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1 Overview

This documentescribeswo programspnefor dataanalysifPMETRIC) andonefor datageneratio(PMETGEN).
Most userswill mainly be interestedn the dataanalysisprogram,but advancedusersmay alsowantto usethe data
generatiorprogram,in computersimulations.

2 Intr oductionto PMETRIC

PMETRIC estimatesthe parameterf a probability distribution from a data function relating the proportion of
a certain (binary) responseto a physical quantity This type of dataanalysis—oftencalled “probit” analysis—is
usedin several subjectareas,ncluding bioassay(analysisof dose/responseurves)and psychophysicganalysisof
psychometridunctions). In brief, the programreadsa file containingthe obsened data(e.g.,quantaldose/response
curwe),andit compute®ithermaximume-likelihoor minimum-chi-squarestimate®f theparameterémeanmedian,
standardleviation, etc)of theunderlyingprobabilitydistribution. It alsocomputeshebootstrapstandarderrorof each
of eachestimatewhich simulationsindicatearegoodvarianceestimatorgFoster& Bischof,1987,1991).

In bioassayfor example,a researchemight wantto determinethe relationshipbetweenthe dosageof a certain
poisonand the probability that a certainpestanimal consumingthat dosewill die. In a typical study eachof &
differentdosages( .. .Ck, is givento N; differentanimalsThe numberof deathsat dosagei, G;, is countedto
estimatemortality for thatdosage.Suchdataaretypically analyzedwith a statisticalmodelassuminghatary given
animalhasa minimumlethal dosageandthatthe animaldiesif andonly if it is givena dosagegreaterthanor equal
to its minimumlethaldose.Thus,anobsered G; / N; valueis anestimateof the populationproportionof animalsfor
whomthelethaldoseis lessthanor equalto C;.

The analogougproblemarisesin psychophysicatesearchexamining psychometridunctions.In this case the C;
valuesmightbeintensitiesof a givenauditorytone. Thetoneis playedto anobsenrer V; timesat eachintensityvalue,
andeachtime the obserer indicateswhetheror not he heardit. The statisticalmodelassumeshatthe obserer has
aminimumdetectabléntensityvalue (fluctuatingacrosgdime), andthatthe obserer reportshearingthetoneon each
presentationf andonly if it is moreintensethanthe minimum intensityvalue at that moment. Thus, an obsenred
G;/N; valueis anestimateof the probability thattheinstantaneousiinimumdetectabléntensityvalueis lessthanor
equalto C;.

In standardprobit analysis,the underlying probability distribution is assumedo be normal (i.e., Gaussian).
PMETRICallowsthisassumptiotbut doesnotrequireit. Insteadtheusermaydothecomparabl@nalysisassuming
variety of alternatve underlyingdistributionalshapege.g.,gammajuniform), andthe usermay obtainnonparametric
estimatesisingthe Spearman-#&rbermethod(e.g.,Epstein& Church,1944;Karber 1931;Spearman1908). Based
on an extensive simulationstudy in fact, we would recommendhatthe Spearman-Erbermethodbe usedundera
wide variety of circumstanceéMiller & Ulrich, 2001).

Moregenerallythetypeof analysiscarriedoutby this programcanbeusedwith ary datacollectedn thefollowing
situation(cf. Finney, 1978):

1. Aresearcheselectsanorderedsetof k£ constant€’y, Cs, Cs, . . ., Ck (€.0.,0, 10, 15, 20, . . ., 50) roughlyspanning
a probability distribution.

2. For eachconstantC;, the researchetakesN; independentandomsamplesX;; from the distribution, j =
1,...N;. Thevalueof X;; cannotbe obsered directly, however. Instead,the researcheobsenesonly Y;;,

where
V. — 0 if X;; <G
YT X > G

3. Thedataaresummarizedy countingthe numberof obsenationsgreatethaneachCy;:

4. Theproblemis to estimatethe probabilitydistributionof the X;; valuesrom thek obsenredproportions(; / N;,
i=1...k.
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With suchdata, the parametersf the distribution of the X;; valuescan be estimatedby either maximizing
likelihood or minimizing chi-square. For ary given setof parametewvalues,the likelihood of the specificordered

setof X valuesis
k

L=]p™ (1= pi)

i=1

wherep; = C DF(C;) with thegivenparametevalues(Finney, 1971,chap.5).! Whenrequestedo usethemaximum-
likelihood type of probit fit, PMETRIC adjustsparameterdteratively to maximizethis value (actually to minimize
the negative of the naturallogarithmof this value) usingthe numericalsearchalgorithmof RosenbrocK1960). The
simplex minimumvaluethatit reportsatthe endof its searchis -Ln(L).

Alternatively, for ary givensetof parametevalues achi-squargyoodness-of-fitestmaybecomputedas(Guilford,

1936y
=SB
i=1 o pl)
wherep; = C'DF(C;) with the givenparametervaluesandp; = (N; — G;)/N;. Whenrequestedo usethe ChiSq
type of probitfit, PMETRICadjustsparameter#eratively to m|n|m|zeth|svalue The simplex minimumvaluethatit
reportsatthe endof its searchis the minimumobtainedvalueof x2.
In standargbrobitanalysisthefunctionC' D F () refersto thecumulative normalprobabilityfunction,but PMETRIC
allows a varietyof alternatve cumulative distributionsfunctionsto beused(e.g.,uniform, gamma).

3 PMETRIC Installation & Test

1. Unzip the distributionfile. It will be namedsomethindike PMETRIC.ZIR exceptthatthe lastfew lettersof
PMETRICwill bechangedo numbergo reflectthecurrentversion(e.g.,PMETRI11.ZIPis versionl.1). Note
thatsubdirectoriegalled“l n” and“W nFPC. OK” arecreatedthesearefor testpurposegseepointafternext).

2. Movetheprogramfiles PMETRIC.EXEandPMETGEN.EXEto a directoryin your path.

3. If you like, you canrun somequick testsof the programto makesurethat everythingis working properlyon
your machineandyour versionof the operatingsystem. To do the quick tests,opena commandwindow and
changsits currentdirectoryinto the subdirectory'l n”. Thenrun the batchfile GoWinFPC.Bat.The batchfile
shouldrun aseriesof testruns,andit shouldproducenumerousutputfiles called*.rpt, *.mtb, *.out, *.prm, and
gen*.dat.Whenthebatchfile is done,checkthatevery newly createdile in the“l n” subdirectoryisidenticalto
thefile with the samenamein the“W nFPC. OK” subdirectoryIf this checkworks,it is likely thateverything
is OK. If it fails, contactthe author

N;

170 getthelikelihood of the G; valuesinsteadyou would includethe binomial coeficients ( G
2

) in this product. This hasno effectonthe
parameteestimationhowever, becauséheseconstanmultipliers canbe factoredout, i.e.,

k
(5 )t ampare =TT T 00

I thankRolf Ulrich for supplyingtheinformationin this footnote.

2Thechi-squaraestcanbederivedby conceving of theprobit datasetasa multinomialwith & categoriesLet N; bethenumberof independent
obsenationsat eachC;, let G; andN; — G; bethe numbersof successeandfailures,andlet p; bethe predictedprobability of a successi.e.,
CDF(C;) in ayes/notaskor 1/m + (1 — 1/m) - CDF(C;) in an m-alternatie forced-choicetask). Thenthe standardchi-squaretestfor a
multinomialis computedas

-
||'mx

k
Gi —pi - N;)? Ni = Gi) = (1 = pi) - Ni)?
XQZZ[< pi N | (Vi = Gi) = (1= p2) )]
— pi - Ni (1=pi)-N;
Thisformulacanbe simplifiedto obtainthe formulagivenby Guilford (1936).1 thankRolf Ulrich for supplyingtheinformationin this footnote.
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4 PMETRIC Input Files

BeforeusingPMETRIC,you mustprepareoneor two inputfiles. You mustalwaysprepareafile containingthe data
(i.e.,valuesof C;, G;, and N; — G;), andit shouldbe givena namewith the extension“.DAT”. The other, optional
input file containscontrol statementsiescribingthe desiredanalysis,andit shouldbe given the extension“.RSP”.
RSPstandgsor “response” becauséahesefiles convey the responseghatyou would give if youwerecontrollingthe
programwith a moretraditionalon-screerinterface.If you arehappywith the defaultanalysisoptions,you canomit
thisfile.

Thefiles “EXAMPL* . DAT” and“EXAMPL* . RSP” shov examples. Both typesof input files mustbe plain text
(ASCII) files.

4.1 Format of the Data File

As shavn in “Exanpl 1. DAT”", the basicdataformatincludesthreelines per dataset. The first line givesthe C;

values,in increasingorder with two extra values(for which no datawere collected)called Cy and Cy 4+, thatare
usedin connectiorwith the Spearman-KErbermethod,asdiscussedater, andalsousedin somecaseawith percentile
estimation.The secondine givesthe G; valuesin the sameorderasthe C; values.Thethird line givesthe N; — G;

values alsoin thesameorderasthe C; values.Note thatno valuesarespecifiedor G, Gk 41, No — G, Of Npy1 —

Gk+1.

Notealsothatspacegnottabs)shouldbeusedto separat¢henumbersn thedatafile. Thespacings notsignificant
to the programaslong asdifferentnumbersareseparatedby atleastonespacebut of courseit is easierfor aperson
to readif thenumberdine up in columnsasshown in theexamplefiles.

