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ABSTRACT
This FORTRAN program is designed to generate vectors of data whose
components are distributed according to the multivariate normal distribution
function with a given mean vector and a given covariance matrix. The data
generated can be either printed on the output unit or punched on Hollerith

cards under program options.



GENERAL DESCRIPTION

The program requires the following specifications: the number of data
points to be punched (N); the number of components in each data point (M);
the printing and punching options; a mean vector having M components; and
an M by M upper triangular covariance matrix. The covariance matrix must
be positive-definite (Graybill 1969) or the program will abort with a
"'negative argument in square root function' erraor. In addition to printing
and/or punching the data, the estimated mean vector and estimated covariance
matrix are calculated. The method is that of Naylor et al. {1968). The

appendix contains program listing, sample data, and output.

DATA FORMAT

Cards Pescription Format
Card 1
Column 1-5 Number of components/data points I5
Column 6-10 Number of data points 15
Column 11-1% 5 digit odd number to initialize Ic
random number sequence 7
Card 2
Coltumn 1-3 "YES' if printed results are R3
desired, or else ""NO"
Column 4-6 : "YES" if punched results are R3
desired, or else ''NO'
Card 3 (Optional) format for punched
data cards, omit if no punched SA10
output is called for {card 2)
Card 4 Vector of means--continue on 3F10.0

second card if necessary



Cards Description Format

Card 5-5+N Covariance matrix. Upper triangular
portion only. First number on
each card is the diagonal term.
Start a new row on each card.

8r10.0

As many data sets as desired may be run at one time. End data deck

with #wo blank cards for proper system exit.

PROGRAM LIMITATIONS
There is no limitation to the number of data points that may be

generated; however, the appropriate page and punch limits must be included
in the system control cards if large amounts of printed and punched output
are expected. The program dimensions are set up for a maximum of a ten-
component data point. This can be modified by changing the dimension card
and also modifying the limit on the DO loop which is the first card after
statement 300. This DO loop initializes the sum and sum of square counters

to zero for each run.

PURPOSE AND APPLICATIONS

This program is designed to provide a test for statistical data analysis
procedures by providing a data set whose statistical characteristics are
exactly known. |t can be used for familiarizing a user with a particular
method of analysis, for testing a method of analysis for which the results
(estimates of parameters) are only approximate, or for determining the
robustness of statistical tests to failures of the data to meet the theoreti-
cal requirements of the test. For example, it can be used in a discriminant

analysis procedure to determine if the program can properly distinguish



_3_

between components and data which have different means, but are correlated

and have high variances.
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APPENDIX I

PROGRAM LISTING

PROGRAM N (3E ) (rwwur.nuluuquuMCHcYAPES=]NPUT-TAPE&:HU?PUT.
ITAPF 7=RiNCH)
TESTS THE MULTIVARKTATE NORMAL DEVIATE GENERATOR BY CALCULATING
AN FSTIMATE OF THf MEAN VECTOR AND .WARIANGCE-COVARTANCE MATRIX
M = NO, OF COMPOMENTS IN YWECTOR. o
N = NO. OF DATA POINTS TO. RE PRODUCED. :
IMIT = & DIGIT 00 Nyusbo T INTTYALYZE RANDOM SEDUENCE
PRT= 3RYES MEANS B IaT GCEMNERATFD DATA ON NUTPUT FILE
PUNZ 3RYES MEANS PUNCHM DENEHATED OATA ON UNIT 7
SUPPLY FORMAT FOR PUNCH CARDS I¥ PUNCHED OUTPUT REQUESTED
DIMENSTON V(lO.lO}.v€{10s103vx(lﬂ)clﬂU(lO)oKE(lQ)-FMT(a)
INTEGER PRT 4ruUN
1 READ (54100) eNe M T oPRRT ypum
100 FONMAT(3IIS/PkY)
IF (MJEN.0) GO N 9y
WRITE (6:200) MeNe INTT+PRT ¢ PUN
IF (PUNLEQ.3RYFES) READ {S+900) FMT
900 FORMAT(RARIOD)
Y 90 Izlal9
X{(1)y=0,
AMU(TY=0,
XE (1 y=u,
DN 90 J=lel0
Vileu)=0,
90 VF(le.})=0,
RFEAD (54300 (KMU{T)al=1em)
wWETITE (%e400) (XMU([)el=]le™)
300 FORMAT(10FK,.0)
DN B0 I=zla.mM
80 READ (54300) (VIiTeJ)eaz=]amM)
NN GG 12244
K=T=]
N0 S0 J=]eK
SN VIiTed)=vV{tel)
WRITEF (hennn)
DN 70 J=lem
TH ARTTE (~a70Y) (Y4Ta 1w t5) 41}
Can NeMIMIT (g e afr ] T4 1)
IF (PRT.EQ.IRYES) #ivlTs {Bek00)
XXX=TIMEF (0.}
DO 10 K=la.N
CALL NRM{X)
IF (PRTEN, Juyes) CHFTE (wne 700 (XL )Y et =) 44y
TE (PN _FR, WRYFS) RETE ([ eFMT) Cx(LL Y sl =] oM}
DD 1IN [=]4m
XKFE(T)=XE(1Y+X{T)
DO 10 12T em



