 155 BS 20 183 15B Bl 
196 153 BO 21 173 14B 74 
IBI 145 11 20 1B2 146 1C 
175 14C 7C ,. 165 137 Bl 
192 154 69 20 1B5 152 63 
174 143 7< 20 ne 147 73 
176 uc; 70 20 17< 1<3 69 

Figure 21. 

Description 

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 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
llO 
120 
130 
140 
150 
160 
170 
lBO 
190 
200 
210 
220 
230 
240 

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

Sample 

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

148.1!2608 75.7~912 

6. 1'3965 9.C5647 

0 .24693 

0.53191.. 

0.7%84 

-o.1~733 · 

0.39258 

0.47657 

l.COr:'OI'.' 

272 Appendix B--Sample Program--Canonical Correlation 



NUM13ER OF 
EIGENVALUES 

REMOVED 
0 
l 
2 

LARGi:sr 
EIGENVALUE 
~EMAINING 

O.H~BC 
0.4191(' 
0.00767 

CCPRESPONDI NG 
CANONICAL 

CCPAELATION 
C.89376 
0.64738 
C.C876C 

CANONICAL COR~ELATION C.69376 

COEFFICIENTS f:JR LEFT HANO VA~IASLES 
l).~6310 -C.16059 1.05822 

COEFFICIENTS FOR ~IGtn HAND VARIABLES 
-O.r.!2133 C.44090 0.89730 

CANONICAL CORRELATION C.6473ij 

COEFFICIENTS FOP LEFT HANO VARIABLES 

I} .09454 -o. 83915 0066309 

COEFFICIENTS FOR RIGHT HANO VAP.IABLES 
-0.4'3641 -0.55503 0.7G692 

CANONICAL CC'P.RElATION O.G876C 

COEFFICIENTS FOP LEFT HANO VARIABLES 
0.02681 0.36C55 -0.28827 

COEFFICIENTS FOR RIGHT HAND VARIABLES 
c. 70325 -c. 70384 0.10028 

END OF SAMPLE PROGRAM 

Figure 22. (Continued) 

Program Modifications 

lAMeOA 

·= .11598 
':1.57644 
0. 99233 

-C.56651 

-o .64892 

-o. 32496 

CHI-SQUAR.E 

40.93277 
10.46676 

l'J.14636 

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, transformation of 
data, and so on. 

2. If there is more than one card per row of data, 
the value of the card count indicator (NC ARD), 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. 

DEGREES 
OF 

FREEDOM 
12 

• 2 

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 Nl, as output, is 17 
seconds. 

CANO.. Cl No 10 
/*********************************************************************/CANO 20 
I* */CANO 30 
I* TD READ THE PROBLEM PARAMElER CARD FOR A CANONICAL CORRE- */CANO 40 
I* LATION, CALL TWO PROCEDURES TO CALCULATE SIMPLE CORRELATIONS,•/CANO 50 
I* CANONICAL CORRELATIONS, CHI-SQUARES, DEGREES OF FREEDOM "FOR */CANO 60 
I* CHI-SQUARES, AND COEFFICIENTS FOR LEFT AND RIGHT HANO */CANO 70 
,. VARIABLES, NAMELY CANONICAL VARIATES, AND PRINT THE RESUL rs. •/CANO 80 
I* . •/CANO 90 
/*********************************************************************/CANO 100 

PROCEDURE OPTIONS I MAI NJ,. CANO 110 
DECLARE CANO .120 

I l 110,J,M,MH,MP '"Q,N,Nl) CANO 130 
FIXED BINARY, CANO 140 
CH CHARACTER I BOJ, CANO 150 
ERROR EXTERNAL CHARACTE:R 111 r CANO 160 
INCARD,NVI EXTERNAL, CANO 170 
PR CHARACTER 16),. CANO 180 

I* •/CANO. 190 
ON ENOFILE ISVSINJ GO TO EXIT,. CANO 200 

SlOO.. CANO 210 
GET EDJT CCHJ UC 80)), • CANO 220 
GET STRING CCHI EDIT IPR1NrMP1M01NCAROJ IAC6J,Fl5),3 FC2JJ,. CANO 230 

I* */CANO 240 
I* PR ••••••• PROBLEM NUMBER IHAY BE ALPHAMERJCJ */CANO 250 
I* N •••• ••••NUMBER OF OBSERVATIONS */CANO 260 
I* KP.••• ••• NUMBER OF LEFT HAND VARIABLES */CANO 270 
I* MQ ••••••• NUHBER OF RIGHT HANO VARIABLES */CANO 280 
I* NCARO •••• NUMBER OF CARDS PER OBSERVATION */CANO 290 

I* PUT EDIT l'CANONICAL C~RREi.~TION ••••• 1 ,Pd, 1 NO. OF DBSERVATI0°NS•1ff/1~:~~ ;~~ 
'NO. Of LEFT HAND VARIABLES' ,MP, CANO 320 
•NO. OF RIGHT HAND ~ARIABLES 1 ,MQJ IPAGE,COLUMNUOl1A1A(6J, CANri .330 
SKIPI 1J1COLUMNI 12) ,A,XI 8) 1F14J ,SKIP I U rCOLUMNI 1Zl 1A1 Ft511 CANO 340 
SKIPl1J,COLUMNl12J,A,Fl4)),. CANO 350 

M =HP+MQ 1• CANO 360 
NCARD=NCARD•so,. CANO 370 
NV =01. .CANO 380 

STRT.. CANO 390 
BEGIN,. CANO· 400 
DECLARE . CANO 410 

ICOEFLC MP,MQ) 1COEFR(MQ1 HQ) ,R(M,H) ,RX Ull1MJ ,CHISQ(MQJ ,CANRIMQ), CANO 420 
STDIMJ ,XBAR(M) ,XI lrU 1B(HJ ,ROOTS IMQJ 1WLAM(MQJ I CANO 430 
BINARY FLOAT, /*SINGLE PRECISION VERSION /*S*/CANO 440 

I* BINARY FLOAT (531 1 !*DOUBLE PRECISION VERSION J.•D•/CANO 450 
NDflMQJ FIXED BINARY,. CANO 460 

10 =01. CANO 470 
X =O. o,. CANO 480 
CALL CORR IN1M1I01XtXBAR,ST01RX1R1BJ ,. CANO 490 
If ERROR NE 'O' CANO 500 
THEN 001. CANO 510 

Pi.JT EDIT ('IN ROUTINE CORR ERROR CODE= 1 rERRORJ CANO 520 
'5KIPlZJ,COLUMNllOl1A1AflJJ,. CANO 530 

GO TD SlOO,. CANO 540 
END,. . CANO 550 

I* */CANO 560 
I* PRINT MEANS, STAtllDARD DEVIATIONS, AND CORRELATION */CANO 570 
I* COEFFICIENTS Of All VARIABLES */CANO 580 
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I• 
PUT EDIT l 1 MEANS 1 ) (R(fHl)J,. 

FMt •• 

*/CANO 590 
CANO 600 
CANO 610 
CANO 620 
CANO 630 
CANO 640 
CANO 650 
CANO 660 

FORMAT ISKIPlZJ,COLUMNllOJ,A),. 
PUT EDIT llXBARll) DO I= 1 TO M>J IRIFH2JI,. 

FHZ •• 

I• 
I• 
I• 
I• 

'* I• 
I• 

I• 
I* 
I• 

FORMAT (SKIP,COLUMNl101r7 FU5,5)),. 
PUT EDIT ('STANDARD DEVIATIDNS'I IRIFHUJ,. 
PUT EDIT llSTD(lJ DO I= L TO HI) (R(FM2JJ,. 
PUT EDIT ('CORRELATION COEFFICIENTS') ISKIPl2JrCOLUHNllOJ,Alt• 

DO I = L TO M, • 
PUT EDIT l'RDW',II (5KIPl2JrCOLUMNl101rArF14JJ,. 

CANO 670 
CANO 680 
CANO 690 

PUT EDIT llRII,Jl DO J= l TO HJJ ISKlPrCOLUMNllOJ,9 FIL2r5>J,. 
END,. 

CANO 700 
CANO 710 
CANO 720 

CALL CANC l_NrHPr HQ,R,ROOTS,WLAM,CANR,CHI SC,NOFrCOEFR,COEFL I,• 
IF ERROR NE • 0' 
THEN DO,• 

PUT EDIT ('IN ROUTINE CANC ERROR CODE = 'r ERROR) 
ISKIPIZ I ,COLUMN CLO I rArAl lJ),. 

IF ERROR ,,;, 'l9 
THEN GO TO 5100, • 
ENO,. 

PRINT EIGENVALUES, .CANONICAL CORRELATIONS, LAMBDA, 
CHI-SQUARES DEGREES OF FREEDOM 

PUT EDIT ('NUMBER OF ', t LARGEST', •CORRESPONDING', 'DEGREES' 1 

'EIGENVALUES' , t EIGENVALUE' , t CANONICAL' r 'LAMBDA', 
'CHI-SQUARE' r 'Of'• 'REMOVED' r 1 REMAINJNG', 1 CORRELAT10N 1 , 

'FREEDOM' I I SKIP 141 1 COLUMNI L3 I ,A 1 X( 5 J ,A,Xl7),A 1 Xf31J, Ar 
SKIP ,COLUMN I 11 J ,A,XI SJ, A,X 17J,A,X171,ArXtSI, A, Xl7), A, 
SKIP ,COLUMN I 131 ,A,X (7), A,X 17) ,A,X l3ZJ, Al,• 
DO l = l TO HQ,• 
NL =l-l 1. 

TEST WHETHER EIGENVALUE I$ GREATER THAN ZERO 

MM =Nlr. 
IF ROOTSIII GT O.O 
THEN DO,. 

ENO,. 

PUT EDIT I NlrROOTS 11 I ;CANRI I J,WLAMll I ,CHI SQ I I 1 rNDf(] I J 
I SKIP I U ,COLUMN I lOJ ,FC7 J ,Fl l9r51tf116151, 
2 F114,5J 1 Xl5),F1511 1 • 

MM =HQ,. 
ENO,. 

PRINT CA~ONICAL CORRELATION 

00 1 = 1 TO HH,. 

CANO 730 
CANO 740 
CANO 750 
CANO 760, 
CANO 770 
CANO 780 
CANO 790 
CANO 800 

*/CANO 810 
*/CANO 820 
*/CANO 830 
*/CANO 840 

CANO 850 
CANO 860 
CANO 870 
CANO 880 
CANO 890 
CANO 900 
CANO 910 
CANO 920 

*/CANO 930 
*/CANO 940 
*/CANO 950 

CANO 960 
CANO 970 
CANO 980 
CANO 990 
CANOlOOO 
CAN01010 
CAN01020 
CAN01030 
CAN01040 

*/CAN01050 
*/CAN01060 
*/CAN01070 

CANOlOBO 
PUT EDIT ('CANONICAL CORRELATION' ,CANRI 11 J ISK IP 15) ,COLUHNI 1011 CAN01090 

ENO,. 

A,fllZ,511,. 
PUT EDIT ('COEFFICIENTS FOR LEFT HANO VARIABLES' J (RIFMlJJ,. 
PUT EDIT ((COEFLIJ,II DO J::: 1 TO HPl) (RlfH2)),. 
PUT EDIT I 'COEFFICIENTS FOR RIGHT HAND VARIABLES' I 
PUT EDIT llCOEFR(J,II DO J= 1 TO f1'lll tRIFH2J),,. 
END,. 

GO TO 5100,. 

CANOUOO 
CANOL 110 
CAN01120 

EXIT •• 

Uq FKlJ), • CAN01130 
CANOL 140 
CAN01150 
CAN01160 
CANOll 70 
CANOllBO 

PUT FILE ISYSPRLNTI EDIT ('END OF SAMPLE PROGRAM') 
I SKIP (51tCOLUMN(101 ,AJ,. 

END,. /*END OF PROCEDURE CANO 

CAN01190 
CANOL200 

•ICAN01210 

DATZ.. DATZ 10 
I******************************~'************************************ **I DAT 2 2 0 
I* */DATZ 30 
I* TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIME. */OA.TZ 40 
I* DATA MAY BE SAVED ON A DATA SET• */DATZ 50 
I* */DATZ 60 
I*******************************'°'*******$**************************** *I DAT 2 10 

l• 

PROCEDURE (~,QI,. OATZ 80 
DECLARE DATZ 90 

XDATA F[LE STREAM ENVIRONMENT (CONSECUTIVE 'vczooo,zoo11, DATZ LOO 
lNCARD,NVI EXTERNAL, DATZ LlO 
CH CHARACTER I NC ARO), DATZ lZO 
(J,M,MMI FIXED BINARY, DATZ 130 
DI*) FLCAT BINARY,. DATZ 140 

ON ENDFILE ( SYSINI 
GD TO EXIT,. 

'GET EDIT ICHI lldNCARO)),. 

*/DATZ L50 
DATZ 160 
DATZ 170 
DATZ 180 
DATZ 190 
DATZ ZOO 
DATZ ZlO 
DATZ 220 
DATZ 230 
OATZ Z40 
DATZ 250 
DATZ 260 
DATZ Z70 
DATZ ZBO 
DATZ 290 

MM =CEILIM/12),. 
GET STR.ING (CHI EDIT 110111 DD I= 1 TO Ml} 

I !MM) I ( 121Fl6 7 0) 7 X(8) I l,. 
IF NV= l 
THEN PUT FILE IXDATAJ EDIT ((O(J) DO I= l TOM)} ((M}f(6,C)),. 
REVERT ENDFILE ISYS!Nl,. 
RETURN,, 

EXIT •• 
PUT FILE lSYSPRINTJ EDIT !'ERROR INSUFFICIENT DATA'I 

{SKIP! ll ,COLUMN( l0l 1AI,. 
S_TOP,. 
END1. /*ENO OF· PROCEDURE DATZ 

ANALYSIS OF VARIANCE ANOV 

Problem Description 

*/DATZ 300 

An analysis 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, John Wiley 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 

R eplicate b, b, b, 

(Block) a1 a, a, a4 a, a, a, a4 a, a, a, a4 

r 3 10 9 B 24 B 9 3 2 B 9 B 

r I • • • • c, 4 12 3 9 22 7 16 2 2 2 7 2 

c, 5 10 5 B 23 9 17 3 2 B 6 3 

{" 
2 14 9 13 29 16 11 3 2 7 5 3 

r z , • • • c, 7 11 5 B 28 18 10 6 6 6 5 9 

c, 9 10 27 8 28 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 assumed. Thus, each element of the data in 
Table 3 may be represented in the form: 

where a 1,2,3,4 

b 1,2,3 

c 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. 

Program 

Description 

The analysis of variance program consists of the 
main routine, named ANOV, a special input routine 
DA T3, and one subroutine from the Scientific 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. 

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 
alphaineric) 

7-8 Nuinber of factors 04 

The second card is prepared as follows: 

Columns 

1 
2-5 

6 

7-10 

11 
12-15 

16 
17-,20 

66 

67-70 

Contents 

Label for the first factor 
Number of levels for the 
first factor 
Label for· the second 
factor 
Number of levels for the 
second factor 
Label for the third factor 
Number of levels for the 
third factor 
Label for the fourth factor. 
Number of levels for the 
fourth factor 

Label of the fourteenth 
factor 
Number of levels of the 
fourteenth factor 

For Sample 
Problem 

A 
0004 

B 

0003 

c 
0003 

R 
0002 

Leading zeros do not have to be keypunched. 

Data Cards 

Data is keypunched in the following order: x 1111, 

x2111' x3111' x1211• x2211' x3211' • • ·' x4332. 
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 nuinber 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 ~ 
,C=C=on=tr=o=I =i'I--- . Last problem 

Cards 

Data ~ ,C=====<t- Second problem 
Control 

Cards 

Data ~ ,C=.======iL· .. First problem 

Control 
Cards 

AVAR 
Procedures and main program 

ANOV 

Figure 23. 

Sample 

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

1'SAl'PL£ 4 10 
A 4f 3C ,. 2 20 

10 9 a 24 a • 3 2 a 9 a 30 
4 12 3 • zz 1 16 2 2 2 1 2 40 
5 IC 5 a 23 • 17 3 2 a 6 3 50 
2 14 • 13 ZS 16 II 3 2 1 5 3 60 
1 II 5 a ze 18 lC • • 6 5 9 70 

• IC 27 a 2• 16 II 1 a 9 a 15 80 

Figure 24. 
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output 

Description 

The output of the sample analysis-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 Classificatio 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 Factor 2 = B S 11btreatmc11t = B 
3 Replicates = R Blocks = R 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 + CAR> Error = R + CAR) Error= CARl+!BRl Error= !BRl+!ABRl 
instruction +<BRl+CABRl +CABRl (b) 

Analysis of Groups A Rows A Factor 1 A Main treatment A' 
variance Error Columns B Factor 2 B Blocks R 

lnteractior.i AB Interaction AB Error (a) AR 
Error Blocks R Subtreatmenl B 

Error Interaction AB 
Error Cb) 

Sample 

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

ANAL VS IS OF VARIANCE ••••• SAMPLE 

LEVELS OF HCTORS 
A 4 
B 3 
c 3 
• 2 

GRANO MEAN 9.40278 

SOURCE OF SUHS OF DEGREES OF MEAN 
VARIATION SQUARES FPEEDOH SQUAFl:ES 

A 229.04166 3 76.34721 
B 722.69434 2 361.34717 
AB 1382.08325 6 230.34720 
c 55.11110 2 27 .55554 
AC 42.00000 6 1.00000 
BC 13.13889 4 3.28472 
ABC 140. 75000 12 11. 72917 

• 141 .68054 I 141.68054 
AR 1B.Sl944 3 6.27315 
AR 6.(12778 2 3.01389 
ABR 176.97221 6 29.49536 
CR 40. 77777 2 20.38889 
AC• 50 .55554 6 8.42592 
BCR 62.63889 4 15.65972 
ABCR 151.C2777 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 Nl, as output, is 11 
seconds. 
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ANOV,, ANDV lC 
I*********************>:<*************"********************************* *I A~ CW 2 O 
I* *I ANi:JV 30 
I* TO READ THE PROBLEM PARAMETEP CACl..D FOR ANALYSIS OF VARIANCE, */ANDV 40 
I* CALL THE PROCEDURES FOR THE CALCULATlON CF SUMS (1F SQUARES, */AWW SC 
I* DEGf:.EES OF FREEDOM ANO MEAN SQUAPEt ANO P~INT FACTOQ LEVELS, *ONOV 60 
I* GRflNO MfAN AND ANALYSIS OF VA~IANCE TABLE, */ANOV 70 
I* *-/ ANQV 80 
I*********************** **>l< **** *** ** * ** * * *** ** >l<**** * ** ** * ** "* ** * >l<** ***I AN OV 90 

PROCEOUFF. OPTIONS (MAIN),, ANOV 10(1 
OECLARF. A.NOV 110 

ll1J1K1LtM1MH,NI AN(IV 120 
FIXED 8INAf:.Y1 ANDV 13C 
ERROR EXTERNAL CHARACTER! i I, ANOV 140 
PRl CHARACTER (6), ANOV 150 
CH CHARACTER I 80J,, A"JOV 160 

I• 
ON F.NDFILE ISYSINI· GO TO EXIT,. 