As shavn in “Exanpl 2. DAT”", the programcan also processseveral datasetsin a given run (thesewill be
referredto asdifferent“CASES”"). The samesequenc®f lines simply repeatsfor eachnew case.Note thata blank
line is requiredbetweercases.

If the stimulusvaluesare the samefor all casesthey needonly be includedfor the first case,as shovn in
“Exanpl 3. DAT". The CommonCs parametemustbe includedin the RSPfile to let PMETRIC if this shortcut
hasbeenused.In thiscase ablankline appearsfterthe C valuesarelistedatthe beginningof thefile, andin addition
thereis ablankline aftereachcaseexceptthelast(seefile “Exanpl 3. DAT").

As describedn section7, the usermay chooseo specifyvaluesof V; insteadof N; — G; onthethird line of the
inputfile by usingthe Tot al N option. Alternatively, the usercanomit this line altogetheiif N; is a constantandthe
Fi xedN optionis specified.

4.2 Format of the Control File
Thefile “Exanpl 1. RSP” shavsasimplecontrolfile with thesdines:

NProbit 1

Nor mal (3, 2)
WiteMIB
Seed Start Default.rng

The first line tells the programthat it should perform the probit analysisusing just one assumedunderlying
distribution, andthe secondine tells the program(a) this underlyingdistribution shouldbe the normaldistribution,
and(b) 3 and2 arereasonablstartingguessesor its meanandstandardieviation. Thethird line asksfor anoptional
outputfile in the MTB format, and this is mainly for my corveniencein testing. The fourth line tells the random
numbergeneratoto startat the defaultseedratherthana randomone. The purposeof this is to makesurethatthe
bootstrappingjivesexactly the sameresultswhenyouruntheprogramasl gotwhenl ranit, sothatour outputvalues
shouldbe exactly equal.

Quiteafew differentanalysisoptionscanbe controlledfrom the RSPcontrolfile, andthesearedescribedn detail
in section?. First, however, | tell how to run the programanddescribethe outputthatit produces.
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Tablel: First Part of Outputfor Datain File “Exanpl 1. Dat "

—- Casel —-
Level | NTrials | obs.freq. | monot.freq.
-100.00 0.00
1.00 20 0.00 0.00
2.00 20 0.10 0.10
3.00 20 0.25 0.25
4.00 20 0.40 0.40
5.00 20 0.80 0.80
100.00 1.00

100

5 Running PMETRIC

PMETRICis invokedfrom the commandine, andthe parameterspecifiedon the commandine indicatethe names
of theinputandoutputfiles. You mayeitherof two possibleformsof syntaxfor thecommandine, asdescribedn the
next two subsectionsTheformeris simpler;thelatter, moreflexible.

5.1 Invoking PMETRIC Without Switches

Onesyntaxis to invoke PMETRIC with a statemenincludingzero,one,or two parametersasshown here:

C pnetric
C pnetric foo
C pnetric foo bar

If noparameterarespecified PMETRICreadshedatafrom thefile “PMETRI C. DAT”, readscontrol parameters
from thefile “PMETRI C. RSP”, andwritesits outputto thefile “PMETRI C. QUT".

If oneparamete(“foo”) is specified PMETRICreadghedatafrom thefile “f oo. DAT”, readscontrolparameters
from thefile “f 0o. RSP”, andwritesits outputto thefile “f oo. OUT”.

For advancedusersonly: if two parameter§‘foo” and“bar”) arespecified PMETRICreadsthe datafrom thefile
“bar . DAT”", readscontrol parameter$rom thefile “f co. RSP” andit skipsto thelocation“bar” in the controlfile
(asdescribedn section7), andwritesits outputto thefile “bar . OUT”. Notethatthis optioncanonly be usedif the
controlfile “f oo. RSP” containsaline with just“bar” in it to sene asthelocationto which pmetricshouldskip. For
anexampleof this, seethedescriptionof “GOTO label” in section13.8.

5.2 Invoking PMETRIC With Switches

The othersyntaxis to invoke PMETRIC with a statementncluding explicit switchesto specifythe namesof input,
control,andoutputfiles, andthe skip location. As anexample,

C pnetric -i nmyinput -c myctrl -o nyout -s myskip

This specifiesthat the input is to be readfrom file “nmyi nput . dat ”; the control parametersreto be readfrom
“myctrl.rsp”; theoutputisto bewrittento files“myout . out ”, “myout . r pt ”, etc.;andthe programis to skip
to thelocationtty myskipin the controlfile beforeit startsto readparameters(Note the defaultextensionsaddedto

all file names!)Theskip parameteis optional(no skip is thedefault).

6 PMETRIC Output

| will explainthe outputusingthefile “exanpl 1. out " asanexample.
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Table2: SecondPart of Outputfor Datain File “Exanpl 1. Dat ”

(std. errorshasedon 200 bootstrapsamples)

*++x - Reportof AnalysisBasedon Normal(4.036,1.37)
Measure®f location

Mean :4.04 (0.22) Median :4.04 (0.22)
Measuref dispersion
SD :1.37 (0.25) DL :0.92 (0.17)
Measureof skavness
E[(x-mean§]/SD? :0.00 (0.00) (g3-2*g2+ql)/(g3-gl) :-0.00 (0.00)
E[(x-meanj]('/3) :0.00 (0.00) (z9-2*z5+z1)/(z9-z1) :-0.00 (0.00)

(Mean-Median)/SD 0.00 (0.00)

Measure®of kurtosis

E[(x-mean}]/SD* :3.00 (0.00) DL/(z9-z1) :0.26 (0.00)
E[(x-meanj](!/4) :1.80 (0.33)

Ln(Likelihood) :-42.08 (4.96) Chi-square :1.43 (3.04)
Chi-squaredf 3.00 Pr(Chi-square) :0.70 (0.30)

Note Parametricestimatesare shavn on the left side of the table and nonparametri@stimatesare shovn on the
right (exceptfor the measure®f fit, which are both parametric). Associatedwith eachestimateis a standarderror
computedusing 100 bootstrapsamples.SD andDL arethe dispersionparameterstandardieviation anddifference
limen, respectiely. ¢; is theith quartileof thedistribution,andz; is theith decile.

Thefirst sectionof theoutputlookslike whatis shavn in Tablel. Thistablesimply summarizeshe datatablefor
thefirst dataset(“Casel”) in theinputdatafile. The“Level” columndisplaysthe C; valuesthenext columndisplays
the numberof trials testedat thatC;, the“obs.freq” columnreportsthe obseredfrequeny G;/N;, andthe“monot.
freq” columndisplaysmonotonizedrequenciesisedin conjunctionwith the Spearman-Erbermethod.

The next sectionof outputlookslike whatis shavn in Table2. Oneline simply reportsthe numberof bootstrap
samplesgeneratedo computebootstrapstandarderrors. 200 is the default. The next line shaws the distribution
estimatedy themaximum-likelihoodbrocedure With thesedata thismaximumoccurswith ¢ = 4.036 ande = 1.37.

The next block of linesin Table 2 shawvs the estimatedmeanand median. Theseare simply the meanand
medianof thedistribution resultingfrom themaximumlikelihood estimation With thenormalunderlyingdistribution,
thesevaluesare necessarilydentical, becausehe normalmeanalwaysequalsits median. Following eachvalue,in
parenthesess its standarderrorasestimatedy bootstrapping.

The next block of linesin thetableshowvs analogous/aluesfor the standarddeviation (SD) anddifferencelimen
(DL). The DL is the term usedin psychophysicatesearchor the differencebetweenthe 25th and 75th percentile
pointsof the distribution.

Thenext two blocksof linesshav analogousaluesfor measuresf skavnessandkurtosiscomputedasshavn in
thediagramatidormulas.In theseformulas,ql, q2,andqg3 arethe25th,50th,and75thpercentilevalues respectiely,
andzl, z5, and z9 are the 10th, 50th, and 90th percentilevalues. Given the assumptiorof an underlyingnormal
distribution, the estimatedskevnessandkurtosisvaluesarenot informative in this analysis.Skevnessis alwayszero
for ary normaldistribution, andkurtosisis alwaysthree,so probit analysisactuallyprovidesno way to estimatethese
values.Oneof theadwantage®f the Spearman-Erbermethodis thatit canestimateskavnessandkurtosis.

The next block shavs the negative of the naturallog of the likelihood function, -Ln(7.), computedwith the best
maximum-likelihoodestimatesand the value of the chi-squarecomputedwith the minimum chi-squareestimates.
The chi-squareggoodnes®f fit statisticis computedusingtheformulagivenin Guilford (1954,p. 134,formula6.16),
andthis chi-squarehas(k — f) degreesof freedom,wherek is the numberof C; valuesfor which datahave been
obtainedand f is the numberof free parametersissociateavith the distribution beingfit.3 With probit analysis for
example, f = 2 becausehe normaly ando arethe free parameterso be estimated.Below the chi-squarevalueis
the probability or significancdevel of this value;if this significancds lessthan .05, thenthe modelcanbe rejected

3TheprogramdoesnotautomaticallygroupC; valuesto ensureexpectedrequencief atleasts, sothe chi-squarepproximatiormaybepoor
if therearerelatively few obsenationsper C'; value.
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asanadequateapproximationof the data. The chi-squarevalueis omitted from the reportfor the Spearman-Erber
analysispecausdt is notmeaningfulin this case.