10 VF(I-J)~VF(IoJ)+XKI)*XQJ} . S A
Ci=1,/N S
DO 20 [=z] 4
D9 20 J=ls4 :
ven.n~tvt~’tr.n-urnwxsu;mch;tigs-u._;_.
IF(TeGTad) VE(ToU)=VE(Us 1) 07,
20 CONTINUE :
DO 3N =]
AN XF(T)=aF (1121
WRITE (Ae1100G) (Ar {I)eT31em)
WRITF (Ae120U0)
O 40 T=slem
40 WRITE (Ay1300) (VE{To 1) e g=]) e My
KXX= (TIMEF(O)Y=xx%)
WRITE(AelGn) ¥k
an To |
89 STnp
200 FORMAT (1t TIYAS ) alv synsmd) fafA GENFRAT W 7
ISX e IS e aCOmPOnF YT NATA, Falhgt DATA POINTSH,
25X 150 IMITIxII/%ﬂ HORDOM SENGENCF & g
ASK S #PRIMT aw CRA/B A MPICH e #4R7)
400 FORMAT (/7% 4&A‘ VECTOR#/1GGLEZL5)
600 FOPMAT(//% COVARTANCE MATRIX = EXRPECTED®)
TOO FORMAT(® #10G12.5/ (% #12Xx+9G12.5))
BO0 FORMAT (//% IANDOM VECTORS®£/)
1100 FORMAT (/7% wEan yrOfow - ESTIMATED*//10612.5)
1200 FARMAT (//% COVARTACE 48TWTA FSTIMATED®)
1300 FORMAT(IOGLZ2.%) _
1400 FORMAT (/7 ELARSEY TINE = HeF R, (o MILLISECONDSH)
END
SURROUT INF NRMINTT (Lo alieMoidi}
DIYFNG [Ny (R GE T FIUTA NI RN T
COMMONMZE L Z0 (LD e 10} o7 (10) oK
K=h)
CAtt. RANSFT (M)
CALL MATSOR(VeCoNND)
DO 10 I=]eN
19 Z(11=x(71)
REYURN
ExD
SUBROUTINE MATSOR(VeConNy DM}
DIMENSION V(NnrM.wDIMDqC(NﬂIM'MQIMi
DN 30 J=laN
DN 30 [=1le7
C(Ts.))=n,
IF(I.!TIJj GU Ty 25
IFCH.MELLY BO TO >
CllaN=VITa 2} /7SART(VI1wl))
GO T 30 .
S IFtT.NF L B0 T (-
StwmP=q,
IK=1-}
K=




10

1S

21

25
30

In

1n

1n

SUM2=§UMB+Q§I-K)*C(I¢K)
K=k +] ¥ ‘
IF(KDF Iy 63 T 50

Clle ) =80T (Ve §}~SUMD)