SlC(I •• 

I• 
I• 
I• 
I* 

GET EDIT !CHI IACBCJJ,, 
GET STRING (CHl EDIT tPRl,Kl IA16J,Fl21),, 

N 

PR1 •••• PR0t3LEM NUHBEP (HAY BE" ALPHAMERTCJ 
K •••••• NUMBEP. OF FACTORS 

=I Z**KJ-1,. 
ONE., 

BEGIN,. 

I• 

I• 
I• 
I* 
I• 

OECL-ARE 
I SUM SOC NJ, SMEANI NJ ,GMEAN,SUN I 
FLOAT BINARY', /*SINGLE PRECISION VfRSJON 
FLOAT BINARY 153lu />:<DOUBLE PRECISION VE~SIDN 
ILEVF.LIK),NDf(NJ,ISTEPIKll e!NARY FIXED, 
IHEAOIKJ,FHT(Kl) CHARACTER llJ,. 

GET EDIT ICHJ IAl801),, 
GET STRING ICHJ EDIT flHEADl!),LEVELIIl DO I= l TO Kil 

114!AIU 1 Fl4Jl),. 

HEAQ •• ,FACTOR LEVELS 
LEVEL. .LEVELS OF FACTORS 

PUT EDIT [ 1 ANAL'fSIS OF VAOIANCf,., •• 1 ,PRl1'LEVELS OF FACTORS 1 1 
I PAGE 1 SKIP (4), COLUMN( 10 I ,A, A I 61 ,SK [ Pl4) ,COLUMN( 10), Al,. 

PUT EDIT ((HEADIIJ,LEVELllJ DO I"' 1 TO Kii 
(SKIP ,COLUMN I 131 ,Al ll tXI 71,F!4 l l,. 

M =DP.OD ILEVEll,. 
MH ""PROD [LEVEL+!),, 

TWO,. 
BEG JN,, 
DECLARE 

X{MHl 

*IANDV 110 
ANOV 180 
A"JOV 19C' 
ANOV 200 
ANOV 21C· 

*/AN(IV 22C 
*/ANOV 230 
*/ANOV 240 
*IA'lfJV 250 

ANOV 260 
ANOV 27C 
A~inv 280 
MWV 29C 
ANOV 30C 

l*S*/ANCV 31C 
l*D*/A".lOV 32C 

All!OV 330 
A~l('IV 34C 
ANOV 350 
ANOV 36C 
ANOV 370 

*I /\NOV 38(1 
*I A!llOV 390 
-tJ./ ANOV 4CC 
*/ANOV 410 

ANOV 420 
ANOV 430 
ANOV 440 
AllJOV 45C 
ANOV 46C 
ANOV 47C 
A"lOV 48C 
ANOV 49C 
ANOV 500 
A"JDV 51(1 

FLOAT BINARY~, 

FLOAT BINARY 153),. 
/*SINGLE PRECISION VE~SlON /*S~/ANOV 520 

I* 
x :Q,. 

/*DOUBLE PRECISION VERSION 

I• 
I• 
I• 

I• 
I* 
I• 

I• 
I• 
I• 

READ IN ALL INPUT DATA 

CALL DAT3 (M,X),. 
CALL AVAR I K ,LEVEL ,H, X,GHEAN, SUMSO ,NDF ,S~EAN It, 
If ER ROP NE I 0 I 

THEN DO,. 
PUT EDIT ( 1 1N ROUTINE AVAR ERROR CODE= 1 ,ERRORI ISKIPl2J, 

CO LUHN( 1(1) ,A,A(l I l,, 
GO TO SlOO,. 
END,, 

PRINT THE GRAND HEAN 

PUT EDIT ('GRAND HEAN' ,GMEAN) ISKIPl6l ,COLUHNI lCJ,A,Fl2C 15) 11 , 

PRINT ANALYSIS OF VARIANCE TABLE 

PUT EDIT { 1 SOURCE OF' ,•SUMS OF 1 , 1 DEGREES OF 1 1 1 MEAN 1 , 

I VA? IAT ION'' I SQUARES'' IF? EEOOM 1 • I SQUARES I I 
I SKJPI 6) ,CDLUMN( lOJ ,A,XI 181,A,XI101 ,A,Xl9J,A,SKIP, 
COLUMN( 10) ,A,XI 18) 1A1XI lll 1A,X 110) ,AJ 1. 

PUT SKIPI 21,, 
I STEP= 0 1 • 
IS TEP I 11= lr, 

DOl=lTON,. 
L = 01. 

DO J = 1 TO K,, 
FMHJJ=' I,. 
IF ISTEPIJJ NE 0 
THEN DO,. 

ENO,. 

L =L+l,. 
f."\TCLJ.:HEADIJ),, 
END,. 

I* INITIALIZE FOR PF.INT OUT 

PUT EDIT l(FMT(LJ DO L= 1 TO K),SUMSQ(l),NOF(IJ,SMEANCill 
I SKI Pi COLUMN 110), I Kl A { l l, COLUMNt23l t F ( 2Ct 5), X 110), 
Fl6) ,Fl2C151lt• 

IFILTN 
THEN DO,. 

ENO,. 

DO J = 1 TO Kr, 
IF ISTEPIJI= 0 
THEN DO,. 

ISTEPIJJ=l,. 
GO TO Sl60,. 
END,, 

ISTEP(Jl=O,. 
END,. 

Sl60 •• 
END I. 
"=M-1,. 

SUN .:SUM( SUMSOl,, 
PUT EDIT ( 1TOTAL 1 ,SUN,Ml ISKIP(211COLUMN(lOl1A1XllOl1Fll815l 1 

END,. 
ENO,, 

X( lCI ,F(61) I. 

GO TO su~o •• 
EXIT•. 

PUT FILE ISYSPRINTJ EDIT l 1 END OF SAMPLE PROGRAM') 
(SKIP( 5) ,COLUMN( 101 ,AJ I• 

END,. /*END OF PROCEDURE ANOV 

/*D*/ANGV 530 
ANOV 54C 

*/ANGY 550 
*I A"JDV 560 
*I ANOV 57(1 

ANOV 580 
A'H'.IV 590 
ANOV bOO 
ANOV 61C 
ANOV 620 
llNOV 63C 
A~DV 640 
A~IOV 65C 

*I ANDV 660 
*I ANDV 670 
*I ANOV 680 

ANOV 690 
*I ANOV 7('0 
*/ANOV 710 
*IMWV 720 

ANOV 73C 
MWV 74C 
ANOV 75C 
ANOV 760 
M!tJV 71C 

*I ANOV 780 
ANOV 790 
MWV BOC 
ANOV 81(1 
ANOV 820 
ANOV 830 
ANOV 84C 
ANOV 850 
ANOV 860 
A"IOV 870 
ANOV 880 
MllDV 890 
ANOV qoo 
ANOV 910 
ANOV .q20 
ANOV 930 
liNOV 940 
ANOV 950 
ANOV 96(' 
ANOV 910 
ANOV qac 

· ANOV 99(1 
ANOVlCOO 
ANOV1010 
ANOV1020 
ANOV1030 
A~OV1040 

.\NOV1050 
ANOV1060 
ANOV1070 
ANOV1080 
ANDV1090 
ANOVl 100 
ANOVll 10 
ANOVl 120 
AN0Vll3Q 
ANOV1140 
ANOV1150 

*/ANOV1160 

DAB., DAT3 10 
I********* l(o:* * **** *** *** * *** ** ** **** * * **** ***** ***** **** * *** ** *********I DA T3 2 0 
I* *IDAT3 30 
I* TO READ A VECTOR OF FLOATING POINT DATA. */DAT3 40 
I* •IDAT3 50 
I*******************************************************"'****** *******I DA T3 6 0 

PROCEDURE Pl,D I,. DAT3 70 
DECLARE DAT3 80 

CH CHARACTER {8CJ, OAT3 90 
(l,M,N1Nl,N2J DAT3 100 
FIXED BINARY, DAT3 LIO 
DCM) FLOAT BINARY,. OAT3 120 ,. 

I• 
!• 
!• 

N EQUAL THE NUMBER OF DATA POINTS PER 80 COLUMNS OF A DATA 
CM.D, 

ON ENDFILE I SY SI NJ 
GO TO EXIT,. 
N =121 • 
Nl =l,. 
N2 =N1. 

s10 •• 
IFMLEN2 
THEN N2 =Hr. 
GET EDIT (CHI IA19CJJ,, 
GET STRING (CHI EDIT {[Diii DD J.: Nl TO N2JJ llNJF(6,0)),, 
Nl =N2+1,. 
IF Nl LE .., 
THEN DO,, 

r-.:2 =N2+N,, 
GO TfJ SlO,. 
END,, 

REVERT ENOFILE ISYSIN),, 
RETUR.N, • 

EXIT,. 
PUT FILE ISYSPRINTI EDIT ('ERROR INSUFFICIENT OATA 1 J 

I SKIP( lJ,COLUMNllOJ ,Al 1 • 
STOP,, 
ENO,. /*END Of PROCEDURE DAT3 

DISCRThHNANT ANALYSIS MDSC 

Problem Description 

*IDAT3 130 
*/DAT3 140 
*/DAT3 150 
*/DAT3 160 

DAT3 170 
DAT3 180 
Do\T3 190 
OAT3 200 
DAT3 210 
DAT3 220 
DAT3 230 
OAT3 240 
OAT3 250 
OAT3 260 
DAT3 270 
DAT3 280 
DAT3 290 
DAT3 300 
DAT3 310 
DA T3 320 
DA T3 330 
DA T3 340 
DAT3 350 
DA T3 360 
DA T3 370 
DA T3 380 

*/DA T3 390 

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, X2 X3 X4 x~ x6 

Group l l 3 10 9 8 24 8 
2 4 12 .3 8 2_2 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 l 9 10 27 8 28 16 
2 11 7 8 9 8 15 
.3 8 10 2 8 27 16 
4 l 6 8 14 14 1.3 
5 7 8 9 6 18 2 
6 7 9 8 2 19 9 
7 7 10 5 8 27 17 

Group .3 l .3 11 9 ..... 15 20 10 
2 9 4 10, 7 9 9 
.3 4 1.3 10' 7 21 15 
4 8 5 16 16 16 7 
5 6 9 10 5 2.3 11 
6 8 10 5 8 27 16 
7 17 .3 2 7 6 3 

Group 4 l 3 10 8 8 23 8 
2 4 12 .3 8 2.3 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 of 

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 generii.l 
rules for program modification are described 
later. 

Input --· 

Control Cards 

Two control cards are required for each probl~m 
and are read by the main program; MDSC. 

The first card is prepared as follows: 

Columns For Sample 
Contents 

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 

1-3 

4-6 

7-9 

10-12 

73-75 

Contents 

Number of observations 
in the first group 
Number of observations 
in the second group 
Number of observations 
in the third group 
Number of observations 
in the fourth group 

Number of observations 
in the 25th group 

For Sample 
Problem 

08 

07 

08 

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. · 

If there is more than one data card per observa­
tion, the data card c.ount indicator (NC ARD), 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 

The deck setup is shown in Figure 26. 

Data 

Control 
Cards 

Data 'i ,C.==:::;;i_ Second problem 
Control 

Cards 

.Data ~ l 
,c.::'.:C=~=~=;~=:==<t / First problem 

Procedures and main program 

DMTX 

MDSC 

Figure 26. 

Sample 

The listing of input cards for the sample is shown 
in Figure 27. 

DISCRIMINANT ANALYSIS ••••• SAHPLE 

NUMBER OF GROUPS 
NUMBER JF VARIABLES 
SAMPLE SIZES.• 

GROUP 

GROUP 

GROUP 

GROUP 

I 

GROUP 
I 
2 
3 
4 

MEANS 
7.87500 

2 HEANS 
7.14286 

3 MEANS 
7.85714 

4 MEANS 
7. 750CO 

7. 50COC 

8. 57143 

7 .85714 

8.Q(l('(IQ 

POOLED DISPERSION MATRIX 

ROW I 
19.61876 -ll .16208 

ROW 2 
-11.16208 11.1:14505 

ROW 3 
-5.21497 5.61813 

ROW 4 
-6.09890 1.91758 

ROW 5 
-22. 74855 22. 60982 

ROW 6 
-9.54052 10.66757 

Figure 28. 

4.62500 7. 25000 ta.sooco 

9.57L43 7.85714 20.14285 

8.85714 9.28571 17.42856 

6. 750('0 7. 37500 21.37500 

-5.21497 -6, C9890 -22. 74855 

5.61813 l.91758 22 .60982 

39.45938 3.93681 16.23486 

3.93681 9.83310 4.62156 

16 .23486 4.62156 62.78633 

9.. 34546 3.83791 30.18262 

SAl"PLE °' 6 1 
e l l e 

3 IC 9 e ,. 8 
4 12 3 e 22 l 

• 3 2 8 9 e 
16 2 2 2 l 2 

5 10 5 e 23 9 
11 3 2 e • 3 

2 IC • e 29 16 
l 10 5 8 2E 18 

• 10 21 e 28 16 
11 l a 9 • 15 

• 10 2 e 27 16 
I 6 e H 14 13 
1 8 9 6 18 2 
1 9 8 2 19 9 
1 IC 5 e 27 17 
3 11 9 15 2C 10 

• 4 10 7 ' 9 

• 13 10 1 21 15 
8 5 16 16 16 7 
6 9 10 5 23 11 

• IC 5 8 27 16 
17 3 2 7 6 3 

3 10 8 8 23 8 
4 12 3 8 23 1 
9 3 2 8 21 1 

15 2 2 2 1 2 

' IC 26 8 27 16 

• • 2 8 26 16 
7 8 6 • 18 2 
1 10 5 8 2t 16 

Figure 27. 

Description 

The output of the sample program for discriminant 
analysis includes: 

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

criminant function evaluated for each observation 

Sample 

The output listing for the sample problem is shown 
as Figure 28. 

B. 87500 

12.57143 

10.14286 

9.25000 

-9.54052 

10. 66757 

9.34546 

3.83791 

3C. 18262 

29. 57480 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
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CGMMON MEANS 
7.66667 7.96667 

GENERALlZED MAHALANOBIS 0-SOUARE 

DISCRIMINANT FUNCTION l 

CONSTANT COEFFICIENTS 

-za. 49431 
2.63870 

DISCRIMINANT FUNCTION 2 

CONSTANT COEFFICIENTS 

-29.21Cl 1 
2.6193C 

OISCRl'HNANT FUNCTION ' 
CDNSTANT CCEFFICIENTS 

-31.86435 
2. 74450 

OISCFIMINANT FUNCTION 4 

CC:NST ANT COEFFICIENTS 

-3C. 82C28 
2. 7186C 

7.33333 7 .90000 

12. 76063 

2.122c5 -o. t 7167 

2.2523C -0.04816 

2.39588 -Q.06457 

2.C39?7 -0.13352 

EVALUATION CF CLASSIFICATIN1 FUNCTIONS FOR EA.CH CBSERVATION 

GRQUP l 

OBSERVATION 
I 
2 
3 

GROUP 2 

OBSE!<VAT ION 
I 
2 

GROUP 3 

OBSERV~TION 

I 
2 
3 
4 
5 
6 
7 

GROUP 4 

OBSERVATION 
I 
2 
3 
4 
5 
6 
7 
8 

PROBABILJTY ASSOCJATEO'WITH 
LARGEST DISCRP'INANT FUNCTION 

O. 38C65 
c. 37C45 
r.36261 
C.441ClO 
c. 34454 
C,44215 
c. 31787 
c.2n14 

PRCGABI LI TY ASSOCIATED -WITH 
LARGEST DISCFIMINANT FUNCTION 

c.51czq 
C. 5CC6C 
C.3476C 
c .43130 
( .44282 
('. 36407 
(.28515 

PRCBABtllTY ASSflCIATEO WITH 
LARt.EST OISCRIMIN~NT FUNCTION 

c. 67611 
C.46629 
c. 54636 
c. 66688 
o. 3C600 
o·. 33C43 
G. 39005 

PROBABILITY ASSOCIATED WITH 
LARGEST OISCRIHINANT FUNCTION 

c. 33727 
e.37475 
c. 62340 
G.456'i7 
c-.52115 
C.34061 
Q.43135 
c. 27849 

ENO OF SAMPLE PROGRAM 

Figure 28. (Continued) 

Program Modification 

LARGEST 
FUNCTl ON NO. 