Thatis the endof the outputfrom the standardorobit analysis.The remainingoutputin thefile shavs analogous
valuesobtainedby the Spearman-Erber method. Becausethis is a nonparametrianethod, estimatesare more
independentf one another(e.g., meanand mediancan be different), and the estimatesof skavnessand kurtosis
aremeaningfulin additionto the estimate®f locationanddispersion.

Oneoutputvalueis defineddifferentlyfor the Spearman-Erbermethodthanfor the probit methods—namelyhe
chi-squarevalue. Thereis nowayto computeameaningfulchi-squarevaluefor the Spearman-Erbermethod.Instead,
the “chi-square”valueis really anuncorrectedaw mean.Thisis identicalto the regular Spearman-Erbermeanfor
theyes/notask,butit canbedifferentfor mAFC tasks.With the lattertasks,it is possiblefor anobsened probability
to belessthanchancedueto binomialvariability. For computatiorof the“regular” Spearman-Erbermean,obsened
probabilitieslessthanchanceare adjustedo the chancevalue. For the “uncorrectedav mean”reportedin the chi-
squareposition,the meanis computedisingthe obsened probabilitiesbeforeadjustmentusingthe equatiorgivenby
Ulrich andMiller (2003). In fact, the simulationsconductedy Ulrich andMiller indicatedthatthe bestestimateof
themeanfor anmAFC taskis actuallythis “uncorrectedaw mean”ratherthanthe correctecne,andwe recommend
its use.The correctedmeanis ratherbiased.

7 PMETRIC Analysis Options

Numerousaspect®f PMETRIC'sbehaior canbe controlledby theuservia a setof analysisoptions. Thesearelisted
below, approximatelyin orderfrom most-frequentiyto least-frequentlysed. In additionto the optionslistedin this
section furtheroptionscommonto PMETRICandPMETGENarelistedin sectionl3.

All analysisoptionsarespecifiedby includingoneor morelinesin theRSPfile. An optionis specifiedby typing
its nameasthefirst word on aline of the input RSPfile (precedingolank spaceon theline is ignored). If the option
requiresfurtherinformation, thatinformationis typedassuccessie wordson the sameline (i.e., separatedby oneor
moreblank spacespr, in afew casedo be describedpn successi lines. Within an RSPfile, the asteriskcharacter
(*) is usedto indicatecommentmaterial:arnything following anasteriskon the samdine is ignored.

7.1 NProbit

As illustratedin the file “exanpl 1. RSP”, this option is followed by a number(N;) to indicate the numberof
differentunderlyingdistributionsto usein the probit-typeanalysis.It mustthenbe followedby N, individual lines,
eachindicatingthe distribution nameand startingparameteraluesfor one of thesedistributions. For example,the
following linesmight appeain anRSPfile:

nprobit 4 * Use 4 different distributions. This part is just a coment.
nor mal (0, 1) * Try probit with normal starting at nu=0 and sd=1

ganme(5, . 1) * Also try with gamma starting at shape=5 and rate=.1

uniform-1,5) * Also try with uniformdistribution with bounds -1, 5.

logistic(0,1) * Also try logistic distribution with mean 0 and beta 1.

* Note that four distributions have been listed, corresponding to "nprobit 4".

The completelist of probability distributionsthat can be specifiedfor probit analysiswithin PMETRIC, along
with their parameterscan be found in section14. Thesedistributions can also be usedfor generatingsimulated
psychometridunction databy PMETGEN. The optionsinclude not only dozensof standarddistributionsbut also
various transformationsof thesedistributions (e.g., linear, log, power) and other distributions formed by taking
corvolutions, mixtures, order statistics,and so on, as derived from CUPID (Miller, 1998). In fact, PMETRIC is
itself merelyanextensionof CUPID for this particulartype of dataanalysis.Dueto memorylimitations, the discrete
distributionsknown to CUPID have beenomitted from the DOS versionof PMETRIC, but this is unlikely to be of
muchconsequenckecausehesedistributionsarerarely suitableasmodelsfor quantaldata.

If it is not specified NProbitis assumedo be 1 andthe assumediistributionis normal(0,1).NProbitcanbe setto
0if youdon't wantary probitanalysedut only wantthevaluesfrom the Spearman-Erbermethod.
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7.2 NBootSamples

This optionis followedby anintegerto specifythe numberof bootstrapsamplego be usedin computingbootstrap
standarcerrors. Thedefaultis 200. For example:

NBoot Sanpl es 30000 * Use |ots of bootstrap sanpl es!

7.3 TotalN

If youwould like to specifythe datawith valuesof N; insteadof N; — C; in theinput datafile, thenjustincludethe
line Tot al Nin thecontrolRSPfile.

7.4 Uselog

In someresearchit is commonpracticeto log-transfornthe stimulusvaluesprior to theanalysigo eliminatepositive
skew. If youwould like PMETRICto transformthe stimulusvalueswhenthey arereadin, you canrequesthis with
thecommandUselLog. If this optionis used,all of PMETRIC's outputis in the scaleof the loggedstimulusvalues
(naturallog) ratherthanthe original ones.In particular you shouldbe carefulwhenspecifyingthe startingparameters
for probitanalysigo give parameterthanaremeaningfulin termsof theloggedstimulusvaluesnottheoriginal ones.

7.5 FixedN
If thevalueof N; is thesamefor all stimuluslevelsandcasesthis canbe specifiedwith anoptionlike:
Fi xedN 100 * 100 trials at each stinulus |evel

If thisoptionis selectedthethird line (i.e., N; or N; — C;) of eachcasemustbe omittedfrom theinput datafile.

7.6 NoMomentMatch

By default, when PMETRIC carriesout a probit-typeanalysis,it startsthe parametesearchprocesshy adjusting
the distributional parameter¢o producea meanandvarianceequalto the meanandvarianceof the stimulusvalues
(i.e.,ignoring the obsened frequencies). Theseparametergenerallyprovide a pretty goodinitial guessfrom which
PMETRIC’ssearchroutinescancorvergeto theoptimalsolution. You mayomit thismoment-matchingtep however,
with the NoMorrent Mat ch option. In thatcase the parametesearchalwaysstartsfrom the defaultparametergiven
in the statemenof the probit distribution. For example,if you specifieda probit optionof Normal(0,1) the parameter
searchwould alwaysstartwith a meanof 0 anda standarddeviation of 1. If the stimulusvalueswerefar from this
region—e.g.jn therangeof 200-400—themhe parametesearchoutineswould probablynotconverge ontheoptimal
solution.

7.7 NoComputeSpear

This optiontells PMETRICto omit the Spearman-Erberanalysis. Thereis alsoanoption Conput eSpear saying
to performtheanalysisput it is not neededecausehis analysisis performecby default.

7.8 InFile
Usethis optionto setthe nameof theinput datafile. For example:

InFile MyFile.Dat * Data will be read from MyFil e. Dat

7.9 Verbose

If you specifythe Ver bose option, PMETRICwill write moreinformationto the screensothatyou cankeeptrack
of its progressThis is particularlyusefulif it bombsandyou wantto seewhere.
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7.10 MissingValue

Whenasamples pathologicalndit is impossibleto computeprobit estimatesa missingvalueis written outin place
of suchrequestedstimates.By default,this valueis -9999. You may changeit to ary realnumbervia a command
like M ssi ngVal ue 999. 99.

7.11 DoubleSeach

Maximume-likelihoodandminimum-y? estimatesreobtainedwith the simplex searchalgorithm(Rosenbrock]1960).
Like all numericalsearchalgorithms,it canget trappedin locally- but not globally-optimal solutionsundersome
circumstances.The likelihood of suchtrappingcanbe reducedby runningthe algorithmtwice, startingit for the
secondime at the finishing point of the first time. If the Doubl eSear ch optionis specified,thenthis stratgy is
employedfor all parametesearchingNaturally, if this optionis selected¢henthe programtakesalmosttwice aslong
to run.

7.12 ExpansionFactor

During bootstrappingrandomgenerationof new samplesmay occasionallygeneratewhat | call a “pathological”
sample.ln suchasampleG; tendsto decreasasC; increasestatherthanshowing the expectedincrease Although
rare, this canhappenduring the bootstrapresamplingprocesshecausef binomial variability (naturallyit happens
more often when the numberof trials is smaller). Whenit doeshappen,no model has high likelihood because
every model predictsthat the GG;s mustincrease. As a consequencef low likelihoods and numericalproblems,
theparametesearchoutineusuallywandersff into somereally strangeareaof theparametespacevhenestimating
parameterfor apathologicakample. Theresultingextremelyunusualparametergstimatedor thatbootstrapsample
cancontaminatinghe bootstrapstandarcerror.

Thepurposeof the“expansionfactor” optionis to definea criterionto identify thesepathologicakasesothatthey
canbe discardedandthey will not contaminatehe estimatedbootstrapSE. (In fact, pathologicalbootstrapsamples
arereplacedwith nonpathologicabnesto keepconstanthe numberof usablebootstrapsamples).