GN TH 49

SimMPRN=zO,

IJ=0-1

K=]
SHMPROZQUMBLO 4N (T ok )40 (o ¥)
K=K+l

IF(KaLEa10) o0 19
C(I-J)z{V{I-J)-SUMUQﬂL/C(JcJ}
GNn TH in

C{T+.1)=0

CiomT Ty

Rt TilRe:

Enre

SUBROUT INF MR (%)

DIMENSTION ¥ ({1)eY (] i)
CDMMOM/LI/C(lDolu)-Z(lOlaw
N 10 1<l ew

AL R R SN S I I

CALL VYMULT (Y sTeta 410y

CAl L VAND(XeZ?7u4Kkora]N)

RETURMN '

Enn

SHRROUTINE UMl | (K ayasenyn))
DT aFrS TNy AN ax {nite ) e £ {0D)
DYIn T2

Z{T)y=a,

S Ia T TS (S
LUIYS7 0T )+ {00 (i 1)

RF T iern

F

SURROUTIME va ) v (x Yol utlacry)
DIMENS TN KAy o Y ANY) o 7 (21))
DO 10 [slen

ZLTYy=x(1)ev (I

RETLL

Fnify

FUNCTION GAUSs (x4}
X1=RANF (0, }

X2=RANF (0.) .
CI=SIN€6.2831%5“XI}*SQRT(-?.*ﬁLosixE}).
GAUSSzCI1#S 4+ x
RETIRN

END
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SANPLE OUTPUT

MULTIVAGTATE #0948 0A14a GE up i T
TATA BOIMTS

S=COM2ONEN] DATA, Eii

2396Y INTTIA T/F5 HANON SEMIFNCE

PRINT == 0. G e
PUNCH == NO K

MEAN VECTNR
30,100 30,00 K1V I PRFR

COVARTANCE MATRIX - FXPECTED

5.0000 240009 1.00090
2.0000 4,076 l.5oan
1.0000 1,000 4,00
0. Jeo e
0. 0, - 0,

MEAM VFCTNAR - ESTUaATE

29,74 29 a9 T P4 RN

COVARIANCE MATRIX - FSTIMATED

S.4R36 1 9Ra5 «HTIT
1.96“5 “.}IQ(.‘ cqi."’:j"‘f"!
£ 91977 . 99 3H~ 249331

2 29854F =01 2OIRGLEA0] L4910} E~u])

«111399 - 15805602 w1944

ELAPSED TIMF = 22, ML TSECONDS

g

s R e
PP i

30,000

L

Je

O.
Ce0000

0,024

0293545-0!
2BARG2F ()
cﬁﬂlﬂlE%ﬂl”

30.000

Q.

i) .

{1,

}a
i0,000

30.100

e 11399
-~ 1SBROBF =02
- 19‘&‘1&2 .
‘.?60‘7&'0(
Do J24



MULTTVARTATE NGRMAL - aT4 GERIE QAT

3I=COMBONENT AT A 1 3aTa &0IMTs

ST1001 IMITIAL 17F4 SANDIYR S E QU NCE
PRINT == YES ‘ .
PUNCH =« NO

MEAN VECTAR
0. 0. G

COVARIANCF 4ATR[X =~ FARECTEN

1.000n0 0 Ue
0. J.000n e
0. iy la“ﬁﬂu

RANDNAM VECTNRS

«6043KF =01 « 37351 AP I AE T
~,128485 ~o 741l s X397
«1403) ~1.1227 54K E-G]
«B2486 -.40845] -+ 9568549
w e 62405 -,33310 “SLAT
~«5N320 =] o 3" st ad ]
-+ 3R51R SUTTIF=O] =401
1.199] 1.42¢1 o 15919
-1.3135 1.%4?6 -.857ﬁ%
1.2198 A1l 6494 «13794

MEAN VECT(R - ESTT a7y

W85986F-01 L1015 .. 29543

COVARTANCFE “4ATRTA = Fo[fmate

« 67948 1977 ol ttiia
. 214877 1.2191 - Y
«190472 -+ 23354 LY.

