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SUMMARY

This paper presentsa computer program for maximum likelihood and
Bayesian estimation of'the vector p of multinomial cell probabilities
from incomplete data . Also 1ﬁéﬁud;d'is coding to‘ca]cu1ate exact and
approximate elements bf the posterior mean and covariance matrices.

The program is written in FORTRAN IV language for the Control Data
CYBER 170 series digital computer system with network operating system
" (NOS) 1.1. The program requires approximately 44000 octal locations

of core storage. A typical case requires from 72 seconds to 92 seconds
on CYBER 175 depending on the value of the prior parameter.
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DESCRIPTION

This paper describes the main computer program used in reference
1 for estimating the vector p of multinomial cell probabilities from
incomplete data. The data is incomplete in that it contains partially
classified observations. Each such partially classified observation is
observed to fall in one of two or more selected categories but is not
classified further. The estimation criterion is minimization of risk
for quadratic loss L(p-p) = (p-p)*(p-p) for p an estimator of p.

In addition, elements of the posterior mean and covariance matrices
are calculated exactly and approximately. A Taylor-series function is
used to approximate the posterior covariance matrix. A Taylor-series
function, the maximum-likelihood estimate, and the posterior mode are
used to approximate the posterior mean. -

Monte-Carlo simulation studies are performed for small- and medium-
size samples to assess ’

(1) which of the maximum-likelihood estimate, posterior mode, and
Taylor-series approximate posterior mean best minimizes risk
for specified values of p;

(2) how well each of these functions approximates the exact pos-

' terior mean; and

(3) how well a Taylor-series function approximates elements of
the posterior covariance matrix. ’

Samples are of size 25 and 50, percentage of incomplete data varies
around 15 and 40, and probabilities range from the center of the prob-
ability simplex P2 to one of its corners. Probabilities equal the means
of the prior distributions for varying parameters or are randomly gen-
erated from these distributions. An exploratory robustness study is
conducted by using the correct prior, a uniform prior, and a perturbed
prior in the Bayesian estimators. The iterative algorithm of Dempster,
Laird, and Rubin (ref. 2) is used to evaluate all three estimators.
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Other discussion, analysis, and results are given in reference 1. | .
Included in the discussion in reference 1 are descriptions of
pseudorandom-number generators for the Dirichlet, uniform, and trinomial -
distributions. Also given are tree diagrams (figs. 5.1 - 5.3 of ref. 1)
that illustrate the flow of the computer program.

The computer used is a Control Data Corporation (CDC) CYBER 170
series digital computer system with network operating system (NOS) 1.1.
This computer operates with a 60-bit word and single-precision accuracy
of about 14.5 significant figures. The programing language is FORTRAN
Extended, Version 4.6. The program requires approximately 44000 octal
locations of core storage. A typical case requires from 72 seconds to
92 seconds depending on the prior parameter. ‘

A 1isting of the main computer program is given in the third sec-

tion. An index precedes the listing. Symbols are defined in the list-

ing. Note that the program is written for DESIGN 2 of reference 1 but
can be modified to be DESIGN 1 of reference 1 by deleting the Dirichlet-
generation level and changing the dimensioning of the QLMSIJ matrix.
DESIGN 1 has a fixed-effects model constituting full factorials (4x22x3)
having four 1eve1s* and two replications per cell. DESIGN 2 has a
mixed-effects model constituting nested factorials (4-10x22x3) having
four Tevels and two replications per cell within each of four variations

—~———— — —of _the prior parameter v. The ten generations of the Dirichlet prob-

ability p in DESIGN 2 are considered random; the remaining factors are =
considered fixed.

*1eve1 1: four Dirichlet probabilities p
level 2: two sample sizes i
Tevel 3: two percentages of incomplete data
level 4: three estimators




To run a case, any necesséry-changes are made to the following
Tines in MAIN

XNU1
XNU2

IP
SEED

In addition, the éubroutine GAM, which is a function of the prior
parameter v (NU), and the Hollerith labels

DATA ALABEL/10HA. NU = (,10H0.1,0.1,9.,10H8). /
DATA TLABEL/1OHTABLE 7.1 /

are changed as needed. For values of y that are less than 10, GAM(y+1)
is calculated from the relationship GAM(y+1) = y GAM(y) and a starting -
value. For-y an integer, the starting value is GAM(2) =1 and for

y = x 1/3, for x an integer, the starting value is GAM(3 1/3) =
2.7781584804296. For y greater than or equal to 10, Stirling's formula
is used to approximate the gamma function to 11 significant figures of
accuracy.

Because a MODIFY system (ref. 3) is used to maintain the program
on a permanent file, a new case is easier to make by changing lines of
code rather than reading data cards. Outputs consist of printouts and
tapes. Some tapes are directly used as tables. Tapes are also usually
input to canned programs for calculating analyses of variance and to a
program for summing biases or mean squared error over replication, sam-
ple size, percentage of incomplete data, and/or generated Dirichlet
probability.

Subroutines URAN, URANV, and MATINV shown in the cdding are from
the NASA, Langley Research Center, mathematics computer library. They
are described in Appendices A, B, and C, respectively. Subroutine URAN



4
gives a single uniform random number according to the algorithm describ-
ed in Appendix A. Subroutine URANV gives a vector of uniform random
numbers from URAN. Subroutine MATINV solves a system of simultaneous
linear equations.

In addition, other computer programs not given in the listing have
been written. Among these are programs to test the gamma, Dirichlet,
trinomial, and uniform pseudorandom-number generators; to calculate
analyses of variance; and to sum mean squared errors and biases over
one or more of replication, percentage of incomplete data, sample size,

_and generated Dirichlet probability. The sums have been used for plots
in reference 1. Note that a number of subroutines from IMSL (Interna-
tional Mathematical and Statistical Libraries, Inc.; ref. 4) have been
used in calculating the ana]yses-of variance.




NAME

MAIN
GAMMA
GENXZ

EPM

GAM

METHODS

COUNTS

ESTMSE

KTITER

SUMMARY

BESTEST

INDEX OF COMPUTER PROGRAM

USAGE

main program

subroutine to generate a gamma random variable
subroutine to generate trinomial complete (5) and
incomplete (z) data; also calculates complete-data
maximum-1ikelihood estimate

subroutine to calculate exact posterior mean and

" covariance matrices

subroutine to evaluate the Gamma function by exact
values or Stirling's approximation; note that this
subroutine differs for each of the four different
values of the prior parameter v=NU {only the sub-
routine for v=(0.1,0.1,9.8) 1is shown)

subroutine to calculate the Taylor-series approxima-
tions APM and APC for the posterior mean and covar-
iance matrices; also calculates the posterior mode
PMD and the maximum-likelihood estimate MLE from in-
complete data

subroutine for covariance approximations and complete-
data maximum-likelihood estimate to count the number
of the 200 trinomial simulation trials that have nega-
tive, zero, and positive error and that have absolute
relative difference less than certain percentages

subroutine to calculate the usual, control-variate,
and regression estimates of mean squared error and
their sample variances

subroutine to increment counters for averaging the
number of iterations an estimator requires and for
determining how many of the 200 trinomial simulations
an estimator requires a specified number of iterations

subroutine to calculate Tukey's five-point data sum-
mary: median, hinges, and extremes

by two different criteria (summed absolute relative
difference and summed squared error), subroutine de-
termines which estimator is best for a given one of
the 200 trinomial simulations; also includes a section
corresponding to COUNTS for the estimators APM, PMD,
and MLE
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_LISTING OF COMPUTER PROGRAM. . e

PROGRAM MAINCINPUTSOUTPUT,TAPES, TAPEL2)

"PROGRAMED BY KAREN RACKLEY CREDEURy SPRING 19775 CDC 6600,
FORTRAN EXTENDED VERSION 4.65 NASAs LANGLEY RESEARCH CENTER

INTEGER COVSKIP

REAL MSE(6»7)

DIMENSION BESTQL(45»2,3),CTSEQL(3)

DIMENSION R(2,752)» TUKEY({10)»UU(50)

DIMENSION OLHSI(Z!Z;Z)nOLHSZ(ZnZ’Z)leHS3(Z!292)lOLHSk(Z.Z»Z’

DIMENSION QLMSS5(25252)9QLMS6(29292)9EBTAS1029292)sEBTIAS2(25252)

DIMENSION EBIAS3(29292)9EMS1(25252)9ENS2(20292)19EMS3(2s252)

DIMENSION QLMS11(10,252),QLMS12(105252)5QLMS521(1052,2)

DIMENSION QLMS31(10,25,2)5QLMS532(105252)5QLMS221105252)

DIMENSION QULMS41(105252)»QLMS42(1095252)50LMS51(109252)

DIMENSION QLMS61(109252),QLMS62(109252)sQLMS52(109252)

DIMENSION T11(252»s11)9T12(25251105T21(252511)5T22(252511)

OIMENSION T31(€(25,2511)5732(252511)5T41(252511)»T42(252511)

DIMENSION TSl(Zanll)9T52(2:Z:11)’TOI(ZQZ’IIl,TbZ(Z’Zpll)

DIMENSION ALABEL(3)»TLABEL(1) ’ R
COMMON 05?(3)3)900L(4:3)’E(6-3ltIROBUSToNTS’Pl'PZpP3’TPID
COMMON/BEST/BESTEP(3,52)) CTROEP’CTRDQL(3);PRDEP(993)’PRDQL(9D7]9$BI
IASEP(353)»SBIASQL 3, T)

COMMON/BIASRD/COUNTB(358)sCOUNTRD(8,8}
COHHONICALEST/APHCIIoAPHClZoAPHCZZ;CUNVCRI;COVSK!P’DHLCI’OHLCZ’DHL
1C3sDPIDSEAPMCL1oEAPMCL2, EAPMC22,EPMC119EPMC12,EPMC22, ISTOPSNLI2,)N13
29N23,PIDsPHMLCLsPMLC2sPMLC3pSSsSSNp TIMAP, TIMEP TIM(2)» TIM21,TIM31,X
3NULs XNU2s XNU39»Z192292352125213s2235Z1INs»2Z2Ns2Z3N
COMMON/ITKT/Z/AVNUMIT(6),CTNUMIT(6,10)

EQUIVALENCE (EC(151)sPEPML)»(E(Ls2)oPEPM2)s(E(1s3)ePEPNHI)
EQUIVALENCE (E(221)sPMLEL}S(E(252)9PMLE2)p (E(223)» PMLES)
_EQUIVALENCE (E(3,1)»PPMDYI),(E(3,2)5PPMD2)s (E(3,3)»PPMD3)
EQUIVALENCE (E(4s1)oPAPMYIS(E(452)9PAPM2 Y (EC4»3 Do PAPMI) — — ———— —
EQUIVALENCE (DEP(1l51)sEMLL)s (DEP(1s2)5EML2)» (DEP(1,3),EML3)
EQUIVALENCE (DEP(251)sEPMDY)y (DEP(252)9EPMD2)s (DEP{(253),EPMD3)
EQUIVALENCE (DEP(351),EAPMN1)s (DEP(392)5EAPMN2)s (DEP(353)yEAPMN3)

EQUIVALENCE (DQLC1,1)sDEPMN1I)»(DQL(152)sDEPMN2), (DQL(153),DEPMN3)
. EQUIVALENCE (DOQL(2,1)sDML1)» (DQL(252)50ML2), (DQL(2,3),DML3)

EQUIVALENCE (DQL(3,1)9s0PMD1), (DQL(3,2),0PMD2)y (DQL(353),0PMD3)
EQUIVALENCE (DQL(4»1)sDAPMNL)» (DQL(422)sDAPMN2)2(DQL(493)»DAPMN3)

DATA ALABEL/10HA. NU ® (»,10H0.150+1594.510H8) ’
DATA TLABEL/1OHTABLE 7.1 /
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CONVCRI RELATIVE-ERROR CONVERGENCE CRITERION (USUALLY 0.0001)

4 - DENOTESs IN THE FOLLOWING ORDER, ONE OF THE EXPECTED PwsS

(e0196015.98)9(elselreBlsla20e3505)9 AND (1/3517351/3)
NSS INTEGER SS

NXZ ~ NUMBER OF TRINOMIAL (X AND Z DATA) SIMULATIONS
PAPMI I-TH T.S. APPROXIMATED POSTERIOR MEAN

PEPMI I-TH EXACT POSTERIOR MEAN

Pl - I=-TH GENERATED P

P10 PERCENTAGE OF INCOMPLETE DATA

PHLCI I~TH COMPLETE M.L.E.

PMLEL I-TH INCOMPLETE-DATA M.L.E.

PPMDI I-TH POSTERIOR MODE

sS SAMPLE SIZE

SSN $S ¢+ SUM OF PRIOR PARAMETERS XNUI .
XNU VECTOR OF PRIOR PARAMETERS XNU={XNU1l,XNU2s XNU3)
13 NUMBER OF OBSERVATIONS FALLING IN CATEGORY I

2 NUMBER OF OBSERVATIONS SUCH THAT EACH DBSERVATION IS
. KNOWN TO FALL IN ONE OF CATEGDRIES I AND J BUT IS NOT
FURTHER CLASSIFIED
ZIN LI+XNUL

XNUl=0,.1
XNU2=0.1
1Ps2 . ;
SEED®24158739. i

'GSEEDSSEED+100. _ . . .

INITIALIZE ONE-~DIMENSIONAL FORM OF UNIFORM RANDOM=NUMBER
GENERATOR FOR GENERATING GAMMA RANDOM VARIABLES

UNsURANCGSEED)

PRINT 4, GSEEDsUN
XNU3210.=XNU1=XNU2
XNUeXNU1+XNU2+XNU3

GENERATE A 3-COMPONENT (2-DIM) VECTOR OF DIRICHLETYT PROBABILITIES

D0 9910 IGEN=1,10
GlesGAMMA(XNUL)
G2=GAMMA(XNU2)
G3=GAMMA(XNU3)
GeGl+4G2+G3
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Pl=Gl/6G

p2=G2/6G

P3sl,~Ple=pP2

IF (P3=1.) 75755

PRINT 3, XNULoXNU29s XNU3s XNU» IPsPLsP2oP3sPIDsNSS»NXZsCONVCRIE

PRINTY &

FORMAT(* P3 IS NEGATIVE., REGENERATE DIRICHLET.*7777)

GO 10 2

PID=0.15

NS§S=25

NXZ=200

CONVCRI=0.0001

KASEe=O

IP1Dsl

ISS=1

IPRINT=0

SEEDeSEEDe2.,

PRINT 3, XNU1»XNU2sXNU3, XNUsIP»P1sP2sP3,PIDsNSSsNXZyCONVCRI
FORMAT(L1H1s* XNUl=#F6,3% XNU22%F6,3 XNU3e*Fb6,3% XNUs*F6.2% [Pee]2
1% PlusFh 4% P2s#F5,4% P3usFb, 4% PIDskF4, 2% NSS"I3‘ NXZ“I3‘ CONVC

2RI=*F7,57¢)

INITIALIZE VECTOR FORM OF UNIFORM RANQOH-NUHBER GENERATOR

CALL URANV(SEED,1»UN)

PRINT 4» SEEDsUN _ 4
FORMAT(® SEED GIVEN URANV IS#E23.14*% SEED TRANSFORMED BY URAN FRO
1M THIS SEED IS#*E23.14//) ) :
SSeNSS . o g s

SSNeSS+XNU . : -

D0 95 NREPLIC=1,2

NUMXZsNXZR1sNXZR2sNCOVaNXZ
1ST0P=0
COVSKIP=0

. AVTPID=AVDPID=0. '

27

INITIALIZE COUNTERS FOR X% RELATIVE DIFFERENCE AND SIGN OF BIAS

00 28 I=1,9
D0 27 J=1,7
PROQL(IsJ)=0.
CONTINUE
SBIASEP(I)=0.
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CONTINUE

D0 29 1=1,21

SBIASOL{I)=0,

CONTINUE

00 30 I=1,27

PROEP(I)=0.

CONTINUE

CTRDEP=CTRDQL (1)=CTROOL{2)=CTRDQAL(3) =0,

XNITIALIZE-CDUNTEﬁS FOR NUMBER OF ITERATIONS FOR CONVERGENCE

00 40 Ile1,6

AVNUMIT(I1) =0,

D0 39 12e1,7

CTNUMIT(I1,I2)=0,
CTINUMIT(I1,8)eCTNUMIT(IL»9)=CTNUNIT(I1,10)=0,
CONTINUE

TIN(1)=TIMN(2)=TINEPsTIMAPSO,

00 42 J=1,2
BESTEP(1,J)=BESTQL(1,»Js1)=BESTOL(1s»J»2)=BESTOL(1sJs»3)=0,

. BESTEP(25J)®BESTQL(25sJ»1)eBESTAL(25J52)=BESTQAL(2»353)80,

42

43
45

BESTEP(3,4)BESTQL(35Js1)=BESTQL(35»J»2)=BESTQL(3,J»3)=0.
BESTQL(49J»1)=BESTQL{4»Js2)°BESTQAL(49ds»3)e0,
CONTINUE

INITIALIZE COUNTERS FOR BTAS AND RELATIVE DIFFERENCES

D0 45 K2e1,8

D0 44 Klel,8
COUNTRD(K15K2)e0,
IF (K1-3) 43,43,44
COUNTB(K1sK2) =0,
CONTINUE

CONTINUE

INITIALIZE AVERAGES AND ERROR SUMMARIES TO ZERD

AVERAGE ESTIMATORS AND THEIR STANDARD ERRORS (SeEe)

APMLEL= APEPMl= APAPMl= APPMDls APMLCl= AP1e0,
XAPMLELsXAPEPM1=XAPAPM1eXAPPMD1sXAPMLCl=XAP1e0Q,
_APMLE2= APEPM2= APAPM2= APPMD2s APMLC2= AP2s0.

XAPMLEZ2=XAPEPM2oXAPAPMZ=XAPPHD2uXAPNLC22XAP2=0,
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. AVPMN1=aAVPMN2=AQPMN1=AQPMN2=AQPMD1=AQPMD2:0.
AFPHMN1ISAFPMN2=AGPMN1*AGPMN2= PGMDle PGMD20.