Within PMETRIC,the expansiorfactor, ', is a hnumericalvalueusedasfollowsto identify pathologicalsamples.
A pathologicabootstrapsampleis definedasonefor which ary of thefollowing conditionsis met:

1. estimatedneanis lessthan(Cy + Cy)/2 — F x (Cr, — C1)/2
2. estimatedneanis greatethan(Cy + Cx)/2 + F x (C, — C1)/2
3. estimatedstandardleviationis greaterthan F' x (Cy, — C1)
for anyof theestimationproceduregi.e., Spearman-grberor probit). With 7' = 1, theseconditionswould reduceto
1. estimatedneanis lessthanC
2. estimatedneanis greatethanCy,
3. estimatedstandardleviationis greaterthan(Cy, — C)

If F' <0, PMETRICdoesno checkingfor pathologicalsamples.
By default,F = 100 sothatonly extremelypathologicasamplesvill bereplaced Usethecommand=xpansionBctor
to changethevalueof F'. For example:

Expansi onFactor 0 * Do not check for pathol ogi cal sanples.

7.13 Output Format Control

Therearethreeavailable outputformats. Onelookslike the outputin thefile “exanpl 1. out ”. Thisis calledthe
“OUT” format. This formatis written by default.

A secondavailableoutputformatis atablewith onerow percaseandonecolumnfor eachof thevaluescomputed
from eachcase.Thisis the“MTB” format, andit maybe usefulif youwantto processa large numberof casesand
thenimport theresultsinto anotherstatisticspackagedor furtheranalysis.This formatis notwritten by default.
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A third availableoutputformatis similarto theMTB formatexceptfor theheadelines,which areappropriateor
my MrF ANOVA program.Thisis the “RPT” format, andit will be usefulif you wantto analyzePMETRIC output
with MrF. This formatis notwritten by default.

TheOUT, MTB, andRPT optionsareindependentsoyou cangetary combinationof themby specifyingoptions
appropriately To changethe defaultsettingsfor the outputformat, simply includein the RSPfile ary combinations
of the commandsw i t eMIB, NoW it eMIB, WiteRPT, NoWiteRPT, WiteOUT, andNoW it eQUT. The
default settingsare WriteOut, NoWriteMTB, and NoWriteRPT For example, if you include just the Wi t eMIB
commandyou will getboththe OUT formatandthe MTB format.

In additionto choosinghetypeof outputfile, therearea numberof otheroptionsconcerninghe controlof output,
asdescribedelov. Someof theseoptionsarerelevantonly for certaintypesof outputfiles, asindicated.

NCases The numberof casess written atthebeginningof theMTB file, sothis numbemustbe specifiedn theRSP
file. For example,

NCases 24 * There are 24 input data sets.

WriteD Vs To avoid clutteringup your outputfile, you maywantto write out only a subsebf the summarymeasures
computedby the program. In that case,you can usethis option to selectwhich onesyou want, asfollows.
Following WriteDVs on the sameline, include the numberof summarymeasuregK,) thatyou would like
to have written. Then,the following K lines shouldinclude onenumberper line, whereeachnumberis the
sequentianumber relative to the full setwritten whenthis optionis not specified,of one of the summary
measuregou would like to have written out. For example,the following requestshatonly themedianandDL
bewritten (notethatthesearenormally the 11thand12thsummarymeasuresvritten out for eachdistribution):

WiteDVs 2
11 * The median is the 11th summary neasure in the standard |ist.
12 * The DL is the 12th summary neasure in the standard |ist.

MomentsWanted Computationof higher momentssometimesnvolvesratherslow numericalintegration. If you
areonly interestedn the lower moments,then, you might wantto omit computationof higher momentsto
speedup the program.Unfortunately PMETRIC s not smartenoughto figure out which momentso compute
automaticallyfrom the WriteDVs option describedabove, so you must explicitly tell it which momentsto
computewith acommandike:

Monent sWanted 2 * Conmpute nonents only up to the second.

The defaultis Moments\Viénted4, but you canspeedup the programby reducingthisto 3, 2, or 1.

WritePCTs Insteadof having theprogramwrite outsummaryDVs, you maywantto have it write outthe percentiles
of the psychometridunction. This outputis requestedvith the WritePCTsoption. Theformatis:

WitePCTs
5 * Start witing with the 5th percentile
95 * ... and continue up to the 95th percentile
10 * ... in steps of 10%

Notethatcumulative probabilitiesare automaticallymonotonizedvhenthe WritePCTsoptionis selectedjust
asthey arefor the Spearman-Erbermethod,to ensurethat eachof the desiredpercentilesoccursonly once
within thedistribution. In addition,theextremestimulusvaluesC, andC 41 will beusedto estimategby linear
interpolation)percentilevaluesthatare outsidethe rangeof obsered cumulative probabilitiesassociatedvith

the C, to Cy values.Note alsothatwhenthe WritePCTsoptionis selectedthe programassumeshatyou do
not wantary DVs of the type selectedwith the WriteDVs option. If you do want both, you mustincludethe
WriteDVs option after WritePCTsis specified.

NGroups The Mrf programneedsto know how mary groupsof subjectsareincludedin the input file, soyou are
allowedto specifythe appropriatevalue. For example,
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NGroups 2 * There are 2 groups of Ss.

NCaseslerS The Mrf programalsoneedso know how mary differentpsychometridunctionshave beenanalyzed
persubject(i.e., how mary differentconditionsaretestedwithin-Ss).For example,

NCasesPerS 3 * Each S provided pretric fns for 3 conditions.

This variablealsoinfluenceghe numberingof files if WriteCurnwesis specifiedseebelow).

Tab Delim By default,the columnsin the MTB file are separatedby spaces.You canhave themseparatedby tabs
with this option or by commaswith thenext one.

CommaDelim

7.14 Output of Observedand Monotonized Functions

It mayalsobe usefulto write the obserned andmonotonizedunctionsto files for importinginto graphingprograms,
and this can be accomplishedwvith the Wi t eCur ves option. If this option is selected,a separate®.col file is

written for eachcasethatis analyzedcontainingthreecolumnsof numbersithe stimuluslevels, the obseredrelative

frequeng atthatlevel, andthe monotonizedelative frequeng atthatlevel (muchlike thetakular summarywritten at

thebeginning of eachcasein the OUT file).

Thedifferentcasesredistinguishedy beingwrittento differentoutputfiles. It isassumedhatthefirstNCasesPerS
casesomefrom subjecbne,andthesewill bewrittento filescalledS001C001. col ,S001C002. col ,S001C003. col ,
.... Thennext NCasesPerBaseareareassumedo comefrom subject2 andarewrittento filescalledS002C001. col ,

.... Andsoon.

7.15 Maximum Likelihood versusMinimum Chi-Square Estimation

By default,PMETRIC computeghe maximum-likelihoodestimate®f the distributionalparametergandthenreports

the propertiesof the distribution (e.g., mean,median,etc) with theseparametewalues. By including the option

Chi Squar e, however, theuserinstructsPMETRICto computeminimum chi-squareestimatesnstead.
Notethatbothmaximume-likelihoodandminimumchi-squareestimatesreactuallyalwayscomputedsothatboth

measuresf fit canbereported.Thus,specifyingtheChi Squar e optionsimply changesvhethertheestimatednean,

median,andsoonarecomputedrom thedistributionwith its maximum-likelihoodor minimum chi-squarevalues.
For completenesgheoptionLi kel i hood mayalsobe specifiedalthoughthis is the defaultoption.

7.16 MaxNStimLevels

By default, PMETRIC allocatesmemoryfor a maximum of 200 stimuluslevels or doses(the k in the technical
descriptiongivenin section2). If thatis notenough this valuecanbeincreasedy specifyingthis optionin the RSP
file. For example:

MaxNSti mLevel s 1000 * Up to 1000 different doses

7.17 ParmCodes

In somesituations,it maybe desirableto fix a parameteof the modelunderlyingprobit analysis.For example,you
might know on a priori groundsthat the meanof the underlyingnormal distribution was 0 and you might want to
allow only the standarddeviation to vary during maximumlikelihood estimation.PMETRIC providesthis capability
by allowing youto specifywhethereachparameteof a distributionis Fixed,Real,or anInteger.

To constrainoneor moreparametersf a distribution, you enteranoptionalextra string of letters(F, R, andl) for
eachdistribution listed underthe NProbitsoption. For example:

nprobit 2 * Use 2 different distributions.
nor mal (0, 1) FR * Fix the nmean at zero and let sigma vary as a real.
ganme(5, . 1) IF * Let the nunber-of-exponentials paraneter vary as an
* integer and hold the exponential rate fixed.
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In this example, both stringshave two lettersbecausesachdistribution hastwo parameters.The string of letters
underdiscussionhereis called the “ParmCodes”string, and more information on it can be found in the CUPID
documentation.

7.18 MinStepSize

This optionis usedto controlthe minimum stepsizeusedby the parametesearchalgorithmin probit analysis.For
example:

M nSt epSi ze 0. 00001
Thedefaultis 1.0e-8.

8 Intr oductionto PMETGEN

PMETGENCcanbe usedto generatesimulateddataof the sortanalyzecby PMETRIC. It hastwo mainuses:

1. Researcheris theplanningphaseof anexperimentmaywishto run computersimulationsof aproposediesign
to estimatdts standarcerrorsandstatisticalpower.