4 
I 
I 
I 
I 
3 
2 
2 

LARGEST 
FUNCTION NO. 

2 
3 
4 
3 
4 
2 
2 

LAI< GEST 
fUNCTION NO. 

3 
2 
2 
3 
2 
4 
3 

LARGEST 
FUNCTION NO. 

4 
l 
4 
I 
2 
4 
4 
I 

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 
mighthave been keypunched in two-column fields; 
if so, the format is changed to (6 F(2, 0)). This 
format assumes six 2-column fields per card, 
beginning in column 1. 

I.883I9 

2.13260 

1.94539 

10. 13332 

o.58476 -0.40477 

0.43732 -o. 21784 

0.426}-9 -o. 3211 a 

o. 71677 -0.48760 

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. 

280 Appendix B--Sample Program-.:. Discriminant Analysis 



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 Nl, as output, is 28 
seconds. 

HDSC.. HDSC 10 
l*****************:****************************************************IHDSC 20 
I* *IHDSC 30 
I* TO READ THE PROBLEM PARAMETER CARD AND DATA FOR DISCRIMINANT *IMDSC 'i-0 
I* ANALYSIS, CALL THE PROCEDURES TO CALCULATE VARIABLE MEANS IN */HOSC 50 
I* EACH GROUP, POOLED DISPERSION HATRJX, COMMON COEFFICIENTS OF */MDSC 60 
I* DISCRIMINANT FUNCTIONS AND PROBABILITY ASSOCIATED WITH LARG- */HDSC 70 
I* EST DISCRIMINANT FU.NCTIDN OF EACH CASE IN EACH GROUP, ANO */HDSC 80 
I* PRINT THE RESULTS. •IMDSC 90 
I* •IHDSC 100 
l*********************************************************************/MOSC 110 

PROCEDURE OPTIONS (HAIN),. HOSC 120 
DECLARE MDSC 130 

CI,J,K,LrMrNlrN2,NN) MDSC 140 
FIXED BINARY, HOSC 150 
PRl CHARACTER (61, MDSC 160 
ERROR EXTERNAL CHARACTER 11), MDSC 170 
CNCARDrNV) EXTERNAL, MDSC 180 
CH CHARACTER 1801 1 • HDSC 190 

I• 
ON ENDFJLE ISYSINJ GO TO EXIT,. 

SLOO •• 

•IMDSC 200 
MDSC 210 
MDSC 220 
MOSC 230 
MDSC 240 

I* 
I* 
I* 
I* 
I* 
I* 

GET EDIT ICHI IAIBOJI,. 
GET STRING ICHJ EDIT lPRL,K,H,NCARDI CAl6),3 Fl2JJ, .. 

PRl •••••• PROBLEM NUMBER IMAY BE ALPHAMERIC) 
K ••• ••• •• NUMBER OF GROUPS 
H •••••••• NUMBER OF VARIABLES 
NCARO •••• NUMBER OF CARDS PER OBSERVATION 

NCARD;NCARD•ao,. 
NV =O,. 

ONE •• 
BEGIN,. 

,. 
I* 
I* 

DECLARE , 
NIK) FIXED BINARY, 
( XBARIM,K) ,CI M+l rKJ ,O IH,Ml rCMEANlM) 1DET ,V,CONJ 
BINARY FLOAT,. /*SINGLE PRECISION VERSION 
BINARY FLOAT (53),. /*DOUBLE PRECISION VERSION 

READ SAMPLE SIZE OF EACH GROUP 

*IHDSC 250 
•IHDSC 260 
*/MOSC 270 
*IHDSC 280 
*IHDSC 290 
*/HDSC 300 

MDSC 310 
MOSC 320 
HOSC 330 
MDSC 340 
MDSC 350 
MOSC 360 
MOSC 370 

/*S*/MDSC 380 
/*D*/MDSC 390 

•/MOSC 400 
*/MDSC 410 

I* */MOSC 420 
GET EDIT (CHI IAISOI l ,. MDSC 430 
GET STRING {CHI EDIT CfNlll DO I::: 1 TO Kl I MDSC 440 

(25 Fl3JJ ,. MOSC 450 
NN :::SUH I NJ,• MOSC 460 

Tito.. MOSC 470 
BEGIN,. MOSC 480 
DECLARE MDSC 490 

LG<NNJ FIXED BINARY, MDSC 500 
XtNN,MJ FLOAT BINARY, HDSC 510 
P(NN) , MDSC 520 
BINARY FLOAT,. /*SINGLE PRECISION VERSION /•S•/MOSC 530 

I* BINARY FLOAT 153) ,. !•DOUBLE PRECISION VERSION /*D*/MOSC 540 
PUT EDIT I 'DISCRIMINANT ANALYSIS ••••• • 1PRl, ' NUMBER OF GROUPS•,K, MOSC 550 

' NUMBER OF VARIABLES 1 1H1' SAMPLE s1zes •• 1 , 1 GROUP') MDSC 560 
IPAGE1SKIPC4J rCOLUMNUOJ ,A,A,SKIPC2J rCOLUMNI 10),A,X 171 1 Fl3) 1 MDSC 570 
SKIPI 1I1COLUMNC lOJ rArFC7J rSKIPI lJ ,COLUMN I lOJ,A,SKJPI 1), MOSC 580 
COLUtllNl22J,Al 1 • MDSC 590 

PUT EDIT lllrNCIJ DO J:::: 1 TO KJJ ISKIPUJ,COLUHNC221,F(31rXC8lt HDSC 600 
Fl4J I,. HOSC 610 

PUT EDIT I' I) ISKIPIZJ,Alr• MDSC 620 

~= READ IN DATA. IN THE HANNER EQUIVALENT TO A 3-DIMENSIONAL =~=g~~ ::g '* ARRAY x11,1,u,x12,1,u,x'3,1,1J,ETC. THE FIRST SUBSCRIPT •/MDSC 650 
I* IS THE CASE NUMBER, THE SECOND SUBSCRIPT IS THE VARIABLE */HOSC 660 
I* NUMBER AND THE THIRD SUBSCRIPT IS THE GROUP NUMBER */MDSC 670 
I* •/MDSC 660 

,. 
I* 
I* 

DO I = 1 .TO NN, • 
CALL OAT2 CM,CMEANI ,. 

00,J = 1 TO M,. 

ENO,. 

XI 1 r JI ::::CHEANIJI ,. 
END,. 

CALL DMTX IKrM1N1X1XBAR,OI ,. 
IF ERROR NE '0' 
THEN DO,. 

PUT EDIT l'IN ROUTINE DHTX ERROR CODE= 
ISKIPl2 I ,COLUMN( 10 I ,A,Al LI J,. 

GO TO FIN,. 
END,. 

PRINT MEANS AND POOLED DISPERSION MATRIX 

I ,ERROR) 

MOSC 690 
MDSC 700 
MDSC 710 
MOSC 720 
MOSC 730 
MOSC 740 
MDSC 750 
MDSC 760 
HOSC 770 
MOSC 780 
MDSC 790 
HDSC 800 
MDSC 810 

*/MDSC B20 
•/MDSC 830 
*IHDSC 840 

DO I :::: l TO K,. MDSC 850 
PUT EDIT ( 1 GROUP 1 ,I,•MEANS 1 J lSKIP(211COLUMNlll1,A1 F(3) 1 X(2) 1 HDSC 860 

A) r• MOSC 870 
PUT EDIT (lXBARIJ,I) DO J= 1 TO HJ> ISKIPIL),COLUMNILO), MDSC 880 

(6JF (15,5n ,. MDSC 890 
ENO,. MOSC 900 

PUT EDIT ( 1 POOLEO DISPERSION MATRIX') ISKIPt3J1COLUMNllOJ,Al1• MDSC 910 
DO I :::: l TO M,. MOSC 920 
PUT EDIT I 1ROW 1 11J (SKIPl2J ,COLUMN( lOl 1Arff3) ),. MOSC 930 
PUT EDIT ((D(l,J' DO J:::: l TO MJI ISKIP,CO(UMNClOJ,6 FIL5,51Jr• MOSC 940 
END r. MDSC 950 

CON ::::Q, • MDSC 960 

I* 
I* ,. 
,. ,. ,. 
I* ,. 
I* 

I• ,. ,. 
I• 

CALL HINV I D1M ,DET ,CONJ.. 
IF ERROR NE '0' 
THE/II DO,. 

PUT EDIT C 'JN ROUTINE HJNV ERROR CODE .,. 
COLUMN( 10} rArAI 11J1• 

GO TO CONT,. 
ENDr. 

•,ERROR) ISKIP12J, 

CALL DSCR IK,HrN1XrXBARrDrCHEAN1V1CrP1LGJ,. 
lF ERROR NE '0' 
THEN no, •. 

PUT ED IT I 1 IN ROUTINE DSCR ERROR CODE :::: 
I SKIP (2 I ,COLUHNUO I ,A,All J J,. 

GO TO SlOOr. 
ENO,. 

PRJ NT THE COMMON HE ANS. 

1 1ERRORI 

PUT EDIT ( 1 COHHON MEANS' I ISKlP(4J ,COLUMNllOltAJ 1. 

PUT EDIT llCHEANllJ DO 1:::: 1 TO HJJ ISKIPrCOLUHNllOJ,16JF(l5,5)1,. 

PRINT GENERALIZED MAHALANOBIS 0-SQUARE 

PUT EDIT ('GENERALIZED HAHALANOBIS 0-SQUARE•,VJ 
ISKIPl4J ,COLUMN I 101,ArFI 15,5) ,SKIPI 2)1 r• 

PRINT CONSTANTS AND COEFFICIENTS OF DISCRIMINANT FUNCTIONS 

DO I :::: 1 TO K,. 
PUT EDlT !'DISCRIMINANT FUNCTION'11r 1CONSTANT *'• 

'COEFFICIENTS' J ISKIPl2) ,COLUMN I 1Dl 1A1 Fl3), SKIPC 211 
COLUHNI 16) ,A,XC3J ,A),• 

PUT EDIT lCllrll, 1 * 'I ISKIPl2J,COLUMN<LOl,Fll4r5J.AJ 1 • 
PUT EDIT llCIJ,IJ DD J:::: 2 TO H+ll) ISKJP,COLUHNl32Jr 

16JF (14,5) Jr• 
END,. 

PRINT EVALUATION OF CLASSIFICATION FUNCTIONS OF EACH 
OBSERVATION. 

PUT EDIT I 'EVALUATION OF CLASSIFICATION FUNCTIONS FOR EACH•, 
1 OBSERVATION 1 J ISKIPl41,COLUHNl10J,A,AJ,. 

Nl 
N2 

=L,. 
::::N( lJ t• 

DO I = l TO K,. 
PUT EDIT I 'GROUP' 1I 1 'PROBABILITY ASSOCIATED WITH', 'LARGEST' r 

• OBSERVATION', 'LARGEST DISCRJHINANT FUNCTION', 
'FUNCTION .NO. I J 
ISKJ P 12) 1COLUMNI 10J,A,F13 J ,SKIP,COLUHNl28) ,A,XC lll rA1 
SKIP,CDLUHNllQJ 1A1X(5J ,A,XCBJ ,Al,• 
=O;. 
DO J = Nl TO N21• 
L ""l+l,. 
PUT EDIT (L,PIJJ ,LGCJJ) 

rXl20J 1Fl6J J ,. 
ENO,. 

IF I :::: K 
THEN GO TO CONT,,. 
Nl =Nl+Nlllt. 
N2 =N2+Nll+ll,. 
ENO,. 

MOSC 970 
HDSC 980 
HDSC 990 
HOSClOOO 
HDSC1010 
MOSC1020 
HDSC1030 
HDSC1040 
MDSC1050 
MDSC1060 
HDSC1070 
MOSCLOSO 
HDSCL090 
HDSCllOO 

*/MDSClllO 
•IHDSC112D 
*/HDSCL130 

HDSCL140 
HDSCL150 

•IMDSCL160 
*/MDSC1170 
*/MDSC1180 

MOSC1190 
MDSC1200 

•IHOSC1210 
*/MDSC1220 
•/HOSC1230 

HOSC1240 
MDSC1250 
MOSC1260 
HOSC1270 
HDSC1280 
MDSC1290 
MDSC1300 
MDSC1310 

•/MOSC1320 
•/HDSC1330 
*/HDSC1340 
•/HDSC1350 

MDSC1360 
MDSC1370 
MDSC1380 
MDSC1390 
HDSC1400 
MOSC1410 
HDStl420 
MOSC1430 
MDSC1440 
MDSCllt50 
MDSC1460 
MDSC1470 
HOSC1480 

CONT•• 

(SKIP, COLUMN( 10) r f 16 J, Xf 20) ,FI 81 5Jf1DSC1490 
MDSC1500 
HDSCL510 
MDSC1520 
HDStl 530 
MOSC1540 
HOSC1550 
HDSC1560 
MDSC1570 
HDSC1580 
HOSC1590 
MDSC1600 

END,. 
ENO,. 
GD TO SlOOt • 

EXIT•• 
PUT FILE ISYSPRINTJ EDIT I 'END OF 

I SKIPl5J 1COLUHNI 101 ,AJ,. 
FIN •• 

ENO,. 

SAMPLE PROGRAM'} 

/*END OF PROCEDURE MDSC 

HOSC1610 
HDSC1620 
HOSC1630 
HDSC1640 

*/MDStl650 

DAT2. • 01H2 IC 
I**************"********************* **:Ii<******************************* I DAT 2 20 
I* */0AT2 3C 
I* TO READ FLOATING POINT DATA, ONE OBSERVATION AT A TIME. */DAT2 4C 
I* DATA MAY BE SAVED ON A DATA SET. */DAT2 50 
/* */DATZ 60 
I**********************-****************'******************************* I OAT 2 10 

,. 

PROCEDURE IM,OJ,, DATZ 
DECLARE DATZ 

XOATA FILE STi<EAM ENVrnONMENT (CONSECUTIVE v12000.2co1)' OAT2 
tNCARO,NYI EXTERNAL, DAT2 
CH CHll.RACTERlflJCARO), OAT2 
II,M,MMJ FIXED BINARY, Dti.T2 
Dl*l FLCAT BINARY,. DATZ 

ON ENOFILE I SYSIN I 
GO TO EXIT,. 
GET EDIT !CH I IAINCAROl I,. 
MM =CEIL{M/121,. 
GET SJRING lCHl EDIT (IOI I I DO I"' l TO HJ) 

I (MM) I I 12JF ( 6,CJ ,XI 811 l,. 
IF NV= 1 
THEN PUT FILE IXOATAJ EDIT ICDlfl DO I.,, l TO Mil llMJF(6,0l),. 
REVERT F.NOFILE I SY SIN),. 
~ETURJl.I,. 

*/DATZ 

EXIT •• 

DATZ 
DAT2 
DAT2 
DATZ 
OAT2 
DATZ 
OAT2 
DATZ 
OAT2 
!)A T2 
OAT2 
DAT2 
OAT2 
DATZ 

PUT FILE ISYSPRINTI EDIT !'ERROR INSUFFICIENT DATA' I 
ISKIPll I ,COLUMNI 101,AI,. 

STOPt 4 

ENO,. /*ENO OF PROCEDURE OAT2 

PRINCIPAL COMPONENTS ANALYSIS FACT 

Problem Description 

*/OAT2 

BC 
90 

100 
llO 
120 
13(1 
140 
150 
lbC 
170 
180 
19C 
200 
21C · 
22C 
230 
240 
250 
260 
210 
260 
290 
300 

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 

Appendix B--Sample Program--Principal Components Analysis 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 
ret.ained in the analysis. 

Table 6. Sample Data for Principal 
Components Analysis 

Observation X1 X2 x, X4 Xs x6 

l 7 7 9 7 15 36 
2 13 18 25 15 13 35 
3 9 18 24 . 23 12 43 
4 7 13 25 36 11 12 
5 6 8 20 7 15 .46 
6 10 12 30 11 10 42 
7 7 6 11 7 15 35 
8 16 19 25 16 13 30 
9 9 22 26 24 13 40 

10 8 15 26 30 13 10 
11 8 10 20 8 17 40 
12 9 12 28 11 8 45 
13 11 17 21 30 10 45 
14 9 16 26 27 14 31 
15 10 15 24 18 12 29 
16 11 11 30 19 19 26 
17 16 9 16 20 18 31 
18 9 8 19 14 16 33 
19 7 18 22 9 15 37 
20 8 11 23 18 9 36 
21 6 6 27 23 7 40 
22 10 9 26 26 10 37 
23 8 10 26 15 11 42 

Program 

Description 

X7 Xs X9 

60 15 24 
61 18 30 
62 14 31 
63 26 32 
18 28 15 
27 12 17 

. 60 20 25 
64 20 30 
66 15 32 
66 25 34 
20 30 18 
30 15 19 
60 17 30 
59 19 17 
48 18 26 
57 20 30 
60 21 17 
67 9 19 
62 11 20 
61 22 24 
55 24 31 
57 27 29 
59 20 28 

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 inputprocedure, DAT2, must be 
modified. The general rules for program modifi­
cation are described later. 

Input 

Control Card 

Columns Contents For Sample Problem 

1-6 Problem ·number SAMPLE 
(may be alphameric) 

7-11 Number of obser-
vations 00023 

12-13 Number of variables 09 
14-19 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.) 

20-21 Number of data 01 
cards per observa-
tion. 

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. 

