FORTRAN Programs

The programsncludedin this distribution primarily allow the implementatiorandevalua-
tion of the operatingcharacteristic®f selectionandscreeningorocedureslescribedn Bech-
hofer, Santnerand Goldsman(1995). In additionto theseprogramsthereis a variety of com-
mercial and public domainsoftware available to implementvarioussimultaneousonfidence
methodghataredescribedn thetext. Perhapshe mostwidely availablecommercialoftware
is thatfor computingTukey simultaneougonfidenceantervalsfor all pairwisetreatmenineans
(Section4.3) and Dunnettsimultaneougonfidencantervals for comparingt treatmenimeans
with a control mean(Section5.4). More recently several packagehave addedHsu simul-
taneousconfidencentervals for the differencebetweeneachtreatmentmeanand the bestof
the othertreatmenmeang Section4.4). Examplesof softwarethatcalculateHsuintervalsare
MINITAB (asasubcommanaf “ONEWAY” in Releas& andhigher)andJMP (in the“FIT Y
BY X" platformin Version2 andhigher).

We alsomake speciaimentionof thevery usefulpublicdomainFORTRAN programdWwN-
PRD andMVTPRD in Dunnett(1989)thatcomputeprobabilitiesof rectangularegionsfor mul-
tivariatenormaland multivariatet-distributionswith productcorrelationstructure thatis, cor
relationsof the form \; x A; for ¢ # j. Theseprogramscan be obtainedvia ftp from the
statlibarchive maintainecat Carngjie Mellon UniversityattheInternetaddresdib.stat.cmu.edu
(128.2.241.142pr at the addressttp://lib.stat.cmu.edu/apstatlhe MVNPRD [ MVTPRD] pro-
gramcalculates

Pla, <W; <b; (1<i<p)}

for givena; andb; whenW = (W,,...,W,) has the multivariatenormaldistribution [multi-
variatet-distribution with arbitrarydegreesof freedom]with arbitrary meanvector unit vari-
ancesandproductcorrelationstructure Dunnetts programsallow ary of theendpoints; to be
—oo andary of theendpoints); to be +oco. (NotethatusingMVTPRD with theinternalvariable
NDF = 0 invokesMVNPRD.)

As an example,considerthe calculationof the critical point ~ requiredto implementthe
versionof procedureNp thatselectsthe s bestof ¢ treatment{Section2.5.1). In termsof the
notationof this Appendix,we arerequiredto solve

P{-oco<W;<h/V2 1<i<t—s5);0<W;<o0 (t—s5+1<i<t)}=P*"/s (0.1)

for h, where(W7, ..., W,_1) hasthe multivariatenormal distribution with meanvectorzero,
unit variancesand commoncorrelation1/2. Wetake \; = 1/v/2 for 1 < i < t, (a;,b;) =
(—oo,h) forl < i < t—sand(a;,b;) = (0,+00) fort — s+ 1 < i < ¢t anduseMVNPRD
togethemwith abisectionmethodor someotherzero-findingmethodto solve (0.1). In particular
theDunnettprogramscanbeusedo determinez', ;" and7 7). However, becauseZ |} ;"
is frequentlyoccurringandsimpleto compute we includethe stand-alongorogramUSENB to
determindts value.

The mainstand-along@rogramsn this Appendixaredescribedn 1-7,belov. Groupedby
function,the programdJSENB andUNEQNB evaluatequantitiesrelatedto the Bechhoferproce-
dure Ny, NPMC usesMonte Carlosimulationto studyperformanceharacteristicef Paulsons

procedureNp, RI NOTT calculatesconstantsiecessaryor procedureNz, EVALNG evaluates
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performancequantitiesfor the GuptaprocedureN, USEGSA determinesconstantsneeded
to implementprocedureNgs,., and BPMC usesMonte Carlo simulationto study performance
characteristic®f Paulsons procedureB». The main programprogramsare available as exe-
cutableprogramgcompiledfor usein anMS-DOSwindow, assuminga pentiumclassPCand
assourcecode.In additionthemainprogramsthe sourcecodedistributionaddstheINCLUDE
file GLQUAD, andthefunctionsandsubroutinegivenin A—I, below.

Main FORTRAN Programs

1. USENB

Description:CalculatesP*, §* or n sothatprocedure\z from Section2.2 satisifiesthe proba-
bility requirement(2.1.1)for fixedt¢ ando.

2. UNEQ\B

Description:Computeghe P{CS| LF} in (2.2.5)for procedureVp for fixedt ando andgiven
0* and (n(l), ceey n(t)).

3. NPMC

Description: UsesMonte Carlo simulationto study performancecharacteristicef Paulsons
normalmeansprocedureVp from Section2.3.3.

4. R NOTT

Description:Canbe usedto extendthe Rinotttablesin Section2.8.

5. EVALNG

Description:UsesMonte Carlosimulationto to studyperformanceharacteristicef procedure
Ng from Section3.2.1.

6. BOFI NGER

Description: Calculateghe critical constanth for the procedureN¢g g gy from Section3.4.1
usingthe BofingerMengersercritical point.

7. USEGSA

Description: Calculatesn, h or §* so that procedureNgg, from Section3.4.3 satisfiesthe
probabilityrequirement3.4.7)for fixedt ando andgivenq and P*.

8. BPMC

Description: UsesMonte Carlo simulationto study performancecharacteristice®f Paulsons
Bernoulli procedure3p from Section7.4.2



Supporting FORTRAN Common Input File, Functions and Subroutines

A. GLQUAD

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

B. ZCDF

Description:Functionthatapproximatethe N (0, 1) c.d.f.usingEquation(26.2.17)from Abramawitz
andStegun(1972).

C.FACTOR

Description:Functionthatcalculates!/z!(n — z)! wheren, z and(n — z) > 0.
D. MULTZ

Description:FunctionthatcalculatesZ. ;"

E. PCSNB

Description:Functionthatevaluateshe P{CS} for procedure\N’s attheslippageconfiguration
p=1(0,...,0,9), for fixedt ando andrespectie samplesizes(n(1),...,n(t)).
F. PCSNGS

Description:Functionthatevaluatesghe P{CS} for procedureVs, attheslippageconfigura-
tion u = (0,...,0,9), for fixedt ando andspecifiedg, n andyardstickh.

G.UNI F

Description:Functionthatgenerate$)(0,1) randomnumberausingcodefrom Bratley, Fox and
Schragg1987).

H. RNORML

Description:Functionthatgeneratestandarcdhormalrandomvariatesusingcodefrom Bratley,
Fox andSchragg1987).

|. STATS

Description:Subroutinethatcalculatessampleaveragesandvariances.