2. Researchermterestedn comparingdifferentstatisticalproceduregor the analysisof suchdatamay wish to
generatenary simulateddatasetsin orderto comparehe performancef thedifferentprocedures.

9 PMETGEN Input Control File

BeforeusingPMETGEN,you mustpreparea controlfile describingthe exact experimentalsituationto be simulated.
Thisfile shouldbe giventheextension*.GEN”, andthefiles“GENEX* . GEN’ shav examples.Theinputfile mustbe
aplaintext (ASCII) file.

The file “GENEX1. GEN" shows a fairly simple control file. The lines startingwith asterisksare explanatory
commentsasis all thetext following anasteriskon aline. Herearethe operatie linesof thefile:

Di stribution Nornal (0.5, 0.25)

NSti mLevel s 5
NTri al sPer Level 60
NCases 300

Thefirstline tellstheprogranthatthetrueunderlyingdistributionhasthe shapeof acumulative normaldistribution
with mean0.5 and standarddeviation 0.25. Mary other distributions canbe used,suchasthe gamma,lognormal,
exponential,uniform,andsoon. For acompletdist of thepossiblalistributions,theusershouldconsulthedocumentation
of the CUPID program.

The secondline saysthat five stimuluslevels shouldbe used. (Thesestimuluslevels will be placedat default
locations;further information on the settingof stimuluslevelsis givenin section12.) The third line saysthatthe
experimentshouldinclude 60 trials at eachstimuluslevel, andthe fourth saysthatthe programshouldgenerate300
simulateddatasets.

10 Running PMETGEN

PMETGEN:Is invokedfrom thecommandine with a statemenincludingoneor two parametersasshavn here:

C pnetgen foo
C pnetgen foo bar
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If oneparamete(“foo”) is specified PMETGENr readscontrol parameterérom thefile “f oo. GEN’, andwrites
its outputto thefile “f oo. DAT".

For advancedusersonly: if two parameterg‘foo” and“bar”) arespecifiedon the commandine wheninvoking
PMETGEN, the programreadscontrol parametergrom the file “f oo. GEN". In addition, however, it skipsto the
location“bar” in the control file (asdescribedn section12). The purposeof this is to allow a single GEN file to
control datageneratiorfor a numberof slightly differentexamples. The differentoptionsarelistedfirst in the GEN
file, and at the end of eachoption you include a statementike “GOTO COMMON?". Then, you list the common
parameterafterthelabelcommon.

11 PMETGEN Output

The main outputof PMETGEN is a datafile that canbe readand analyzedoy PMETRIC (just asif the datacame
from actualexperimentsratherthansimulatedones). It containsone datasetper simulatedexperiment(but in some
typesof researcht maymakesensdo regardthedatasetsascomingfrom differentindividual subjectswithin asingle
experiment).

A secondanputputfile hasthe samenamebut the extension.PRM. This file containsa list of the stimulusvalues
testedandsomeself-explanatorysummarie®f the true parametersf the underlyingdistribution.

12 PMETGEN Options

Individual optionsfor controlling the behaior of PMETGEN are listed below, approximatelyin order from most
frequentlyusedto leastfrequentlyused. All optionsare specifiedby including oneor morelinesin the controlfile,

usingthe sameformatsasthoseof the PMETRIC controlfiles. The controlfiles for PMETGENhave the extension
GEN (RSPwasnot usedagainto avoid conflict with the RSPfiles usedto analyzethegeneratediata).In additionto

theoptionslistedin this section further optionscommonto PMETRICandPMETGENarelistedin sectionl3.

12.1 Distrib ution

Asillustratedin thefile “GENEX1. GEN", thisoptionis followedby thenameof theunderlyingprobabilitydistribution
to beusedin generatinghedata. The completesetof probabilitydistributionsthatcanbe specifiedfor generatinglata
is the sameasthatwhich canbe usedfor probit analysiswithin PMETRIC. For example,ary of the following would
be alegal specification®f the true underlyingfunction: Logi sti c(0, 1), Uni form( 0, 1) , Garma( 5, 0. 01)
Exponential (1.2).

12.2 NStimLevels,NTrialsPerLevel, and NCases

Theseoptionsareusedto setthe desirednumberof stimuluslevels, numberof experimentatrials per stimuluslevel,
andnumberof simulateddatasetsto generaterespectiely.

12.3 Settingthe Stimulus Levels

Oncethenumberof stimuluslevelsis determinedit is necessarjo indicatewhatstimuluslevelsareto beused.There
arethreeoptionsfor doingthis, whichwill bereferredto asthree“versions. The defaultis versionB.

Version A With thisversion,PMETGENcomputestimulusvaluesthatareequallyspacedn the probability domain.
Hereis anexample:

Di stribution Nornal (0.5, 0.25)
NSti mLevels 5

Version A

StepsToExtrenme 1

With this setof commandsthe stimulusvaluesaresetasfollows:
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1. Computes equally-spacegrobabilityvalues,P;—i.e.,0.1,0.3,0.5,0.7,and0.9.
2. ComputeS; suchthateachS; hasthe desiredcumulative probability P; within theindicateddistribution.

3. Usingtheindicatedvalueof Steps©Extreme 3, computethelowerboundSy; = 51 — 3 x (S2 — S1) and
theupperboundsSs = S5 + § x (S5 — S4). Thefinal setof stimulusvaluesandboundsis

Stimulus  Value Probability

0 -0.010 0.000
1 0.180 0.100
2 0.369 0.300
3 0.500 0.500
4 0.631 0.700
5 0.820 0.900
6 1.010 1.000

Version B With thisversion theuserspecifiegshepercentileof theupperandlower stimulusvaluesandPMETGEN
computesntermediatesaluesthatareequallyspacedn the stimulusdomain.Hereis anexample:

Di stribution Nornal (0.5, 0.25)
NSti nmLevel s 5

Version B

H Pctile 0.95

LowPctile 0.05
StepsToExtrenme 1

With this setof commandsthe stimulusvaluesaresetasfollows:

1. Computethe loweststimulusvalue S; to be the value at the 5th percentileof the indicateddistribution
andthe higheststimulusvalue S5 to be the value at the 95th percentile. This yields S; = 0.089 and
S5 = 0.911.

2. Computea stepsize,A, suchthatthis rangeis coveredwith five stimuli: A = 2211=2-089 — (.20,
3. ComputeS; =S+ (i — 1) x Afori=2,...,4.

4. Usingtheindicatedvalueof Steps©Extreme 3, computethelowerboundS, = S; — 3 x A andtheupper
boundSs = S5 + 8 x A. Thefinal setof stimulusvaluesandboundss

Stimulus  Value Probability

0 -0.117 0.000
1 0.089 0.050
2 0.294 0.205
3 0.500 0.500
4 0.706 0.795
5 0.911 0.950
6 1.117 1.000

Version C With this version,the userspecifieseachstimulusvalue andboth lower and upperboundsindividually.
For example:

Di stribution Nornal (0.5, 0.25)
NSti mLevels 5

Version C

-20 -1 -0.5 00.51 20

Thisindicateghatthefive stimulusvaluesareatexactly thespecifiedsaluesof -1,-0.5,0,0.5,and1. Surrounding
thesevaluesarethelowerandupperboundsof -20 and20. Thus,thefinal setof stimulusvaluesandboundsis
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Stimulus Value Probability
-20.0 0.0
-1.0 0.0
-0.5 0.00003
0.0 0.0223
0.5 05
1.0 0.977
20.0 1.0

OO WNEO

12.4 Output Files of Parameter Values

PMETGEN canwrite out the true parametenaluescorrespondindo the simulateddistribution (e.g., true mean)in
eitherof two formats. Oneformatis written to a file with the extension.PRM, andthis oneis similar to the format
of the parametergstimatecoy PMETRIC. Theotherformatis written to afile with the extension.PR2;thesearethe
samevaluesbut in aformatthatis moreeasilymachine-readabld he usercancontrolwhethereither neither or both
of thesefiles is written by specifyingary combinationof thefollowing parameteri the controlfile:

VWant PRM * Do wite the PRMfile
Want PR2 * Do wite the PR2 file
NoPRM * Do not wite the PRMfile
NoPR2 * Do not wite the PR2 file

By default,the PRMfile is written andthe PR2file is not.

12.5 NoRandomTrials

This option tells PMETGEN to generatedatain accordwith the exact probabilitiesassociatedvith eachstimulus
value. In this case the numbersof responseat eachstimulusvalueare not generatedandomlybut aresetto match
theexpectedirequenciesascloselyaspossible(giventhe constrainto generatavholenumbers).This optionis useful
in evaluatingthe purelack of fit of amodel(e.g.,how badly doesa normal-basegrobit analysidfit datageneratedby
agammaunderlyingdistribution) without contaminatiorby randomvariation.

13 Other Control Options Commonto PMETRIC and PMETGEN

A numberof program-controbptionsarecommonto bothPMETRICandPMETGEN.

13.1 CommonCs

Includethis optionto indicatethatthe C; valuesarethe samefor all casesandare (with PMETRIC)or shouldbe (with
PMETGEN)listed only on thefirst line of the datafile. For example:

CommonCs * All data sets use sane stimulus values / doses.