AV BIAS, MSEs, € VAR(MSE) OF ESTIMATORS FROM EXACT POSTERIOR MEAN
XAPHMNL=XAPMN2=2XAPMNSG*XAPMNSQe0,
- XPMD1 sXPMD2 =XPMD4& =XPMDSQ =0,
XML1 eXML2 =XML4 eXMLSQ =0,
AV BIAS» MSEs & VAR(MSE) OF ESTIMATORS FROM GIVEN OR GENERATED P

. YEPMN]L =YAPMN] sYPMO1l =YML1 sYMLCL sVAPMN]L =QAPMN1 =QPMD1 =0,
YEPMN2 eYAPMN2 =YPMD2 =YNL2 eYMLC2 esVAPMN2 =QAPMNZ =QPMD2 =0,

- YEPMN&G =YAPMN&L =sYPMD4 =YML& sVAPMN4 =QAPMN4& =QPMD4 =0,
. YEPNSQ =YAPMSQ sYPMDSQevYMLSQ sVAPMSQ =QAPMSQ =QPMDSQe=0,
REGAPMOSREGPMDO*REGEPMOeREGMLOs REGMLCO=YMLC20+=0.
-~ REGAPM1=REGPMD2= . REGMLC1sYMLC21=0,
REGAPN2s= REGMLC2=YMLC22+=0,

INITIALIZE FOR S.E. OF AVERAGE BIAS

WAPMNL=WPMDLl=wWwML 1® . WAPHMN2=WPMD2Z=WML 20,
UNLC1eUEPMNL1=UAPMNL*YUPMD1eUMLLIoFAPMNL=GAPMN1=GPMD1=0,
UMLC2sUEPMN2sUAPMN2osUPMD2oUML2eFAPMN28GAPMN2=GPMD20,

EST AVERAGEs BIASy S.Ees» AV X REL DIFF, & MSE FOR COV EST FROM EP

AEPMC11=AAPMC11=BAPMC11=Cl1IMSE=VC11IMSE=APRDCL11=0,
AEPMC12=AAPMC122BAPMC120C12MSE®VC12MSE=APRDC120,
AEPMC22=AAPMC22=BAPMC22eC22MSE=VC22MSE=APRDC22=0,
A2EPCl1=A2EPC122A2EPC22«VARMSE=D.
AZ2APC11sAZAPC12=A2APC22e VARG4®0,

GENERATE NUMXZ SETS OF TRINOMIAL DATAs CALCULATE ESTIMATORS, AND
COMPARE THEM AS APPROXIMATIONS FOR THE EXACT POSTERIOR MEAN.
ALSO ASSESS HOW WELL THE T.S. APPROXIMATION DOES FOR THE EXACT
POSTERIOR COVARIANCE MATRIX. COMPARE ESTIMATORS WITH GENERATED
P AND DO EXPLORATORY ROBUSTNESS STUDY '

D0 65 NT=1,NXZ
NTSeNT
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GENERATE MULTINOMIAL COMPLETE DATA X AND INCOMPLETE DATA 2
CALCULATE COMPLETE~DATA MAXIMUM LIKELIHOOD ESTIMATE

CALL GENXZ(UUsNSS)
If (ISTOP=~1) 465,58,58

CALCULATE EXACT POSTERIOR MEAN

CALL EPM ,

FOR INCOMPLETE DATA Zs CALCULATE MAXIMUM=LIKELIHOOD ESTIMATE,
POSTERIOR MODE, AND TAYLOR-SERIES APPROXIMATED POSTERIOR MEAN
AND TAYLOR-SERIES APPROXIMATED POSTERIOR COVARIANCE MATRICES
CALL METHODS '

IF (ISTOP=1) 49558,58

AVERAGE ESTIMATORS

APMLEL=APMLEL+PMLEL

APMLE2=APMLE24+PMLE2

APEPM1eAPEPML+PEPNL

APEPM2APEPM24PEPN2

APAPM1=APAPM1+PAPML :
APAPM2eAPAPM24PAPN2. - . .

. APPMO1eAPPMDL+PPMD]

APPMD2eAPPMD2+PPHD2
APMLCleAPMLC14PMLCY
APMLC2wAPMLC24PMLC2
APleAP1l+P1 )
AP2=AP24P2

TO CALCULATE S.E. OF AVERAGE ESTIMATORS (WANT S.E. SMALL RELATIVE
TO DIFFERENCE BETWEEN AVERAGE BIAS)

XAPMLEL=XAPMLEL+PMLEL*PMLE]L
XAPMLE2oXAPHLE2+PMLE2¢PMLE2

. XAPEPM1sXAPEPML+PEPML*PEPN]

XAPEPM2eXAPEPM2+PEPM2¢PEPM2
XAPAPMLeXAPAPNL1+PAPMLS®PAPML

- XAPAPM2=XAPAPM2+PAPM2¢PAPM2

XAPPMD1=XAPPMD1+PPHD1*PPMDL
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XAPPMD2oXAPPMD2+PPHD2¢PPMD2 -
XAPMLC1=XAPMLCL1+PMLC1¢PMLC]

- XAPMLC2sXAPMLC2+PMLC2¢PNLC2

XAPleXAPl+P1¢P]
XAP2eXAP24P2%P2

DIFFERENCES OF ESTIMATORS FROM EXACT POSTERIOR MEAN

BIAS OF T.S. APPROX POSTERIOR MEAN FROM EXACT POSTERIDR MEAN
XAPNN1oXAPMNL+EAPMN]

XAPMN2eXAPMN24EAPMN2
XXAPMNSEAPMNISEAPMNL4EAPMN2®EAPMN2+EAPNNI#EAPNN3

MEAN SQUARE ERROR OF T.S. APN FROM EXACT POSTERIOR MEAN
XAPMNSQ=XAPHNSQ+XXAPHN . ‘

FOR VARIANCE OF MEAN SQUARE ERROR
xtpnnaoxnPnne’xinpnutxxAPnN

BIAS DF POSTERIOR MODE FROM EXACT POSTERIOR MEAN

XPMD1sxPMD1+EPMD1

. XPMD2=XPMD2+EPMD2

XXPHD=EPHD1SEPHD+EPHD2SEPHD2 +EPHD3SEPHD3

MEAN SQUARE ERROR OF POSTERIOR MODE FROM EXACT POSTERIOR MEAN
XPMDSQ=XPMDSQ+XXPND

FOR VARIANCE OF MEAN SQUARE ERROR
XPMD&eXPMO4+XXPHD*XXPHD

BIAS OF MLE FROM EXACT POSTERIOR MEAN (INCOMPLETE DATA)
XML1eXML1+ENL]

XHL2aXML2¢EML2 -

XXMLeEML14EML 1+EML2#ENL 24ENL3%ENL3

MEAN SQUARE ERROR OF IC-D MLE FROM EXACT POSTERIOR MEAN

XMLSQa XMLSQ+XXML

*
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FOR VARIANCE OF MSE
XML&oXMLA+XXML®XXNML

DIFFERENCE OF APPROXIMATED POSTERIOR COVARIANCES FROM EXACT
POSTERIOR COVARIANCES

IF (COVSKIP-0) 51551,50
NCOVasNCOV~1

COVSKIP=0

60 70 53

CUMULATE VALUES TO AVERAGE EXACT POSTERIOR VARIANCES
AEPHC11=AEPHCL1+EPHCLT o '
AEPMC12wAEPMC124+EPNCL2

AEPHC22=AEPHC22+EPMC22

CUMULATE VALUES TO AVERAGE APPROXIMATE POSTERIOR VARIANCES

. AAPMC11=AAPMC11+4APMC11

AAPMC12=AAPMCL2+APMC12
AAPMC22=AAPMC22+APMC22

. FOR S.E, OF COVARIANCE AVERAGES

A2EPC11=A2EPCLL+EPMCLIL*EPMCL]
A2EPC12=A2EPCL12+EPMCL2%EPMC12
AEPC22=A2EPC22+EPMC22%EPNHC22
A2APC11eA2APC11+APMC11%APMC1L
A2APC122A2APC12+APMC12%APHCL2
A2APC222A2APC22+APNC22%APNC22

CUMULATE DIFFERENCES BETWEEN EXACT AND APPROXIMATE POSTERIOR
VARIANCES

BAPMC11sBAPMCL11+EAPNC1]
BAPMC1l2=BAPMCL12+EAPMC12
BAPMC22=BAPMC22+EAPNC22

FOR AVERAGE PERCENT RELATIVE DIFFERENCE

-PROC11=ABSCEAPMC11)/EPNMCL]

PRDC12=ABS(EAPMC12/EPMC12)

13
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c
c

o __EC33«EPMCI1+EPMC2242,%EPMCl2

PRDC22=ABS(EAPMC22)/EPNMC22
APRDC11=APRDC11+PROC1]
APRDC12eAPRDOC12+4PRDCL2
APRDC22=APRDC22+PRDC22

14

FOR MSE OF ELEMENTS OF APPROXIMATED POSTERIOR COVARIANCE MATRIX

EAP2C11sEAPMCL11%EAPMCI]
EAP2C12=EAPMC12#%EAPMC12
EAP2C22=EAPMC22¢%EAPMC22
Cl1MSE= C11MSE+EAP2C11
C12MSE= C12MSE+EAP2C12
C22MSE= C22MSE+EAP2C22 .
VVVeEAP2CL11+4EAP2C124EAP2C22
VARMSE®VARNSE+VVV

FOR VARIANCE OF MNSE

VC11MSE=VC11IMSE+EAP2C11#EAP2CI]
VC12MSEsVC12MSE+EAP2C124EAP2C12
VC22MSE=VC22MSE*EAP2C22%EAP2C22
VARASVARGSVVVEVVY

ADD TO BIAS-SIGN AND X-RELATIVE-DIFFERENCE COUNTS

CALL COUNTS(EAPMC11sPROC11,1)
CALL COUNTS(EAPMC12,PRDC1252)
CALL COUNTS(EAPMC225PRDC2253)

.

ALSO>CHECK OIRECTION OF BIAS OF DEPENDENT COVARIANCES

EC13=~-EPMCL1-EPMC12
EC23=~-EPMC22-EPMC12
AC33eAPMCLL1+APMC2242.%APMC12
ACl3=-APMC11-APHC12
AC23==APMC22-APMC12
- 8C33=AC33-€C33
BCl3=AC13-EC13
BC23=AC23-EC23
PRDC13=ABS(BC13/EC13)
PRDC23=ABS(BC23/EC23)
PRDC33+ABS(BC33)/EC33

. CALL COUNTS(8BC13,PRDC13,6)

CALL COUNTS(BC23»PRDC23,7)
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CALL COUNTS (BC335PRDC33,8)
DIFFERENCE OF ESTIMATORS FROH GENERATED P

YHLCleYNLC1+DMLC]

YHLC2=YMLC24DMLC2
YYMLCOSOMLCL*DMLCL+DMLC2#DMLC2+40MLC3¢DMLCS
YHLC20eYNLC204YYMLCO

SONLCOeYYMLCD*YYMLCD
REGMLCOSREGMLCO+SAMLCD

NOTE THAT FOR REMAINING COMPARISONS WITH GENERATED P WE ARE

MAINLY INTERESTED IN MSE BECAUSE MAIN CONCERN IS DETERMINING WHICH
ESTIMATOR BEST MINIMIZES QUAORATIC LOSS. HOWEVERs WE WILL ALSO
CALCULATE BIAS FROM GENERATED (OR GIVEN) P,

BIAS OF EXACY POSTERIOR MEAN FROM GENERATED P

. YEPMN1eYEPMN1+DEPMN]

YEPMN2sYEPHMN2+DEPMN2

 YYEPMNSDEPHN1*DEPMNL+DEPMN2¢0EPMN2+DEPMNISDEPNN]

FOR USUAL MEAN SQUARE ERROR OF EPM FROM GENERATED P
YEPMSQsYEPMSQ4YYEPMN

FOR REGRESSION ESTIMATION AND CONTROL VARIATE MSE EPM
REGEPMO=REGEPMO+YYEPMN*YYNLCD

FOR VARIANCE OF ALL 3 MEAN SQUARE ERRORS

YEPMN&4s YEPMNG#YYEPMN®YYEPMN

BIAS OF APPROX POSTERIOR MEAN FROM GENERATED P
YAPHN1eYAPHN1+DAPMN]

YAPMN2=YAPMN2 +DAPMN2
YYAPMNSODAPMNI#DAPMNL¢DAPMN24DAPMN2+DAPMN3*DAPMN3
USUAL MEAN SQUARE ERROR FOR APMN FROM GENERATED P

YAPMSQeYAPHSQ+YYAPMN
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FOR REGRESSION ESTIMATION AND CONTROL VARIATE MSE
REGAPMOSREGAPMO+YYAPMN®YYNLCD '
FOR VARIANCE OF MEAN SQUARE ERRORS
YAPMN&=YAPHNG+YYAPHNSYYAPMN

FOR BIAS OF POSTERIOR MODE FROM GENERATED P
YPMD1eYPHD1¢DPHD1

YPHMD2eYPMD2+40PMD2
YYPMDsDPMD1#DPHD1+DPHD24DPND2+0PHD3*DPMD3
YPHDSQeYPMDSQ+YYPND
REGPMDOSREGPMDOSYYPHDSYYMLED
YPHD&eYPHDG+YYPHDSYYPHD

BIAS OF MLE FROM GENERATED P

YML1sYML1+DML]

YML2sYML24DML2
YYML=DML1*DML1+DML2*DML2+4DML3*DNL3

. YHLSQeYMLSQ4YYML : o

REGMLOSREGMLO+YYML*YYMLCD
YMLAnYMLA+YYMLOYYML

BY TWD DIFF CRITERION CALC BEST EST FOR ?HIS TRINOMIAL TRIAL
CALL BESTEST(BESTQL(1))

. FOR_SeEs OF AVERAGE BIAS

WAPMNLIsWAPMNL+EAPMNL*EAPMN]
WAPMNZ2=WAPMN2+EAPMN2%EAPNMNZ
WPMD1leWPMD14EPMDLI*EPMDL

.. WPHD2eWPMD2+EPMDZSEPMD2

WHL1=WMLL1+EMLL#*EML]
WHL2=WML2+EML2%ENML2

UMLCIoUMLC2+0MLCL*DNLC]

UMLC2sUMLC24DMLC24DNLC2

UEPMNLSUEPMNL+DEPMNL*DEPMNL
UEPMN2sUEPMN2+DEPMN2*DEPMN2
UAPHMNI=UAPMNI+DAPMNL*DAPNNL
UAPMN2sUAPMN2+DAPMNZ*DAPMN2
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UYPHD1=UPMD1+40PMD12DPMDY
UPMD2=UPMD2+0DPMD2*DPMD2
UML1sUML1+4DML1#DML]
UML2=UML2+DML2*DML2

CALCULATE ROBUSTNESS ESTIMATORS (FOR QUADRATIC-LOSS COMPARISON
ONLY), USE WRONG PRIOR IN ESTIMATES.
EXCLUDE EPM BECAUSE OF EXPENSE.

ROBUSTNESS SET 1, UNfFORH PRIOR., RECALCULATE ONLY APPROXIMATE
POSTERIOR MEAN BECAUSE FOR A UNIFORM PRIOR THE POSTERIOR MODE
WILL EQUAL THE ALREADY CALCULATED MoL.Ee (FOR INCOMPLETE DATA)

 ZINeZ1+1.

55

I2NReZ2+1,

I3N=22+1,

SSNeSSe3,

IROBUSTe1 '

CALL METHODS

IF (ISTOP-1) 55558958
VAPMN1eVAPMN1+DAPMNL
VAPNNZ2=VAPMN2+DAPMN2
VVAPMNSDAPMN1*DAPMNL+DAPMN2SDAPMN2+DAPMN3I*DAPMN]
AVPMN1=AVPMNL+PAPM]
AVPMN2sAVPMNZ2+PAPM2
FAPMNIFAPMNL14DAPMNLS*DAPMNL
FAPMN2oFAPMN2+DAPMN24DAPMN2
AFPMNLI=AFPMNLPAPML*PAPM]
AFPMUN2sAFPMN2+PAPM2%PAPM2
VAPMSQeVAPMSQ+VVAPMN

. REGAPM1=REGAPM1+VVAPMNS®YYMLCD

56

VAPHMN&sVAPHNG+VVAPMNEVVAPHN
YHLC21sYMLC214YYNLCD
REGMLC1=REGMLCL4SQMLCD

BY TWO DIFF CRITERION CALC BEST EST FOR THIS TRINOMIAL TRIAL
CALL BESTEST(BESTQL(9))

ROBUSTNESS SET 2. IN BAYESIAN ESTIMATORS APMN AND PMD, USE
PRIOR PARAMETERS 10.(NU/10,4(0.0950.055=0c14))

T1N=Z1+XNU1+0.9
Z2N®Z2+XNU2+40.5
Z3N®sZ3+XNU3-1.4



57

18

SSNeSS+XNU

IROBUST=2

CALL METHODS

IF (ISTOP-1) 57558558
QAPMN1=QAPMNL1+DAPMNL
QAPMN2®QAPMN24DAPMN2
AQPMN1=AQPMNL1+PAPM]
AQPMN2=AQPMN2+PAPM2
QQAPHN-DAPHNI‘DAPHN1ODAPHNZ‘DAPHNZ*DAPMN3‘DAPHN3
QAPMSQ=QAPMSQ+QQAPMN
REGAPM2=REGAPM2+QQAPMN*YYMLCD
OAPHNQOQAPHNQ#QQAPHN‘QQAPHN

. YMLC22eYMLC22+YYHMLCD

58

60

REGMLC2sREGMLC2+4SQMLCD

QPMD1eQPMD1+DPMD1

. QPHD2=QPNMD2+0PMD2

AQPMD1=AQPMD1+PPMD1

AQPMD2=AQPMD2+PPMD2
QQPMD=DPMD1*DPMDL+DPMD2¢DPMD2+¢DPMO34DPMD3
QPMDSQ=QPMDSQ+QQPMD
REGPMD2*REGPMD2+QQPMD*YYMLCD
QPHD4=QPMO4+QQAPMD*QQAPMD

GAPMN1=GAPMN1+DAPMN1+*DAPMNL
GAPMN2=GAPMN24DAPMNZ*DAPMN2

GPMD1=GPHD1+DPND1#DPMD] S S

GPMD2eGPMD2+4DPMD24DPMD2

AGPHNL1eAGPHNL+PAPM14PAPNL

AGPHMN2=AGPMN2+PAPM24PAPN2

PGMD1ePGMD14PPMDI*#PPMOYL _ o
PGMD2=PGMD2+PPMD2¢PPMD2 e

8Y TWO OIFF CRITERION CALC BEST EST FOR THIS TRINOMIAL TRIAL
CALL BESTEST(BESTQL(17))

60 7O 65

I1STOP=0

IF (IROBUST=1) 60561562
NUMXZ=sNUMXZ-1
NCOVeNCOV-1
NXZR1eNXZR1=-1
NXZR2=NXZR2-1

60 T0 65
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61

62
65

NXZR1eNX2R1-1
GO TO 56
NXZR2eNX2ZR2-1
CONTINUE
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AVERAGE OVER NUMXZ TRINOMIAL RESULTS FOR FIXED XNUs(XNU1,XNU2,XNU3

GENERATED Ps=(P1,P2sP3)s PIDs AND S5S

ESTIMATOR MEANS (ESTIMATORS AVERAGED OVER NUMXZ TRIALS)

APMLEL1«APMLEL/NUMXZ

APMLEZ2=APMLE2/NUNXZ
APEPM1=APEPMYI/NUMX2Z
APEPM2=APEPM2/NUNXZ

APAPM1=APAPM1/NUMXZ

APAPM2=APAPM2/NUMXZ
APPMD1=APPMD1/NUMXZ

- APPHD2eAPPNMD2/NUMXZ

APMLC1=APHLC1/NUMNX2
APHLC2=APHLC2 /NUMX2
AP1eAP1/NUNXZ

AP2=AP2/NUMXZ

AVPHMN1=AVPMNL/NXZR]
AVPHN2 e AVPNN2/NXZR]
AQPMN1=AQPMNI/NXZR2
AQPMN2=AQPMN2 FNXZR2
AQPMD1#AQPMD1/NXZR2
AQPMD2=AQPMD2/NXZR2

NDSNUMXZ*(NUMXZ~1)
NCsNCOV*(NCOV=-1)
NDR1*NXZIR1#(NXZR1-1)
NDR2#NXZIR2%(NXIR2~1)

STANDARD ERRORS OF ESTIMATOR MEANS

SE1sSQRTE(XAPMLEL-NUMXZ*APMLEL*APMLELI/ND)
SE2sSQRT((XAPMLE2-NUMXZ*APMLE2*®APHLE2) /ND)
SE3sSQORT((XAPEPMI-NUMXZ®APEPMI®APEPML)/ND)
SE4sSQRT((XAPEPM2-NUMXZ*APEPM2*APEPM2)/ND)
SESeSART((XAPAPMLI-NUMXZ#APAPM1®APAPM1)/ND)
. SEGeSORTU(XAPAPHM2-NUMXI*APAPH2SAPAPM2) /ND)
. SET=SQRT({XAPPMD1-NUMXZ*APPMD1*APPMD1)/ND)
SE8sSQRTI(XAPPMD2-NUMXZ*APPMD2¢APPND2)/ND)