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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SAHPLECOC23Q90C01.C 1 
1 1 9 1 15 36 60 15 24 

13 lB 25 15 13 35 61 18 30 Data 'i 
,c.::C=o=n=t=ro=I=::{\_ Last problem 9 16 24 23 12 43 62 14 31 

1 13 25 36 11 12 63 26 32 
16 15 

Card 

Data 'i 
,c.::C=a=n=t=ro=l=::;;i'- Second problem 

Card 

Data !/ _¢.==(\__ . First problem 

Control 

Procedures and main program 

CORR 

FACT 

Figure 29, 

Sample 

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

PRINCIPAL COMPONENT ANALYSIS ••••• SAMPLE 

NO. OF CASES 23 
NO. OF VAR !ABLES 9 

MEANS 
9.30435 12.60870 23.00000 18 .00000 12.86957 

19.39130 25.13043 

STANDARD DEVIATIONS 
2.70412 4.59978 5.33427 8. 33393 3.13781 
5.56563 6.09249 

CORRELATION COEFFICIENTS 

ROW l 
1.00000 0. 34987 0.11975 0.12102 0.21917 -0.09549 

ROW 2 
o.34987 1.0COOC 0.4l3ll 0.35572 -0.08243 -0.MlOO 

ROW 3 
0.11975 0.41311 1. 00000 0.41512 -0.43119 -0.(18346 

ROW 4 
0.12102 0.35572 0.41512 l. 00000 -0.31288 -0.50365 

ROW 5 
0.21917 -0.08243 -o. 431 79 -0.31288 1.00000 -0.23000 

ROW 6 
-0.09549 -0.09100 -0.08346 -o. 50365 -0.23000 1.00000 

ROW 1 
0.20901 0.29622 -0.10252 0.49856 0.03310 -0 .44520 

ROW 6 
-0.12908 -C.32044 O.C3215 0.22539 -o .00475 -0.25441 

ROW 9 
o.05a1a o. 35387 o. 27833 o. 59890 -o. 30341 -0.37456 

Figure 31. 

6 6 20 1 15 46 26 
10 12 30 11 lC 42 21 12 17 

1 6 11 1 15 35 6C 20 25 
16 " 25 16 13 30 64 20 30 

9 22 26 24 13 40 66 15 32 
6 15 26 30 13 10 6< 25 34 
6 10 20 6 17 40 2C 30 10 

• 12 20 11 8 45 3C 15 19 
11 11 21 3C lC 45 6C 11 30 

• 16 26 27 " 31 59 19 17 
lC 15 24 16 12 29 48 16 26 
11 11 30 19 19 26 57 20 30 
16 • 16 20 le 31 6C 21 17 

• ' 19 .. 16 33 61 9 19 
7 18 22 • 15 37 62 11 20 
8 11 23 18 • 36 61 22 24 
6 6 21 23 1 40 55 24 31 

10 • 26 26 10 37 57 27 29 

• 10 26 15 11 '2 5' 20 28 

Figure 30. 

Description 

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

1. Means 
2. Standard deviations 
3. Correlation coefficients 
4. Eigenvalues 
5. Cumulative percentage of eigenvalues 
6. Eigenvectors 
7. Factor matrix 
8. Variance of factor matrix for each iteration 

cycle 
9. Rotated factor matrix 

10. Check on communalities 

Sample 

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

34. 82600 54.00~0(' 

9.29149 14.87826 

o.2oc:io1 -0.12908 o. 05818 

0.29622 -0.32044 0.35387 

-0. 10252 0.03215 0.27833 

0.49856 C.22539 a. 59aqc. 

0.0331C -C.00475 -o. 3C341 

-0.44520 -o. 25441 -a. 37456 

l.OOCOC -o. 28050 0.6{'124 

-0.2805C 1.ocooo 6.13516 

0.60124 0.13516 l. ococc 

10 
20 
30 
40 
50 
60 
10 
80 
90 

100 
110 
120 
130 
140 
150 
160 
110 
180 
190 
200 
210 
220 
no 
2•10 
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EIGENVALUES 
2.94988 1.64368 1. 55514 1.06579 

CUMULATIVE PERCENTAGE OF EIGENVALUES 
0. 32776 C.51C40 0.68319 o. 80161 

EIGENVECTORS 

VECTOR l 
0.16437 0.34836 0.28797 0.49661 -o .16806 -0.32922 0.39935 0.01287 0.47518 

VECTOR 2 

o. 34837 O.l'J6552 -0.44647 -0.11893 0. 61210 -0.26428 0.38860 -o. 24845 -0.06014 

VECTOO 3 
-0.29899 -0.40825 -0.23534 0.17377 0 .14468 -o .43545 0.01881 0.61587 0.12470 

VECTOR 4 
0.54441 0.16909 C.38288 0.0416, 0 .30537 -0.16163 -0.43410 0.4C283 -0.23789 

FACTOR ~ATRJX I 4 FACTf:IRSI 

VAPIABLE l 
0.28232 0.44663 -c. 37286 C. 562C3 

VARIABLE 2 
o. 59811 0.0840C -o. 5 6394 0.17457 

VARIABLE 3 
0.4946(' -0.57240 -c. 29348 Q.39528 

VARUBLE 4 
0.85293 -0.15248 0.21611 Q.04297 

VARIABLE 5 
-o. 28865 o. 78475 0.18C43 c. 3152<; 

VARIABLE • -0.56544 -0.33882 -0.54303 -0.16686 

VARIABLE 7 
0.0859(' 0.49521 O.C2345 -0.44816 

VARIABLE 8 
0.02211 -0.31853 O. 76BC2 Q.41587 

VAQfABLE 9 
0.81614 -0.07710 0.15551 -0.24559 

I TERATlOl\I VARIANCES 
CYCLE 

0 0.211283 
I 0.336136 
2 O. 3970?C 
3 0.4030C4 
4 0.405175 
5 0.405527 

• 0.4C5579 
1 0.4C5586 
8 0.4C5586 
9 0.4C5586 

10 0.405586 
11 0.4C55B6 
12 0.4C5586 

ROTATED FACTOP MAT!<l)( ( 4 FACTOR SI 

VARIABLE I 
C'.05498 0.07183 -o, C·5 578 o. 85011 

VAPIA8lE 2 
0.29329 -o. 39653 -0.35581 0.60549 

Vf.,q_IABLE 3 
c .05114 -o .82493 O. l 5C68 0.32984 

VARIABLE 4 
o. 74040 -C.414Cl o.2457g 0.13972 

VAOJABLE 5 
-C.CQ091 o.8C662 Q.13525 0.39228 

VARIABLE 6 
-IJ.66236 -0.21579 -0.44983 -0.20503 

V .ARIABLE 7 
'). 86t;97 0.18299 -o. 34918 O. C883C 

VMIABLE 8 
0.C36C Z -0.05500 Q.91375 -0.15962 

VARIABLE q 
C.8C53l -o. 32759 0.00994 -o. C238C 

(.HECK ON CCIMMUNALITIES 

VAq_IA8LE ORIGINAL FINAL DIFFERENCE 
I C.734~9 0.73408 0.00001 

' o.13c4q c. 73647 0.00001 
C.81464 0.81463 0.00001 
c. 79955 o. 7gg54 0.00001 
c.03109 o. 83107 0.00001 
o. 75725 o. 75724 0.00001 
C.92,006 C.92005 0.00001 
o. 86476 C.86474 0.00001 
c. 75652 0. 75651 0.00001 

ENO OF SAMPLE PPOGRAM 

Figure 31. (Continued) 
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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 rules are supplied in 
terms of the sample problem: 

1. Changes in the input format statement of the 
special input subroutine, 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 9F(2, 0). This format 
assumes nine 2-column fields per card, beginning in 
column 1. 

The special input subroutine, DAT2, is 
normally written by the user to handle different 
formats for different problems. The user may 
modify this procedure to perform testing of input 
data, transformation of data, and so on. 

2. 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. If this condition exists, the value 

· of the data card count indicator (NCARD), which 
appears in columns 20-21 of the control card, must 
be changed to agree with the number of data cards 
per row. 

Operating Instructions 

The sample program for principal components 
analysis is a standard 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 Nl, as output, is 45 
seconds. 

FACT.. FACT 

I******************************************************•************** IF ACT 
I* */FACT 
I* TO READ THE PROBLEM PARAMETER CARO, CALL FIVE PROCEDURES TO */FACT 
I* PERFORM A .PRINCIPAL COMPOl'IENT SOLUTION ANO THE VARIMAX ROTA- •!FACT 
I* TION OF A FACTOR MATRIX, AND PRINT THE RESULTS. */FACT 
I* */FA.CT 
I********************************************************************* IF A CT 

,. 

PROCEDURE OPTIONS CHAIN»,. FACT 
DECLARE FACT 

(I, JO,J,K,M,HV,N,NC ,NWI FACT 
FIXED 81NARYt FACT 
ERROR EXTERNAL CHARACTER(ll, FACT 
(NV,NCAROJ EXTEFINAL, FACT 
CON FACT 
FLOAT BINARY, FACT 
PRl CHARACTER (6), FACT 
CH CHARACTER 180), • FACT 

ON ENDFILE CSYSIN) GO TO EXIT,. 
*/FACT 

Fft.CT 

10 
20 
3C 
4C 
50 
60 
70 
BO 
90 

lOC 
llO 
120 
130 
140 
150 
160 
17C 
184'.: 
190 
200 

SlOC •• FACT 210 
GET EDIT ICHI IA180)),. 
GET STRING ICHJ EDIT CPRl,N1H1CCN,NCARDI (Al6J 1 F(5J,f(2) 1 Fl6,0I. 

f(2) J'. 

FACT 220 
FACT 230 
FACT 240 

I* */FACT 250 
I* PRl •••••••• PRCBLEH NUMBER IMAY BE ALPHAMERIC J */FACT 260 
I* N. ••••.,••.NUMBER OF CASES */FACT 270 
I* Mo••••••• •• NUMBER OF VARIABLES */FACT 280 
I* CON •• , •••• ,CONSTANT USED fCl DECIDE HOW MANY EIGENVALUES */FACT 290 
I* TO RETAIN */FACT 300 
I* NCARD ...... NUMBER OF DATA CARDS PER OBSERVATION */FACT 310 
I* */FACT 320 

NCARQ:NCARD•ao,. FACT 330 
ONE•• FACT 340 

BEGIN 1 • FACT 350 
DECLARE FACT 360 

I R(H,H) ,V(H,M) 181 HI ,OCH) ,S (HJ, TI Ml ,XBAR (HI, TV( 51), XI I, 1) I FACT 37C 
BINARY FLOAT,. /*SINGLE PRECISION VERSION /*S*/FACT 380 

I* BINARY FLOAT 1531,. /*DOUBLE PP.ECISION VERSION !•D•/FACT 390 

,. ,. ,. 
I• ,. 
I* 

I• ,. ,. 

PUT EDIT ('PRINCIPAL COMPONENT ANALYSis ••••• 1 ,PRlr 'NO. OF CASES', FACT 400 
N1 1 NO. OF VARIABLES 1 ,MJ FACT .410 
( PAGE,SKIP{4) ,COLUMN( 10 I ,A, At SK IP( 2) tCOLUHNI 13), At X( 41, F(6) FACT 42(1 
,SKIPlll1COLUMNl13JtA1Fl6),SKIPJ1. FACT 430 

IO :Q, • FACT 440 
X =O, • FACT 450 
NV =O,. FACT 460 
CALL CORR (N,H,I01X1XBAR,S1V1R1Dlro FACT 470 
IF ERROR NE 1 C' FACT 480 
THEN DO,. Fa.CT 4qc 

PUT EDIT t'IN ROUTINE CORR ERROR CODE= '1ERRORJ FACT 500 
ISKIPl2J,COLUMNC101,A,Alll 11• FACT 510 

GO TO SlOO,. FACT 52C 
ENO,. FACT 530 

PUT EDIT ('HEANS 1 J ISKIPl21,COLUMNClOl,AJ,, FACT 540 
PUT EDIT llXBAHJJ DO J= 1 TO HIJ tSKIP,COLUHNl10~,{7)F(l5,5J),, FACT 550 

PRINT MEANS ANO STANDARD DEVIATIONS 

PUT EDIT {'STANDARD DEVIATIONS 1 1 ISKIPl2J,COLUHN(l0),Al1. 
PUT EDIT llSIJ) DO J= l TD 11)) ISKIP,COLUHNl10J,17JFl15t511ro 

PUT 

PRINT CORRELATION COEFFICIENTS 

EOIT 1 1 CGRRELATION COEFFICIENTS' I ISKIP(2),COLUHN(l0),AJ,. 
00 I = 1 TC Mr, 
PUT EDIT I 'ROW',ll (SKIPIZJ,COLUHN(LOJ,A,F{3)J1. 

*/FACT 560 
•/FACT 570 
*/FACT 580 

FACT 590 
FACT 600 

*/FACT 610 
*/FACT 620 
*/FACT 630 

PUT EDIT llR(l,JJ 00 J= 1 T(l H)I (SKIP,COLUHN(lOJ,9 Fll2,5)J,. 
ENO,. 

FACT 640 
FACT 650 
FACT 660 
FACT 6 70 
FACT 680 

MV =0,. 
CALL HSOU (R,V,M,MVJ,. 
IF ERROR NE 1 0 1 

THEN OD,. 
PUT EDIT ('IN ROUTINE MSDU ERROR CODE 1 1ERROR) 

( SKIPl2) ,COLUMN I LO l tA1AI lJ J,, 
GO TO SlCC,. 
ENO,, 

CALL TRAC IM,R ,CON,K,01, • 
IF ERROR NE 'C' 
THEN DO,. 

PUT EDIT ('IN r<OUTINE TRAC ERROR CODE"' •,ERROR) 
I Sl<.IP{2J ,COLUMN( 101,A,A( 11 I,• 

GO TO s1oc,. 
ENO,. 
DO I = I TO Kr. 
S(J) =Rll,I),. 
ENO,• 

I* PRINT EIGENVALUES 

PUT EDIT ( 1 EIGENVALUES 1 J (SKIPl31,COLUHN( lG),A),. 
PUT EDIT llSIJI 00 J:: l TO Kil lSKIP,COLUHNUOJ,9 Fll2,5J>,. 

PRINT CUMULATIVE PERCENTAGE OF EIGENVALUES 

PUT EDIT ( 1CUMULATrllE PERCENHGf OF EIGENVALUES 1 ) 

( SKIPl21rCOLUMN(101 ,Al,. 
PUT EDIT llOIJJ 00 J= 1 TO Kil ISKIP1COLUMNC10l19 Fll2,SJ),. 

FACT 6qc 
FACT 700 
FACT 710 
FACT 720 
FACT 730 
FACT. 740 
FACT 750 
FACT 760 
FACT 770 
FACT 780 
FACT 7qo 
FACT BOO 
FACT 810 
FACT 820 
FACT 830 

*I FACT 840 
FACT 850 
FACT 860 
FACT 870 
FACT 880 

*!FACT aqo 
*/FACT qoo 
*/FACT 910 

FACT 920 
FACT 930 
FACT 940 

I* •/FACT q50 
I* PRINT EIGENVECTOflS AND FACTOR MATF<JX */FACT %C 
I* */FACT 970 

,. 
I* ,. 

,. 
I* ,. 

PUT EDIT I 1EIGENVECTORS'I {SKIPDliCOLUHNllOl1AI,. FACT q00 
00 J = 1 TO K,. FACT 99C 
PUT EDIT ( 1 VECTOR' ,J) ISKJP(21,COLUMNtl011A1f(3J J,. FACTlOOO 
Pl.IT EOlT ((Vll,JJ DO I: 1 TC Mil (SKJP,COLUHNl10h9 F(l2,5Jl,. FACTlOlO 
END,. FACT1020 

PUT EDIT l 1 FACTOR MATRIX (',K, 1 FACTORS)'} FACTl030 
( SKIPl3J,COLUMNI 101 ,A,Ft31 ,A),. FACT1040 

CALL LnAo IM1K1f:1VJ,. f"ACT1050 
IF ERROR NE 1 0 1 FACT1060 
THEN DO,• FACT1070 

PUT EDIT l'IN ROUTINE LOAD ERROR CODE'= 1 1ERRORJ FACT1080 
I SK I Pl2J,COLUHNI10) ,A,AI 1 I),. FACT1090 

GO TO SlCC,. FACTllOO 
ENO,, FACTlllO 
DO I :::: l TO M,. F.ACTl 120 
PUT EDIT ( 1 VARIABLE 1 ,JJ (SKIP{2J1COLUMNllOl1A1F(3JJ,. FACT1130 
PUT EDIT flVCl 1 JJ DO J:: 1 TO Kii (SKIP1COLUMNIIOl19 Fll215J),. FACT1140 
END,. FACTl 150 

CALL VRHX IM1K1V1NC,T11,a,r,01,. FACT1160 
IF ERROR NE 1 C 1 FACTl 170 
THEN DOt • FACTl 180 

PUT f.OIT l 1 1N ROUTINE VRMX ERROR CODE= 1 ,ERRORl FACT1190 
(SKI Pl 2) ,COLUMN( 101 ,A, AC l l I,, FACT1200 

GO TO SlOO,. FACT1210 
ENO,. FACT1220 

NW =NC+l,. I* PRINT VARIANCES *IFACT1230 
PUT EDIT ( 1 1TERATION 1 , 1VARIANCES 1 , 1 CYCLE•) (SKIP(3JrCOl.UHNflO),A, FACT12o\-0 

XI 71 , At SK I P,COLUHN ( 10 I , Al,• FACTl 2 50 
DO I = l TO NW,, FACT1260 
NC =I-1,. FACT1270 
PUT EDIT CNC,TVtlJJ (SKIP,COlUMNllOJ,F(5),f(2Q,6JJ,. FACT1280 
ENO,. FACT1290 

PRINT ROTATED FACTOR MATRIX 

PUT EDlT 1 1 RDTATEO FACTOR MATRIX l 1 1Kt 1 FACTORSl 1 1 
l SK IP13J, COLUMN 110) ,A,Fl3J ,Al,.. 
DO I = l TO M, • 

*IFACT130C 
*/FACT1310 
*/FACT1320 

FACT1330 
FACT1340 
FACT1350 

PUT EDIT ( 1 VARIABLE 1 ,II 
PUT EDIT (IVII,JI 00 J:: 

ISK1Pl2) ,COLUHNllOJ ,A,FC3J J, • FA'CT1360 
L TO K}J (5KIP,COLUMNl10),9 Fll2,5JI,, FACT1370 

END,. 