13.2 Forced-ChoiceTasks

By default,the analysisis carriedout (PMETRIC) or the dataare generatefPMETGEN) assumingthat responses
comefrom a Yes/Notask. The programscanalsoanalyzeandgeneratalatafrom an m-alternatve forcedchoicetask,
however. To indicatethatsuchataskis to beanalyzedr simulatedjncludea parametelike

MAFC 3 * data from 3-alternative forced choice task.

With 2...9 alternaties,you mayabbreiate thisas2AFC, 3AFC,4AFC, ..., 9AFC.

Notefor PMETRIC: A complicationthatcanarisein the analysisof m-AFC tasksis that obsened performance
canbe worsethanchanceat a certainstimuluslevel if performanceds actually nearchanceat thatlevel andif the
binomial variability producesa less-than-gpectednumberof responsesWhenestimatedorobabilitiesare corrected
for guessingthen, it is possiblefor an estimatedporobability to be negative. PMETRIC checksfor this complication
andcorrectsary negative estimatedorobabilitiesto valuesof zero.
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13.3 OutFile

Usethis optionto setthe nameof the outputfile. For example:
QutFile WFile * Qutput will be witten to MFile.*

Theoutputfilesof PMETRICgettheextension®OUT andMTB, andthe outputfiles of PMETGENgettheextensions
DAT, PRM, andPR2.By default,the outputfile nameis the sameastheinputfile namewith theappropriatechanges
of extension.

13.4 FieldWidth and DecPlace

Thesetwo separat®ptionsareusedto controlthe formatin which numericalvaluesarewritten out. For example:
FieldWdth 14 * Allow 14 spaces for each nunber.

Decpl ace 8 * G ve 8 decinmal places for each nunber.

Thedefaultsare8 and2, respectrely. In PMETGEN,this optionappliesonly to the stimuluslevels,becaus¢heactual
generatedlataareintegers.In PMETRIC, it appliesto all computedestimates.

13.5 Controlling the Seedof the Random Number Generator

Both programsusea randomnumbergenerater—PMETGENfor generatingsimulateddataand PMETRIC for doing
bootstrapterations.Threeoptionsareprovidedfor controllingthe seedof therandomnumbergenerator:

SEED SAVE START fil ename

savesthe randomnumberseedinto the specifiedfile. Saving is doneat the beginning of the program,andit canbe
retrievedin anothemprogramrun sothatthe subsequentun canbe carriedout with the identicalsequencef random
numbersijf desired.

SEED SAVE END fil enane

alsosavestherandomnumberseedinto the specifiedfile. With this option, however, saving is doneat the endof the
program. If the seedis thenretrievedin anotherprogramrun, the subsequentun will be carriedout startingfrom
the endingpoint of the previous sequencef randomnumbers eliminatingthe possibility of overlapin the random
sequences.

SEED START fil enane

causeshe programto startby readingthe seedrom theindicatedfile (which shouldpreviously have beenwritten with
the SEEDSAVE START or SEEDSAVE END optionalreadydescribed).

13.6 Controlling the Accuracy of Numerical Integration and Inversion

In mary caseswhere explicit formulas have not beenprogrammedn, PMETRIC computesvaluesby numerical
integration. Thespeedandaccuray of thisiterative procedurerecontrolledby aparametecalled| nt egr al Pr eci si on,
which maybe setwith acommandike

I nt egral Preci sion 0.00001

Thedefaultis 1.0e-7.

Simiarly, whenPMETRIC mustfind theinverseof a CDF for a distributionwith no explicit InverseCDHFunction
built in, it usesa numericalsearchalgorithmto find the desiredX valuecorrespondingo the specifiedP. You may
controltheaccurag requiredfor thesearcho stopwith thecommands

| nver sePreci si onP 0. 00001
and
| nver sePreci si onX 0. 00001

(the defaultsare 1.0e-7). Thesecontrol the precisionwith which the desiredP value and the value of the random
variableX mustbeknown whenfinding theinverseof the CDR
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13.7 CommentCharacter
Thecommentcharactefasterisk by default),canbe changedo ary ASCII characterFor example:
COWENT ! * Change takes place starting with next |ine.

would changethe commentcharacteto anexclamationpoint.

13.8 Flow of Control

PMETRIC and PMETGEN normalreadtheir control parameterdine by line throughthe RSPand GEN files. Two
commandswill alterthis behaior, andtheseareusefulin preparinga singlecontrolfile to carry out several different
analyse®r simulationsin differentruns.

END If thiscommands encounteredprocessingf theinputcontrolfile stops.

GOTO label If thiscommands encounteredprocessingf theinputcontrolfile skipsto aline onwhichtheindicated
labelappearsandcontinueson from thenext line following that.

As anexample onemightpreparahefollowingfile “TwoDi st s. RSP” to generatsimulateddatafrom bothanormal
anda uniform distribution:

nor el

Di stribution Nornal (0, 1)
got o conmon

uni form

Di stribution Uniform-1,1)
got o conmon

conmon
NStinmLevels 5

NTri al sPer Level 60
NCases 300

PMETGENCcouldbeinvokedwith theoptionalseconcarametenor mal to usethenormaldistributionanduni f or m
to usethe uniform distribution, with all otherdatageneratioroptionsin common.

14 Available Distrib utions

14.1 Continuous Distrib utions

Herearethe primitive continuoudistributionsthathave beenat leastpartially implementedsofar:

Beta(4, B) TheBetadistributionis definedover theinterval from zeroto one,andits shapds determinedy its two
parameterst andB. Its PDFis

1
(A, B)

Themeanis A/(A + B), andthevarianceis AB(A + B)~?(A+ B +1)~%.

f(z) = A1 =-)B o< <t

Cauchy(L, S) Thisdistributionis definedin termsof locationandscaleparameterd. and.S > 0, respectiely. Its

PDFis :

- 7S [1 + {-”75"}2}

f(z)

ChiSquare(df) Thisis ageneralizatiorof thedistributionof thesumof df independensquaredstandarchormals.lts
parameteis df — apositive realnumber
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Chi(df) Thisis thedistribution of the positive squareroot of a ChiSquarerandomvariable. Its parameters df — a
positiverealnumber

Cosine For0 < z <TI/2, f(z) = cos(z) andF(z) = sin(z).

ExGaussian, o, A) Thisis the distribution of the sumof independeniNormal and Exponentialrandomvariables.
Its parameterarethe u ando of theNormal,andtherate A of the Exponential.

ExGaussRat(:, o, r) Thisisjustareparametrizatioof theExGaussianlts parameteraretheu ando of theNormal,
andtheratio, r, of themeanof the exponentialto the sigmaof thenormal.

Exponential(X) Thisdistributionis well-known. By default,the parameters therate A; themeanis 1/\.

ExpSum(r1,r2) Thisis the sum(corvolution) of two exponentialswith differentrates. Thetwo parametersirethe
two rates,which mustbe differentenoughto avoid numericalerrors. For the convolution of exponentialswith
thesamerates,of courseyou shouldusethe Gamma.

ExpSumT(r1, r2,Cutoff) Thisis the sum(convolution) of two exponentialswith differentratestruncatedata given
cutoff value. The first two parametersre the two rates,which mustbe differentenoughto avoid numerical
errors;thethird parameteis the uppertruncationpoint. For thecorvolution of exponentialswith thesamerates,
of courseyou shouldusethe Gamma.

ExpoNo(u, o) | justinventedthis asan ad-hocsolutionfor a problem| wasworking on onetime, sol don’t know
whetherit will ever be usefulagain. And | certainlydon’t know whetherl gave it areasonabl@ame.In ary
casejt is atransformatiorof a normalrandomvariable X . Specifically it is thedistribution of

eX

- 14 eX

whereX hasanormaldistributionwith mearnu andstandardieviation o. Thetwo parametersf thisdistribution
arethe s ando of theunderlyingnormal X

ExtremeMal(«, 3) Extreme-alueTypel distribution(a.k.a.FisherTippettdistribution,Gumbeldistribution,sometimes
alsocalledthe doubleexponentialdistribution, to be confusedwith the Laplacedistribution), with parameters
andg > 0. TheCDFis

F(z) = exp [_@—(z—a)/ﬁ}

ExWald(u, o, a, A) This is the distribution of the sum of two independentandomvariables: one from a three-
parametekVald distributionwith parameter$u, o, a); andonefrom anexponentialdistributionwith rate A.

F(dfNumer,dfDenom) Thisis Fishers distribution of the ratio of two independenhormedChi-squaredistributions,
ascommonlyusedin linear models(e.g.,analysisof variance). The two integer parameterarethe degreesof
freedomof the numeratolanddenominatarrespectiely.

Gamma(N, A) Thisis thedistribution of the sumof N exponentialsgachwith rate . In thisdistribution, N mustbe
apositiveinteger. In the RNGammadistribution (seebelow), N is ary positivereal.

Geary(SampleSize)The Gearystatisticarisesin testingto seewhethera setof obsenationscomefrom a normal
distribution (D’Agostino, 1970).

GenErr(Mu,Scale,Shape) This is the generalkerror distribution (e.g.,Evans,Hasting,& Peacock,1993,p. 57) with
PDF

exp |—|z — Mu|Shap7 (2- Scale)}
f(=)

" scald/?. 2(1+1/Shap§ 1y 4 1 /Shapg

Thisversionuseghe shapeparametedenotedy by Evansetal. Notethatthe Laplaceandnormaldistributions
arespecialcasef this distributionwith Shapesquall and2, respectiely.