1079 FORMAT(//% AVERAGE ESTIMATORS (MEANS) AND THEIR STANDARD ERRORS 0OV

1080 FORHAT(lOX)‘APHLEQo7XD‘S;Eo‘oon‘APEPH‘n7Xp‘SoEo‘)6Xp‘APAPH‘p7X}‘S
L1eEo®r6Xs *APPHMD* 7N p#S . Ea®sbXs PAPMLCSp TN #SeEa®p INs $AP Sy TXp#SoEo# /2
2 Pl *12F11.,7/% P2 *12Fl1.7/)

(2 X2 X 2]

SE9aSQRT((XAPMLC1-NUMXZ*APMLCL*APMLC1)/ND)
SEL0=SQRTU(XAPMLC2-NUMXZ*APMLC2*%APMLC2)/ND)
SE11oSART({XAPL-NUMXZI#*APL1*AP1)/ND)
SE12=SQRT((XAP2=NUMXZ*AP2%AP2)/ND)
SE13«SQRT(C(AFPMNLI-NXZR1*AVPMNI*AVPMNL) /NDR])
SE14=SQRTO(AFPMN2=-NXZR1ISAVPMN2%AVPMN2) /NDRL)
SE15=SART((AGPHMN1=-NXZR2*AQPMNI*AQPMNL) /NDR2)}
SEL16=SQRT((AGPMN2-NXZR2*AQPMN2*AQPMN2) /NDR2)
SE17«SQRT((PGMD1I~NXZIR2*AQPMD14AQPMD1)/NDR2)
SE182SQRT((PGMD2-NXZR2*AQPMD2*AQPMD2) /NDR2)

PRINT 1079 NUMXZ

~ PRINT 1080s APMLEL1sSELlsAPEPM1,SE3oAPAPMLsSES)APPMDLsSETsAPHLCY,»SED
15AP1sSELLsAPHLE2,SE2sAPEPM2sSEG 2 APAPM2sSE6IAPPMD2» SEBSAPMLC25SELDY

2AP2,5E12

1ER*, 145 TRIALS#*/7/)

“AVERAGE BIASES AND COVARIANCE ESTIMATORS

XAPMNL=XAPMN1/NUMXZ
XAPMN2sXAPMN2 /NUMXZ
XPMDLl=XPMDL1/NUMXZ

. XPHD2=XPMD2/NUMXZ
XML1=sXML1/NUMX2Z
XML2=XML2/NUMXZ
.AEPMC11=AEPMC11/NCOV
AEPMC12=AEPMCL12/NCOV

_ _AEPMC22=AEPMC22/NCOV

AAPMC11=AAPMC11/NCOV
AAPMCL2=AAPMC12/NCOY
AAPMC22=AAPMC22/NCOV

- BAPMC11sBAPMC11l/NCOV

BAPMC12=BAPMC12/NCOV
BAPMC22=BAPHC22/NCOV
YMLClesYMLC1/NUMXZ
YMLC2=YMLC2/NUMXZ

. YEPMN1=YEPMNL/NUMXZ

YEPMN2=YEPMN2/NUMXZ
YAPHNLI=YAPMNL1/NUMXZ

© YAPMN2sYAPMN2/NUMXZ
.- YPMD1l=YPMD1/NUMXZ
. YPHD2eYPMD2/NUNXZ

20



OO0

-YML1eYML1/NUMXZ

YML2=YML2/NUMXZ
VAPMN1=VAPHMN1/NXZR1
VAPMN2sVAPMN2/NXZIR]

. QAPMN1sQAPMNL/NXZR2

QAPMN2=QAPMN2/NXZR2
QPMD1=QPMD1/NXZR2

. QPMD2sQPMD2/NXZR2

EBIAS1(NREPLIC»ISS»IPID)=XAPMNL .
EBIAS2(NREPLIC,ISS,IPID)=xPMDL

. EBIAS3(NREPLIC,ISS,IPID)=XML]

CALCULATE S.E. OF BIAS., WANT THIS TO BE SMALL

DIFFERENCE BETWEEN THE BIASES

SE21sSQRTU(WAPMNL-NUMXZ#*XAPMNL*XAPMNL1)/ND)
SE22+SQART((WAPMN2-NUMXZ*XAPMN2*XAPMN2)/ND)
SE23sSQRT((WPMD1-NUMXZ*XPMD1*XPMD1) /ND})

. SE24sSORT((WPND2~-NUMXZ*XPMD2*XPMD2)/ND)

SE25=SQRTU(WMLLI-NUMXZ*XML1%XMLL1)/ND)
SE26sSQRT((WML2-NUMXZ*XML2*XML2)/ND)

. SE27=SQRT((AZ2EPCL1-NCOV*AEPMCLI*AEPMCLIL1)/NC)
SE282SQRT((A2EPC12-NCOV*AEPMC12%AEPMCL2)/NC)

SE29«SQRT((A2EPC22-NCOV*AEPMC22+AEPMC22) /NC)
SE30=SQRT((AZAPC11~NCOV*AAPMCL11*AAPMC11)/NC)
SE31SQRT((A2APC12-NCOV*AAPMCL2¢AAPMC1I2)/NC)
SE32+SQRT((A2APC22-NCOV*AAPHC22%AAPMC22) /NC)
SE33sSQRT((CLIMSE=NCOV*BAPHC11*BAPHC11)/NC)
SE34aSQRT((C12MSE~-NCOV*BAPMC12*BAPMC12)/NC)

"SE35=SQRT((C22MSE~-NCOV*BAPMC22%BAPMC22)}/NC)

SE36°SORT((UMLCLI-NUMXZ*YMLCL1*YMLCL)/ND)
SE3TeSQRT((UMLC2-NUMXZ*YMLC2¢YMLC2)/ND)
SE38sSQRT((UEPMNL-NUMXZ*YEPMNL1*YEPMNL1) /ND)
SEI9sSQART((UEPMNZ2=NUMXZ*YEPMN2*YEPMN2)/ND)
SE4O0=SARTI(UAPHMNI=-NUMXZ*YAPHNLI®YAPMN1)/ND)
SE41=SQRT((UAPMN2=-NUMXZ*YAPMN2*YAPMNZ)/ND)
SE42°SQRT((UPMDL1-NUMXZ*YPMD1*YPMD1)/ND)
SE&3sSQRT((UPMD2-NUMXZ*YPMD2*YPMD2}/ND)
SE44=SQRT((UMLLI-NUMXZ*YMLLI*YMLL)/ND)
SE4S5sSQRT((UML2-NUMXI*®YML2*YNL2)/ND)
SE46=SQRTU(FAPMN1-NXZR1*VAPHMNL*VAPMNLI)/NDR1)
SEG7sSQRT((FAPMNZ2=NXZR1*VAPMN2¢®VAPMN2]} /NDR1}
SE48sSQRT((GAPMNL1-NXZR2*QAPHMNL1*QAPMNL) /NDR2)

. SE49=SQRT((GAPMN2~-NXZR2*QAPMN2*QAPMN2)/NDR2)

SES0eSQRT((GPMD1~-NXZR2*QPMD1*QPMHD1)/NDR2)

21
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SES1eSQRT((GPMD2-NXZR2*QPMD2%*QPMD2) /NDR2)

PRINT 1150, NUMXZyXAPMN1»SE21sXPMD15sSE23,XMLL1sSE25»XAPHUN2,SE22,XPN
1D2,SE24, XML29SE26s YEPMNL»SE3B, YAPMNLySE4Qy YPMD1»SE42, YML1»SE4Gs YML
2C15SE36, YEPMN2ySE39s YAPMN2,SEGLs YPMD2,SEG3,YML2,SEA5»YMLC2,SE3Y

1150 FORMAT(//% AVERAGE BIASES AND THEIR STANDARD ERRORS OVER*sl4,¢ TRI
: IALS%/7/% FROM EPMBLISX®XAPMELOX®S (E*16X*XPMO*LEX*S Ea*1T7TX*XML*16X%S
2eEo* /10X, *P1 *96F20,14/710Xs %P2 #,6F20,14//% FROM P*IX, *YEPMHBXSS,

BE*BXEYAPMEBX S E*BX*YPMD¥B XSS Ea*IXSYMLEB XSS, E *BXSYNLCHBX*S.E.* L

4/10X#P1 #10F12.10710X%P2 #10F12,10/)
PRINT 1154, AVPMNlpSEl3.APHLEI)SEI;AOPHNI.SElSpAOPHDlnSEl7)AVPHNZ'
1SEL4, APMLE2,SE2sAQPMN2»SELL,AQPMD29SELS
1156 FORMAT(/7/7% ROBUST-ESTIMATOR AVERAGES AND S.E«"S. WANT S.E. SMALL
IRELATIVE TO DIFFERENCE BETWEEN ESTIMATORS.*/9X*APMR1I*]11X*S E.*9X*P
2MDR1ISMLE*BX$S Eo*11X+APMR2*10OX*S, E.*11X*PMDR2*1I0X*SEo*/* Pl #4(F1
32.85F18.18)7% P2 *4(F12.,89F18.141)7/)
PRINT 1155, VAPHNI!SEﬁbyYHLI)SEQ#.OAPHNI:SE#B:QPHDI:SE’O'VAPHNZ’SE
167, YML2sSEGS5, QAPMN2,» SE49,QPMD2, SES]
1155 FORMAT(//% ROBUST-ESTIMATORS BIASES AND STANDARD ERRORS.*/10X, *
IVAPM® 11X p®S E.*p9Xp *VPMDaYML*OX s #S.Eo*11X*QAPM*]11X*S,E0*11X¢QPMD*]
21X8S,Ee#/* Pl *4(F12,85F18.14)/% P2 *4(F12.85F18.14)77)

[a X a N g)

MEAN SQUARE ERRORS AND THEIR STANDARD ERRORS

XAPMNSQuXAPMNSQ/NUMXZ

XPMDSQe XPMDSQ/NUMXZ
XMLSQsXMLSQ/NUMXZ
EMSL(NREPLIC,ISS,IPID)eXAPMNSQ
EMS2(NREPLIC,ISSsIPID)aXPMDSQ
EMS3(NREPLIC,ISS»IPID)=XMLSQ
YMLC20=sYHMLC20/NUMXT
YEPMSQeYEPMSQ/NUMXIZ
YAPMSQ=YAPMSQ/NUMXZ -
YPMDSQ=YPMDSQ/NUMXZ
YHLSQwYHLSQ/NUMXZ
SD1eSORT((XAPMN4-NUMXZ*XAPHMNSQ*XAPMNSQ)I/ND)
SD2eSORT((XPMD4G=NUMXZ¥*XPMDSQ*XPMDSQ) /ND)
SD3eSQRTI{XMLL-NUMXZ#XMLSQ*XHLSQ)/ND)
SD4eSQRT((REGMLCO-NUMXZ*YMLC20%YHLC20)/ND)
SO59SQRT((YEPMNL=NUMXZI*YEPMSQ*YEPMSQ) /ND)
SD6eSQRT({YAPMNA~NUMXZI*YAPMSQ*YAPMSQ)/ND)
SD7eSQRT((YPMD4-NUMXZ*YPMOSQ*YPMDSQ) /ND)
SO8aSQRT((YMLA-NUMXZ#YMLSQ*YMLSQ) /ND)

DIFFERENCES BETWEEN MEAN SQUARE ERRORS
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DM1=XAPMNSQ-XPMDSQ
DM2sXAPMNSQ-XMLSQ
OM3sXPMDOSQA-XMLSQ

. DMesYMLC20-YEPMSQ

1200

1300

67

68
69

- 10
71

2000

DMS5esYMLC20-YAPMSQ

OM6=YNMLC20-YPMDSQ

DM7=sYMLC20-YMLSQ

-DMBSYEPMSQ~-YAPMSOQ

DM9oYEPMSQ~-YPMDSQ

. DM10=sYEPMSQ-YMLSQ

DM11=YAPMHSQ-YPMDSOQ

DM12=YAPMSQ-YMLSQ

DM13sYPMDSQ-YMLSQ

PRINT 12005 NUMXZyXAPMNSQsSOLlo YEPMSQ»SDS»YMLC20»SD4e XPMDSQsSD2sYAP
1MSQsSD6,YMLSQ»SDBy XMLSQySD3»YPMDSQ,SD7

FORMAT(//7¢ AVERAGE MEAN SQUARE ERRORS AND THEIR STANDARD ERRORS 0OV
1ER®I4% TRIALS*//L1TXp #MSE#12X*SE *25XOMSESL2X*SE.*25X*MSE*12X*S,E
2ot /2XEAPM-EPM*F14.99F18139TXs*EPN—PHFLE,99F18.13sTXs*MLC-P*F14,9,
3F18413/72X*PMD—-EPMSF 14,99 F18.1397Xo®APM=P*F14,9)F18.1398Xs*ML-P*FL14
§.99F1Bel3/3 X9 *ML-EPMOF14,99F1Be13)TXs*PMD=P*F14.95F18,13/)

PRINT 1300y DOM1,DM8sDM11,DM5,DM2,0M9,D0M412,0M65,DM3,DM10,0M13,0M7
FORMAT(//7% DIFFERENCE BETWEEN AVERAGE MSENS, WANT DIFFERENCE LARG
1E RELATIVE TO SEtMSE)*//* EAPM-EPMO®F16,9,12X*DEPM~-DAPMSF14,9,12X
2%DAPM=0OPMD*F14,9912X*DMLC~DAPMEFL14.,9/7% EAPM=ENLE*FL14.9912X*DEPM~D
3PMD*F14.99 12X SDAPN=DMLE®FL1449212X4DMLLC~DPMD*F14.9/% EPMD-EMLE®*Fl4
§¢9912XSDEPM~DMLE*FL14,9512X*DPMD~DMLE#*F14.9»12X*DMLC~DMLE*F14,.97)
XNesNUMXZ

DO 71 I=1,6

IF (I=4) 69567568

XNsNXZR1

60 YO 69

XNsNXIR2

AVNUMITUI)ISsAVNUNITC(T)Z XN

00 70 J=1,10

CTNUMIT(I»J)sCTNUNIT(I»J)/XN

CONTINUE '
PRINT 20005 IPsPIDsSSoNREPLICINUMXZsNXZRI)NXZR2s (AVNUMIT(I)sIml,s8)
FORMAT(/7/7% NUMBER OF ITER FOR CONVERGENCE AVERAGED OVER NUMBER OF
1 TRINOMIAL SIMULATIONS., IPes®I3,% PIDs*F4,2s% SSu#*F3,0p% NREPLICs=#
2127¢ NUMXZ®#I3s% NXZR1=%[3,% NXIR2e#13,% AV NUM ITER FOR MLEe®F7
3¢3% PMORO®*F7,3% APMROs*FT7,3¢ APMR1e#F7,3% PMDR2=4F7,3¢ APMR2s&F7,
43/77) .

.. PRINT 20105 ((CTNUMIT(I»J)sJelsl0)sI=1s4s3)s ((CTNUMIT(I»J)»i=lyp10)
191225593)9 LICTNUMIT(15J)»J*1910)51235653)
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2010 FORHAT(# PROPDRT!DN OF DATA SETS FOR WHICH NUMBER OF ITERATIONS WA
1S OF SPECIFIED AMOUNTS*/710x*]} 2 -3 4 5 6 7
2 8-10 11-15 GT 15¢11x+] 2 3 4 5 6 7 8
3-10 11-15 GT 15%/#» MLE *10F6.3% APMR] *10Fb6,3/* PHDRO ‘10F6 3‘
4 PNDR2 #10F6.3/% APMRO ¢10F6.3% APMR2 #10f6.3/7) s e
YEPMSQsNUMXZI*YEPMSQ
YAPMSQeNUMXZ¢YAPMSQ
YPMDSQ=NUMXZ*YPMDSQ

. YMLSQeNUMXZ#*YNLSQ

- YMLC20sNUMXZ*YMLC20 ‘
Telle=(P1leP14P2*P24P3%P3)}/SS

CALL ESTMSE(YEPMSQy YEPMNGyREGEPMO, YMLC20,REGMLCO» ToNUMXZs MSE(L))

CALL ESTMSE(YAPMSQs YAPMNG)REGAPMOs YMLC20OsREGMLCO, ToNUMXTZsMSE(T))

CALL ESTMSE(YPMDSQr YPMD4,REGPMDO» YMLC20,REGHLCO,» Ty NUMXZoMSE(13))

CALL ESTMSE(YMLSQsYMLASREGMLO» YMLC20sREGMLCO» ToNUMXZ, MSE(19))
. CALL ESTMSE(VAPMSQs VAPMNASREGAPML, YMLC2LsREGMLCLs ToNXZR1,NSE(25))
CALL ESTMSE(QAPMSQsQAPMN&)REGAPM2, YMLC21,REGMLC2, To NXZR2)MSE(31))
CALL ESTMSE(QPMDSQsQPMD4,REGPMD2, YMLC22,REGMLC2» ToNXZR2,MSE(3T))

PRINT 20305 IPsPID»SSsNREPLIC, ((MSE(IsJ)sdols7)slnlsb)

2030 FORMAT(® THREE KINDS OF MSE (AND THEIR VARIANCES) FOR QUADRATIC-LO
1SS COMPARISONS. 1IPe#I2,% PIDe¥F4.2,% SSe#F3.0,% NREPLICe#12//18X#
2EPM#LSX#APMELSX*PMD*1SXSMLES14X4APHRLS# 13X $APNR2#13X*PMDR2#/* REG M
3SE STELB.7/% VAR(MSE)STELB.T/¢ CV MSE #7E18.7/% VAR(HSE)*?EIB.TI‘
& RE MSE ¢TE18.7/% VAR(MSE)®TE18.7/7) , s

. IF (ISS=1) 2035,2035,2040

2035 QLMS11(IGEN,IPID,NREPLIC)eMSE(S5,2)

QLMS21(IGEN, IPIDsNREPLIC)=MSE(553)
QLNS31CIGEN, IPIDs NREPLIC)IMSE(Ss4)

e QLMS&1(IGEN, IPID,yNREPLIC)EMSELSs5) —  —— - —

(s XaXaXal

OLMSSIUIGENS IPIDSNREPLIC)ISMSE(556)
OLMS6YUIGEN IPIDSNREPLIC)ISMSE(S5,7)

GO TO 2045
2040 OLMS12(IGEN,IPIDsNREPLIC)ISMSE(5,2)
QLNS22tIGENSIPIDsNREPLIC)I®MSE(5,3)
QLMS32(IGEN, IPIDSNREPLIC)I=MSE(5,54)
QLMSA2(IGEN,IPID)NREPLIC)®MSE(5,5)
. QLMSS2(IGENs IPIOsNREPLIC)I®MSE(5,6)
QLMS62(IGENS IPIDs NREPLIC)OMSE(5+7)

PROPORTIONS FOR BEST ESTIMATOR (BEST IN TERMS OF SMALLEST SUMMED
SQUARED ERROR AND % REL DIFF FOR SUM BEING OVER THE THREE
COMPONENTS OF AN ESTIMATOR) AND FOR SIGN OF BIAS
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CTSEQL(1)=NUMXZ

CTSEQL(2)=NXZR]1

CTSEQL(3)=NXIR2
D075 Ie=ly4

- D0 72 IRe1,3 :

BESTQLUI»1,IR)=BESTQLII,1,IR)/CTSEQL(IR)
BESTQL(I»25IR)=BESTQAL(I»2,IR)/CTRDQLLIR)
SBIASQLIIR,I)=SBIASQL(IR,I)/NUMXZ
CONTINUE :

IF (I-4) 73,75,75
BESTEP(I»1)=BESTEP(I,1)/NUMXZ
BESTEP(I»2)=BESTEP(I,2)/CTRDEP

00 74 Kel,3

SBIASEP(KsI)eSBIASEP (KsI)/NUMXZ

CONTINUE '

