
FORTRAN Programs
Theprogramsincludedin this distribution primarily allow the implementationandevalua-

tion of the operatingcharacteristicsof selectionandscreeningproceduresdescribedin Bech-
hofer, SantnerandGoldsman(1995). In additionto theseprogramsthereis a varietyof com-
mercialandpublic domainsoftwareavailableto implementvarioussimultaneousconfidence
methodsthataredescribedin thetext. Perhapsthemostwidely availablecommercialsoftware
is thatfor computingTukey simultaneousconfidenceintervalsfor all pairwisetreatmentmeans
(Section4.3) andDunnettsimultaneousconfidenceintervals for comparing

�
treatmentmeans

with a control mean(Section5.4). More recently, several packageshave addedHsu simul-
taneousconfidenceintervals for the differencebetweeneachtreatmentmeanand the bestof
theothertreatmentmeans(Section4.4). Examplesof softwarethatcalculateHsuintervalsare
MINITAB (asasubcommandof “ONEWAY” in Release8 andhigher)andJMP(in the“FIT Y
BY X” platformin Version2 andhigher).

Wealsomakespecialmentionof theveryusefulpublicdomainFORTRAN programsMVN-
PRD andMVTPRD in Dunnett(1989)thatcomputeprobabilitiesof rectangularregionsfor mul-
tivariatenormalandmultivariate

�
-distributionswith productcorrelationstructure,that is, cor-

relationsof the form ��������� for 	�
��
 . Theseprogramscan be obtainedvia ftp from the
statlibarchivemaintainedatCarnegieMellon Universityat theInternetaddresslib.stat.cmu.edu
(128.2.241.142)or at theaddresshttp://lib.stat.cmu.edu/apstat/.TheMVNPRD [MVTPRD] pro-
gramcalculates ����� ����������������� ��	!��"$#&%
for given

� � and ��� when ' � �(��)+*-,.,.,-*&��/0# has themultivariatenormaldistribution [multi-
variate

�
-distribution with arbitrarydegreesof freedom]with arbitrarymeanvector, unit vari-

ancesandproductcorrelationstructure.Dunnett’sprogramsallow any of theendpoints
� � to be132 andany of theendpoints��� to be 4 2 . (NotethatusingMVTPRD with theinternalvariable

NDF = 0 invokesMVNPRD.)
As an example,considerthe calculationof the critical point 5 requiredto implementthe

versionof procedure687 thatselectsthe 9 bestof
�

treatments(Section2.5.1). In termsof the
notationof this Appendix,wearerequiredto solve��� 132 : �8����5<;�= >?���@��	A� � 1 90#+BDC : �8� :�2 � � 1 9E4��@��	 : � #F% � �3G ;H9 (0.1)

for 5 , where �I�J)F*.,.,-,-*F�8KMLN)O# hasthe multivariatenormaldistribution with meanvectorzero,
unit variancesandcommoncorrelation �P;H> . We take �N� � �0; = > for ���Q	 : � , � � �R*��&�S# �� 132 *F5<# for �T�U	V� � 1 9 and � � �R*��&�S# � �WCX*F4 2 # for

� 1 9Y4Z�T�U	 : � anduseMVNPRD
togetherwith abisectionmethodor someotherzero-findingmethodto solve(0.1). In particular,
theDunnettprogramscanbeusedto determine[@\ )]L_^N`ba/.cd)(eRf andgh\ )]L_^N`ba/.c ijcd)(eRf . However, because[@\ )]L_^N`Oa/.cd)(eRf
is frequentlyoccurringandsimpleto compute,we includethestand-aloneprogramUSENB to
determineits value.

Themainstand-aloneprogramsin this Appendixaredescribedin 1–7,below. Groupedby
function,theprogramsUSENB andUNEQNB evaluatequantitiesrelatedto theBechhoferproce-
dure687 , NPMC usesMonteCarlosimulationto studyperformancecharacteristicsof Paulson’s
procedure6T^ , RINOTT calculatesconstantsnecessaryfor procedure6lk , EVALNG evaluates
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performancequantitiesfor the Guptaprocedure6lm , USEGSA determinesconstantsneeded
to implementprocedure6lmNn�o , andBPMC usesMonte Carlo simulationto studyperformance
characteristicsof Paulson’s procedurepD^ . The main programprogramsareavailableasexe-
cutableprograms(compiledfor usein anMS-DOSwindow, assuminga pentiumclassPCand
assourcecode.In additionthemainprograms,thesourcecodedistributionaddstheINCLUDE
file GLQUAD, andthefunctionsandsubroutinegivenin A–I, below.

Main FORTRAN Programs

1. USENB

Description:Calculates
� G

, q G or r sothatprocedure6l7 from Section2.2satisifiestheproba-
bility requirement(2.1.1)for fixed

�
and s .

2. UNEQNB

Description:Computesthe
���

CS t LF % in (2.2.5)for procedure6l7 for fixed
�

and s andgivenq G and �Wr \ )(a *.,.,.,+*�r \ Kua # .
3. NPMC

Description: UsesMonte Carlo simulationto studyperformancecharacteristicsof Paulson’s
normalmeansprocedure6T^ from Section2.3.3.

4. RINOTT

Description:Canbeusedto extendtheRinott tablesin Section2.8.

5. EVALNG

Description:UsesMonteCarlosimulationto to studyperformancecharacteristicsof procedure6lm from Section3.2.1.

6. BOFINGER

Description:Calculatesthecritical constanth for theprocedurevxwNmNyz7<{ from Section3.4.1
usingtheBofinger-Mengersencritical point.

7. USEGSA

Description: Calculatesr , 5 or q G so that procedure6lmNn�o from Section3.4.3 satisfiesthe
probabilityrequirement(3.4.7)for fixed

�
and s andgiven | and

�}G
.

8. BPMC

Description: UsesMonte Carlo simulationto studyperformancecharacteristicsof Paulson’s
Bernoulli procedurepD^ from Section7.4.2
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Supporting FORTRAN Common Input File, Functions and Subroutines

A. GLQUAD

Description: Input file containingweightsand zeroesto compute64-point Gauss-Laguerre
quadrature.

B. ZCDF

Description:Functionthatapproximatesthe vJ�(CX*-�0# c.d.f.usingEquation(26.2.17)fromAbramowitz
andStegun(1972).

C.FACTOR

Description:Functionthatcalculatesr�~ / ��~��Wr 1 ��#F~ wherer , � and �Sr 1 ��#A��C .
D. MULTZ

Description:Functionthatcalculates[@\ )]L_^ ` a/Pcd)(eRf .

E.PCSNB

Description:Functionthatevaluatesthe
���

CS% for procedure6l7 at theslippageconfiguration� � �(CX*.,-,.,�*�CX*&q�# , for fixed
�

and s andrespectivesamplesizes �Wr��b�0#F*.,.,.,�*�rD� � #j# .
F. PCSNGS

Description:Functionthatevaluatesthe
���

CS% for procedure6lmNn�o at theslippageconfigura-
tion � � �(CX*.,-,.,�*�CX*&q�# , for fixed

�
and s andspecified| , r andyardstick 5 .

G.UNIF

Description:FunctionthatgeneratesU(0,1)randomnumbersusingcodefrom Bratley, Fox and
Schrage(1987).

H. RNORML

Description:Functionthatgeneratesstandardnormalrandomvariatesusingcodefrom Bratley,
Fox andSchrage(1987).

I. STATS

Description:Subroutinethatcalculatessampleaveragesandvariances.
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