PPINT COMHUNALITIES 

PUT EDIT l'CHECK ON CCHHUNALITJES 1 1 1 VARIABLE'1'0RIGINAL'1'FINAL't 
1 DIFFH ENCE 1 I I SKIP (3), COLUMN( lCJ ,A, SKIPC 2) ,COLUMN( 10 J, A, 
Xl7J,A,XI 12) ,A,XC 10) ,AJ t• 

DO I = l TO M,. 

FACT1380 
*IFACT1390 
*/FACTL400 
*/FACT1410 

FACT1420 
FACT1"30 
FACT1440 
FACT1450 
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PUT EDIT 11,B(JJ,TIIJ,DUll 
END,• 

szoo •• 
END,. 

ISKIP,COLUMNtlOJ,FCSJ,3 f(lS,5)),. FACT1460 
FACT1470 
FACT1480 
FA.CT1490 
FA.CTL500 GO'TO SlOO,. 

EXIT •• FA.CT1510 
FA.CT1520 
FACTl 530 

PUT FILE fSVSPRINTI EDIT ('END OF SAHPLE PRDGRAH'J 
I SKI Pl 5 J ,COLUMN I 10) ,AJ, • 

ENDr • /*END OF PROCEDURE FACT •/FACT1540 

DATZ.. DH2 10 
/*'/;.** ** ***** * **** *** * **** ** **** * * ** **** ***** ** ******* ** **** * **********ID AT 2 2 C 
I* */OAT2 3C' 
I* TO PEAD FLOATING. POINT DATA, ONE OBSE!lVATION AT A TlME. */DAT2 40 
I* Oti.Hi MAY BE SAVED ON A 01\Hi si:r. *IDAT2 50 

" ~~· ~ I**************************************************·******************* IO.ti. T2 7 C 
PROCeo'uRE IM ,o I'. DAT2 BC 

,. 

DECLARE DAT2 90 
XOATA FILE STREAM ENVIRONt-IENT !CONSECUTIVE v12oco,2001J, DAT2 100 
INCARO,NVJ EXTERNAL, DATZ llC 
CH CHARACTERINCARO), DAT2 120 
llrMrMMJ FIXED BINARY, OAT2 130 
Dl*J FLOH BINARY,. oqz 140 

CN ENDFILE I SYSI NJ 
GO TO EXJT,. 
GET EDIT ICHI IA(NCARO)),. 
MM =CEILIM/12J,. 
GET STRING (CH) EDIT ltDIIJ DO I= 1 TOM)) 

I IH/olJ I ( 12)Fl6,0l ,X{8l J) ,. 
IF NV= l 
THEN PUT FILE IXOATA) EDIT ((0111 DO I= 1 TO Mll ICl!JFl6,C)),. 
REVERT ENOFILE (SYSINI,. 
RETURN,. 

EXIT,• 

*/DAT2 150 
OAT2 16C 
oti. T2 110 
Of\T2 180 
DAT2 190 
Oti. T2 200 
OAT2 21C 
0AT2 22C 
DAT2 230 
OAT2 240 
DAT2 250 
DATZ 260 
OAT2 270 
CATZ 280 
OAT2 290 

PUT FILE ISVSPRINTJ EDIT ('ERROR fNSUFFICIENT DATA') 
l SKI?l lJ,COLUMN(lOI ,AJ, • 

STOP,• 
ENO,, />!<END OF PROCEDURE OAT2 

. KOLMOGOROV-SMIRNOV TEST KOLM 

Problem Description 

*/OAT 2 3CO 

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 
de:cived. 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 distributior1 f 0.:mctions 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 using asymptotic 
formulae. This means that the sample sizes in­
volved should be large. Sizes greater than 100 are 
suggested by the literature. Inthis 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 (f:lee 
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 • 

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: 

Columns 

1 - 20 

21 

22 

Contents 

Title (alphameric) 

1 -- one-sample test 
2 -- two-sample test 
Leave blank for one-
sample test. 
O -- Read both samples 

(two-sample. tests). 
1 -- Read only one 

sample and compare 
it with the first 
sample read on pre­
ceding job. 

For Sample 
Problems 

Uniform test 
(Job 1) 
Uniform-
Gauss Test 

. Gob 2) 

1 (job 1) 
2 (job 2) 
O (job 1) 
1 (job 2) 

23 0 -- Do not print th~· · 0 (job 1) 
sample(s). 

1 -- Print the sorted 1 (job 2) 
sample(s). 

(FlO. 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 pelf. 

1 -:- Compare with 
normal pelf. 

u -- mean of the normal 
pelf 

s -- standard deviation 
of the normal pdf 

0 -- Do not compare 
with exponential pelf. 

1 -- Compare with 
exponential pelf. 

u -- mean of the 
exponential pelf 

s -- standard devia­
tion of the. exponential 
pelf 

0 -"." Do not compare 
with Cauchy pelf. 

1 -- Compare with 
Cauchy pelf. 

u -- median of the 
Cauchy pelf 

s -- u-s is the first 
quartile of the 
Cauchy pelf 

0 -- Do not compare 
with uniform pelf. 

1 -- Compare with 
uniform pelf. 

u -- left endpoint 
of the uniform pelf 

s -- right endpoint of 
uniform pelf 

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

1 -- Compare with 
user-specified pelf. 

u} Parameters for 
s user-specified pelf 

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

For Sample 
Problems 

1 (job 1) 

O. 5 (job 1) 

o. 5 (job 1) 

1 (job 1) 

O. 5 (job 1) 

1. 0 (job 1) 

1 (job 1) 

o. 5 (job 1) 

1. O (job 1) 

1 (job 1) 

o (job 1) 

1. o (job 1) 

0 (job 1) 

O (job 1) 
O (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 KLM2 sort the sa!llples, no particular order 
within a sample is necessary •. 

Deck Setup 

The deck setup is shown in Figure 32. 

Sample. (data) 

· Job Control 
Card · 

Sample (data) 

Program 
Centro I Card 

Job Control 
Card 

j 

First problem 

NDTR 

SMIR 

KLM2 Procedures and main program 

KLMO 

KOLM 

Figure 32. 

Sample 

The listing of input cards for the sample problems 
is shown in Figure 33. 
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lJNIFORJI TEST lCC lOOC .scoo. s1oco.s'cccc1lOOC.50CCC1 lOCOCOOOOCl 
o.377 c.2t:c 0.112 o.6EB o.5a1 0.290 o.51" 0.412 0.204 o.976 0.010 o.326 
c.795 a.en o.a10 o.686 c.2ee o.555 0~131 c."21 o.931 o.745 0.092 c.a43 
0.231 o.ec6 0.153 0.263 o.eo" c.458 0~5oe c.-;2e c.9i;4 c.6oe 0.102 o.743 
0.005 c.i;s1 o.t:64 o.425· c.s1c c.596 o.444 o.3c2 c .. ei1 0.193·0.146 0.0.n 
0.202 c.2c1 c.662 0.161 c.c43 c.·150 0.111 o.i;~3 o.665 0.411 o.477 o.164 
0.692 0 .. 6E3 C.E67 C.054 o.sie C.624 0."083 o.ee2 C.540 0.301 0.953 0.006 
o.45e o.6oi;4 0.041 o.oi;oi;s a.6C4 o.666 o.561 o.3fl o.1s6 o.630 0.311 o.589 
o.13c; c.536 c.963 c.oi;s6 c.C68 o.eo1 o.19oi; o.c;e5 c.113 o.816 fJ.880 o.931 
c.67C 0.64C a.sos o.c73 o.19t: o.516 o.336 0.371 0.1-;1 0.843 0.288 0.139 
a.242 o.zcc o.czs o.349 c.e1c c.c00 o,.652 c.1c;o c.21s c.939 0.161 c.514 
o.636 c.19c o.416 c.786 c.s73 0.161 o.845 c.16e c.4oc o.00a 0.126 o.3t:5 
c.652 c.632 c.-;23 c.E'l4 c.161 o.oi;69 o.965 a.en c.151 c.e51 0.340 o.383 
0.243 c.cca c.86C c.coi;3 c.ei6 c.c~a 0.006 o.515 o.033 o.56S o.a93 o.47a 
o.982 o.6f6 a.154 c.c;33 o.as c.ec;c o.ftos c.441 a.963 c.a10 o.195 o.876 
o.so1 c.123 o.22a c.u4 o.~31 p.010 c.c83 0.202 o.1e6c; o.996 a.152 o.545 
0.503 0.111 c.110 c.-;12 c.2c;e 0.042 0.574 o.c65 0.225 o.766 o.s1c o.520 
o.996 c.2c;2 c.19c c.111 c,.556 c.337 o.c12 o.C42 c.143 o.4s2 0.601 o.302 
o.353 c.3-;1 o.zot: c.6Cl2 0.119 0.154 c.450 c.c;1e c.453 o.463 o.699 0.022 
0.842 C.E59 C.577 C.725 C.16~ 0.450 0.232 0.34117 C.OCO 0.864 0.181 0.311 
0.236 0.622 a.607 o.c1t2 0.181 o.346 o.ca6 c.i;c4 c,.365 0.053 0.031 o,.745 
0.136 0.113 0.455 c.1ce c.15e 0.512 0.012 o.c;2s c.45S c.3e1 0.193 o.12a 
o.62'i c.220 o.657 o.c;t:2 c.e6c c.501 c.26e c.c9s 0.101 0.203 a.sea 0.101 
o.9oc; a.He o.1ce c.9C9 o.ce9 o.34S 0.211 o.556 c.840 0.033 o.639 o.539 
o.482 0.0~1 C.'i01 0.011 c.2-;s 0.097 a.sen C.41E C.835 0.101 0.733 0.029 
a.581 C.224 ·c.112 a.6Sc; O.'i45 a.741 0.94C c.c;t:1.1 C.36a 0.434 0.365 0.285 
0.422 c.%7 o.oos o.32e o.s24 o.595 c.253 c.151 o.66S o.SCJ4 0.554 o.984 
0.913 0.622 o.s16 c.502 o.364 c.667 0.124 c.344 o.546 o.11s o.1s1 0.302 
a.457 c.021 o.a19 c.c;23 o.3t::S o.ee2 c.01c c.121 c.637 o.734 o.671 a.416 
o.45c:i o.ccc; c.919 0.434 c.331 a.c19 a.soc c.2e4 c.209 o.694 o.zs3 o.4S4 
o.11e o.91s 0 .. 212 o.a21 o.5U a.634 0.195 c.'i6Z c.01c; o.956 Q.560 0.161 
0 .. 524 c.2c;4 0.047 a.634 o.382 o.s91 0.103 c.3C3 c.as9 o.607 o.c>3e o.367 
0.463 C.411 0.664 0.142 C.476 C.178 0.785 C.113 0.610 0.646 0.390 0.520 
o.611 c.i;ee· o.431 c.699 0.312 a.sea 0.612 o.e10 c.e14 c.5i;1 0.256 c.164 
0.67t; 0.6C3 0.5a4 C.595 O.C33 0.846 0.-183 C"'Cl9 C.43a C.868 0.343 0.244 
0.376 a.CH C.'i09C C.3et C.371 0.001 0.467 c.5c;z C.348 0.759 0.422 0.697 
o.3se o.oss o.a36 c.510 c.585 c.842 o.793 c.111 o.c;26 o.964 0.450 0.022 
o.ces 0.311 0.102 c.et6 c.sn o.494 o.zoe o.ec3 c.948 o.462 0.242 o.2a1 
0.546 0.6oi;8 0.269 a.339 O.l:c07 a.594 0.102 C.266 0.677 0,.668 0.913 0.462 
o.562 c.2C7 a.us c.u4 c.ec;5 c.991 o.0c;3 c.442 c.615 c.1c9 a.122 o.9so 
0.208 c .. 6is6 a.304 a.557 o.605 0.611 o.2st: c.ss4 o.595 0 .. 115 a.936 0.118 
a.141 C.153 0.654 C.541t c.376 C.363 0.793 c.1ts2 C.812 0,447 0.3.76 0.231 
o.644 a.2t:3 o.1a5 c.341 c.982 c.e29i;9999i; 

UNIFORl'-G~LS~ TEST 211 
-0.283 C.'i016 0.776 C.6'SC c.c;1a 0.506 c.816 c.348 C.659-0.301 0.630-0.3'i7 

o.51s c.221 1.253 o.421 o.49c; o.28e l.l81i-o.2M 0.099 0.051 0 .. 411 o.951 
0.273 o.1s1t o.e61 c.-;n c.446 0.102 1.451 c.c35 c.s1s c.110 0.559 1.053 

-1.157 0.9C2 0.533 1.270 0.161 1.110 l.19C 0.433 O.S73 C.374 1.317 1.255 
o.541 1.145 0.661-0.011 c.1t22-a.15CJ-o.031 o.cee o.4a6 o.849 o.s9s c.312 

-0.324 0.025 0.632 0.365 0.375 0.6'i04-0.206 C.126-0.381 1.149 0.983 1.184 
-c.011 c.6~3 o.266 l.C35 C.53t: C.936 1.177 l.H4 0.782 0.198 0.222 0.445 

0.714 C.6C7 0.374 C.341 C.79C 0.302 1.075 C.2C4 a.436 0.887 0.234 0.874 
0.048 o.c;;3a o.n3-o.340-o.c12 a.1tc;1·0.4H c.e1to c·.091 o.51a o.606-0.340 
a .. 656 c.t:t:C 0.584 C.837 c.454 C.695 0.6a6 0.053-0.276 1.600 1.394-0.038 
1.113 o.1t:2 a.6't2 o.ies-c.c23 0.031 o.soe c.313-0.718-c.249 o.124-0.096 

-o.29c; 0.1% t.086 c.487 0.311 o.635 o.462 c.ssc; c.181 1.799 0.281 o.583 
0.313 a.3n 1.c61 (j.oi;t;6 c.1c2 c.068-0.221 c.1r;a 0.305-0.021 a.849 1.063 
l.04c; 0.226-Q.297 c.c;::rn o.e2e o.ea4 1.211-0.391 0.001-0.004 1.238 o.376 
0.410 1.01s o.cs3-o.020 o.362 0.601 0.031 o.t:34 0.109 a.524 1.356 1.024 

-0.602 C.763 1.261 0.3C2-C.C63 0.104 a.446-C.410 a.401 0.704 l.070-0.a23 
-0.064 l.c81-o.731-o.1t16 1.1s6 o.648 o.624 o.2s1 o.643 0.141 c.11r; 0.174 
-o.s52-c.u3 o.583 c.140 c.592-0.144 0.222 o.3e8 o.563 0.933 l.1oa 1.022 
a.ate c.6Et: o.683 o.514 c.2a1t-c.2so o.35E 1.2c3-0.643 0.110 0.012 0.399 
o.89'ii c.1tco o.994 o.8ao c.143 a.1c2 1.12c c.391 0.191 o.196 1.176 0.149 
0.512 1.132 c.916 c.s39 c.445 1.330 o.56"! c.Eio o.6'i9 0.615 0.310 o.sa6 
o.44e-o.415 o.:n 1 c.ese c.e3s-0:291 o.211t c.985 a.484 1.004 1.598 o.494 
o.461 1.iee o.536 c.3a1 1.339-o.ou o.c64 c.113 c.619 o.6a4 o.687 0.622 
c.291 c.2c3 o.378 1.313 c.829 0.422 o.c78 c.cs1 0.143 o.·e6a-o.302 o.693 
o.633 1.116 o.11e-o.1t69 c.663 o.1ce o.685 c .. e50 o.566 o.657 1.211 o.394 

·, i o.643-o.os5-c.coo o.eei 1.163· 0.520 o.787 l.4S3 1.366 o.so1 0.301 1.384 
-0.541 1.116 0.236 C.675 l.llt; l.COO 0.250 a.457-C.OlC 0.098 0.975 0.288 

o.686 c.7t:4 0.001 o.t:'i7 c.1er; 0.259 a.4l't c .. E:ec a.e5z 0.315 0.231 0.203 
1.39.lf c.u1 o.963 c .. 699 c.401t-c.121t 0.503 a.on 1.e3a-o.313-o.461 o.1CJ1 
0.12~ l.61c 0.224 o.4co o.65E a.CJoo 1.034 a.cos o.eo1 c.920-.o.1ss o.786 
o.387 1.243 c.875 o.989 o.ne-0.152 o.coc; 1.329 o.562 o.687 o.968 o.490 
o.16C c.111-c.025 1.125 c.211 1.206 1.221-c.11t5-c.oe0 o.629-0.131 0.212 
0.388 0.712 l.Clt6-C.067 C.76C a.428 0.852 C.E61 C.,610 0.359 1.352 0.571 

-o.a11-o.2c5 1.084 c.occ; 0.-;11 o.438 l.C5a o.H6 c.884 o.954-0.215 1.295 
o.34t:-1.01a 1.c49 o.417 1.23c 1.121 t.43S c.e23-o.069 a.46't 1.261-0.119 
o.e12 c.5.H o.s15 0.190 0.101 o.e51 O.c94 0.116 c.916 a.406 o.201t a.494 
1.109 a.u3 o.460 c.a2e-o.174 0.457 o.584 c.a32-o.026 1.265-0.232-0.373 

-0.112 c.913 c.673 c.3a3 o.a35 1.226-0.012 c.c;20 1.201-0.003 o.632 0.004 
o.951 c.3c1 o.19a 1.479 o.1q6 1.058 o.873 c.ot:o c.524 0.501 a.313 a.954 

-o.c12 a.9e8 o.351 o.C53 o.24e c.,,30-0.319 0.533 o.6ea 0.524 o.4-47 t.376 
-0.263-0.0l:lt C.301 1.486 0.351 O.Ba6-C.374 0.135 0.958-0.262 Q.332 0 .. 963 
1i;c;999oi; 

Figure 33. 
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Description 

The output from the program KOLM gives the 
statistics and probability statements described be­
low, and in addition identifies the distribution func­
tions being considered. Sorted samples are print­
ed on option. 