ELAPSED TIMF = Sl MLLT TSECONDS
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MULTTIVALTATF NOX9AL NATA OF N A e

S=COMBONENT AT, Yud NATa SGINTS
53679 IMITIALIZFS Basnn. SRR
PRINT -~ YES , : . : e

PUNCH == NO

MEAM VECTOW .
10,000 AG.N00 12,000 A.000 D

COVARIANCE MATRIX = EXPECTER

4.0000 3.6000 1.8600 Oa . Je
3.500n0 s, nnnn L, 600, e i)
1.8000 3 000 g e i)
0. ‘7}. ' '). '*.”000 U.
0. 0 g, e 4,00010

RANDOM yEC T ey

10.000 20 .244 13,060 13,223 b eBER2
9.040% 13,023 9,493724 17.91% «+ 21856
11,2318 2N,.817 iv.222 17.936 34224
8,9294 g s Fiues ZiaT1H 922603
9.7495 17,94 B84 22,5438 - 2.31¢8
10,990 19.5un Py Yy LB, 959 B0847
14,467 24,1135 15,716 20 ,25%9 ~1,0674
12,217 22 907 14,041 23,108 ~1,2427
. B,0610 19,979 12,4496 17,137 « 34907
99,9424 AU e A, 09 Al auad 1,364
7.7710 18, 2H I R TN Sl 180 o fa?3(
11,897 EP bl 15,144 24,326 80855
T.2722 17,911 11,544 19,8% «BOOTS
11.699 PR, 264 16,224 21,436 - 22649
12,054 21 R4 15,534 21.379 ~1.8562
11,1 34 PALINE IY| berguas 29,299 2 aHash
6,OBHO 17,17/ T i I8, 18K -.23959
6,9913 17,41 17,231 15,277 . 248350
6.4370 16,559 1,36y 20,570 ~aB219 =01
B,1990n 18,634 15,4633 224173 -~ 2B8E9
T7.4608 16,821 L AL B4n9 23,847 24729
10.972 2leuri 19,402 11,330 l.uetin
12,034 Pl Tl. 36 23,38 ~]1 906K
In,66A 19,544 LI I | 18,378 -7 704
12,797 22,523 9.9331 . 20,825 -3,0232

7.A8/9 16,54 T, 528 23,038 l1.1483



10,366
11,03A
A.,a188
B,1582p
B,.559)
8,455
7.1994
6. R26,
8,289
11,3409
99,9937
11,428
11.378
9,904
6204
baB27 1
11.80%
10 ,85)
9.1285
T.1267
11.403
13T
. 9.7524

9.h012
14,764

%09
P I B
la, )7
1?-1:_)’-{
18,641
IR, 6H]
18,420
15, 390
17 afm
2433
19,4803
2N,.G1k
21,7265
A0,y
16,200
17.uﬁf
2l 0
19.i~4
19, 3m]
Y7147
Fod AR SR
Elazy
24,821
19,594
14,100
AU S
24,570
20.005
22.7647
2n.401
22.2217
19,52
TR,1nd
2l ghr}
23.,31%
22,719
23.21¢4
216 I
2 I

17.515
17.671
21.505.

19,802
elalad
Altanm?
19, 60n
22.204
16,571

10,094
17, dyn
T3R5

Tedtas5z

14,106
9.5009
14,343
A, kg
114057
124547
10,081
1”-5“0
FD o290
e
14,43y
PoETE
b 22
E PRI F TN
4 Ndhg
Pl M0
Y, NT7Re

AT .72

17,248%
13,626
il.1%4
bse 375
15,114
lu.i24
fa,018
10'21g
12.293
Ta,440
b gAY
1305“;
ta,714
18,998
15,34}
13,357
13,547
Heti Tow

,»1&%3?7
T 184394
AR, 220

1241545
T.2030

124316

18,285
14,029

20,3757

la.n7i
17,1797
2R 795
148,781
é1,856

L&oa8% .