"CONTINUE

DO 76 K=1s3
SBIASOL(K»5)sSBIASQL(Ks5)/NXZR]
SBIASOL(K»6)=SBIASQL(Ks6)/NXZIR2
SBIASOL(K»7)=SBIASQL(KsT)/NXZR2
CONTINUE

CALCULATE % ABS REL OIFF LESS THAN (INSTEAD OF BETWEEN) SPECIFIED
AMOUNTS

00 80 I=1,7

00 79 II=2,8
PROQLCII»X)=PRDQL(TII»I)+PROQL(II=-1s1)
IF (I-4) 78579579
PROEP(II,I)sPROEP(ILI,I)+PRDEP(II=1,1)
CONTINUE

CONTINUE

IRe]

00 85 I=l,7

IF (I-5) 83,81,82

IRs2

GO 70 83

IRe3

DO 84 II=],8
PROQL(II»I)sPRDQL(II,I)/CTRDAQL(IR)
CONTINUE

CONTINUE

00 88 I=1,3

0C 88 II=1,8

25
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PROEP(II»I)=PROEPI(II,I}/CTROEP

"88 CONTINUE

PRINT 2050, C((BESTEP(I,J)sIels3), ((BESTOLUIsJsK)sIm254),Kalp3),Jn
11,2}

2050 FORMAT(#® PROPORTION OF CASES THAT AN ESTIMATOR IS BEST. FIRST 3 C

10LNS ARE RESULTS FOR ESTIMATING EPM, REMAINING COLNSs FOR MIN QUA
2D LOSS.*/43X*0RIG.~PRIOR ROBUST SET "UNIFORM=PRIOR ROBUST SET

3 PERTURB~-PRIOR ROBUST SET*/20X#*MLE PMD APM®11X,  #MLE PH
4D APHS14X*MLE » PMD APM®13X#MLE pMO APMs/7¢ SQD ERR CRIT
S ¢3F6.258X3F64293X92(9X93F6.2)/% REL DIFF CRIT *3F6.2s8X53F6.2+3
6Xs2(9X93F6,2)//)

PRINT 2070y ({SBIASEP(IsJ)»rJels3),(SBIASQLIIsK)sKslsT7)sImly3)

2070 FORMAT(* PROPORTION OF CASES IN WHICH DIFFERENCE BETWEEN FXRST'CdH

1PONENT OF ESTIMATOR AND THAT DF ESTIMATED IS OF A CERTAIN SIGN*//1

25XSEMLE®OXSEPMD*OXSEAPMELOXSQEPMSOX*QMLE*S5X*QPMDRO* 4 X*QAPMRO*GX*QA

3PMRISIXPQPHORZE4X$QAPMR2Z*/6XSNEG *3F10,4510Xs4F10.495XpF1l0e%9»5X92F

410,4/5XS2ERD *3F10.4»10X»4F10.495%XsF10.4»5X92F10.,4/6X*PDS *3F10.4)
510Xs4F1044s5X»FLl0.495%X52F10.4/7) '
PRINT 2060y ((PROEP(TII»IlsIels3), (PROQLIIIIKISK®LyT7)rI]e1,8)

2080 FORMAT(® PROPORTION OF CASES FOR WHICH % ABSOLUTE RELATIVE DIFFERE

INCE FOR EACH OF THE THREE ESTIMATOR COMPONENTS IS LESS THAN SPECIF
21ED AMOUNTS*/15X*EMLE*LX*EPMDSOX*EAPM®LI6X*QEPNEEX*QANLESSX*QPMDRO*S
3X*QAPMRO*IX*QAPMRLI*IX*QPMDR2*4X*QAPMR2*/6X*0.01%3F10.4510Xs4F10.4>»
45X9Fl00495X22F10e4/6%X*%0.1 *3F10.4510X94F10.495XsF10.455X»2F10.476X
5¢1.0 *3F10.4510X94FL10e455XsF10495X92F10.4/5Xs#* 5.0 *#3F10.4910Xs4F
610.495X»)FLl0.4s5X92F10e4/5X»*10.0 *3F10.4910Xs4FLl0e425X2F104495Xs2F
710,47/5X9%15.0 *3F1044510Xs4F10.455X,F10.495X»2F10.4/5X%20.0 *3F10.
84s10X»4F10.4s5X9F10,4s5X22F10.4/5X,%25.0 #3F10.4»10X»4F10.%455X5F10
:e495%X92F10.477)

PERCENT AVERAGE RELATIVE DIFFERENCE FOR COVARIANCE ESTIMATES
PARDC112100.%(AEPMC11~AAPMCI1)/AEPMCIL
PARDC12%100.*(AEPMC12-AAPMC12) 7AEPMCL2

PARDC222100.* (AEPHC22-AAPMC22) /AEPNC22

AVERAGE PERCENT RELATIVE DIFFERENCE
APRDC112100.*APRDC11/NCOV

_APRDC12=1004*APROC12/NCOV

APRDC22100.*APRDC22/NCOV

SQUARE ROOT MSE DIVIDED BY AVERAGE EPV

. CLINSESCL1IMSE/NCOV
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C12MSEsC12MSE/NCOV
C22MSE=C22MSE/NCOV
Cl1lRT1=SQRT(C1IMSE)/AEPMCL]

- C12RT1eSQRT(C12MSE) 7AEPMCL2

C22RT1=SQRT(C22MSE) 7AEPMC22
SE(MSE)/MSE

SEIIMSE®SQRT((VC1IMSE~ NCOVSCIIMSE#CLINMSE)/NC)
SE12MSE=SQRT((VC12MSE~ NCOV*C12MSE4C12MSE) /NC)
SE22MSESQRT((VC22MSE~ NCOVeC22MSESC22MSE)/NC)
CliRT2=SE11MSE/C11INMSE
C12RT2=SE12MSE/C12MSE
C22RT2=SE22MSE/C22MSE

- DD 91 J=1,8
- DO 90 I=1,8

COUN‘RD!I’J)'CUUNTRD(I;J)/NCUV
IF (I-3) 89,89,90

89 COUNTB(I»J)=COUNTB(I,J)/NCOV
90 CONTINUE
91 CONTINUE

PRINT 3000» AEPMC115SE272AAPMC11,SE30,PARDC11»APRDCI1,C1IRT1,C1IRT

27

lZoAEPHCerSEZB’AAPHCIZ:SE31-PARDC12:APRDCIZ:CIZRTI:CIZRTZ,AEPHCZZ’

2SE29s AAPMC229SE325 PARDC22,APRDC22,C22RT1,C22RT2

3000 FORMAT(//7/712Xs*AVERAGE EPVEBX*S.E.*9XSAVERAGE APV‘BX*S.E.‘?X‘Y AV
1 REL DIFF AV % REL DIFF SORT(MSE}Z7(1) SE(HSElIﬂSE*IIBX*Cll )

2%6EL6.7/3X*C12 *8EL6.7/3X#C22 *8E16.7)

PRINT .3005s NCOV,IP»PIDsSS,NREPLIC, (COQUNTRD(I, 1)’1'1'6)p(COUNTRD(f

1153)9I21,6) s (COUNTRDO(I98)»I=1y6)s (COUNTROLIN2)sI=1s6)y (COUNTRD(I»6
2V512156)s (COUNTRDC(I»7)r1I=1s6)

3005 FORMAT(//7/% PROPORTION OF¢I4* CASES IN WHICH PERCENT REL DIFF WAS

ILESS THAN VARYING AMOUNTS. IPw%l2¢ PID=¢F&4,2% SSe®Fq,0% NREPLI
2Ce8J2/7/8X*,01 0.1 1.0 540 10. 15,#12x%,01 0.1 1.0
35.0 10, 15.*12Xx*,01 0.1 1.0 5.0 10. 15.%#/% Cl1%6F6,
43,6X%C22%6F64356X%C33%6F6e37/% (12%6F64396X*CL13%6F6.3,6X*C23%6F6.3
571)

PRINT 3010» NCOVs (COUNTB(I»1)5121,53),(COUNTB{I»3)sIul,y3),(COUNTBI(I
198)918153)9(COUNTB(I92)5I01,53)s (COUNTB(I96)9181s3)s(COUNTB(LpT)sle
21»3)

3010 FORMAT(# PROPORTN OF*I4*% CASES IN WHICH BIAS IS OF A CERTAIN SIGN#

1//7X#NEG 1ERO POS*TX*NEG ZEROD POS*TX*NEG LERO POS*TX®NEG
2 IERD POS*7X*NEG ZERD POS*TX¢NEG ZERD POS*/* C11#3F6,3*% C2
32¢3F6.3% C33%3F6.3% C12#3F6.3% (13¢3F6.3*% C23%3F6.3)
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c AVERAGE TRUE PERCENT (PROPORTION) INCOMPLETE DATA
AVIPID=AVYPID+TPID
- AVOPID=AVOPID+DPID

PRINT 3070s PIDsNUMXZsAVTIPID,AVDPID
3070 FORMAT(* GIVEN PID IS®F4,2% AVERAGE OVER NUMXZ=#I3# TRIALS OF TRUE
1 PID IS*F6.2% AV DIFF BETWEEN TRUE AND GIVEN PID OVER THESE TRIALS
2 1S*F6.271111)

95 CONTINUE

KASE®KASE+]
60 TO (990259903,99045,9905) KASE
9902 PID=0,40
IPID=2
IPRINTs]
60 70 1
9903 PID=0.15
NSSe50
. 1PIDel
18S=2 .
60 T0 1
9904 PID»0.40
. - IPID=2
155=2
60 10 1
9905 CONTINUE
¢ .
WRITE(12,8000) TLABEL(1),(ALABEL{I)»Iml,3)
8000 FORMAT(63X»A10///TX*REGRESSION-ESTIMATE MSE DATA OVER 200 TRINOMIA
1L SIMULATIONS. TWO REPLICATIONS PER CELL. DESIGN 2. #2A10,A2//)
WRITE(12,8001)

8001 FORMAT(47x*A, ORIGINAL PRIOR IN BAYESIAN ESTIMATORS.*////)
WRITE(12,8010)

8010 FORMAT(12X,2THS 4444485004440 80884%% ,3SSu258,27H $30404 684482
LEEEEAEARERRER 4 s 28H SRR RAESEEERARBELEEE 400 ,4550508,2TH ¢4
20000 AR 0000004084/ % ESTI~ DIR, *)0Hs*sa%e408,% PIDu]l5 *,]10H** -
FEEF0E088,5Xp FHESS SRR 4, % PIDnL0 ¢, LOHSSS 440088, 5), JHES S0 s 000,8 .
4PID®R1S *,lOHESSSS s ¥, 50, QHAREES 04,8 PIDnL0 *)LOHS ke dn /s N

5ATOR GEN. REPLICATION] REPLICATIONZ2 REPLICATION]1 REPLICATI
60N2 REPLICATION1 REPLICATION2 REPLICATION] REPLICATION
72%/) ’

WRITE(12,8011) (Ts ((QLMS11(IoJsK)pKels2)pJo1p2),s (LQLMSL2(IsJIsK)IsK
1215,2)9J2152)51=1510)
8011 FORMAT(* APMRO *I2,4(2E15.652X)}/7(9Xs4(2EL15.692X)))
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WRITE(1258012) (Io((QLMS21(T9sJsK)oKe152),J2152)p 0 (QLMS22(I»JsK)sK
. 1®152)5d=1,2)51=1,10)

8012 FORMAT(* PMDRO ‘IZQ‘(ZEI’.G)ZX)/(9!'4(2515 652X1))
WRITE(1258013) (I, ({QLMS31(IsJsK)sK®1,2)sJe1,2)5((QLMS32(Is»JsK)sK
18152)5J%152)91=1,10)

8013 FORMAT(#* MLE 1258 (2E15.692X)7(9Xs4(2E15.6,52X))})
WRITE(1254997)
WRITE(12,8000) TLABELC(L)» (ALABEL(I)sI=1,3)
WRITE(12,8020)

8020 FORMAT(40Xx*B, UNIFORM AND PERTURBED PRIOR IN BAYESIAN ESTIMATORS.
1¢/7/7117)
WRITE(12,6010)
WRITE(12,8021) (In((QLHSQI(I’J’KI’K'I)Z’:J'I'Z,Q((QLHSﬁZ([oJ’K)’K
12152)5J52152)p121,10) S

8021 FORMAT(* APMR1 #I2,4(2E15.652X)/(9Xs4(2E15, 6:2Xll).4’73”
WRITE(12,8022) (I:((0LHS51(IpJ’K)pK'l,Z)nJ'l’Z):((QLHSSZ(I:J;K):K
12152)9J2152),1=15,10)

8022 FORMAT(* APMR2 *12584(2E15.652X)7(9Xs4(2E15.6352X)))
WRITE(12,8023) (I CCQLMSOL(I,JoK)sKn192)5Juls2)s ((QLMS62(IsdsK) K
12192)53°152),5121,10)

8023 FORMAT(* PMDRZ #12,4(2E15.692X) 719X, 412E15.652X)))

9910 CONTINUE
CALCULATE TUKEY DATA SUMMARIES, MEAN, AND STANDARD ERROR (S.E.)

00 9925 IPID=1,2

DO 9925 NREPLIC=1,2
. SUM=0,

SQSM=0,

00 9911 I=1,10
- SUN s SUM+OLMS11(I,IPIDSNREPLIC)

SOSMeSQSM+QLMS11 (I, IPID,NREPLIC)*QLMSLI1(ILIPIDSNREPLIC)

9911 TUKEY(I)=QLMS11(I,IPIDsNREPLIC)

CALL SUMMARY{(TUKEY»10sT1L{IPIDsNREPLIC,»1)»T11(IPID,NREPLIC,»2)5T11(
1IPIDSNREPLIC»3)» TIL(IPIDSNREPLICo»&)sTL1(IPIDSNREPLIC»5))

T11(IPIDSNREPLICs»6)=SUM/10,

TIL(IPIDSNREPLICS»7)eSQRT((SASM=10,*T11(IPIDsNREPLICS»6)*TLL1(IPIDSNR
1EPLIC»6))/790.)

T11(IPIDyNREPLIC»B)eT11(IPIDyNREPLIC,3)
~T1L{IPIDSNREPLIC» )« (T11C(IPIDSNREPLIC»2)+2.,%T11(IPIDSNREPLIC»3)*T1
11(IPIDINREPLICr&)) /4, .

T1LC(IPIDsNREPLIC»10)=T11(IPIDsNREPLIC,4)-T1X(IPIDyNREPLIC»2)

TILCIPIOSNREPLIC»11)sTI2CIPIDSNREPLIC»S5)=T11(IPIOsNREPLICH1)

SUM=0,
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SOSH.OO
00 9912 i=1,10
. SUM & SUMeQUMS12(I»IPID,NREPLIC)
SQSMeSQOSMeQLMS12(E, IPIDSNREPLICISQLMS12(I,IPID,NREPLIC)
9912 TUKEY(I)=QLMS12(I,IPID,NREPLIC)
CALL SUMMARY(TUKEY»10sT12(IPIDsNREPLIC,1)»T12(IPID,NREPLIC,2)5T12¢
1IPIDSNREPLICSII»T121IPID,NREPLICH &), TI2CIP1IDsNREPLIC,5))
T12CIPIDINREPLIC,s6)mSUNM/ 10,
"T12(IPIDsNREPLIC» 7)»SQRT((SQSM=10,*T12(IPID,NREPLIC»6)*TI2(IPID,NR
1EPLIC,56))/790.)
T12(IPIDSNREPLIC,B)»T12{IPID,NREPLIC,3)
T12(IPIOSNREPLICI 91w (TL2(IPIDsNREPLIC,2)¢2,.,#T12(IPIDsNREPLICS,3)4T]
12(IPIDs NREPLICyS)) /4,
T12CIPIDsNREPLIC»10)=T12(IPIDSNREPLICS»4)-T12¢(IPIDyNREPLIC,»2)
T12(IPID,NREPLIC»11)=T12(IPIDsNREPLIC,S5)=T12CIPIDsNREPLIC,1)
SUM=0,
. SQSM=0.
. DO 9913 I=1,10
SUM = SUM+QLMS21(1,IPIDsNREPLIC)
SQSMsSQASMeQLMS21 (I IPIDSNREPLICI*QLMS21C(IIPIDsNREPLIC)
9913 TUKEY(I)=QLMS21(I»IPIDsNREPLIC)
.CALL SUMMARYU{TUKEY,10sT21(IPIOs NREPLICs1)sT21(IPID, NREPLICs2)»T21¢(
1IPIDsNREPLIC»3)» T21(IPIDSNREPLIC»4)»T21(IPID)NREPLIC»S))
" T21CIPIDSNREPLIC»6)=sSUM/YIO.
T21(IPID,NREPLIC,»7) #SQRT{{SQSM=~10*T21(IPIDs NREPLIC»6)*T21LIPID,NR
1EPLIC,»6))/90.)
T21(IPIDINREPLIC»B)sT21(IPIDsNREPLIC,3)
F21CIPIDsNREPLIC»9)s(T21(IPIDsNREPLIC,2)+2.%T21(IPIDsNREPLIC»3)¢T2
11(IPIDINREPLICy»4)) /4,
Y21(IPIDsNREPLIC»10)=sT21(IPIDsNREPLIC»4)-T21(IPID,NREPLIC»2)
T21(IPIDsNREPLIC»11)oT21CIPIDSNREPLIC)5)-T21C(IPIDsNREPLIC»1)
SUHe=0,
. SQSM=0.
DO 9914 1I=1,10
SUM = SUMeQLMS22(I,IPID,NREPLIC)
. . SOSHaSQSMeOLMS22( 1, IPID,NREPLIC)I®QLMS22(1,IPID,NREPLIC)
9914 TUKEY(I)=QLMS22(I»IPIDsNREPLIC)
- CALL SUMMARY(TUKEY,»10sT22(IPIDsNREPLIC,»1)»T22C(IPID,NREPLICS2),T22¢
1IPID,NREPLIC»3) 5, T22(IPID,NREPLIC,4)»T22(IPID,NREPLIC,S))
T22(1PIDsNREPLIC»6)=SUM/L0.
T22C(IPIDSNREPLIC»7)sSQRT((SQSH=-10.*%T22(IPIDsNREPLIC»6)*T22(IPID»NR
1EPLIC,6)13790.1}
T22(IPIDSNREPLIC»8)aT22(IPIDs NREPLIC,»3)
T22UIPIDSNREPLIC»9)s(T22(IPID,NREPLIC,»2)42. *TZZ(IPID»NREPLIC’3)OTZ
12(IPIDINREPLICIS) ) /4.