The following items are produced as output: 
1. Z score, where 

z = ..fD. Dn for the one-sample test; n is 
the sample size, and Dn is the maximum 
difference between the empirical distribu­
tion function and the theoretical distribu­
tion function. 

m is the size of the second sample; n is 
the size of the first sample; Dm n is the 
maximum difference between the'two em­
pirical distribution functions. 

2. The probability of incorrectly rejecting the 
hypothesis of equality of distribution functions. 

Sample 

Sample output is shown in Figure 34. 

UNiFOR"I TEST 

a l SAi.,PLE HST WAS REQUESTED. 

THF SIZE OF SA"'IPLE l IS 4q9., 

THE l-IYPOTHESIS THU THE SAMPLE IS FR0'4 A(NI NOP.MAL 
WITH ~EAN C.5C·".'':! AND VARIANCE C'.2500 

~~N ~~5:;~~~b~DF~!T~H~~o~:=~t~:v c.ccc OF ~EING INCOR~ec:r. 

THE HYPOTHESIS THAT Tl.IF SAMPLE IS FP0"4 A(NJ E0 XPONENTIAL 
WITH MEAN C.5C".'·::' AND VAi;>JA~CE 1.cooo' 
CAN ~F PEJECTED WITH pi;irBASILITV O.CCC OF REING. INCIJRRECT. 
IS 8.8033E+OO Fr~ THIS SA~rLE. 

DISTRIBUTION 

THE STATISTIC l 

DISTRIBUTION 

THE STATISTIC l 

ThE 1--YPOTHESIS THAT THE SA"'IPLE IS FRGM AfNI CAUi:Hv DISTRIBUTION 
WIT!--' MEAN C.5COO ANO Fll\.ST QUARTILE -0.50.0C 
CA'! SE REJECTED ftITli P~.OSABILITV C.COC 1'."'F SEIN'i INCORRECT. THE ST·ATISTIC l 
IS 7.8813E+IJO FOR nns SAMPLE. 

THE HVPOTH1:SIS THAT THE SAMPLF IS FROM A(NI UNIFORM DISTRIBUTION 
P! THE HJTERVAL O.OOOG T,, l.at;CC INCLUSIVE 
CAN '3E REJECTED WITH PR.OBA!HLITV t;·.989 OF BEINt; INCORRECT. THE STATISTIC l 
IS 4.444~E-Cl F[lll THIS SAMPLC. 

THE JCB WITH TITLF U~(FC!R"1 Tt:ST WAS CCMP.LETEO. 

Figure 34. 
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UNI FORM-GAUSS TEST 

A 2 SAMPLE TEST WAS I< EQUESTED. 

THE SIZE OF SAi'IPLE 2 IS 492. 

' SDKTED SAMPLE ONE AS FOLLOWS 
0.occ c .005 0.005 O.OC6 0.006 0.006 o.ooa 0.009 0.010 0.012 
o.o 12 0.018 0.019 O.Cl9 0.021 0.022 0.022 0.025 0.029 0.033 
0.033 0. 033 O.C37 O.C41 0.041 0.042 0.042 0.042 0.043 O.C47 
O.G53 0.054 0.055 c.o5a 0.062 0.065 0.068 0.073 0.073 0.077 
c .079 0.079 0.08('1 0.083 C.083 a.ass o.oa0 0.092 0.093 0.093 
c .097 t).C'9fl c.102 o.1c2 0.103 0.111 0.112 0.113 O.ll3 O.lB 
'7.117 0.117 G.119 0.121 0.123 0.136 0.139 0.139 0.141 0.143 
'7.148 0. 151 0 .153 0.154 0.156 0.157 0.158 0.161 0.163 0.164 
•':.164 0.167 0 .168 0.110 0.112 0.177 0.110 o. na 0.178 0.178 
r: .181 0. 181 c .183 0.188 0.19C C.190 0.193 0.195 0.195 0.196 
r. .1c;1 0.1'19 o.2or 0.201 c.202 0 i2P.3 0.204 0.206 0.201 0.208 
o.2c0 0.209 c .215 0.220 0.224 0.225 o.22a 0.231 0.231 0.232 
".'. 236 0.242 0.242 C.243 0.244 0.253 0.256 0.256 0.260 0.263 
0 .263 0.264 0.264 0.266 0.268 0.269 0.212 0.275 0.211 Q.282 
c. 283 0.284 0.285 0.287 0.200 0.288 0.290 0.292 0.294 0.298 
'J .299 0.3(:1 c.302 0.302 0.302 C.303 0.304 0.311 0.311 0.312 
(' .326 o. '328 0. 331 0.336 0.337 0.339 0.340 0.341 0.343 0.344 
c. 345 o. 348 0.348 0.349 0.349 0.353 0.360 0.363 0.364 0.365 
I) .365 0.365 0.365 0.367 0.367 o.:n1 0 .. 371 0.376 0.37fi 0.376 
'.') .377 I). 377 0.381 C.381 o. 382 c. 383 0.388 0.390 0.397 0.40C 
C .4C9 (:.411 C·.416 0.416 0.422 0.422 0.425 0.427 0.430 0.431 
r: .434 1).434 0.441 0.442 0.444 0.447 0 .. 450 0.450 0.450 0.453 
c .454 0.455 0.455 0.457 C.458 0.458 0.459 0.462 0.462 0.462 
C:.463 C.463 0.467 0.469 0.470 0.411 0.472 0.476 0.477 0.476 
c .482 0.482 0.492 0.494 C.500 (' .501 0.501 C.502 o.503 0.504 
G. 5G8 c. 512 Q.514 a. 514 0.515 0. 516 0.516 0.518 0.518 0.520 
C. 52C c. 524 0.531 C.5?6 0.539 0.540 0.544 0.545 0.546 0.546 
c .5'54 c. 5 'i5 0 .556 0.55"6 0.557 0.560 0.561 0.562 0.565 0.570 
c .570 lj. 572 C.574 0.577 0.580 0.581 0.581 0.585 0.588 0.589 
C.591 c. 5gz 0.594 0.594 0.595 C.595 0.595 o.596 0.597 0.603 
C .6C4 o. 61:'5 C.6C7 C.607 0.607 0.607 0.608 Q.610 0.611 0.615 
iJ .617 c. 622 0.622 0.624 C.629 C:.630 0.632 0.634 0.634 0.636 
'.1.6 37 C.6'311 0.639 C.64C 0.644 0.646 0.652 0.652 0.654 0.657 
c .659 C.662 G.662 C.664 0.664 C.665 Q.666 0.666 o.667 0.668 
a .668 C,670 c .671 C.b72 Q.677 c .679 Q.683 0.686 0.608 0.692 
c .694 o.69o'.. o.696 C.697 0.698 0.699 Q.699 o. 701 0.102 0.101 
·".". 708 0. 7Cfl o. 109 c. 715 o. 722 c. 724 0. 725 o. 726 0. 728 o. 733 
o. 734 o. 737 o. 741 a. 742 c. 743 C. 745 0. 745 o. 746 0. 750 0. 751 
c .752 o. 753 c. 754 C. 759 c. 761 C. 761 o. 766 o. 767 o. 783 o. 785 
c. 785 c. 786 o. 101 o. 7qc o. 793 o. 793 o. 795 0.801 0.801 0.803 
C' .8C4 0.805 0.806 0.810 G.810 C.810 0.812 0.814 0.816 0.816 
C.816 c.011 0.827 c. 829 C.833 c .835 0.836 0.837 0.840 0.842 
C· .842 IJ,843 c.a43 0.844 o.845 c .846 o.651 0.859 0,860 o. 860 
0 .864 C.867 c .86e 0.870 C.87C C.876 o.880 0.882 0~882 o.a0a 
c .889 O, e9C 0.892 0.893 C.895 0.904 0.907 0.909 0.909 0.913 
c .913 0.918 c ,919 C.923 C.923 0.924 0.926 0.928 0.928 0.931 
."1.<J:j.l ".933 Q,936 G.939 C.940 0.945 0.948 0.95C 0.951 0.953 
1).953 0.956 C.95f. C.962 0.963 C.%3 0.964 0.965 C.967 0.969 
r:.969 C.972 ('. 973 c. 973 C.976 c .978 0.982 C.982 C.984 0.984 
!:· .985 0.C/88 C.99C c.991 0.994 c .c;95 0.996 0.996 

Soneo SAMPLE TWO AS FOLLOWS 
-.l.157 -1.018 -o. 737 -o. 718 -0.643 -G.6C·2 -C.552 -0.541 -0.476 -C.475 
-c .469 -0.467 -0.410 -c.3c;7 -C.391 -C. ?Sl -a. 379 -0.374 -(1.373 -G. 340 
-0 .340 -0.324 -0.313 -0.302 -0.301 -c. 299 -o. 297 -(1.297 -0.283 - c. 280 
-o .216 -0.275 -c·.264 -o. 263 -c .2b2 -r.249 -0.232 -0.221 -0.206 -C.205 
-0.188 -0.183 -C.179 -G.174 -0.112 -C.159 -0.152 -0.145 -0.144 -0.131 
-0.124 -O.C96 -0.088 -O.C.77 -0.012 -0, C72 -C. C69 -O.C67 -0.064 -0.064 
-o .063 -0. C55 -C·.C38 -C.C37 -0.026 -0.r25 -O.C23 -C.023 -o.c21 -'J.020 
-c .012 -0,Cll -0.011 -o.c 11 -0.ClC -c .rct. -O.C'03 o.oco C.004 o.r:r.5 

') .007 O.C'07 Q.Q09 C.CC9 c.012 C', C25 0.035 0 .035 0.C37 C.<'37 
0.048 0.051 Q.053 O.C53 0.057 0, C6C O.C64 0.068 0.071 0.078 
o.oa3 0.088 0.091 C.C94 0.098 C.099 c.102 Q, 109 0.110 (!. !.13 
0 .118 0.124 0.125 0.126 0.131 c .133 0.143 0.147 C.149 0.154 
0.160 0.174 0.176 c .171 0.181 0.185 0.19C 0.191 0.191 0.196 
0.196 0.196 C·.19E C.198 0.203 c.2c3 0.204 0.21:'4 0.214 o. 217 
0.222 o. 222 C·.224 0.226 0.221 c .231 C.234 C.236 0.248 C. 25C 
0.257 o. 259 (...266 0.212 0.273 ·c.284 0. 287 0.288 0.288 0.297 
C.3Cl 0.3Cl 0.302 0.302 C.303 c .305 C.307 0.310 0.313 ('. 313 
0.315 0.317 0.317 c. 332 0.341 Q. 346 0.348 0. 351 o. 35 l o. 358 
0.359 0.362 0.365 0.372 0.373 c.31.-.. Q.374 C.375 c. 316 i:'.378 
C.381 o. 387 C..387 C.388 C.388 c .391 C,394 0.399 C.400 0.400 
0.401 0.4C4 0.406 0.406 c .411 (',414 C.417 G.418 C.418 C.421 
~.422 0.422 o.42!! C.430 0.433 C.436 0.438 (1.445 0.445 0.446 
0.446 0.447 0.448 0.454 0.457 c .457 0.46C, C.462 0.464 C.467 
Q.484 0.487 0.490 C.494 C.494 c,407 0.499 o.501 0.506 a.sea 
0.512 o. 514 C.515 IJ.515 c.520 0.524 0.524 0.524 0.533 o. 533 
o.536 o. 536 C.537 o.547 0.559 C.559 c.562 G.563 0.563 o.s6D 
0.571 0.573 0.57& C.583 0.583 c. 583 o. 584 c. 584 o.5e6 0. 592 
0.6Cl 0.604 0.6C6 C.6G6 f).607 o.tto 0.610 C.616 0.619 0.622 
0.624 0.629 C,63r:· C.632 Q.632 O.C.33 (1.634 C.635 C.642 o.643 
0.643 C-.64fl 0.653 c .650 0.657 o. 658 o.65q C.660 C.663 C.667 
IJ.673 0.675 C.675 0.680 C.683 o.ce5 0.686 ('.686 0.687 C.687 
0.688 0.690 o.693 0.694 0.695 (!,697 0.699 c .699 o. 702 o. 702 
o. 704 c. 704 o. 7C7 0. 7CB o. 714 0, 7!.8 o. 719 o. 733 c. 735 a. 740 
o. 743 o. 760 c. 761 o. 762 o. 763 r. 764 o. 770 ('. 712 o. 716 o. 782 
c. 786 o. 787 o. 789 (I. 790 ('. 798 Co .801 0. 801 0.806 o.a12 O. B16 
0.818 0.823 c .828 C.828 C.829 o. E'32 0.831 0.838 Q.839 0.840 
0.849 o.849 0.85C 0.852 C.852 0. 057 C.858 C,861 Q.867 C.868 
0.873 0.874 o. 875 0.875 c.88C c. 881 o.884 0.884 0.887 0.898 
0.899 0.9CO G.902 0.910 0.913 ·::.916 0.'316 0.916 C.917 C.920 
0.920 0.930 0.933 0.936 0.937 c.ci35 0.951 Q,951 0.954 0.954 
0.958 0.963 o.q63 0.968 0.975 c .983 C.985 0.988 0.989 c.994 
0.996 1.000 1.004 l .c22 1.024 !.034 1.035 1.046 l.G49 1.049 
1.050 1.053 1.058 l.C63 1.067 l .C70 1.075 l.C75 1.C84 1.066 
1.087 1.108 1.11c 1.116 1.119 1.120 1.125 1.127 1.132 1.145 
lol49 1.156 l.163 1.173 1.176 1.176 1.177 1.184 1.188 1.189 
1.190 1.203 1.206 1.207 1.217 l. 217 1.221 l.226 1.230 l. 238 
1.243 1.253 1 .255 1.261 1.261 1.265 1.270 1.295 1.313 1.317 
1.329 1.330 1.339 1.352 1.356 1.366 1.376 l.3!34 l. 394 1. 394 
1.435 1.451 l .479 1.486 1.493 1. 598 1.600 1.644 l.67C 1. 709 
l. 799 1.838 

THE HYPOTHESIS THAT THE TWO SAMPLES ARE. FRC-11 THE SAME PCPULAT ION CAN BE REJECTED WITH USYHPTDT IC) 
PROSABIUTY OF BEING INCORRECT OF o.ccc. T~E STATISTIC l IS 2.59COE+OO FOR THESE SAMPLES. 

THE JOB WITH TITLE UNIFORM-GAUSS TEST HAS C!1MPLETEO. 