fl.i2?
14,546
18,865
25,06]
214504
20,623
20,083
L, 125
23,8131
£72495%5
Lol Y S
a0l
1u,103
9,027
Clalnhy
17,48]

’ 22-?“0
19,421

23,213
cly9le

- 484706

14,2358
20.925
17.709
23,547
2} ovau
EU.H78
13,886

19,394

24990
14,973
i=,.170

Ana.283.
31&?8#

%33#?9?%_

f&atsal?r

179,048
17,221

40,779
.iﬁal3ﬁ,'
1#,912 -

 2.3384

Io3964
-1.7069
1.7553
€.2629
”026838

~e 1BOBOF-(}

deabnke
eHE&B33
~anTHSA
- 36536
«B740n0
-1, 7008
-1.2#42
~3.2 394
-l M3
“]l . uébn
1.0666
-+« {(1897
~ea2140
€a5201
lebn75
20300
« 76845
« 38464
«59204
£.,4535

e 2B L06.,

L] 335‘5?\
‘103@34
4,4285
v UY-1v
-l.1900

-~ 78790£-01

« 30587
«8BHIH2
«HB266
23074
16237
Lo TYR
«59776
-3‘788
1.3434
“.10“11
«81302
- G2HI2
2.3115
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A,181% eH,1735% La,n97 194035 7 ~,4825y
11.04% 20,774 P 2137 -1,117a
7.9%87> TR, 2 11 gairm JA 792 1.1537
12.597 P P 16egnl] . clabald | S =a39978
13.096 24 ,46h0 13,447 21.703 1.0295
5.3873 1a,249 5.0015 19,089 =-3.570¢
11.55% P IPRE T 1 4,404 19,996 2 Hu37
11,825 22,7273 by v, 2020 -4 a1237
8,084? 17.8“1 .i.??.j.l la:?ﬁf‘ 109054
11.13s 23,034 17.H6164 b7.631 -1,71¢61
10,768 21 .69 15,962 25,051 ~2,2595
12.321 23,874 14,790 20 257 -~ &(3918=0}
9,4K721] 2,331 13, b9 19,677 Zeléch
10,140 19, 0 9, Paiy 1,1k =1 han}
10,321 P Py | 24 28 174631 -ca b iB9
9. 1844 19,%y0 124314 19,480 63152
11.162 2N, 115 13,4934 22,331 «3,630%
9,999} 19,927 13,004 24,0737 + 36132
R, 47K7 18 ,449] F3,heh 2,131 442771
9, 4944 2, lus o ,.oul 2U L HGh ~+36u01
9.0794 19,14/ L 3,094 224746 T W 2ab9TE-01
12,574 21.R%4 AL 327 13,966 1,146]
5.7213 TR 4nin 11,414 1%.200 21220
103494 19.3‘31 lU.é@c” 20.“‘1“ -i.étil(:-
17.107 PPy 2l =7 19,537 2o 3260

MEAN VECTOR = EQTIMATFD

10.091 20134 12.7223 20,312 LHIBSSE 0

COVARIAMCE MATRTX - LRTIMATE D

44,2153 L1077 FNATES « 117207 « 2517 34

4, 1077 “+ o B30r e el R dDlASY «la32e
2.7991 4 .5%4 .2721 BR3P al] « HT74S2F-01]
71707 Bl RNy RPN RT TR B R AN O JPN - 27320

« 25734 I FAR M —eHlunlr -]l ~-,27320 3.0608

e

ELABSED TIMF = AT0, MILLISECONDS



	IBP92_Page_01.tif
	IBP92_Page_02.tif
	IBP92_Page_03.tif
	IBP92_Page_04.tif
	IBP92_Page_05.tif
	IBP92_Page_06.tif
	IBP92_Page_07.tif
	IBP92_Page_08.tif
	IBP92_Page_09.tif
	IBP92_Page_10.tif
	IBP92_Page_11.tif
	IBP92_Page_12.tif
	IBP92_Page_13.tif
	IBP92_Page_14.tif
	IBP92_Page_15.tif
	IBP92_Page_16.tif