31

ORIGINAL PAGE Is
OF POOR QUALITY

T22¢IPIDSNREPLIC»10)1eT22(IPID)NREPLIC,4)=-T22(IPIDsNREPLIC»2)
TZZ(IPID’NREPLIC’II)‘TZZ(IPID:NREPLIC»S)-TZZ!IPID’NREPLIC'I)
SUN=0,
SQSH=0,.
DG 9915 11,10
SUM = SUMSQLMS31(I,IPIDyNREPLIC)
SQSMeSQSMeQLMS31(I, IPID,NREPLICI®QLMSII(IL»IPID,NREPLIC)
9915 TUKEY(I)eQLMS31¢(I>,IPIDsNREPLIC)
CALL SUHHARY(TUKEYD10)731(IPIDQNREPLIC!1)9T31(xPID’NREPLICDZ)’T31(
1IPIDSNREPLIC»3)sT3L(IPIDINREPLIC»&)sTIL(IPID,NREPLIC,»5))
TI1C(IPIDHNREPLIC,6)eSUMZ10.
T31(IPIDHINREPLIC»7)=SQRT((SQSH=10.*T31(IPIDsNREPLIC»6)*T31(IPID,NR
1EPLIC,6))790,.)
TI1(IPIDSNREPLIC,)8)=sT31(IPID»NREPLIC,3)
T3X(IPIDHINREPLIC,9)e{T31(IPIDSNREPLIC2)42.,%¢T31(IPIDSNREPLIC»3)+T3
JRCIPIDSNREPLICIL))/ 4,
T31(IPIDINREPLIC»10)aTI1CIPIDSNREPLIC,) &) =TI2(IPID)NREPLIC,2)
T31(IPIDINREPLIC,)11)sT31C¢IPIDSNREPLICS)S)I-T31CIPIDs NREPLICHL)
SUM=0, '
SOSN=0,
DO 9916 101110
SUM & SUMeQLMS32(I,IPID,NREPLIC)
SQSHeSQSMeQLMS32(I» IPID,NREPLICI*QLMS32(I,IPIDsNREPLICY
9916 TUKEY(I)=QLHMS32(I,IPIDyNREPLIC)
CALL SUMMARY(TUKEY»10sT32(IPIDsNREPLIC,1),T32(IPID,NREPLIC»2),»T32¢(
1IPIDANREPLICS3),TI2(IPIDSNREPLICS4)»TI2(IPID,NREPLICHYS))
T32{IPIDsNREPLIC»S)=SUM/10,
T32(IPID,NREPLICs7)wSQORT(ISASM=10.*T32(IPID,NREPLIC»6)*T32({IPIDsNR
1EPLIC,6))1/904)
T32(IPIOsNREPLIC,»B8)®T32(IPID,NREPLIC,3)
T32C(IPIDSNREPLICS D)= {T32(IPIOSNREPLIC2)42.#T32(IPIDSNREPLIC,3)+T2
12(IPIDSNREPLICy&) )/ &,
T32(1PIDSNREPLICS20)=T32(IPIDsNREPLIC,4)~=TI2{IPIDs NREPLIC,2)
‘T3Z(IPID,NREPLXC911)'T3Z(XPIDnNREPLICnS)-T32(IPID.NREPLIC:I’
SUM=0O,
SQSH=0,
DO 9917 11,10
SUM = SUM+QLMS41(I,IPIDs»NREPLIC)
SOSMeSQSM+OLMS41(I>IPID, NREPLIC)I®QLMSHL(I»IPID,NREPLIC)
. 9917 TUKEY(XI)eQLMS41(I»IPID,NREPLIC)

CaLL SUHHARY(TUKEY:10»T61(IPID;N&EPLIC:l):Tbl(IPID;NREPL!C:Z)-TQI(‘

1IPIDSNREPLICS3)pTGLCIPIDOSNREPLICS&)»T&LI(IPIDSNREPLICSS5))
T&1C(IPIDSNREPLIC,H6)sSUMN/10.

TALCIPIDSNREPLIC, 7)®SQRT((SQSM=10.*T4L(IPIOSNREPLIC»S)*T41(IPID,NR
1EPLIC,6))/90.)

e
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TAL1C(IPID,NREPLIC,B)=TRL(IPIDSNREPLIC,»3)
TAL{IPID)NREPLIC»9)o(TGL1(IPIDSNREPLICS2)42.4T41(IPIDsNREPLIC,3)*T4
11CIPIDsNREPLICy»G)) /4.
T4L{IPIDSNREPLICs10)=sT41(IPIDsSNREPLICS»4)=TAL{IPID,NREPLIC»2)
TGY1(IPIDSNREPLIC11)oT4L(IPIDINREPLIC)S5)=TAL(IPIDyNREPLICS1)
SUNM=0,

SOSHCO.

00 9918 I=1,10

SUM = SUMeQLMSSL2(I>IPIDsNREPLIC)

SOSMaSQSM+QLMSG2(T» IPIDSNREPLIC)*QLMS42(L,IPIDsNREPLIC)
TUKEY(I)=QLMS42(I,IPIDsNREPLIC) .

CaLL SUHHARY(TUKEY'10)742(19109NREPLIC'1"TQZ(IPID)NREPLIC'Z)DYQZ(.

-1IPIDSNREPLIC»3)»T42(IPIDSNREPLIC»4)sTH2(IPID,NREPLEICSS))

9919

9920

T42(IPIDsNREPLICy»6)=SUM/10,

TR2(IPIDSNREPLIC»7)=SQRT((SQSM-10. ‘T“Z(IPlDoNREPLiCob)‘TQZ(IPID!NR
1EPLIC,6))/90,)

T42CIPID,NREPLIC,B8)=T42(IPIDyNREPLIC»3)

TR2(IPIDINREPLIC»9) o (T62(IPID)NREPLIC,2)+2, ‘TﬁZ(lPXDoNREPLIC»3)*T§
12CIPIDsNREPLICo4)) /4,
TQZ(IPID»NREPL(C’10)'TQZ(IPID’NREPLIC16l°T4Z(IPID,NREPLIC:Z)
TQZ(IPID’NREPLIC’ll)ﬂTQZ(IPID’NREPLIC’SI T42(IPIDsNREPLIC,1)

. SUNK=Q,

SQSMe0,

00 9919 11,10

SUM = SUM+QLMSS1(I»IPID,NREPLIC)
SQSH'SQSHOQLHSSI(I:IPIDoNREPLlC)‘OLHSﬁI(I’IPIDDNREPLIC)
TUKEY(I)eQLMSS1(IsIPIDsNREPLIC)

cALL SUHHARY(TUKEYv109T51(IPID:NREPLIC91)nT51(IPID:NREPLICOZ!:TSI(
1IPIDSNREPLICS3)eTS51CIPIDSNREPLIC4)»TSLC(IPIDSNREPLICYS5))
T51¢IPIDSNREPLIC,6)=SUM/10.
T51(IPID,NREPL[C’7)'SQRT((SQSH°10-‘T51(IPID’NREPLICtb)‘T5l(IP!DDNR
1EPLIC»6)13/790.)

T51C¢IPIDSNREPLIC,»B)=TS51{IPIDINREPLIC,»3)
T51C(IPIDsNREPLIC,I)=(TS51CIPID,NREPLIC»2)+2, ‘TSI(IPID:NREPLIC)3’0T5
11(IPIDsNREPLICs&)}) /4.
TS1(IPIDSNREPLIC»10)aTS51C¢IPIDSNREPLICS&I=-TS1{IPID,NREPLIC,2)
T51(IPIDSNREPLIC»11)TS1(IPIDSNREPLICS»S)-TS1(IPIDsNREPLICs1}
SUM=0Q,

SQSMe=0,

00 9920 I=1,10

SUM @ SUMeQLMSS52(1oIPIDyNREPLIC)
SQASMeSQSMeQLMSS52(I» IPIDs NREPLIC)*QLMSS52(1,IPIDSNREPLIC)
TUKEY(I)=sQLHS52(1,IPID,NREPLIC)

CAaLL SUHHARY(TUKEY’IO'T5Z(IPID;NREPLIC:I):YSZ(IPID’NREPLICDZ”T5Z(
1IPIDs NREPLIC»3) s T52CIPIDSNREPLICS»4)s TS2(IPIDSNREPLIC»S5))
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T52(IPIDsSNREPLICS6)=SUM/LO0.
TSZ(IPID;NREPLIC;?)'SORT((SOSH-IO.‘TSZ(IPID:NREPLICAb"TSZ(IPIDQNR
1EPLIC»6))790,)
T52CIPIDYNREPLIC,8)sTS2(IPIDyNREPLIC,»3)
T52(XPID;NREPL!C:9)O(TSZ(IPID;NREPLIC:Z)*Z-*TSZI{PlopNREPLIC'3)OTS
J2(IPIDsNREPLICI4)) /4,
. T52CIPIDSNREPLICs10)=T52(IPIDsNREPLIC»&)=T52(IPIDs NREPLIC»2)
.T52(IPID»NREPLIC,»11)T52(IPIDSNREPLICSS5)=T52(IPIDsNREPLIC,1)
SUM=0Q,
SQSM=0,
00 9921 (=1,10
SUM = SUMQULMSOHL(I,IPID,NREPLIC) :
SOSH'SQSHOOLHS61(IpIPID’NREPLIC)‘0LNS61(I;IPID.NREPLIC)
9921 TUKEY(I)eQLMSH6L{I,IPIDsNREPLIC)
CALL SUMMARY(TUKEY;10sT61(IPIDsNREPLICS1),T61(IPID,NREPLICS2)»TH1L
JIPIDSNREPLICS3I)sTOLUIPIDSINREPLIC,)&)s TOL(IPIDSNREPLICSS5))
T61CIPID,)NREPLIC»6)2SUM/10,
TQI(IPID’NREPLIC!""SQRT((SQSH-IO.‘]’OI(IP[D)NREPLIC’(}).T61(XPID’NR
1EPLIC»6)1/790,)
TOL(IPIDSNREPLIC»B)=THLLIPID,NREPLIC,3)
TO1C(IPIOINREPLICIIIS(TOHL(IPIDSNREPLICS2)+2,%TOL1(IPIDSNREPLIC,3)+TS
11C(IPIDsNREPLICrS)) /4,
TO1CIPIDSNREPLIC»10)eTHICIPIDSNREPLIC»S)-THI(IPIDy NREPLIC,2)
T6L{IPIDSNREPLIC»11)=sT61(IPID,NREPLICS5)~T6L(IPIDsNREPLIC,1)
SUM=Q,
SQSH=0,
00 9922 1=1,10
SUM = SUMeQLMSHE2(I,IPIDsNREPLIC)
) SQSMeSQSMeQULMS62(I> IPTIDyNREPLICI*®QLMSH2¢I,IPID,NREPLIC)
9922 TUKEY(I)}=sQLMS62(1,IPIDSNREPLIC)
- CALL SUMMARY(TUKEY»10sT62(IPIDsNREPLIC»1)sT62(IPIDsNREPLICS2)5TO2¢
1IPIDs NREPLIC,»3)»TO2(IPIDSNREPLICS4)» T62(IPIDSNREPLIC,»S5)) : .
T62C(IPIDSNREPLIC»6)uSUM/L0.
TO2(IPIDSNREPLIC,T)=SORT((SQASM=10.¢TH62(IPID,NREPLIC»6)*T62(IPIDsNR
1EPLIC»6))/790,.)
T62(IPIDsNREPLIC»8)eT62(IPIDsNREPLIC,3)
T62CIPIDsNREPLIC,9)=(T62(IPID,NREPLIC,2)+2, ‘TbZ(IPID:NREPLIC93)0T6
12(IPIDINREPLICs4) /4.
TOZ(IPIDpNREPLICQ10"T62(IPID:NREPLIC:Q’-TbZ(IPID.NREPLIC;Z'
T62C(IPIDSNREPLIC,11)eTH2¢IPIDOINREPLIC»5)~T62(IPIDs NREPLIC,»1)
9925 CONTINUE
‘NREPLICe1
: WRITE(555100) (ALABEL(I)»1s1,3)
5100 FORMAT(O3X*TABLE T.5%77/% DATA SUMMARIES, CENTRAL VALUESs AND SPRE
A 1ADS, MULT. BY 10» OVER 10 DIRICHLET SIMULATIONS FOR Qele¢ REG-EST M
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2SE. FIRST REPLIC. DESIGN 2.%/7/57Xs3A207/717)
4990 NSSe25
PID=0.15
. 1TABLE=0
WRITE(5,5105) R
5105 FORMAT(19X»S53H* s 204t 0828 DATA SUMMARYS4¢ 2803688088040
185X, 36HS¥# 042484 4CENTRAL VALUES* #4844 05 404 X1 THS ¢ #$2SPREADS #0482/

2% ESTIMATOR SS PID L EXTREME L HINGE MEDIAN U HINGE VU
3EXTREME®TX*NEAN (SeEe.) MEDIAN TRIMEAN MIDSPREAD RANGE#
4/) )

4991 WRITE(555510) NSSePIDe(T12(IPIDSNREPLICSK)IsK21p11),(T21(IPID,INREP
ILICHK)sKe1,11) s (T31C(IPIDSNREPLICSIK)»K=1s11)p (TLL(IPID,NREPLICSK) oK
2919100 (TS51C(IPIDSNREPLICIK) »Ke2p11)» (TOL(IPIDSNREPLICHK)»Kelpll)

5510 FORMAT(3X*APMRO*3IX»125F4.2s5F11eTs3XFQ.6%(*F9,74)%2F9,653Xs2FF.6/3
1X*PHDRO*IXN»SFLLaT793XsFI. 6% (*F9, T*)82F9,6,3X92F9.,6/3X*MLE*L11Xy5F11,
2793XsFI6%(2FF,7#)%2F9.653X02F9.6//3X*APMRL*9Xy5F11e7»3XsF9.6%(*F9
3.7%)82F9,693X92F9.6//3X*APMR2*IXsSFL1LaTs3XsFI 6% (*FI.T7#)*2F9.653X,
42F9.6/73X*PMDR23IN»5F11e793XsFIeO6(*F9.7#)*2FF:653X92F9.6/)

ITABLE=ITABLE+]
60 TO (499254993,4994,4995) ITABLE

4992 PID=0.40

60 TO 4991
4993 NSSe50
PI1D0=0.15
60 TO 4991
4994 PID=0.40
60 TO 4991

€995 WRITE(5,5112)

5112 FORMAT(//7/3X* NOTE THAT A ZERO BEFORE A DECIMAL DENOTES AN EXACT I
1ERO. OTHERWISE» THE ZERD IS ROUNDED.*)

IF (NREPLIC=1) 499654996,5,4998

4996 NREPLICse2

WRITE(S5,499T)

4997 FORMAT(/77711)

WRITE(595115) (ALABEL(I)yI=1,3)

5115 FORMAT(63X*TABLE Teb6%/7/7% DATA SUMMARIESs CENTRAL VALUESs AND SPRE
1ADSs, MULT. BY 10, OVER 10 DIRICHLET SIMULATIONS FOR Qeles REG-EST M
2SE, SECOND REPLIC. OESIGN 2.%77//57X»3A10071171)

. 60 7O 4990 ' '

4998 CONTINUE

END

et 4 s



OO0 [2 X X 2] OOOOOCOOONO

OO

[ X2 Xa X z N

35

ORIGINAL PAGE IS

- OF POOR-QUALITY] ST

FUNCTION GAMMA(GG)

GENERATE A GAMMA RANDOM VARTABLE -

T0 00 SO USE ALGORITHM GT FROM AHRENS AND DIETER (1974) WCOMPUTER
METHODS FOR SAMPLING FROM GAMMA, BETAs POISSONs AND BINOMIAL -
DISTRIBUTIONS®™, P229, COMPUTING. VOL. 12

NOTE THAT FOR 1/77 SINULATION STUDY, GG RANGES FRON 0.1 TO 9.8
OBTAIN INTEGER PART OF 66

Ke66

OBTAIN FRACTIONAL PART OF 66

FeG6-K

- OBTAIN INTEGER PART OF GAMMA

10

12

14

15

.16

61+0,

IF (K~0) 1451498
I=0

GP=}1, .

Islel

UUSURAN(O.)
GP=sGP*UU

IF tI-K) 10,12512
6l=-ALOG(GP) - '

OBTAIN FRACTIONAL PART DF GAMMA

6F=0,

If (F=0.) %0,60,15
8e(2.71828182845904¢F)72.7182818284590°
OF=1./F

FMIN1=F-1,

UUSURAN(O.)

GPeBsyU

GENERATE NEW UNIFORM RANDOM NUMBER FOR TESTS IN FOLLOWING STEPS
18 AND 30

UUsURANLO.)
IF (6P-1.) 18,18,30



[a Xz X gl

18

30

40

GF IS LESS THAN OR EQUAL TO 1.

GFeGP#+0F
TESTSEXP(~GF)
IF (UU-TEST) 40540,16

6F IS GREATER THAN 1.

GFs-ALOG((B-GP)*OF)
TEST=GF**FMINL

IF (UU-TEST) 40540,16
GAMMA=GI +GF

RETURN

END

36
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SUBROUTINE GENXZ(UU»NSS)

GENERATE MULTINOMIAL COMPLETE (X) AND INCOMPLETE (Z) DATA
ALSO CALCULATE MAXIMUM=L IKELIHOOD-ESTIMATES FROM COMPLETE DATA

COMMON DEP(353)5DQL(4930,E(4»3)9IROBUSTINTS»P1sP2,P3,TPID

COMMON/CALEST/APHMCLL1sAPMC12,APMC22sCONVCRISCOVSKIP»DMLCLOMLCZsDML
1C350PID»EAPMCLL,EAPMCL2EAPMC22,EPMCLLILEPMCL2,EPMC22,ISTOPSN12,N13
2sN23sPIDsPMLCLIPHLC2yPMLC3ySSsSSNsTIMAPS TIMEPs TIMN(2)sTINM21,TIN31sX

. 3NULsXNU2,XNU3»21922923,21252135223921N5s22Ns 73N

OOONHO

Y2 X2

COMMON/DATA/XDATA(2) »ZDATA(G)
DIMENSION UU(NSS) _ . , ,
INTEGER Y1,Y25WlsW35V2,V3,COVSKIP : B
EQUIVALENCE (E(151),PEPHL),(E(192)9sPEPM2Y5(EC(Ls3)s PEPHIY '
EQUIVALENCE (E(251)»PMLEL), (E(252)9PMLE2) (E(2,3),PHLED)
EQUIVALENCE (E(351)sPPHD1)s(E(352)sPPMD2)y (E(353)sPPMD3)
EQUIVALENCE (E(4s1)sPAPK1)s(E(492)sPAPM2), (E(4s3)pPAPM3)
EQUIVALENCE (DEP(1,1)0EMLL), (DEP(1s2)sEML2), (DEP(1s3)pEML3)
. EQUIVALENCE (DEP(2,1),EPMD1), (DEP(252),EPMD2)s (DEP(2s3),EPMD3)
EQUIVALENCE (DEP(3,1)9EAPMNY )y (DEP(352),EAPMN2)s(DEP(353)sEAPHN3)
EQUIVALENCE (DOL(1,1)9DEPMNL)»(DQL{152)sDEPHN2)»(DQAL(153)sDEPMN3)
EQUIVALENCE (DOL(2,1)s0DML1)s (DQL(2,2)sDML2), (DQL(253)sDHL3)
- EQUIVALENCE (DQL(351)50PMD1), (DQL(352),DPMD2), (DQL(353)sDPMD3)
 EQUIVALENCE (DQL(4,1)sDAPHNL), (DQL(452)sDAPNN2)5(DQLC%s3 )9 DAPNN3)

RECALL THAT NSS IS THE INTEGER FORM OF THE SAMPLE SIZE SS
CALCULATE APPROX AMOUNT OF DATA GOING INTO EACH OF THE & GROUPS

H4ePID/ 2.
H3=H4

H2*H4
Hlel,.~-3,%H2
E3eH1+H2

SET ENO POINTS

P12epP1l4p2
El=P12%E3
E2=P12%E3
EGeE3+P1%NH2
ES=E3+P12#H2
E6*H1+2,%H2
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ET=EL+PL1*H2
E8=E6+P12#%H2

INITIALIZE Z AND DUMMY VARTABLES YI» WI, AND VI

I1=0,
12=0.
13+0,
Yle0

. Y290

Wle0
Wie0

- V20

- V3e0

[
[-X. N 3 N,

12
14
40
45
50

55

GENERATE X» I DATA

CALL UNIFORM PSEUDO RANDOM-NUMBER GENERATOR
X(N#1) = (4349027564T7445.¢X(N)) MOD(2EXP(4B))
SPECTRAL NUMBERS C(2)#2,839, C(3)=2,095, C(4)=1,.819,

CALL URANV(0.sNSS»UU)

DO 85 I=lyNSS
Usyuil)