14 AVAILABLE DISTRIBUTIONS 19

HypTan(Scale) This is the HyperbolicTangentistribution, whosePDF and CDF aret

4.0
[efr + e_ﬁz]z
eﬁx _ e—,@x

efr 4 =Pz

wheref is the scaleparameterThis distribution arisesasa modelof psychometridunctions(e.g.,Strashirger,
2001).

InverseGaussian Seethe Wald distribution.

Laplace(Z, S) Also known asthe double exponential. In termsof location and scaleparameters/. and S > 0,
respectiely, the PDFis

1
oL je-ryys
(@) = 35

Logistic(p, 8) Thisdistributionis definedin termsof alocationparametey: andascaleparametef3. Thecumulative

form of thedistributionis )

—(=—p)

F(z) =
1+e

LogNormal(u, o) Thisis thedistributionof X suchthatin(X) is normallydistributed. The parameterarethe ¢ and
o of thenormal.

Naka-Rushton(Scale) Thisis thedistributionof X > 0 suchthat

2.2-a?

S T
_ (e
o= Ny

wherea is thescaleparamete? In theactualdistribution, momentsabove thefirst do not exist; they do exist in
PMETRIC'struncatedversionof thedistribution, however.

NoncentralF(dfNumer,dfDenom,Noncentrality) Thisis thedistribution of the ratio of independenhoncentrabnd
centralchi-squareswith the formerin the numerator It is mostoftenusedin the computationof power of the
F test. The noncentralityparameteis definedin termsof the dfNumernormalrandomvariableswhosesumof
squaress yieldsthechi-squaren the numerator Specifically

dfNumer

A= > A

i=1

=L

whereA; is theexpectedvalueof the ith randomvariablecontributingto this sumof squares.
Normal(y, o) I'll betyou know this onealready Parametersrep ande, noto?.

Paretol(K,A) Thisis aParetodistributionof thefirst kind, asdefinedby JohnsonKotz,andBalakrishnarn(1994,vol
1,p 574),with PDFandCDF

flz) = A KA g (At

whereK > 0, A > 0,andz > K.

4| thankRolf Ulrich for supplyingthese.
5| thankRolf Ulrich for supplyingthe PDF
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Quantal(Threshold) This distributionis relatedto the PoissonThisis thedistributionof X > 0 suchthat

T-1

Fz)=1->7

t=0

[

t
—x
€
|

o~

This distribution arisesasa modelof psychometridunctionsin visual psychophysicge.g., Gescheiderl997,
p. 85). Thethresholdparameter?’, representsn obsener’s fixed thresholdfor the numberof quantaof light
that mustbe detectedbeforesaying“Yes, | sav the stimulus! Quantaare assumedo be emittedfrom the
stimulusaccordingto a Poissordistribution with parameter:. Then, F(z) is the psychometridunctionfor the
probabilityof saying"Y es” asafunctionof the meannumberof quanta,:, emittedby the stimulus.Notethatit
makesno realsensdo think of = asarandomvariablein this example,but the probability distribution provides
ausefulmodelaryway.

Quick(Scale,Shape)Thisis thedistributionof X > 0 with PDFandCDF®

2=(3)" . ()7 . 5. n(2)

F(z) = 1-27(3)
wherea is thescaleparameteand is the shapeparameterThis distributionarisesasa modelof psychometric
functions(e.qg.,Quick, 1974;Strashirger, 2001).

Rayleigh(s) If Y7 andY; areindependenhormal randomvariableswith mean0 and standarddeviation o, then
X = /Y + Y hasaRayleighdistributionwith scaleparameter. The PDFis

fa) = el 2

o2
RNGamma(RN, ) See“Gamma”.In thisversiontheshapeparameteR N is arealnumberratherthananinteger.

rPearson(SampleSize)Thisis thesamplingdistributionof Pearsorsr (correlationcoeficient)underthenull hypothesis
thatthetrue correlationis zero(andassuminghe usualbivariatenormality). The parameteis SampleSizghe
numberof pairsof obsenationsacrossvhich the correlationis computed.

t(df) Students¢-distribution, with parametetif.

Triangular( B, T") In this distribution the densityfunction hasthe shapeof anequilaterakriangleacrosssomerange.
The parameterarethe bottom(B) andthetop of therange(T). The PDFis then:

f(z) = (¢ —B)x Hy if B<x<BE
TV (T —w)yxH, B <z<T

whereH,, is theheightof the PDF atits peak,adjustedo sothatthetotal areaof thetriangleis 1.0.

TriangularG( B, P, T) In this (more generaltriangular) distribution, the density function hasthe shapeof a not-
necessarily-equilateréiangleacrosssomerange.The parameterarethe bottomof therange(B), thepointat
which thetrianglereachests maximum(P), andthetop of therange(7T"). The PDFis then:

P-B

T fP<a<T

EBxH, jtfp<a<P
-] <o
whereH,, is theheightof the PDF atits peak,adjustedo sothatthetotal areaof thetriangleis 1.0.

Uniform(B,T) Thisis thedistribution in which all valuesareequallylikely within somerange.The parametersre
thebottomandthetop of therange,B andT.

8| thankRolf Ulrich for supplyingthese.
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UniGap(7") Thisis anequal-probabilitymixture of two uniform distributions, one extendingfrom —7" to 0 andthe
otherextendingfrom 7" to 2 - 7. It is “model 4” of Sternbeg and Knoll (1973). The medianis somevhat
arbitrarily definedas7/2.

Wald(p, A) This distribution arisesin problemsinvolving thefirst passage¢ime with Brownian motion andpositive
linear drift. As definedby JohnsonKotz, and Balakrishnan(1994, Volume 1), the standardtwo-parameter

inverseGaussiarnasthe PDF:
N 1Y/2 A .
flz) = [2m;3] exp{—zu—%(:r—/z) }

wherep > 0, A > 0, andz > 0. p isthemeanandy?3/ ) is thevariance.

Wald3(u, o, a) This is athree-parameteversionof the Wald distribution. Specifically assumea one-dimensional
Wienerdiffusion processstartingat position0 attime 0 anddrifting with averagerate . andvariances?, and
considerX to bethefirst passag¢ime throughpositiona. ThePDFof X is

2
o= % _(o—p2)”
1@ = fomes eXp[ 207 ]
whereall threeparameteraindz mustbe positive.

Weibull(Scale,Power,Origin) As definedby Johnsor& Kotz (1970,p. 250): “X hasa Weihull distributionif there
arevaluesof theparameters(> 0), o(> 0), andv, suchthat

e[

hasthe exponentialdistributionwith rate= 1". Here,the parameters, «, andv, arereferredto asthe“scale;
“power” and“origin” parametersiespectiely.

The CDF of theWeihull is therefore
F(z) =1 —exp(—[(z — vo)/c]”)

Computationsareincreasinglyinaccuratdor powerslessthanabout0.9, however.

14.2 Discrete Distrib utions

Herearethe primitive discretedistributionsthathave beenat leastpartially implementedsofar:

Binomial( NV, p) Thedistribution of the numberof successem N Bernoulli trials, with probability p of succes®n
eachtrial.

Constant(C) Thisis adegeneratalistributionthatalwaystakesonthesamevalue.lts parameteis thatvalue.Perhaps
surprisingly it canbecornvenientto have this distribution available.Warning: For technicalreasonsthe constant
distributiondoesnotwork well in mary of the deriveddistributionsdiscussedh thenext section.Thus,it should
beavoidedwheneer possible For example,you shouldalwaysuse:

Li near Trans(Ganma( 2, . 01), 1, 100)
ratherthanthe equivalent
Convol uti on(Ganma( 2, . 01), Const ant (100))

Geometric(P) Thedistribution of the trial numberof the first successn a sequenc®f Bernoulli trials, where P is
theprobabilityof succes®n eachtry.
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List(filename) This randomvariableallows you to defineary discretesetof X values,eachwith its own arbitrary
probability. Thecommand

Li st (Fi | eNan®e)

tells PMETRICto readthe distribution from the indicatedfile. Thefirstline in thefile containsthe numberof
X valuesin thedistribution. After that, thereshouldbe oneline for eachX value,with the first numberon the
line beingthe X valueitself andthe secondhumberbeingthe probability of that X value. Thesevaluesneed
not be sorted,andin factthe sameX value canappearon several differentlines, in which casethe associated
probabilitieswill be summed. (If X’s do appearon morethanoneline, thenthefirst line in the file should
actuallycontainthe numberof X-containinglinesratherthanthe numberof distinctX’s.)

Poisson{/) X hasa Poissordistributionwith parametet/ if

—UU.’L‘

Pr(X =z) = P x=0,1,2...,U>0

ThemeanandvariancebothequalU .

Uniformint(Low ,High) This is the distribution of equallylikely integervaluesbetweerthe two integer parameters,
Low andHigh, inclusive.

14.3 Transformation Distrib utions

PMETRIC canform a new randomvariable(Y’) by takinga mathematicatransformatiorof an existing one(X). The
following tablelists thetransformationsecognizecoy PMETRIC, illustrating the syntaxfor each.Also listed arethe
constrainton thevaluesof X.