ENO OF SAMDLE PROGRAM 

Figure 34. (Continued) 
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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 be 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 pdf1 s 
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 through: SlOO 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-

DAS2 -
DIST-

ERROR-

I-

IFL -
IES -

IO -
IR -

IS -

M­
N­
P-

S2 -

TITl -
TITLE -

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-
1ter~ u and s for the associated testo 
Error (in using KLMO, used for 
skipping the test concerned) 
Counter used to print correct pdf name 
for pdf used in the test 
Error indicator (job deck error) 
Error (in using KLMO, used for error 
message) 
Switch (used for printing samples) 

· Number of samples to be read in cur­
rent job 
Number of samples to be used in cur­
rent job (1 or 2) 
Size of the second sample 
Size of first sample 
Probability of being incorrect if hy­
pothesis is rejected 
Temporary storage for u and s out­
put 
Current pdf names 
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 preceding 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 Nl, as output, is 35 seconds 
for job 1 and 55 seconds for job 2. 
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KOLM.. KOLM 10 
l"*******************************************************************IKOLM 20' 
A W~~ ~ 
I* THE PURPOSE OF THIS ROUTINE JS TO: •/KOLM 40 
I* ( lJ READ THE CONTROL CARD FOR A ONE 00. TWO SAMPLE TEST• O/KOLH 50 
I* 121 READ THE SAMPLE DATA ANO DETERMINE THE SAMPLE SIZES. O/KOLH 60 
I* 131 CALL SHIR, KLHDt AND KLH2 FDR CALCULATION OF O/KOLH TO 
I* PROBABILITIES. O/KOLH 80 
I* . l~I PRINT RE SUL TS. */KOLM 90 
I* */KOLM 100 
l**************"*****************************************************IKOUI 110 

PROCEDLRE OPTIONS IHAJNJ ,. KOLM 120 
DECLARE KOLM 130 

(DASH,DAS2J CHARACTER 141 t KOLM 140 
CI,J,K,L,HtNrlS,IRtIOtlFLtEI FIXED BINARY, KOLM 150 
IOISTC5t31tDU2),X(501J,YC5011,PrZtS2J FLOAT BINARY, KOLM 160 
TITLE CHARACTER 1201, KOLM 170 
TITll51 CHARACTER (161, KOLM 180 
IES CHARACTER U 1 r KOLM 190 
ERROR EXTERNAL CHARACTER I lJ t • KOLM 200 

ON ENDFILEISYSINI GD TO S?.oo,. KOLM 210 
SW ""01 • KOLM 220 
JFL aO, • KOLM 230 
DASH""'---•,. I* INITIALIZE NAMES */KOLM 240 
TITUU =1 NORMAL •,. I* ANO JOB CONTROL CARD */KOLM 250 
TIT112J = 1 EXPONENTIAL. '•• KOLM 260 
TIT1131 = 1 CAUCHY 1 t• KOLM 270 
TIT U 41 "" 1 UNIFORM 1 , • KOLM 280 
TlTll 51 =1 USER-SPECIFIED 'r• KOLM 290 

SlO.. KOLM 300 
GET EDIHDAS2rEICAl4)rXl75JrFll)J,. KOLM 310 
IF DASH::o0AS2 KOLM 320 
THEN I* READ TITLE ANO */KOLM -330 

S20.. I* PROGRAM PARAMETERS O/KOLM 340 

s30 •• 

S40 •• 

DO,. KOLM 350 
GET EOITI TITLErlSrlR,JO,OlSTIO,:t:) 1EJ IAC20Jr3 Fil 1 r5Cfl lJr2 FC 5JKOLH 360 

J,XllJ,FllJJ t• KOLM 370 
IES = 1 0 1 r• KOLM 380 
PUT EDIT ITJTLE)(Al20U PAGE,. 1 KOLH 390 
PUT EDIT I' A'rIS, 1 SAHPLE TEST WAS REQUESTEO.•JISKIPl31rA121r KOLH 400 

Fl2),A(271 It• KOLM 410 
IF SW=O AND IS=2 ANO lR=l KOLK ~20 
THEN DO,. KOLM 430 

PUT EDJTI 1 FIRST JOB REQUIRES PREVIOUS DATA FOR A TWO SAH'KOLH 440 
r 1PLE TEST.•)(SKIPl3J,Al47),Al9JJ,. KOLM 450 

SW =l t. KOLM 460 
GO TO SltO,. KOLM 470 
END,• KOLM 480 

SW =l,. KOLM 490 
IF IR=O I* NO. OF SAMPLES DECISION O/KOLM 500 
THEN IF IS GE 1 KOLM 510 

THEN GO TO Sl40,. KOLM 520 
ELSE /* NO. OF SAMPLES WRONG •/KOLM 530 

KOLM 540. 
DOr. KOLM 550 
PUT EDITI 1 Ct.21 OF THE PROGRAM CONTROL CARD JS INCO'KDLH '560 

r 1RRECT. JOB IGNORED.')CSKIPC3J,Al42J,Al201J,. KOLM 570 
KOLM 580 

GET EOJTCDAS2rEJlAlltlrXC75J,FllJI,. KOLM 590 
IF OASH::oOAS2 KOLM 600 
THEN DO,. KOLM 610 

JFL =l,. KOLM 620 
GO TO S20,. KOLM 630 
ENO,. KOLM 640 

ELSE GO TD S40,. KOLM 650 
ENO,. KOLM 660 

ELSE If IFL NE 0 KOLM 670 
THEN DO,. I* ERROR IN PREVIOUS JOB O/KOLM 680 

PUT EDJTI 1 THIS JOB CALLS FOR THE USE OF A PREVJOUSL'KOLH 690 
r 1 Y READ SAMPLE, AND THE PREVIOUS JOB WAS IGNORE'KOLP'I 700 
, 1 0 BECAUSE Of ERRORS.• ,•JOB IGNORED.• J ISK1Pf3), KOLM 710 
A142JrA146J,Al20J,SKIPrA113J),. KDLP'l 720 

GO TO S40,. KOLM 730 
END,. KOLM 740 

ELSE GO TO s1ao.. KOLM 750 
END,. KOLM 760 

ELSE OO,. KOLM 770 

sso •• 

PUT EDITI 1 FIRST CARO IN JOB DECK IJOB CONTROL CARDI IS INCDRR'KDLM 780 
,•ECT.•JISKIPl3)1Al521rA14JJ,. KOLM 790 

GD TO S40, • KOLM 800 
ENO,. KOLM 810 

KOLM 820 
IF IS,.2 . KOLM 830 

KOLM 840 
KOLM 850 
KOLM 860 
KOLM 870 
KOLM 880 

THEN GO TO SlBO, • 
ELSE IF IS GT 2 

S60 •• 

THEN GO TO S30 1• 
ELSE GO TO S65,. 

IF IS LE 1 
THEN DO,. 

I* ONE SAMPLE TEST USING ALL */KOLM 890 
I• DISTRIBUTIONS REQUESTED . */KOLM 900 

S65 •• 

S7o •• 

sea •• 

DO I=l TO 5t. 
IF DISTU tl> NE 0 
THEN GO TO S70r • 
ENO,. 
PUT EDITI 1 ND PDF COMPARISON JS 

KOLM 910 
KOLM 920 
KOLM 930 
KOLM 940 
KOLM 950 

ASKED FDR. 1JISKIPl31,A(321J,. KOLM 960 
KOLM 970 

DO I=l TO S , • KOLM 980 
IF OJSTU rlJ = l KOLM 990 
THEN CALL KLMO(X,N,ZrPrI ,DIST( I ,21,oISTll,3))'. KDLHlOOO 
IF ERROR='O' OR ERROR= 1 3 1 KOLH1010 
THEN KOLM1020 

DO,. I* OUTPUT RESULTS •/KOLH1030 
PUT EDJTI' THE HYPOTHESIS THAT THE SAMPLE IS FROM AINI 'KOLM1040 

rTITlllJ, 1 DISTRIBUHON' J(SKIPl3),A147J,AU61 1 All31J KOL111050 
t• KDLM1060 

If I LT 3 I* PREPARE OUTPUT */KOUU070 
THEN DOr• KOLM1080 

SZ =DISTflt3J002,. KOLM1090 
PUT EDIT(' WITH MEAN 1 ,DISH1r2J, 1 AND VARIANCE' 1 S21 KOLMllOO 

(SKIP1AllOl rf( 13141,A(13) ,F U3,4J J,. KOLMlllO 
GO TO sea,. KOLM1120 
ENO,. KOLH1130 

ELSE IF I=3 KDLH1140 
THEN DO,. KOLM1150 

S2 =DJSTII12J-DISTClr3J,. KOLM1160 
PUT E~IT( 1 WITH MEAN 1 1DISHir2Jr 1 AND FIRST '• KOLM1170 

'QUART.ILE 1·rS2) CSKIP,AI lOJ 1F 01 l3r41rAI1111 KOLM1180 
A18J rfll3r411,. KOLM1190 

GO TO sea,. KOLHl200 
ENO,. KOLM1210 

ELSE If I LE 4 KOLM1220 
THEN DOr. KOLM1230 

PUT EDITC' IN THE INTERVAL 1 ,DISHJ,21t' T0 1 KOLM1240 
,OISTCI,3J., 1 JNCLUSIVE 1 JISKIPrAl16J. KOLM1250 
FU3,4J ,AUi ,F113r4J tAI 101 Jr• KDLM1260 

KOLM1270 

S90 •• 

PUT EDJTI 1 CAN BE REJECTED WITH PROBABILIT'KOLH1280 
r'Y'rPr' OF BEING INCORRECT. THE STAT'KDLH1290 
,•JSTJC z•,• 1s•,z,• FOR THIS SAMPLE.'IKOLM1300 
I SKI Pr Al321tAI1) rF C 6t3 It A I 30 J, Al 7 I, SKIPKOLM1310 
rAl3),Ell2,411AU7J ),. KOLH1320 

END r • KDLM1330 
GO TO S90 t • KOLM1340 

ENO,. 
ELSE IES =ERROR, .. 

ENO,. 
ENO,. 

KOLM1350 
KOLM1360 
KOLM1370 
KOLH13BO 
KOLM1390 

ELSE GO TO SUO,. 
IF IO NE 0 I* OUTPUT S~MPLE ONE DECISION. *l~~t=~:~~ 
THEN DO,• KDLM1420 

KOLM1430 
KOLM1440 
KDLM1450 

PUT EDIT 11 SORTED SAMPLE ONE FOLLOWS•HSKIPl3J,A(26IJ 1 • 

PUT EDIT ((XIJI DO J=l TO NJllSKIPrlO CFl10r3JJI,. 
END,. 