IF (E1-~U) 252540
IF (E2-U) 454,45
IF (E3-U) 696550
IF (E4-U) 858,55
IF (E5-U) 10,10,60
IF (E6-U) 12512965
IF (E7-U) 14,14,70
IF (EB-U) B80s80,75
I1%721+1,

60 TO 85

12=22+1,

60 T0 85

13=23¢+1.,

G0 T0 85

YisYl+l

6D TO 85

60

65

Y2sY2+1
60 1O 85
W3eN3el

38
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70 Wlewlel

60 TO 85

75 V2ey2el

G0 10 85

80 V3i=v3iel

CONTINUE
N12sY1l4Y2
N13eWleuw3

" N23eV2+V3

90

92

95

OBTAIN REAL FORM OF SHARED INCOMPLETE DATA

212sN12
Z13sN13
123eN23

DBTAIN COMPLETE DATA X

X1laZl4Y1l+W1
X2wl24Y2eV2
X3eZ3+W3+V3

CALCULATE COMPLETE~DATA MAXIMUM-LIKELIHOOD ESTIMATES

PMLCl=X1/SS

PMLC2=X2/SS

PMLC3e]l.~PMLC1-PMLC2

IF (PMLC3-0,) 90,95,95

ISTOP=1 )

PRINT 92, XNUI;XNUZ;KNUB’PIponP3’PleS$’X13X2113'lleZ’ZBleZ’ZI3
15223,PMLCLyPMLC29»PMLC3,»NSSHNTS

FORMAT{(//7/% GENXZ. COMPLETE-DATA MLE NEGATIVE Pe XNU=*3F10.4s% GE
INERATED Po*3F10.69* PIDe*F6,25% SSesfF&,0/% Xut3Fbe0s* Io*6F6.0,% P
2MLe$3F10,65% NSSe*13,4X,13% TH TRINOMIAL SIMULS)

RETURN

OMLClePMLC1-P1

DMLC2=PNLC2=P2

DMLC3I=PHLC3=-P3

ZINsSZ1¢XNUL

- L2N®Z24+XNU2

Z3N=Z3+XNU3

PUT X AND Z DATA INYO SEPARATE BLOCK COMMON BECAUSE PROGRAM WON"T
CORRECTLY RUN IF BLANK COMMDN XsZ DATA IS PUT INTO KTITERs COUNTS,

o mm— e e e L e — - i e e mee e el e e el e e = - -



non

AND ﬁESYEST (PERHAPS PROBLEMS WITH E- EQUIVALENCE STATEMENTS)

XDATA(1)e=X1
XDATA(2)=X2
I0ATA(1) =21
- IDATA(2)e72
.~ IDATA(3)=23
- IDATA(4)=Z12
IDATA(S5)=213
ZDATA(6)=Z23

TRUE PERCENT (PROPORTION) INCOMPLETE DATA

TPID=(Z124713¢223)/5S
DPID=PID-TPID .
RETURN

END
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SUBROUTINE EPM

- PROGRAM TO CALCULATE EXACT PDSfERIOR MEAN AND COVARTIANCE MATRICES

COMMON DEP(353)9DQL(453)9E(4»3),IROBUST)NTSsPL,P2,P3,TPID
COMMON/CALEST/APMCL1,APHC12,APHC229CONVCRISCOVSKIPHOMLCEOMLC2,DML

1C390PI0’EAPHC119EAPHCIZ’EAPHCZZoEPHCII’EPHCIZ’EPHC229lSTUP:NIZ’N13
29N235PIDs PMLCLoPMLC2,PMLC35SSsSSNy TIMAP, TIMEP, TIM(2)5TIM21, TIN31, X
3NU19XNU2’XNU3pZI’Z29Z3p21292133223’ZIN912NQZ3N

INTEGER COVSKIP

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

N12]1eN12+1
N131eN13+]1
N231=N23+1
Y1sZ1N
YY1A=GAM{Y1)

(E(I’I)DPEPHI)’(E(l)Z)n?EPHZ)'lE(1’3,vPEPH3'
CE(251),PMLELYS (E(2,2)sPMLE2)» (E(253) s PMLE3)
(E(351)9PPMDL)» (E(352)sPPHD2),(E(3,3)sPPHD3)
(E(4s1)oPAPMYI)»> (E(402)9PAPM2), (E(453)sPAPNMI)
(DEPC(LlsL)sEMLL) s (DEP(19s2)sEML2)y (DEP{1s3)sEML3)
(DEP{2s1)»EPMD1)y (DEP(2,2),EPMD2), (DEP(2»,3),EPMD3)
(DEP(3,1)sEAPHNNL)» (DEP(3,2),EAPMN2),»(DEP(353),EAPMNI)
(DQL(1,1),DEPMNL1)»(DQL(1,2)>DEPMN2)p (DQL(153)9 DEPMN3I)
(DQL(2,1)sDMLY)s (DOLE2,2),DML2)s (DQL(2,3),DML3)
(DQL(3,1)9DPMD1Ds (DQL(3»2)»DPMD2), (DQL(353),DPMD3)
(DQL(4»1)»DAPMNLY» (DQL (42205 DAPMN2)» (DQL (45339 DAPMNI)

IF (212~0.) 45458

IF (213-0.)
IF (223-0.)

59598
65698

. COMPLETE=DATA CASEs ALL 2IJ=0.

SUM12sYY1ASGAM(Z2N)*GAM(Z3N)

... S12P1sZ1N*5UM12
- S12P1SQA=(Z1N+1,.)%512P1

S12P2sI2N*SUM12

. $12P25SQs(Z2N+1,)512P2

S12P1P2=Z1IN*#Z2N*SUM12

60 TO 55

I2N12=22N+712
I3N1323=23N+213+223

SIJPK DENOTES Z1J SuM FOR POSTERIOR MEAN P(K) CALCULATIONS.,

SIMILARLYS

TIJPK DENOTES A TERM OF THIS SUM.



'S12P1=0.

. s12p2e0.

S12P15Q=0.

.. $12P25Q%0.

10

S12P1P2=0.
SUN12=0.

D0 50 IlAs],N121

IAe]lA=-1

IF (IA=0) 9,9,10

CON12e1l.,

Y2sZ2N12

YY2AsGAM{(Y2)
GAMMY3=GAM(Z3N1323)

GO Y0 16
CON12=(212-IA+1.)*CON12/1IA
YYlAsY1#*YY1A

L Y1eZ1IN+IA

16

.Y2e22N12~-IA

YY2A=YY2A/Y2
SUM13e0.
$13P1=0,
S13P2=0,
$13P15Qs=0,
$13P25Q=0.
S13P1P2=0,
ZINIASZIN+IA

. 00 40 IIB=1,N131

17

I8ell8-1
IF (1B-0) 17,17,20
CON13we]l.
YY1BeYY1A

- Y3eZ3N1323

- 20

YY3B=GAMMY3

60 10 27

BlelB~1
CON13=(Z13-BI)*CON13/1B
Y3sZ3N1323~18

. YY3B=sYY3B/Y3

27

YY1BeYY1B&(Y14BI)
YY2CeYY2A :
SUM23=0,
S23pP2+0.

42



$23P250#0,

.00 35 IIC=1,N231

ICe1IC-1

- IF (IC=0) 30530531

EEYS

. 34

35

CON23e1,
YY3C=YY38
60 TO 3%
CislC-1

CON23-(123-CI)‘CON2311C
YY2C=(Y24CI)eYY2C :

YY3CeYY3C/(Y3-1C)
T23eCON238YY2C*YY3C
FeY2+1IC

T23P2=T23¢F A
T23P25QeT23P2%(F+1,)
SUN23s5UM23¢T23
$23P2s523P24723P2

$23P25Qe523P250+123P25Q

CONTINUE
G=CON13#YY1B

. GG=ZINIA+IB

T13=G*5UN23

. T13P1%T13%G6

T13P2=G%523P2

. T13P1SQsT13P1¢(GG+1.)

. ¥13P2S0=6#523P25Q
.T13P1P2=T13P2%GG

 SUM13eSUM134T13
. $13P1e513P14T13P1

$13p2=513P2+T13P2
$13P15Q=513P15Q+T13P15¢

«-. $13P250Q=513P25Q+T13P250Q

. 40

S13P1P2e513P1P2+4T13P1P2
CONTINUE

.112-CON12¢50H13

T12P1sCON12#513P1
T12P2°CON124513P2
T12P1SQ=CON12#513P1SQ

. T12P25Q=CON12#*S13P250Q

TIZPIPZ-CONIZ‘SI3P1PZ
SUM12eT12+5UN12
.. S12P1e512P1+4T12P1
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55

. 44

S12P2e512P24T12P2
S12P15Qs512P15Q+T12P1SQ

-$12P25Q=512P250Q+T12P2SQ
S12P1P2=512P1P2+T12P1P2
CONTINUE

ELEMENTS OF POSTERIOR MEAN OF P GIVEN Z

D1eSUM12#SSN

D2=D1#(SSN+1.)

PEPM1eS12P1/D1 . " » _
PEPN2eS12P2/01 ' IR o L -

. PEPH3el.-PEPM1-PEPN2

201

IF (PEPM3-0.) 230,201,201
CALL SECONDI(TIM2)

ELEMENTS OF POSTERIOR COVARIANCE MATRIX OF P GIVEN Z.

X1X29512P1P2/D2 :
EPMC12eX1X2-PEPMLI*PEPMH2
X15QeS12P18Q/D2
EPMCL1=X1SQ-PEPMLSPEPM]
X25Qe512P25Q/D2 .
EPMC22eX2SQ-PEPM2*PEPM2

 DEPHN1PEPM1-P1
- DEPMN2=PEPM2-P2
DEPMN3=PEPM3-P3

230

231

240

RETURN

PRINT 231 o o

FORMAT( /71717 EXACT POSTERXDR HEAN. NEGATIVE P.*//) - :

PRINT 240, PEPHIoEPHCllpXlSO.SlZPlelZPlSO’PEPHZ:EPHCZZQXZSODSXZPZ
19512P25QsPEPM3EPMCLI2,X1X2sSUMLI2)S12P1P2,NTS

FORMAT(//7TH PEPM1®E15,.854Xs8H EPMCL1®E15.854Xs6H X1SQASEL15.894X»TH
1S12P1%E15,854Xs94 S12P1SQeE15.8/TH PEPM2eE]15.8,4Xs8H EPMC222€15.8,
24X s6H X2SQ®E15.854X9TH S12P2%E154894Xs9H S12P2SQ=E15.8/7H PEPMI=EL
35.8,4X,8H EPMCL122E15.854Xsb6H XlXZ‘Elﬁo?!kXp?H SUM12®ELl4.724X»9H S1
. §2P1P2eEl4, 7;‘ NTSe=s13/)

-.1ST0P=1 e

- RETURN’

C e et m—— - e e —m a i o mmmir me me rees o w e a mmeieem e eeia. o - s s e

END

e e e e i e e e e et g
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_FUNCTION GAM(X)

EVALUATE GAM(X) FOR CASES FROM PRIOR (ulss159.8)
IF (X~9.2) 1,35,35 | - |
ARGUMENT IS LESS THAN OR EQUAL TO 9.1. TO INSURE 11 SIGNIFICANT

PLACES OF ACCURACY IN GAMMAs USE 11 SIGNIFICANT-FIGURE VALUE
CALCULATED FROM LCG(GAM(X)) FROM ABRAMOWITZ AND STEGUN OR DAVIS,

S OONNOODOO OO0

® o & N -

10
12
14

- 16

18
20

22

24
26
28
30

CALCULATE GAM(O0.1)» GAM(1.1)s AND GAH(Z.I) BY HAND FROM GAM(3.1)

AND RELATION GAM(X¢l)=

IF (ABS(X=~9.,1)-1,E~13)
6AM(9.1)
GAH-69973.708949629
RETURN

1F tABS(X-8. 1)—1 E-13)
GAM(8.1)
GAM=6169.5936974851

-RETURN

IF (ABS(X~Te1l)=1,.E~-13)
GAM(7.1)
GAMS868.956858800T72
RETURN

IF (ABS(X=64.1)-1,.E-13)
GAM(6.1) ’
GAM=162,45194406569
RETURN

IF (ABS(X=5.1)~1. E 13)
GAM(5.1) -
GAM=27,931753738371
RETURN

IF (ABS(X=6, 1"1.5'13’
GAM(4,]1)
GAMe6,8126228630175
RETURN .

IF (ABS(X=3,1)=1,E~13)
GAN(3.1)
GAMN®2,1976202783927
RETURN

IF (ABS(X~24,1)-1.E-13)
GAN{2.1)
6‘"‘100‘6585356855
RETURN

X GAH(X)

29204
65698
10,10,12

14914516

18518520

22522524

26,2628

305,30,32
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32

3s

36

35

40
.48

46

IF (ABS{X=1.1)=1,E=13) 34534,36
GAM(1.1)

GAM=0,95135076987

RETURN

GAM(O.1)

GAM®9,5135076987

RETURN

ARGUMENT X IS GREATER THAN OR EQUAL TO 10. .
USE STIRLING®™S FORMULA TO OBTAIN AN APPROXIMATION TGO GAMMA
THAT IS ACCURATE TOD 11 SIGNIFICANT FIGURES

XSQexsX
XCUsXSQ#X
XFIFTHeXSQ®XCU

Y IS THE APPROXIMATED NATURAL LOG(BASE E) OF GAMMA(X)

Yo {X=0e5)¢ALOG(X)=X40:91893853320406741.7(12.#X)-1e70360.2XCUN+1./¢
11260, ¢XFIFTH) :

IF (X=22.) 40545,45

YoY=1./01680.*XFIFTH*XSQ)

CAMSEXP(Y)

RETURN

END.
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.SUBROUTINE METHQODS

FOR INCOMPLETE DATA CALCULATE MY APPROXIMATION,: POSTERIOR HUDE’
AND MAXIMUM-LIKELIHOOD ESTIMATE

. INTEGER COVSKIP
DIMENSION A(353)9B8(351)sIPIVOT(3)sIWK(6) o
COMMON DEP(393)oDOL(693”E(4;3i’IROBUSTpNTSpPloPZ’P3’TP!D '
CORMON/CALEST/APMCLL,APMCL12,APMC22,CONVCRICOVSKIP,OMLC1,0MLC2,DML
1C3,0PIDSEAPMCYIL1» EAPMCI2,EAPNC22,EPMCLL1,EPMCL2,EPMC22,ISTOPSsN12sN13
ZpNZ3’PID’PHLC1’PHLCZ»PHLCS.SS:SSN:TIHAP’TIHEP’TIH(Z)’TIHZI’TIH3I:X
INUL»XNU29s XNU3s 2152292392125 213922352Z1NsZ2Ns 23N
COMMON/ITKT/AVNUMIT(6)s CTNUMIT(657)
EQUIVALENCE (E(lvl)pPEPHl)o(E(lel’PEPHZ)’(5(1’3)nPEPH3’
EQUIVALENCE (EC(2»1)sPMLEL)» LE(292),PMLE2)»(E(2)3)sPMLED)
EQUIVALENCE (E(351)sPPMD1)s(E(352)sPPND2)s(E(353)sPPMD3)
EQUIVALENCE (EC4r1l)sPAPML)»(E(422)9PAPH2),(E(4s3)pPAPMIY .
EQUIVALENCE (DEP(1,1)sEMLY)» (DEP(1»2),EML2)y (DEP(15»3),EMLI)
EQUIVALENCE (DEP(251)sEPMDL)s (DEP(252)9EPMD2), (DEP(223),EPMD3)
EQUIVALENCE (DEP(351)oEAPMNLY(DEP(3,2),EAPMN2)» (DEP(353)sEAPMN3)
EQUIVALENCE (DQL(1s1),DEPMNL)S(0QL(Ls2)»DEPMN2)»(DQL(153)sDEPMN3)
EQUIVALENCE (0QL(2,1),0ML1)» (DQL(252)5DML2)» (DQL(2,3),0NML3)
EQUIVALENCE (DQL(35,1)50PMD1)s (DQL(3,2),0PMD2)y (DQL(353)sDPMD3)
EQUIVALENCE (DQLC4»1)»DAPMNLI(0QL(4,2),DAPNNZ)» (DQLC493)9DAPMN3)

CHECK TO INSURE THAT CONVERGENCE CRITERION IS Nﬂf TOO STRICT
IF (IROBUST=1) 1,100,50
INCOMPLETE-DATA MAXIMUM-LIKELIHOOD ESTIMATE
1 PMLELl=PEPNM]
PHMLE2=PEPM2

- PALE3=PEPM3
Ksl

.5 PL1ePHLEL

PL2=PMLE2
PMLEL12=PMLEL+PMLE2
PHLEL3=PMLEL+PHNLE]
PHLE23=sPMLE2+PMLE3
- IF (PMLEL2-1.E~14) 7578

.7 TEMP=0,
60 T0 9

8 TEMP=Z12/PMLEL12

.9 PHLEL={Z1+PMLEL*(TEMP+Z13/PHLEL3))/SS



X2 Xa)

i s a i o

14

13
16
1?7
18
19
20

21
22

25

43

PHLE2=(Z2¢PMLE2%(TEMPeZ23/PMLE23))/SS
PHLE3=1l.-PHLEL-PMLE?2
IF (PMLE3~0.) 215145146

IF (PMLE1-0.1) 15,15,16 ’

IF (ABS(PMLE1-PL1)-0.00001) 17520520

IF CABS(PHMLEL1-PL1)/PMLEL1-CONVCRI) 17520,20

IF (PMLE2~-0.1) 18,518,519

IF (ABS(PMLE2-PL2)~0.00001) 25520,20

IF (ABS(PMLE2~PL2)/PMLE2-CONVCRI) 25,20,20

KeK+l

IF (K-1000) 555521

PRINT 22, K.XNUI»PI.PLl,PLZ.CONVCR!:!ROBUStpNtS.TPID.PnLE3oXNUZ:PZ

1,PHLEL1,PMLE2

FORMAT(/7 * EXCESS NUMBER OF ITERATIONS FOR INCOMPLETE-DATA M.L.E

1o IS*I3,% XNULe#FQ 4% Pla#F0,08,3X#PL1e0F11.8,)3X#PL2%sF11.8/% CONV
Z(RD)=*FT7.5% IROBUST=#I2% NTSe#13¢ TPIDe#F6.2% PMLE3n*Fb, 4% XNUZ"F
39.4% P2=*F9,6% PMLEL=*F11.8% PMLEZ2=*F1l1l.8)

IF (K-1030) 25,25,250
CONVERGENCE FOR MAXIMUM-LIKELIHOOD ESTIMATE INCOMPLETE DATA

EML1=PMLELI-PEPML
EML2ePMLE2-PEPM2
EML3=PMLE3-PEPM3
DML1=PHLEL~P1
OML2ePHLE2=-P2

».-DMLI®PNLE3=-P3

50

- INCREMENT COUNTER FOR NUMBER OF ITERATIONS FOR CONVERGENCE
-CALL KTITER(K,1)

POSTERIOR MODE

Tlel1N-1,
T2=12N-1.
Kel

. DeSSN=-3,

55

s

PPMDL=PEPM]
PPMD2=PEPM2
PPMD3I=PEPM]I
PL1=PPMD1 : : C -
PL2=PPND2 ’ )
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aYaXs,

75
. .. EPMD2=PPMD2-PEPM2

PPMD12=PPMD1+PPMD2

... PPAD13=PPMD1+PPHD3

" PPHD23ePPMD24PPHD3

57

59

1
T2

IF (PPHD12-1.E~14) 57,57,58

TEMP=0,

60 TO 59

TEMP=Z12/PPND12
PPMDLle(T1+4PPMD1+(TEMP+213/PPND13))/D

IF (PPMD1.LT.0.) PPMD1=0O,
PPMD2=(T2¢PPMD2*(TEMNP+Z23/PPND23))/D

IF (PPMD2.LT.0.) PPMD2=0.,

PPMD3I el ,~PPMD1-PPMD2

IF (PPNMD3-0.) T1,645064

IF (PPND1-0.1) 65565566

IF (ABS(PPMD1~-PL1)~0.00001) 67,70,70

IF (ABS{PPMD1=-PL1)/PPMD1-CONVCRI) 67570570
IF (PPMD2-0.1) 68,68,69 ,

IF (ABS(PPMD2-PL2)-0.00001) 75570,70

IF (ABS(PPMD2-PL2)/PPMD2-CONVCRI) 75’70’70
KeK+]l

IF (K=1000) 55»55,71

PRINT 72, KpXNUI)PI:PLI:PLZ:CUNVCRI)XRUBUST’NTSQTPKO’PPH03DXNUZ’PZ

1»PPHD1,PPMD2

FORMAT(/7 * EXCESS NUMBER OF ITERATIONS FOR INCOMPLETE~DATA PPMD

1¢ IS*I39% XNUL1a3FQ, 4,8 PlesFQ,693X*PL1a%F1]1,8,3X*PL2e%F11.8/7% CONV
2(RD)e*F7,5¢% JROBUSTe*[2% NTISeél3s TPIDesF(,2¢ PPHDB-‘F6.40 XNU2e#*F
.39¢4* P2s*F9.6* PPMD1"*Fl1.8% PPHOZ"FII.G)

IF (K=1030) 75,755,250

~ CONVERGENCE FOR POSTERIOR MODE INCOMPLETE DATA

EPMD1=PPMD1-PEPM]

EPMD3=PPMD3-PEPM]
DPMD1=PPMD1-P1

.. DPHD2sPPMD2=P2

DPMD3I=sPPMD3I-P3

INCREHENT COUNTER FOR NUMBER OF ITERATIONS FOR CONVERGENCE

-J=2

" _IF (IROBUST.EQ.2) Je5

CALL KTITER(K»J)
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100
. PAPM2PEPM2
PAPMIPEPH3

108

MATRICES
PAPMLlePEPM]

K=l

PL1=PAPN]
PL2=PAPN2
PL3SPAPNM]

-PAPM12=PAPML4PAPM2

PAPNLICPAPMLI+PAPM]

.. PAPM23sPAPH2+PAPM]
IF (PAPM12~1.E-14) 10751075108

107

108
109

114
115
116
- 117
118
119
120

121

TEMP=Q,
60 Y0 109 .
TEMP=sZ12/PAPM12

PAPMLIS(ZINCPAPMLIS(TENP+ZII/PAPMLIIIIASSN

PAPMZa( Z2NePAPM2S(TEMP+Z23/PAPMZ3) I /SSN:

PAPMIs]l . ~PAPML-PAPM2

IF (PAPM3~0.) 12151145114

IF (PAPM1~0.1) 115,115,116
IF (ABS(PAPM1-PL1)-0,00001) 117,120,120
IF (ABS(PAPML-PLL)/PAPHMI-CONVCRI} 11751205120
IF (PAPM2~0.1) 118,118,119
IF (ABS(PAPM2-PL2)}-0.,00001) 125,120,120

IF (ABS(PAPM2-PL2)/P

KeKel

IF (K-1000) 103,105,121
PRINT 1225 KsXNULsPLlyPL1sPL2sCONVCRIS IROBUST)NTS, TPIDs.PAPM3, XNU2,P

OonH

12, PAPM1 PAPM2

- MY TAYLOR~-SERIES APPROXIMATED POSTERIOR MEAN AND CUVARIANCE

APMZ=-CONVCRI) 12551205120

50

122 FORMAT(/7 * EXCESS NUMBER OF ITERATIONS FOR INCOMPLETE~DATA PAPM
1o IS*I35% XNULw®#F9,4p* PLa*FQ,5,3X#PL1s#F11.8,3X*PL2%F11.8/% CONV
2(ROI=¢F7,.5¢ [ROBUSTe#[2% NTS=4I3¢% TPIDs*F6.2% PAPMI=*F6.4% XNUZ®#F
39.4% P2ea3FG 6% PAPM1e*F11.8% PAPM2asF11.8)
.IF (K-~1030) 12551255250

. CONVERGENCE FOR ToS. APPROX. POSTERIOR MEAN INCOMPLETE DATA

125 EAPMN1=PAPM1-PEPM]

.« EAPMN2=PAPM2-PEPM2

B

EAPMN3oPAPMI-PEPM]
DAPHN1=PAPM1-PL.
DAPMN2=PAPN2-P2
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(2 Xa X2l

[aXaNaX3a)

127
128

129
130

150

2 Xa Xz B

- 9l

...... e e e e e s e e [

DAPHNA=PAPM3I-P] _
INCREMENT COUNTER FOR NUMBER OF ITERATIONS FOR CONVERGENCE

IF (IROBUST-1) 1279126,129
J=3

GO TO 130

Jeo b

60 T0 130

J=b

CALL KTXTER(K.J)

IF (IROBUST.GT-.0) RETURN

APPROXIMATED POSTERIOR vaAR/ZCOV HATRiX. NONITERATIVE METHOD.

P12ePAPM1+PAPM2
P13ePAPMI4PAPN]
P232PAPM2+PAPM3

CAUTION. INSURE THAT P12, P13, AND P23 ARE NOT IN COMMON FROM
GENERATED P1l, P2» AND P3 -

R12sPAPML/P12
R13=PAPM1/P13
R21=PAPH2/P12
R23sPAPM2/P23

SSN = SUM OF DATA PLUS SUM OF PRIOR PARAMETERS XNUI

ToSSN#ISSN+1,)
P12SQe=P12#+P12
P13SQ=P13¢p13
P235QeP23%pP23
IRP21#212%R21/P12
IRP13*Z134R13/P13
IRP12=212#R12/P12
IRP23=223%R23/P23

¢ CALCULATE All,1)

A112=(ZRP2147213/P13)%82/T
Al113=(ZRP21%R21)/(P12¢T)
Al14=213/(P135QsT)
Allsl)u=1,4A112~A113-A114

€ CALCULATE A(1,2)

A121=(ZRP13~ ZRPIZ"(ZR92102131913)
AIZZ'ZRPIZ‘RZIIPIZ
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Al23s7RP13/P13
o A(19p2)®2.81A1214A022-A1230/T
- TEMPSZ12/P1250Q
€ CALCULATE A(1,3)
41312 (ZRP12-ZRP13) *%2
. Al32=IRP12%R12/P12+2ZRP13I*R13/P13
. .- Alls3)=(A131-A132)77
C CALCULATE B(1,1)
BUls1)o~(SSNOPAPHL1¢P23+2RP12¢PAPN24ZRPLISPAPMII/T
¢

- € CALCULATE A(2,1)
A211=(ZRP21+4213/P13)#(2RP23~-2RP21)
A212=TEMPSR2]1##%2
Al251)=(A211+A212)/7

C CALCULATE Al2,2)
A2221=TEMPSPAPM1+2232(1.-2.*PAPM1)/P23SQ
A2222+TEMPOPAPM242138(1.-~2.*PAPN2)/P13SQ

S A222=A2221%A2222

cw. - A223eTEMP#(I12-2.,)%PAPM1*PAPN2/P1250Q

. A22427134723%(P12-2. ‘PAPHI‘PAPHZ!I(PI3SQ*PZ3SQ)
R(252)0(~T+A2224A2234A224)/T

€ CALCULATE A(2,3)
A231=s(IRP12+4723/P23)¢(IRP13~ZRP12)
A232sTEMPER]2%2
A€2,300(A2314A232)/T

C CALCULATE 8(251)
B(2s1)=PAPMLISPAPH24(SSNeTEMPI/T

¢ _ :
C CALCULATE A(3s1) .
A311e(ZRP21- ZRPZB)“Z
A312=ZRP21*R21/P12
- A313eZRP23#R23/P23

- Al3s1)e(A311-4312-A313)/7
C CALCULATE A(3,2)
A321s(-~7RP12~223/P23)¢(ZRP21~ZRP23)
A322=2RP12#%R21/P12
A323s2RP23/P23
oo Al392)02,%(A3214A322-A323)/7
€ CALCULATE At3,3)
A332'(ZRP1201231923)‘*2
. A333=IRP12#R12/P12
... A3342223/P235Q '
AC353)a(-T+A332-A333=-A334)/T
C CALCULATE B(3,1)
: B8(351)e=(SSNePAPM24P13+IRP21*PAPNI+IRP2I*PAPHI)/T
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SOLVE SYSTEM A¢XeB FOR X, X IS VECTOR OF COVARIANCES C115C12,5C22

CALL MATINV(353,A»158,1,DETERMs ISCALESIPIVOT,IWK)
IF (ABS(DETERM)=5,0E=14) 212,212,220
212 PRINT 214, DETERHDK;XNUI}XNUZ:PI.PZ:PAPH]:PAPHZ;l(l(llJl'J‘lv3):8(
11s1)5121,3)
214 FORMAT(///% SINGULAR SYSTEM. DETERMs®F18,14,¢ NUMBER OF ITERATIONS
1 WAS#*#I2,% XNUL®#Fb6.1s% XNU20®FE,1p¢ PlodFQ 6,% P2adFEQ b69¢ PAPMLlutF
29.6/% PAPM2s#F Q9,698 AXeB MID-CALC IS*3E20.89s5Xs*X1%y3Xs*us,E23,8/
334Xs3E20,855Xs*X2%,3Xs¢e*,E23,8/34X,3E20,. 8!5X"X3‘)3X""DEZ3QQI)
60 TO 230

DIFFERENCE OF APPROXIMATED POSTERIOR COVARIANCES FROM EXACT
POSTERIOR COVARIANCES. Clls, C12s AND €22

220 APMC1l1l=8(1,1)
. .APHMC12%B(2,1)
APNC22=8(351)
IF (APMC1l1-0.) 225,225,221
221 IF (APHC22-0.) 225,225,222
222 EAPHMC11=APMC1l1-EPMCL1
EAPMC12=APMC12-EPMCL2
EAPMC22sAPMC22-EPNMC22
RETURN
225 PRINT 226, APHCII"?HC1Z"PHC220EPHCIl)EPHCIZIE’HCZZ’XNUI’XNUZ’PAP
1M1, PAPM2yNTS L
226 FORMAT(//* APPROXIHATED VARIANCE: IS NEGATIVE. APMCL1=%E21.14»% AP
1MC12=#E18,119% APMC22e%E18.11/% EPMC1l1l=¢ElB.11,¢ EPMC12s%E18,11,%
2EPMC222%E204130% XNUL=*F4.0»s% XNU2e¢FA.0»* PAPHL=*F5.3,% PAPNZ2=eF5
4e35% NTSet13/)

230 COVSKIPe1

RE TURN

250 ISTOPel
RETURN
END
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- SUBROUTINE COUNTS(BIAS,RELDIFFsJ)

14
c
C
c
c
¢
c
c
¢
¢
c
c
¢
c
1
c
2
c
c
- 3
c
4
c
c
5
8
c
10
12
. 14

-16

COUNT NUMBER OF NUMXZ UNTERMINATED TRIALS THAT HAVE NEGETAIVE,
ZEROs» AND POSITIVE BIAS AND THAT HAVE ABSOLUTE RELAT!VE
DIFFERENCES LESS THAN CERTAIN PERCENTAGES.

BIAS = (APPROX~EXACT) OR (APPROX~GENERATED P}
RELDIFF = ABS(BIAS/EXACT) OR ABS(BIAS/GENERATED P) ... ...
(RECALL THAT COV-IS NEG SO WANT DENOMINATOR INCLUDED IN ABS VALUE)

J DENOTES» IN SUBSEQUENT ORDERs ONE OF EAPMC1l, EAPMC12, EAPMC22,
(BIAS OF APPROX TeSe EXPANSION FOR EXACT POSTERIOR COV)

- DMLC1 AND DMLC2 (COMPLETE-OATA MLE BIAS FROM GENERATED OR GIVEN P)

(THUS, J=3 REFERS TO EAPMC22)

COMMON DEP(353),DQL(453),ELl453)sIROBUST,NTSsPLsP2sP3,TPID
COMMON/BIASRD/COUNTB(398)sCOUNTRD(8,8)

AB=ABS(BIAS)

IF (AB=1.E~-15) 3,3,1

IF (BIAS-0.) 22254

NEGATIVE BIAS

COUNTB(1sJ)=COUNTB(1sJd)¢1,

60 T0 5

ZERD BIAS (CDC 6600 COMPUTER ACCURACY IS 14 SIGN FIGUR[S BUT
CONSIDER ONLY 15 DECIMAL PLACES FOR ZERQ BIAS
COUNTB(25J)oCOUNTB(25J)¢l,

60 70 5

POSITIVE BIAS

COUNTB(3,J)sCOUNTB(3»J)+1, .

25 PERCENT RELATIVE DIFFERENCE
IF (RELDIFF-0.25) 8s 8530
COUNTRD (85 J)=COUNTRD(8,J)+1.,
20 PERCENT RELATIVE DIFFERENCE
If (RELDIFF-0.20) 10,10,30
COUNTRD(75J)=COUNTRD(75J)¢1.
15 PERCENY RELATIVE DIFFERENCE
IF (RELDIFF=-0.15) 12,12,30
COUNTRD (65 J)=COUNTRD (65J)+1.
10 PERCENT RELATIVE DIFFERENCE
IF (RELDIFF=-0.10) 14514530
COUNTRDU(S55J) =COUNTRD(S5sJ)¢1.
S PERCENY RELATIVE OIFFERENCE
If (RELDIFF-0.05) 1616530
COUNTRD(45J)=COUNTRD(4sJ)¢1.

¢ = e e meam o oa e e e e e e o - B e T R Rt AR e T}



18

20

35
40

1 PERCENT RELATIVE DIFFERENCE

"IF (RELDIFF=0.01) 18518,30

COUNTRD (35 J)sCOUNTRD(35J)¢1,
el PERCENT RELATIVE DIFFERENCE
IF (RELDIFF=-0.,001) 20,205,330
COUNTRD (25 J)aCOUNTRD(25J)*1.
«O1l PERCENT RELATIVE DIFFERENCE
IF (RELDIFF=-,0001) 22922530
COUNTRDU(1»J)1=COQUNTRD(1sJd)*1.
CONTINUE

IF (RELDIFF-0.15) 40531,31

IF (J=4&) 33,40932

IF (J=5) 40,400,323

ORIGINAL PAGE IS

OF POOR QUALITY

PRINT 35, JoNTS’BIASpRELDIFFoTP!D.!RUBUSTQE(101'tE(192):E(471'05(6

152)

FORMAT(* SUBR COUNTS., J=eI2#

12¢. TPID=*F6.2¢ [IROBUST=s]2s

CONTINUE
RETURN
END

NTSs¢l3s
PEPM1y2002F T 4*

"BIAS®*F9, 7%

RELDIFF=eFs,
PAPML,20%2F7,4)
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(2 X 2 X 2]

SUBROUTINE ESTMSE(Ys Y29 XYs X9 X2 TXMSESNsMSE)
CALCULATE ESTIMATES OF MSE AND SAMPLE VARIANCE OF THESE ESTIEAYES.
REAL NMSE(6),MNSECV

FOR TERMu(PEL1=P1)**2+(PE2-P2)¢*2+(PE-P3)8¢2. AND CONTROL-VARIATE
TERMCV=(PMLECD1-PL) %2+ (PMLECD2-P2)##2+(PMLECD3I-P3) %42

FOR PE~ DENOTING ONE OF ESTIMATORS EPHs APM» PMD, AND MLE AND

PHMLECD- DENOTING COMPLETE~DATA MLE

Y
Y2
XY
X
X!

SUM OF N TERNM

SUM OF N TERM®TERM

SUM OF TERMOTERMCY

SUM OF TERHCYV :

SUM OF TERMCVSTERMCY i - . - - -
NUMBER OF TERMS :

[ I I BN B
zZZZ

.TXHSE e TRUE MEAN SQ ERROR OF CONTROL VARIATE

MSECV » USUAL SAMPLE MSE FOR THE CONTROL VARIATE

MSEC1) IS USUAL MSE (B=0 IN MSE REGRESSION ESTIMATE)

MSEL2) IS VAR OF MSE(1)

MSE(3) IS USUAL CONTROL=-VARIATE MSE {Bsl IN MSE REGRESSIDN EST)
HSE(&) IS VAR OF MSE(3)

MSE(S) IS LEAST-SQUARES REGRESSION ESTIMATE MSE (BeLEAST=-SQS EST)
HSE(6). IS VAR OF HMSE(5)

NOTE- THAT MSE(5) SHOULD HAVE SMALLEST VARIANCE. MHOWEVER, IT WILL
BE A BIASED ESTIMATE. HENCEs USE IT IN ANALYSES ONLY IF IT
DIFFERS FROM EITHER ONE OF TWO UNBIASED ESTIMATES 8Y NO MORE
THAN 1%« (IE» IT CAN DIFFER BY MORE THAN 1% FROM EITHER MSE(1) OR
MSE(3) BUT NOT BOTH.)
GENERAL FORM OF ESTIMATED HSE IS

' MSESMSE(1)+B¢(TXMSE~NSECV)
USUAL HMSE (8=0)

XNeN® (N~-1)
MSE(1)=Y/N

" MSE(2) e (Y2-NOMSE(1)*MSE(1)) /XN
_ USUAL CONTROL-VARIATE MSE (Bel)



(2 XaXa)

XNoN#(N-2)
7082.,%XY

. MSECVSX/N

TL1eN®NSECY

T282.SNSTXNSE y

T3eT24TXNSE/2,

DeTXMSE-MSECY

MSE(3)sMSE(1)+D
nseca:-«vz-tooxzorzccnse(1:-nsch)¢ra-uonse¢3)tnsetan)Ixn

 LEAST=SQUARES REGRESSION~ESTIMATE MSE (BeLEAST-SQUARES ESTIMATE)

Ba(XY~T18MSE(L) I/ {X2=-T1#HSECV)

B2=8+8

HSE(5)eMSE(1) +B*D
~HSE(bl'(YZ-B#TO*GZ‘KZOB‘TZ0(HSE(ll-B‘HSECV!OBzﬁTB-N‘HSEtﬁi‘HSECS!l
1/XN

RETURN

- END
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SUBROUTINE KTITER(K»J)
INCREMENT COUNTERS FOR (1) AVERAGING NUMBER OF ITERATIONS AN
ESTIMATOR REQUIRED AND (2) DETERMINING HOW MANY CASES IN A
REPLICATION TOOK A SPECIFIED NUNSER OF ITERATEONS
K IS NUMBER QOF ITERATIONS REQUIRED TO MEET CUNVERGENCE CRITERION
J DENOTES» IN SUBSEQUENT ORDERs ONE OFAESYIHAYURS MLE», PMDRO»
APHRO, APMR1, PMDR2, APMRZ (THUS, Jeé REFERS TD APMR1)

~ COMMON DEP(3,31500L14s3),E(4,3), IROBUST5NTS,P1P25P3,TPID
COMMON/DATA/XDATAL2)s2ZDATA(G)
COMMON/ITKT/ZAVNUNIT(6)sCTNUMIT(6s10)
FOR AVERAGING NUMBER OF ITERATIONS FOR JTH ESTIMATOR

. AVNUMIT(J)=AVNUNIT(I) 4K |

INCREMENT COUNTER FOR NUMBER OF ITERATIONS

I=1
IF (K=1) 2052052
2 I=2
IF (K=-2) 20,20,3
3 [=3 .
. IF (K=3) 20,2054
& Is4
IF (XK=-4) 2052055
5 [=5
-IF (K=5) 20,2056
6 I=p
IF (K=6) 205,20,7
7 I=7
. IF (K=7) 20,520,8
.8 I=8 .
"1F (K=10) 20»20,9
.9 =9

IF (K=15) 205,20,10

- 10 I=10

20 CTNUHIT(J’I)OCTNUHITIJ’I)01
IF (K=25) 30,25,25

.. 2% PRINT 27, NTYSsKsJsTPIDy XDATAC1)sXDATA(2)5 IROBUST, (LE(IIFJI)rdim]y2

2)91T21,4)s (ZDATA(LITI)»II=1s6)
27 FORMAT(* SUBR KTITER., NTSe#[3¢ NUMBER OF ITER ISe«I[4¢ FOR METHOD
1 Jes]ll* (MLEsPMDROsAPMROsAPMR1, PMDR2,APMR2)¢ TPID=$F4.2¢ X(C.De)
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| - RIGINAL PAGB 18
R P e e e e e e e e e i _'%FPOORQ{}ATT‘T‘ e e

2042F7.2/5X% IROBUST=#I1% PEPMls2e82F6.4% PH .t *
32082F6,4% PAPHL,20%2F6.4% Ze#6F4.0) LELs2ot2fe.et  PemOL,
30 CONTINUE ' '
RETURN
END
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SUBROUTINE SUMMARY(XsNsLEsLHsMs UHs UE)
TUKEY®S FIVE-POINT DATA SUMMARY. ROUTINE SORTS INPUT VECTOR X OF

60

LENGTH N AND THEN CALCULATES LOWER EXTREME LE, LOWER HINGE LH»

MEDIAN M, UPPER HINGE UM» AND UPPER EXTREME UE.