IF IES "''0' KOLH1460 
KOLM1470 THEN 

5100 •• 
oo,. ~~t:t::g 
~~~ E~~y· l· THE JOB WITH TITLE•,TITLE,•'wAs COHPLETEO.•J :~t=~~~g 

CSKIPl3J tAl 22J 1AI 181 tAUSI J ,. KOLM1520 

~~E~R:~~=~~; T I 'NOTE THE REMARKS CONCERNING ASYMPTOTIC RESULTS'~~t=~~:g 
r' AND SAMPLE SIZE IN SUBROUTINE SHIR.• JCSKIPC31rA1461 1 KOLM1550 
Al 36 I) t • KOLM1560 

GO TO SlO,. KOLM1570 
ENO,. KOLM1580 

ELSE DO,• KOLM1590 

s110 •• 

PUT EDIT( 1 AT LEAST ONE ISi ENTRY PARAMETER FOR THE SUBROUTINE'KDLMl600 
r 1 KLKO WAS INCORRECT. 1 , 1 TEST FOR THE. ASSOCIATED CONTINU'KOLM1610 
,•nus PDF WAS IGNORED. 111SKJPl31tAl52J1Al2lltSKIPrAC32Jr KOLM1620 
Al201) 1 • KOLM1630 

GO TO SlOO,. KDLM1640 
END r • KOLM1650 

CALL KLM21XtYrNrKtZrPI t• 
IF 10=0 

I* TWO SAMPLE TEST 
I* OUTPUT SAMPLES DECISION 

KOLM1660 
•IKOLMI670 
O/KOUH680 

KOLM1690 THEN 
s120 •• 

ELSE 
Sl30 •• 

Sl40 •• 
N 

Sl50 •• 

KOLMl 700 
oo,. 
PUT EDI Tl 1 THE HYPOTHESIS THAT THE TWO SAMPLES ARE FROM THE • 1 

1 SAKE POPULATIO~ CAN BE REJECTED WITH lASYHPTOTICI • 1 

KOLMino 
KDLMl 720 
KOLMl 730 

1 PROBABILITY OF BEING INCORRECT OflrPt'• THE STATISTIC Z 
,•JS •,z,• FDR THESE SAMPLES. 1JlSKIPC3JrAl50J,Al50JtSKIPr 
Al34J 1fl613 I rAU8) rAC31 1E(l2,4J rAl 191 J,. 

GO TO SlOO,. 
END,. 

oo,. 
PUT EDIT 1 1 SORTED SAMPLE ONE AS FOLLOWS' llSKIPl3J,AC 2911,. 
PUT EDIT llXCJI DO J=l TO NJICSKIPtlO Fll013JJ,. 
PUT EDIT I' SORTED SAMPLE TWO AS FOLLOWS'JISKIP'3JrA129JI,. 
PUT EDIT llYIJI DO J=l TO KlllSKJP,10 Fll0t3J>,. 
GD TO Sl20 1 • 

ENO,. 

=a,. 
DO l=l TO SO,. 
GET EDI Tl IOI KJ DO K"'l TO 

DO J=l TO 12,. 
IF, DIJJ = 999999.0 
THEN GO TO sno •• 
N =N+l,. 
IF N GE 501 
THEN 

oo,. 

I* READ FIRST SAMPLE 

121rEIC12 f(6J,XCllrFUIJ,. 

I* CHECK FOR END OF SAMPLE 

/O HAXH1UH SAMPLE. SIZE 

'KOLM! 740 
KOLM1750 
KDLM1760 
KOLM1770 
KOLMl 780 
KOLM1790 
KOLMlBOO 
KOLM1810 
KOLM1B20 
KOLM1830 

. KOLM1840 

. KDLM1850 
KOLM1860 

. KOLM1870 
KOLM1880 

•IKOLMl890 
KOLH1900 
KOLH1910 
KOLH1920 

O/KOLM1930 
KOLM1940 
KOLH1950 

*/KOLM1960 
KOLM1970 
KOLM1980 
KOLH1990 

PUT EDIT C' SAMPLE SIZE 
lSKIPl31tAC431 j,. 

GO TO S4Q,,. 

IS TOO LARGE. JOB IGNORED. t JKOLM2000 
KOLM2010 
KOLM2020 

ENO,. 
XINI =D(JJ,. 
ENO,. 

ENO,. . 

I* PLACE SAMPLE IN X 
KDLM2030 

*/KOLH2040 
KOLM2050 
KDLH2060 

Sl70. • KDLH2070 
PUT EOITI I THE SIZE OF SAMPLE 1 IS•,N, '·') ISK1Pl31rA124J,f(4),AI 11) KOLH2080 .. 
GO TO SSO,. 

Sl80 •• 
M =O,. 

DO I=l TO 50,. 
I* R!=AD SECOND SAMPLE 

GfT E~~T~!~'i~ ~~.:=l 'To 12>,E.J Cl2 FC6J ,X<71tfllJ ••• 

IF OIJl=999999.0 
THEN GO TD Sl90r. 
H =K+lt• 
IF H GE 501 
THEN 00 1 • 

I* CHECK FOR END OF SAMPLE 

I* MAX SIZE OF SAMPLE 

KOLM2090 
KOLH2100 
KOLH2110 

*/KOLM2120 
KOLM2130 
KOLM2140 
KOLH2150 

*/KOLH2160 
KDLM2170 
KDLM2180 

*/KOLM2190 
KOLM2200 

PUT EDITf' SAMPLE SIZE 
I SKIPl3 I 1 A(43 J J,. 
GO TO S401. 

IS TOO LARGE. JOB IGNORE0. 1 J KOLM2210 
KOLH2220 
KOLM2230 

END,. 

ENO,. 
YlMJ =DIJJ 1• 
END,. 

I* PLACE SAMPLE IN Y 
KDLH2240 

*/KOLMZ250 
KOLM2260 
KOLH2270 

Sl90.. KOLM2280 
PUT EDITI' THE SIZE OF SAMPLE 2 IS'tHr'•'llSKIPl31,Al24 .. F(4J,A(llJ KOLM2290 .. 
GO TO S60,. 

s200 •• 
PUT FILE ISYSPRINTJ EDIT PEND Of SAMPLE PROGRAM') 

I SKJPl.211COLUHNI lOJ ,A),. 
ENO,. I* END OF .PROCEDURE KOLK 

TRIPLE EXPONENTIAL SMOOTHING EXPN 

Problem Description 

KOLM2300 
KDLM2310 
KDLM2320 
KOLH2330 
KOLH2340 

*/KOLH2350 

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. 

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 
<Y. (0. 0 < <Y. < 1. 0) 

16-25 First coefficient o.o 
(A) of the predic-
tion equation 

26-35 Second coefficient o. 0 
(B) of the predic-
tion equation 

36-45 Third coefficient (C) o.o 
of the prediction 
equation 

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

Leading zeros do not have to be keypunched. 

Data Cards 

Time series data are keypunched using the format 
(12 F(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. 

Data 1 · 
,C::.===:(lc_ . Last problem 

Control 
Card 

Data 1 
,C==:=:;;,1- Second problem 

Control 
Card 

Data ~ 
,C:::::.===<1-- . First problem 

Control 
Card 

EXSM 
Procedures and main program 

EXPN 

Figure 35. 

Sample 

The listing of input cards for the sample problem is 
shown in Figure 36. 

SA!o'FLE 38 • l o.c o.c c.c 
430 426 422 "19 414 413 412 4C9 411 411 422 430 
43€ '941 441 455 461 453 44€ 449 454 463 470 472 
41t: 4El 'i03 487 491 492 485 '486 482 479 479 476 
4 72 4 iO 

Figure 36. 

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. 

TRIPLE EXPO~ENTIAL S"100THlt'tG ••••• SAMPLE 

NU"lBEG OF DATA POINTS 38 
St<!OQTHING (C~SUNT c.1cc 

COEFFICIENH 

ORIGINAL c .ccoc~ C. OOOOQ c.00000 

UPDl'\T E 484.flCl 76 1.71309 C,C4166 

SMOOTHED DAU 
(NPUT DATA IFOHCASTI 
t.:;i.c.ccccc 430.CCCOO 
426.r:CC.CC 426, CC.COG 
422, O:ICCC 422.COOCC 
4l'i,CCCCC 4te. oocoo 
414.':'CCCC 414.29980 
413. r:rccc 411:'.23950 
412, CCC-CC 407. 08960 
4(9,(((r( 4C4.667rn 
411. ccc.:c 402.22363 
411.r:cccc 401.25049 
422.CCCCC 402.64515 
430:. CCG(C 405.61621 
438,C".:·".'CC 41(.71338 
44 t. ((('!(( 417.46948 
44 7. ccccc. 423.99829 
455. CC CCC 431.18286 
461. ccccc 439.43359 
4~3.r:·cccc 447.87866 
4~3. 0C0C-O 452,21558 
44g, r:cccc 454.11?522 
454. CCC(( 455.8C713 
46~. cc ore. 458.54614 
47':.rcccc 463.3C518 
4 72. cccci:: 469.('6445 
47?.r.C~·'."C 474.C9521 
4E.l.COiCC 479.11C35 
483.CCCCC 4e4.3B623 
487.CCCCC· 488.94629 
4<;1. CCC CC 493. 50854 
492. ccocc 49!:'.05444 
485.CCCCC 501.~~992 
406.CGCC.C SCZ.12549 
482.r.cocc 5C2. 44434 
4 79.CCCCC 501.167Z4 
47C:.CCOCC- 49e.92749 
4 76. cci:cc t.96.84155 
41z.cr.r:cc 494. CC806 
41i:.ccccc 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 DAT3. 

Only the format statement and the variables 
per card count indicator (NF), which appears 
in subroutine DA T3, 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 SYS PRINT, for output. 

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 Nl, as output, is 33 seconds. 

E XPN.. EXPN 10 
I***************************************_.***************************** I EX PN 2 0 
I* */EXPN 30 
I* TO PEAD THE PROBLEM PARAMETER CARO ANO A TIME SERIES, CALL */EXPN 40 
/'fl. THE PRf\CEOURE EXSH TO SMOOTH THE TIME SERIES, ANO PRINT THE •/EXPN SC 
I* RESULT. O'/EXPN 60 
I* */EXPN 70 
I********** >l<* ** ** * *** >l<•**** * * **** **** ****************** ** ** ***********IE X PN 80 

PROCEDURE OPTIONS IMAINI t• EXPN 90 
OECLAF E EXPN lOC 

(A,R1C1AU FLOAT SlNARY, EXPN 110 
(I,NX) EXPN 120 
FIXED BINAPY, EXPN 13C 
ER~Orl. EXTERNAL CHARACTER(ll 1 EXPN 140 
CH CHARACTER (80), EXPN 15C 
PRl CHARACTER (6) to EXPN 160 

ON ENOFILE (SYSlN) GO TO EXIT,. 
s100 •• 

*IEXPN 170 
EXPN 180 
EXPN 190 

CARO */EXPN 200 
EXPN 210 
EXPN 220 

*/EXPN Z30 I• 
I• 
I• 
I• 
I• 
I• 

I• ,. 
I• 

GET EOtT ICHJ IA180Jlt• /*READ PROBLEM PARAMETER 
GET STRING ICHJ EDIT (PRI,NX,AL,A1B1CJ 

tAC6J,FC41,FC5,ol,3 FllG,CJI,. 

PRl ••••• PROBLEM NUMBER (MAY BE ALPHAHERICI 
NX •••••• NUMBER Of DATA POINTS IN TIME SERIES 
AL.•••• .SMOOTHING CONSTANT 
A,a,c ••• COEFFICIENTS OF THE PREDICTION EQUATION 

*/EXPN 240 
•IEXPN 250 
*/EXPN 260 
*IEXPN Z70 
•/EXPN 280 

PUT EDIT I 1TFIPLE EXPONENTIAL SMOOTHJNG ••••• 1 ,PRll lPAGE,SKIPl4J, EXPN 290 
COLUMN(lOl,A,AJ,. EXPN 300 

PUT EDIT ('NUMBER OF DATA POINTS 1 ,NXI ISKIP(2),COLUHN(l0),A,F(6)),. EXPN 310 
PUT EDIT ('S/oiOOTHING CONSTANT',ALJ (SKIP,COLUHNllOl1A,Fl9,3)),. EXPN 320 

PRINT ORIGINAL COEFFICIENTS 
*/EXPN 330 
*IEXPN 340 
*/EXPN 350 

PUT EDIT C 1 CCEFFICIENTS 1 , 1 A•,•B'1'C'J 
X(l4),A,XC141,Al,. 

ISKIPIZJ,COLUMN(lOl,A,X(9),A, EXPN 360 

PUT EDIT ('ORIGINAL' ,A,B,C) (SKIPC2) ,COLUMN( 101,A,FI 19,5), 
2 Fq5,5JJ,. 

ONE•• 
BEGIN,. 
DECLARE 

EXPN 370 
EXPN 380 
EXPN 390 
EXPN 400 
EXPN 410 
EXPN 42t:i 
EXPN 430 

I• 

I~= 
,. ,. 
I• 

IXINXJ,SINXIJ FLOAT BINARY,. 
CALL DAT3 (NX,XJ,. I* READ TIME SERIES DATA 
CALL EXSM CX,NX1AL1A1B1C1Slt. 
IF ERROR NE 1 0 1 

THEN 00 1 • 

PUT EDIT C 1 IN PDUTINE EXSM ERROR CODE = 
C SKI Pt 21,COLUMN(10 J ,A,AC U),. 

GU TO SlOC'1 • 
END,. 

PRINT UPDATED COEFFICIENTS 

I ,ERRORJ 

PUT EDIT 1 1 UPOATE•,A,B,C) (SK1P(2J,COLUMN(10),A,FC20,5), 
2 FU5,5J),. 

PRINT INPUT AND SMOOTHED DATA 

PUT EDIT l 1 SMOOTHED DATA•, 1 INPUT DATA 1 ,'IFORECAST)I) 
I SKIP( 3 J t COLUMN( 39) ,A,SKI p, COLUMN( 17 J' A,xc 13)' AJ f. 

PUT EDIT ICXCIJ,S(I) DO I= 1 TO NX)) ISKIP,COLUHN1lOJ,Fll71SJ, 
XIBJ,F(l5,5}1,. 

END,. 
GO TO SIOQ,. 

*/EXPN 440 
EXPN 450 
EXPN 460 
EXPN 4 70 
EXPN 480 
EXPN 490 
EXPN 500 
EXPN 510 

*/EXPN '520 
*IEXPN 530 
•/EXPN 540 

EXPN 550 
EXPN 560 

*/EXPN 570 
*IEXPN 580 
*/EXPN 590 

EAIT •• 

EXPN 600 
EXPN 610 
EXPN 620 
EXPN 630 
EXPN 640 
EXPN 650 
EXPN 660 
EXPN 670 
EXPN 680 

PUT FJLE I SYSPFINTI EDIT I 'ENO OF SAMPLE PROGRAM' J 
C SKIP( 5) ,COLUMN( 10) ,AJ t. 

ENO,• /*END OF PROCEDURE EXPN */EXPN 690 

DAB.. DAT3 10 
I******** >le** >l<**** *** ***** >l<***** * ***** * * ** *** ** ********* ** *** * *********I DAT 3 2 C 
/* */DAT3 3C 
I* TO READ A VECTOR OF FLOATING POINT DATA. */OAT3 40 
I* */DA T3 50 
/ **** * ****!(<**** ** ******** *********** * ** ***** ****** *** *** * >l<* * **>l< **** * * * /OA T'3 60 

I• 
I* ,. 
I* 

PROCEDURE (M,DJ,. OATJ 7D 
o=u• Mn w 

CH CHAqACTER I BC I, !>.H3 90 
I I ,11,N, Nl ,NZ I DA T3 100 
FIXED BINARY, !JAT3 110 
DIM) FLOAT BINAF<Y,. OH3 120 

N EQUAL THE NUMBER OF DATA POINTS PER ac COLUMNS OF A DATA 
CARD, 

ON ENOFILE I SVSINJ 
GO TO EXIT,. 
N =12, • 
Nl =l,. 
NZ ,,.N,. 

*/DA.T3 13C 
*IDAT3 140 
*/DAT3 150 
*/DA T3 160 

SlC •• 

DAT3 170 
DAT3 l8G 
DA T3 190 
DA T3 200 
OAT3 210 
DA T3 220 
1JA T3 230 
DA T3 Z40 
DAT3 250 
OA T3 260 
DAT3 270 
DAT3 280 
DA T3 290 
OAT3 300 
OH3 310 
DA T3 320 
DA T3 330 
DA T3 340 
OA T3 350 
DA T3 360 
DAT3 37C 
01\ T3 380 

IF M LE N2 
THEN NZ =M1. 
GET EDIT ICHI (A(BCIJ,. 
GET STRTNG (CHI EDIT llDllJ DO I= Nl TO N2lJ ((NIF(6,0)),. 
Nl =N2+1,. 
IFNlLEM 
THEN OD,. 

N2 =N2+N,. 
GO TrJ SIO,. 
ENO,. 

REVERT ENOFILE ·ISYSINJ,. 
RETUPN 1 • 

EXIT •• 
PUT FILE ISYSPRINT> EDIT l'ERROR INSUFFICIENT DATA') 

I SKI PC l) ,COLU~NllOl ,A) 1. 

STOP •• 
END,• /*ENO OF PROCEDURE OAT3 */DA T3 390 
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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 

_ (R) } n-rows 
K- s } m-rows 

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

(1) 

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): 

( CA) 1 n 
C = CP J m (2) 

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

CA1 = R.CA 
(3) 

CP1 = S.CA + CP 

and by iteration 

k 
c~ = R. c~-1 = R • CA 

CPk = S. C~-l + CPk-l 
(3) 

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 ik of R. 

O :s; r ik s; a< 1 for all i = 1, 2, ••• , n (4) 
k=l,2, ••• ,n 

and 

n 

L: rik s; a< 1 for all k = 1, 2, ••• , n 
i=l 

(5) 

This means Rk-+ 0 fork '-+ 00 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: 

n ' Ck-1 = (: ~r ' Co 

(6) 

Therefore: 

lim 
k ... 00 (~ 
lim 
k ... 00 

( 
k ' 

R k-l O _ 0 
S(I+ R+ ••• + R ) I) - ( T ~) 

defines the desired transition matrix T, which will 
give the final cost allocation with a single matrix 
multiplication: 

T =lim 
k ... 00 

k-1 -1 
S • (I+R+ ••• +R ) = S • (I-R) 

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

(7) 
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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 pror5ram, 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 depaitments is 
not limited by core size. 

Dynamic storage allocation is used for data ar­
rays with extent n+ 1 by n. 

One control card is required 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 =(~)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 F(lO, 8) is used for the ten-column 
fields. 

Deck setup is shown in Figure 38. 

,c===D=a::;talyast problem 
Control 

Card 

Data y 
,===='11--. First problem 

Control 
Cord 

Procedures and main program 

COST 

Figure 38, 

Sample 

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

HILBERT 4 

AAOl O. 341417430.247540110 • 2079163 lQ.18562 5310. l 71lq9560•16104686 
AA02 O. 170708710. 165026 720. 15593 7250. 1485002 00.142666220~ 13804018 
AA03 0.113805770.123770050."124749710.123750150.122285360 •. 12078517 
AA04 O. 08 5354320. 099016010. 10395812 0.106071590. l 06999690.10736459 
AAOS O. 068283430. 082513330. 089106970. 092812650. 095 110830. 09662812 
AA06 O. 056902890. 070725730. 077968590. 082~00.100. 085599720. 08704371 

AAOl 
AA02 
AA03 
AA04 

o. 048173910 .061885020. 069305410. 074250100. 0770 l 7910. 08052343 
o. 042677180. 055000910. 062314890. 06 7500050. 071333110. 07432 931 
o. 037935260. 0495 08000. 056704450. 061875090.065 845960. 06902003 
0. 034141730.0450 07280. 051979080. 05 7115480. 0611426 70. 06441'8 73 

Figure 39, 

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

10 

20 
30 
40 
50 
60 
70 

80 
90 

100 
110 
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Sample 

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

*** ***** ********** ************************** 
ALLOC,!!.TION OF OVERHE&.O COSTS 

******************************************** 
PR.O~LEH • HJLeERT 

MJM13EP. OF AUXILIARY DEPARTMENTS = 
NU"ldER OF PRODUCTIVE OEPAIHf.',ENTS "' 4 

RESULTANT ERROR INOICti.TOR WITHIN PROCEDURE HFG ERROR =O 

2.9081767RE-Ol. 2.89823l74E-Cl 2.fl8753211E-Cl 2o87737966E-M 2.86809385E-Ol 2o85970271E-Ol 

AAC2 2. 59Bl3845E-V 1 2. 596 761 sae-01 2. 5qso7656E-Cl 2. 59332657E-Ol 2. 5 1H 61770E-Ol 2. 58998632E-Ol 

2 • 34915495€-01 2 • 35311449€-01 2. ~c; 733 33C E-01 2. 3613C2 97E-O l 2. 364909C5E-CH 2 0 36814141 E-01 

?.. l4453995E-l'l 2.1519C649E-Cl 2. BOG6935E-C 1 2.16'199796E-Ol z. L 753907ZE-Ol 2. l8217134E-Ol 

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= 10 1 means successful factorization. 
ERROR= 1P 1 

ERROR= 181 

ERROR = 'C' 

ERROR= 'W' 

means incorrect value N. 
means incorrect data matrix R. 
(I-R) .is singular. 
means (I-R) is nearly singular. To 
avoidabreakdownofthe method, in­
put data has been slightly modified. 
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 sample program on a 
System/360 Model 40, using a 2540 Card Reader and 
a 1403 Printer, Model N2, as output, is 19 seconds .. 

COST.. COST lC 

1•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••1cosr 2c 
" N~U ~ 
I* ALLOCATION OF OVERHEAD COSTS */COST 40 
I* •/COST 50 
1•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••1cosr 6C 

PROCEDURE DPTIONS(MAJNJ,. COST 70 

DECLA~=ROR EXTERNAL CHARACTER<Llt l•ExrERNAL ERROR .INDlCATOR .,gg~~ :g 
CCNR,CHNFJ CHARACTERUOJ, COST lCO 
CH CHARACTER( 11, COST 110 
EPS BINARY FLOAT, COST 12C 
I I, INDrKrltMtNI COST 130 
BINARY FIXED1 • COST 140 

ON ENDfILE ISYSINJ GO TO BACK,. COST 150 
START.. . /*SET EPS FOR INTEli.NAL TEST FOP•/COST 160 

EPS =lE-6,. /*LOSS OF SIGNIFICANT DIGITS t/COST 170 
GET EDIT CIJST 180 

CCNR,N,MtCHl /*READ NUMSER OF COLUMNS, ROWS •/COST 190 
1AllOJ,Fl5J ,Fl5l1Xl59J,AllJJ,. COST 20C 

PUT EDIT /*\fRITE HEADING t/COST 210 
1 1 ********************************************'• COST 22C 
'* . *' t COST 23C 
'* ALLOCATION Of OVERHEAD COSTS *' 1 COST 240 
'* *' • COST 250 
'******************·*****************•********' 1 COST 26C 
IPAGE,SKIPt2J,(5JlXl30J,A,SKIPJJ,. COST 270 

PUT EDIT COST 280 
l 1 PROBLEK = 1 tCNR1 1 NUMBER OF AUXILIARY DEPARTMENTS • 1 ,N, COST 290 
1 NUMBEP OF PRODUCTIVE DEPAPTl"ENTS ='tMJ COST 300 
l SKIPl2 J tXI 30) ,A 1A1121 I SK IPl21 1Xl30I ,A,F(5) l It. COST 310 
BEG JN,. COST 320 
DECLARE cnsT 330 

IRIN1NJ ,SIN1ll t COST 340 
WlNJ DEFINED SllSUB,lJJ COST 35C' 
BINARY FLOAT, /*SINGLE PRECISION VERSION /•St/COST 360 

I* BINARY FLOATl53), !•DOUBLE PRECISION VERSION l•Dt/COST.370 
I PER C NJ CO ST 39C• 
BINARY FIXED,. COST 390 

IND •l,. /*CALCULATE VALUES FOR INPUT */COST 4N'I 
L =N,. !•FORMAT LIST •/COST 41C 

DO WHILE IL GT 6J,. COST 420 
L =L-61. COST 4"3C 
IND =IND+l,. /*IND' MEANS THE NUMBER OF CARDS*/COST 440 
END,. /*FOR ONE ROW OF R */COST• 450 
=l6-LJ•l01• /*L SPECIFIES HORIZONT. SPACING*/COST 460 
00 J •l TO Nt• /*EXECllTE LOOP OYER ROWS OF P: */COST 470 
GET EDIT /*READ I-TH ROW Of MATRIX R "'./COST 48C 

CCHNR,WJ COST 490 
IAl1C),(JNDHl6)FC10,BJ,X(20J)),. COST sec 

GET EDIT /*HORIZONTAL SPACING */COST 51C 
ICNRI COST 52C' 
CXIL1.AC101) 1 • COST 530 

W( lJ =hi J)-1.. /•COMPUTE TRANSPOSED (U-Rl */COST 540 
R(•,IJ=--Wt• /*WHERE U MEANS UNIT MATRIX */COST 550 
END,. COST 560 

CALL MFGC R1 I PER,NtEPSJ,. /•CALL FACTORIZATION PPOCEDURE */COST 570 
PUT EDIT /*WRITE ERROR INDICATOR OF MFG */COST SBO 

l'RESULTANT ERROR INDICATOR WITHIN PROCEDURE MFG 1 r COST 590 
'HFOI' =' 1ERROPllSKIP<3J1XClOJ1A1·XllO),A,AJ,. COST 600 
DO I =l TC M,. /•EXECUTE LOOP OVER ROWS OF S •/COST 610 
GET EDIT /•READ ANY ROW OF MATRIX S */COST 620 

ICH~R 1 WJ COST,630 
CAllCl1UNOllC6JFll018J,Xl20Jllt• COST 640· 

GET EDIT . COST 650 
( CNRI COST 660 
IXIL1 1AC1Cll,. COST 670 

IF ERROR NE 'S' COST 680' 
THEN oa,. !•PERFORM MATRIX DIVISION •ICOST.690 

CALL MDLGCR,S1IPERtN1l81 1 0 1 J,. 'COST 700 
PUT EDIT /*WRITE ALLOCATION ROW •/COST.710 

C CHNR, W) COST 72p 
c SKI Pl 2) ')(( 31 'A~ )((51rCINDIll61en7, 8), xc 181 >),. COST 7,30 

ENO,. COST 740 
ENO,. COST.750 

END 1 • COST 760 
GO TO START,. COSTJ770 

BAC~ND,. /•END OF PROCEDURE COST ,.,,gg~r-~:~ 
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