REFERENCE "EXPLORATORY DATA ANALYSIS®™ BY JOHN We TUKEY

FORTRAN EXTENDED VERSION 4.6» CDC 6600 COMPUTER (14 SIGN FIG S.P.)

PROGRAMER IS KAREN R CREDEUR» NASAs LANGLEY RESEARCH CENTER

DIMENSION X(N)
REAL LEsLHoM

SORT DATA IN ASCENDING ORODER
CALL ASORT(Xs1,N)

MEOIAN

XNS(N+1e)/2.

KeXN+1.E-12

HeX{K)

IF (ABS(XN=K)=1.E=8) 5,551
Mo (MeX(K+1)) /2,

HINGES

XNe(K+1) /24
KeXN#1.E=12

. LHsX{K)

-10

- 15

UHsX(N+1-K)

IF C(ABS(XN=K)=1.E-8) 15,15510
LHe(LH+X(K#2)) /2,

UH= (X (N=K) +UH) /2.

EXTREMES

LE=X(1)
UE=X(N)

- . RETURN

END
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SUBROUTINE BESTEST(BESTOQL)

8Y TWO DIFFERENT CRITERION (SUMMED ABSOLUTE RELATIVE DIFFERENCE

RELD-=- AND SUMMED SQUARED ERROR SE=-~ FOR SUM BEING OVER THE THREE
COMPONENTS OF AN ESTIMATOR) DETERMINE WHICH ESTIMATOR IS BEST FOR we »
A GIVEN ONE OF THE TRINOMIAL SIMULATION TRIALS o

TIES. 'SCORE AS BEST EACH ESTIMATOR THAT TIES FOR BEST.
THE FOUR ESTIMATORS IN €-SHOULD BE IN THE FOLLOWING ORDER PEPM,
PHLEs PPMDs PAPM. BIASES SHOULD BE IN CORRESPONOING ORDER,

DIMENSION BESTQL(§92’vROEP(3))RDQL(Q,:RElDEP(3’3)DRELD°l(403)
DIMENSION SEEP(3)sSEQL(4)sVI(&)eW(4)sX(3),Y(3)

. COMMON DEP(3,3)5DQL(453),E(&93)s IROBUSTSNTS»P1,P2sP3,TPID

COMMON/BEST/BESTEP(352),CTROEP,CTROQL(3),PRDEP(953)»PRDQAL(9,T7),»SBI

 1ASEP(353),SBIASQL(3,7)

COMMON/DATA/XDATAL2),ZDATALG)

IR=IROBUST+1
IF (IROBUST-1) 151005150

FOR EPM COMPARISONS

.00 10. I+1,3

SEEP(I) =0,

00 2 J=1,3
X{I)eSEEP(I)=SEEPC(I)+DEP(L,J)SDEP(L,5J).
CONTINUE

INCORPORATE SUBROUTINE COUNTS TWICE (ONCE FOR EACH OF EP AND oL
COMPARISONS) IN THIS SUBROUTINE- TO SAVE PROGRAM EXECUTION COST OF
MANY SUBROUTINE CALLS AND INOEX RESETTINGS.

DETERMINE SIGN OF FIRST COMPONENY OF ESTIMATOR

IF (ABS(DEP(I»1))=1.E=13) 55553

IF (DEP(I»1)-0.) 45456

NEGATIVE BIAS .
SBIASEP(1,I)*SBIASEP{1,I)+1.

60 10 10

ZERD BIAS (CONSIDER ONLY 13 DECIMAL PLACES)
SBIASEP(25s1)eSBIASEP(251)21,

60 10 10



20

(2 X2 X2 )0

25
30
32
33

34
35

40

B aXalzXaXgl

..DO 53 Jel,3

T 62

-POSITIVE BIAS

SBIASEP(3;I)'SBIASEP(3;!D¢1. i o
CONTINUE T o
CALL ASORT(X»1,3) T

00 20 I=1,3

IF (SEEP(1).EQ.X(1)) BESTEP(Iol’-BESTEP(Ipl)OIo
CONTINUE

DETERMINE WHETHER ANY PEPM COMPONENT IS ZEROD.
ICKe0

IF (E(1l91)=1,E-10) 30,2525

IF (E(152)-1.E~10) 30,26526

IF (E(1,3)-1.E-10) 30,32,32

ICKe1 '

IF (ICK=0) 33,33,56

CTRDEPsCTRDEP+1,

00 35 I=1,3

RDEPIT) =0,

DO 34 J=1,3 ' A
RELDEP(I»J)=ABS(DEP(IsJ))/E(L1sJ) - '
YCI)sRDEPUI)=RDEPIII+RELDEP(I®J) o
CONTINUE

CONTINUE

CALL ASORT(Y»1,3)

00 40 1=1,3

IF (RDEP(I).EQ.Y(1)) BESTEP(I»2)=BESTEP(I,2)¢1,
CONTINUE

FOR OETERMINING PROPORTION OF CASES FOR WHICH X ABSOLUTE RELATIVE
DIFFERENCE FOR EACH OF ALL THREE ESTIMATOR COMPONENTS IS LESS THAN
SPECIFIED AMOUNTS (INCORPORATED IN PART FROM SUBROUTINE COUNTS)

00 55 I=1,3
111 ]
60 TO (41.43.45.47,~9.51.szo.sza.53: It
IF (RELDEP(I»J)=0.,0001) 53,42,42

II=2
IF (RELOEP(I»J)1~0.001) 53,44544
I1=3
IF (RELDEP(I,J)-0.01) 53546548
Il=4
-IF (RELDEP(I,31-=0.05) 53548, 48

11=5



49
S50

- 51

52
520
525
528

-. 530

53
55

541
543

63

- ORIGINAL PAGE IS

OF POOR QUALITY

i; :RELOEP(I:J!-O.IO) 53,550,550

L ]

IF (RELDEP(I,J)-0.15) 53952552
I1I=7

IF (RELDEP(1,J)-0. ZOD 539525525
Il=8

IF (RELDEP(X:J)-O.Z5) 5355305530
I1=9 o
CONTINUE
PROEPC(II»I)oPRDEP(IIsI)*1,
CONTINUE

IF (RELDEP(3,1)-0,15) 541,563,543
IF (RELDEP(35,2)=0.15) 565543,543
PRINT 5449 NTS»IROBUST»TPIDS,RELDEP(3IS1)sRELDEP(I92)9((E(Isd)oJdmls2

1) 191s453) ) ((E(Ld)sJ=lp2)s 2293 )s((DEP(Isd)slely2)slel,s3),XDATA(]

. 2/15X%PPMDL2ub2F T, 4%

OO0

56

(2 X2 % 2 N

57
58
59

... 81

- .1V XOATAC2)y (ZDATA(LI)»I=156)
. 544

FORMAT(#* SUBR BESTESY. NTSe#*I3s [ROBUSTe#*]1¢* TPID=*F4,2%¢ RELDE

1P(391=2)2%2F5,2¢ PEPMLs20%2F0.4* PAPM1y2e82Fb.4*
DEPe#3(2F7,453X)s% XyZ232F4.0s2X96F%.0)

FOR QL COMPARISONS, ROUTINE IS CALLED FOR EACH OF THREE

ROBUSTNESS SETS

ROBUSTNESS SET 0. ORIGINAL PRIOR.

Il
L=2
ICK=0..

DETERMINE WHETHER ANY P COMPONENT IS ZERO

IF (P1=1.E~10) 59,57,57
IF (P2-1.E-10) 59,58,58
IF (P3=1.E-10) 59561,61
1CKel -

00 75 I=I1,4

SEQL(I) =0,

.. 00 610 J=1,3

610

615
62

V(Il'SEQl(I)-SEOL(I)ODQL(IoJ)‘DOL(IoJl
CONTINUE

IF (IR-2}) 62,615,064

If (I-3) 75,75563

Kel

60 YO 65

PHLEL1y2=%2F5.3



- 63
- 64
65
87

68

. 69

70.

75

76

Y Y: s

770

[2 X2 X 2]

Keb .

60 10 65

Kel+3

1F (ABS(DOL(I.ID)-I E-13) 69.69:67

IF (DQL(Is1)-=0,) 68968;70

NEGATIVE BIAS

SBIASQL(1,K)eSBIASQLILsKD*1,

GO T0 75

ZERD BIAS (CONSIDER ONLY 13 DECIMAL PLACES)
SBIASQLI2sK)=sSBIASQL(2sK) 1,

GO0 70 75

POSITIVE BIAS

SBIASQL(3sK)=SBIASQL(3,K)¢1,

CONTINUE

CALL ASORTY(Vsls &)

DO 76 I=L,s4

IF (SEQL(I).EQ.VIL)) BESTOL(I:I)OBESTOL(I:l’*l.
CONTINUE

UNSORY Vv FOR ROBUSTNESS SETS
DO 770 I=Ls4

VII)=SEQLLI)
CONTINUE

64

IF ANY ESTIMATOR IS ZERO» SKIP DIV FOR RELATIVE OIFF FOR ALL EST.

IF (ICK.GT.0) RETURN
CTRDQL(IR)SCTRDQL{IR)+],

00 78 IsIl,4
RELOQL(I»1)=ABS(DQL(I,2)}/P)
RELDQL(I,2)=ABS(DQLLIs2)) /P2

- RELDOL(1,3)=AB5(DOL(153))/P3 -
. . RDQL(I) =0,
00 77 Je1,3

77
78

79

oo

W(I)=ROQLUI)=ROQL(II+RELDQALII,J)
CONTINUYE

CONTINUE

CALL ASORT{WsLs4)

- DO 79. I=l,4

IF (RDQLUID.EQ.W(L)) BESTAQL(Is2)eBESTALIIs2)+1,
CONTINUE

UNSORT W FOR ROBUSTNESS SETS

e = e ra me mimm a s e e W e o e e w = ey % m e s moss Se e aerewm e o Ssmis e i s siemiaesee weme s 4 s

A e grme o e s e
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DO 790 Isl,4

<o WCTYeRDQLAT)
790

CONTINUE
IF (IROBUST.EQel) I1lm=4
DO 98 I=Ily4

. 111

80

81

a2

83

84

1)
a7
88
89

91
92

9
95
950
955
958
960
96

: §3

100

102

IF (IR-2) 80,81,82

Ke [

€0 70 &3

KeS

60 70 83

KeI+3

DD 96 J=1,3

60 10 (84986-88;90992,96:950p958096) 11

IF (RELDOL(I»J)-O. 0001) 96585585
II=2

IF (RELDOL(I»J)=~0.001) 96587987
113

Lf (RELODQL(I»J)=~0.01) 96589,89
Il=4 ,

IF (RELDOLtI,»J)}~0.05) 96591591
I1=5

IF (RELDOL(I5J)-0.10) 96593593
II=6 At
IF (RELDQL(I»J)~0.15) 96995595
IIe7 R
IF (RELDQL(I»J}~0,20) 9659555955
[le8

IF (RELDOL(],J)=0.25) 9629605960
I1s9

CONTINUE
PROQL(IIsK)oPROQL(II,K)*1,
CONTINUE

RETURN

ROBUSTNESS SET 1. UNIFORM PRICOR..

113
Le2

SET POSTERIOR MODE EQUAL TO MeLleE.
D0 102 le1,3

DaL(3,I)=DQL2, )
CONTINUE

65
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60 T0 61

[z Xz X a)

150 I1-3
- 60 10 61
END
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ROBUSTNESS SET 2, PERTURBED PRIOR -
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APPENDIX A

LANGLEY LTBRARY FUNCTION URAN
'Language: COMPASS

Purpose:  URAN generates un1form]y distributed random numbers over the
interval (0,1).

Use: Y = URAN(X)
X An input real number on which three conditions exist:

X

0, The next random number is generated and returned. If no
previous call was made, a default seed of
17171274321477413155B is provided.

X < 0, A random number is not generated but the last previously
generated random number (or the seed if no random number
has been generated) is returned.

X > 0, The exponent part of X is set to 1717B and the low order
bit is set to one. This result is returned as the seed
of a new sequence, and any additional calls to URAN will
be based on a sequence using this seed.

Method: This pseudorandom-number generator is mu]tiplfcative with
algorithm

Xipp = 4389027564745 X, mod(2"%).

Each rahdom number is generated from the previous one by takihg the
lower order 48 bits of the 96 bit product produced by '
X].+1 = 43490275647445 Xi’ The exponent of the product is such that

Xi+1 is constrained to lie between 0 and 1.

Accuracy: The generator has a full period of 246; Extensive statisti-
cal testing for randomness and distribution were performed to establish
.~its validity as a reliable random number generator.
SPECTRAL NUMBERS: C2 C3 C4 C5

2.839 2.095 1.819 0.978
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References: (a) Ahrens, J. H. and Dieter; U.: "Computer Methods for
Sampling from Gamma, Beta, Poisson, and Binomial Distributions,"
Computing 12, 1974, p 224.

, (b) Ahrens, J. H., Dieter, U., and Grube: "Pseudo-Random
. Numbers: A New Proposal for the Choice of Multiplicators," Computing
6, 1970, pp 121-138. - :

_ (c) Knuth, Donald E.: The Art of Computer Programming,
Vol. 2 (Seminumerical Algorithms). Addison-Wesley, Reading, Mass. 1969.

Storage: 13 octal locations

Subroutine date: March 1, 1977
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APPENDIX B

LANGLEY LIBRARY SUBROUTINE URANV

Language: COMPASS

Purpose:  URANV generates uniformly distributed random numbers over the
interval (0,1).

Use:  CALL URANV(X,N,V)
X An input real number on which three conditions exist:
X = 0, A vector of random numbers is generated using the last
random number generated on the previous call as a seed.
If no previous call was made, a default seed of
17171274321477413155B is provided.
X < 0, The last random number calculated by the routine, or the
default seed if no previous call was made, is returned in
V(1). V(2), ..., V(N) are not altered.
X > 0, The first random number is found by packing an exponent
of 1717B and the coefficient part of X into V(1), and
setting the low order bit to one. Random numbers V(2),
...> V(N) are then calculated using the algorithm given
under METHOD.
N Input integer specifying the number of random numbers to be re-
turned in V. :
N <1, V(1) is calculated and returned.
N>1, V(1), ..., V(N) are calculated and returned.
v An output one-dimensional real array dimensioned at least N. On
output, V will contain the N calculated random numbers.
Method: This pseudorandom-number generator is multiplicative with
algorithm
Xi+1 = 43490275647445 Xi mod(248).

Each random number is generated from the previous one by taking the
lower order 48 bits of the 96 bit product produced by

Xi+1

i+l

X

= 43490275647445 X;.  The exponent of the product is such that
is constrained to lie between 0 and 1. . _
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Accuracy: The generator has a full period of 246. Extensive statisti-

cal testing for randomness and distribution were performed to establish
its validity as a reliable random number generator.
SPECTRAL NUMBERS: C C

C C

2 3 4 5
2.839 2.095 1.819 0.978

References: (a) Ahrens, J. H. and Dieter, U.: "Cbmputer Methods for'
Sampling from Gamma, Beta, Poisson, and Binomial Distributions,"
Computing 12, 1974, p 224.

(b) Ahrens, J. H., Dieter, U., and Grube: "Pseudo-Random
Numbers: A New Proposal for the Choice of Multiplicators,” Computing
6, 1970, pp 121-138.

(c) Knuth, Donald E.: The Art of Computer Programming,

Vol. 2 (Seminumerical Algorithms). Addison-Wesley, Reading, Mass.,
1969.

Storage: 25 octal locations

Subroutine date: March 1, 1977

~

SR U SN
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APPENDIX C

LANGLEY LIBRARY SUBROUTINE MATINV

Language: FORTRAN

Purpose: MATINV solves the matrix equation AX = B, where A is a square coef-
ficient matrix and B is a matrix of constant vectors. The solution to a
set of simultaneous equations, the matrix inverse, and the determinant may be

obtained.

Use: CALL MATINV(MAX,N,A,M,B,IOP,DETERM, ISCALE,IPIVOT,IWK)

MAX

IoP

DETERM

ISCALE
IPIVOT
IWK

Restrictions:
subroutine.
statement of
IWK(MAX[Z{.A

The maximum order of A as stated in the DIMENSION statement
of the calling program

The order of A; 1 £ N S MAX

A two-dimensional array of coefficients. On return to the
calling program, A~V is stored in A.

The number of column vectors in B. On return to the calling
program, X is stored in B if M > 0; for M = 0, the sub-
routine is used only for inversion.

A two-dimensional array of the constant vectors B. On return to
the calling program, X is stored in B,

Option to compute the determinant:
0 Compute the determinant.
1 Do not compute the determinant.

Gives the value of the determinant by the formula
Det(a) = 10(100xISCALE) (DETERM) when TIOP = 0. For IOP = 1,
the determinant is set to 1. For a singular matrix and
IOP = 0 or IOP = 1, the determinant is set to zero.

A scale factor computed by the subroutine to keep the results of
computation within the floating-point word size of the computer

A one-dimensional array of temporary storage used by the
subroutine

A two-dimensional array of temporary storage used by the
subroutine

Arrays A, B, IPIVOT, and INDEX have variable dimensions in the
The maximum size of these arrays must be specified in a DIMENSION
the calling program as A(MAX,MAX), B(MAX,M), IPIVOT(MAX), and

The original matrices A and B.are destroyed. They must be saved
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by the user if there is further need for them. The determinant is set to zero
for a singular matrix. '

Method: Jordan's method is used to reduce a matrix A to the identity matrix I
through a succession of elementary transformations &2,, %,.1, . . ., &9. If
these transformations are simultaneously applied to I and to a matrix B of con-
stant vectors, the results are A-1 and X where AX = B. Each transformation

is selected so that the largest element is used in the pivotal position. (See
ref. (a).)

Accuracy: Total pivotal strategy is used to minimize the rounding errors; how-
ever, the accuracy of the final results depends upon how well-conditioned the
original matrix is. A return with DETERM # 0 does not guarantee accuracy
in the solutions of inverse. :

Reference: (a) Fox, L.: An Introduction to Numerical Linear Algebra. Oxford
Univ. Press, 1965.

Storage: 516 octal locations

Subroutine date: January 1, 1975

e e =
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