Transformation Exampleof Syntax Constraintson Valuesof X
ArcSin (Y = \/(6(X/2))) ArcSinT(Uniforn(.5,1))

Exponential Y = eX) ExpTrans(Uni form(.5,1)) X nottoofarfromO.
Inverse(Y = 1/X) I nverseTrans(Uni fornm(.5,1)) X nottoocloseto 0.
Linear(Y = Ax X 4+ B) LinearTrans(Uniforn(.5,1), 2, 10)

NaturalLog (Y = In[X]) LnTrans(Uni form(0. 5, 1)) X >0

Powver (Y = X7?) Power Trans( Uni forn(.5, 1), 2) X >0

whereg(Z) is the probabilitythata standarchormalrandomvariableis lessthanZ.

14.4 Derived Distrib utions

PMETRIC alsoknows aboutvarioussortsof distributionsthatcanbe derived from oneor moreprimitive or “basis”
distributions. In mostcasesPMETRIC cancomputemoments PDF’s, CDF'’s, randomnumbersgtc, for the derived
distributionjustasit canfor the primitive distributionsdefinedabore.

Convolution(RV1,RV2) Thisis thedistributionof asumof independentandomvariablesRV1 andRV2, whereRV1
andRV2 areeachlegal distributionsin their own right. For example,

Convol ution(Normal (0, 1), Uniforn(O0, 1))
specifieghe corvolution of thesenormalanduniform distributions,and
Convol ution(Normal (0, 1), Uni fornm(0, 1), Ganma( 3, 0. 01))

specifieghe corvolution of the threeindicateddistributions.
In generalto definea corvolution, the usertypessomethingof the form:

Convol uti on(Basi shi st 1(Parns), ..., Basi sD st K( Parns))
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wherePar ns standdor theparameterassociateavith eachof thedistributions. Thereare K randomvariables
summedogetherandthedistributionsof thesesummedvariablesaresimply listed, separatedy commas.

PMETRICis notvery smartaboutcornvolutions. At this point, it only knows how to computemeansyariances,
andrandomnumbersn anintelligentway. Everythingelseis computedusing(recursive) numericalintegration,
which tendsto be pretty slow. Also, PMETRIC doesnot “realize” that someconvolutions resultin a new
distribution aboutwhich it alreadyknows (e.g., corvolution of two normalsis normal). Thus,computations
involving thesecorvolutionsproceedsia numericaintegrationeventhoughdirectcomputatiorwouldbepossible.

Thecurrentversioncanhandlecorvolutionswhereall distributionsarediscrete all arecontinuouspr someare
is discreteandsomecontinuousjput it cannothandleconvolutionsin which oneor moredistributionsaremixed
(i.e., partly discreteandpartly continuous).

| would be very happyfor suggestion®n how to augmentPMETRIC's handlingof corvolutions, especially
thoseaccompaniedy Pascalcode.

ConvolutionlID(N,R V) This is just an easierway to specifya corvolution whenall N summedrandomvariables
have the samedistribution, RV.

Convol utionl 1 D(3, Uni form(0, 1))
is thesameas
Convol ution(Uniform0,1),Uniform0, 1), Uniforn(0, 1))

Difference(R/1,RV2) This is the distribution of the differenceof two independentandomvariables,RV1 minus
RV2, whereRV1 andRV2 areeachlegal distributionsin their own right. For example,

Di fference(Uniforn(0, 1), Unifornm(0, 1))

specifiesa differencebetweentwo standarduniform distributions, which rangesfrom -1 to 1 (not uniformly).
PMETRIChandlesifferencedistributionsdumbly; like corvolutions. Thecurrentversioncanhandledifferences
whereboth distributionsare discrete both are continuous or oneis discreteand onecontinuousut it cannot
handledifferencesn which oneor bothdistributionsaremixed(i.e., partly discreteand partly continuous).

Mixtur e(p1,R/1,p2,RV2,...,pk,RVK) Mixtures aredistributionsformedby randomlyselectingoneof anumberof
randomvariables.For example,M xt ur e( 0. 5, Normal (0, 1), 0.5, Uni form( 0, 1)) definesarandom
variablethatcomesfrom a standarchormalhalf the time anda standarduniform the otherhalf of thetime. In
generaltheformatof this distributionis:

M xt ur e( p1, Basi sDi st 1( Par ns) , p», Basi sDi st 1(Parns), ..., px, Basi sDi st K( Par ns))

andthe p;’s mustsumto one(it is alsolegal to omit p;,).

InfMix(R V1,MixParm,RV2(Parms)) The InfMix distribution is an infinite mixture, formedwhen a parameteof
onedistributionis itself randomlydistributedaccordingto anothemistribution. For example,

I nf M x(Nornmal (0,5), 1, Uni form(10, 20))

definesa randomvariablethatcomesfrom a normaldistribution with standarddeviation 5. Thefirst parameter
of thatdistribution (assignifiedby the “1” betweerthe two distribution names¥ollows a uniform distribution
from 10 to 20. As anotherexample,| nf M x( Nor mal (0, 5), 2, Uni form( 10, 20) ) definesa random
variablethatcomesfrom a normaldistribution with meanzeroandstandardeviation varying uniformly from
10to 20. In generaltheformatof this distributionis:

I nf M x( Parent Di st (Parns), M xParm Par nDi st ( Parns))
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whereParentDistis a distribution, MixParmis anintegerindicatingwhetherthefirst, second, .., parameteof
the ParentDistvariesrandomly andParmDistis the distribution of thatparameter

InfMix maybeusedrecursvely. For example,
InfM x(1 nfM x(Normal (0,5), 1, Unifornm(0,2)),2,Uniform(4,6))

definesa normaldistribution in which the meanis uniform(0,2)andthe standardieviationis uniform(4,6).

Limitations: (1) At presentcomputationf the upperandlower boundsof InfMix distributionsassumehat
the largestandsmallestvaluesof the randomvariableareobtainedwhenthe underlyingParmDistis at its two
extremes. (2) Extremecautionis neededwith thesedistributions becauseroblemsoften arisein numerical
integration. | have foundit helpful to increasethe IntegralMinStepsto 10, which wasenoughin mostof the
cased’ ve lookedat, but you may needto adjustthis up (for precision)or down (for speed)n your cases.

Truncated(RV,Min,Max) A truncatedistributionis a conditionaldistribution, conditioningon the randomvariable
RV falling within theinterval from Min to Max. For example,Tr uncat ed( Nor mal (0, 1), - 1, 1) definesa
randomvariablethatis alwaysbetween1 and1, andwhichwithin thatinterval hasrelative probabilitiesdefined
by the PDF of the standarchormal.In generaltheformatof this distributionis:

Truncat ed(Basi sDi stri bution(Parnms), M n, Max)

It is sometimescornvenientto specify the truncationboundariesin terms the probabilitiesyou want to cut
off ratherthanthe scoresthemseles. For example,you might wantto look at the middle 90% of a normal
distribution but might notimmediatelyknow which scorescut off thetop andbottom59%. For this reasonthere
is avariantof thecommandhattakesprobabilitiesinsteadof valuesfor min andmax, like this:

Truncat edP(Basi sDi stri buti on(Parns), 0. 05, 0. 95)

With Tr uncat edP, PMETRICwill useits InverseCDHunctionto find thescorevaluesthatcorrespondo the
cumulative probabilitiesthat you specify andthentruncateat thosescorevalues.

Bounded(Rv,Min,Max) | do not knowif this is a standad type of distribution or not, and would appreciateany
commenton it fromthosein the know A boundeddistribution is similar to a truncateddistribution in that
the randomvariablemustfall within therangeof Min to Max. The differenceis thatall valueslessthanMin
arecorvertedto Min, andall valueslessthanMax are convertedto Max. Thus,therearediscretemasse®f
probabilityat Min andMax, andthe probability densityfunctionbetweerMin andMax is not conditionalized.

For example,considerthe distribution Bounded( Nor mal (0, 1), - 1, 1) . Thisis really a mixture of these
threedistributions:

Distribution Mixture Probability
Constant(-1) 0.1587
Truncated(Normal(0,1),-1,1) 0.6826
Constant(1) 0.1587

Note that 0.1587is the probability that a normal(0,1)scoreis lessthan-1, andalsothe probability thatit is
greaterthanl. Boundingthe distribution thusmeangakingall of the probability densityhigherthanthe upper
valueandmassingt atthatvalue.

As with thetruncatedlistribution, thereis a form of the Boundeddistribution basedn probabilities asin:

BoundedP( Nor nal (0, 1), 0.1,0.9)

Order(k,RV1,RV2,RV2,...,RVn) Thedistributionof thisorderstatisticis thedistributionof the’th largestobsenation
in a sampleof n independenbbsenationsfrom then indicatedrandomvariables.For example,
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Order (2, Normal (0,1), Uniform(0, 1), Exponential (1))

definesa randomvariablethatis the median(2nd largest)in a samplecontainingone scorefrom the standard
normal,onefrom the uniform from 0-1,andonefrom the exponentialwith rate1. In generalthe formatof this
distributionis:

O der (&, Basi sDi st 1(Parns), ..., Basi sDi st N(Par ns))

In the specialcasewherethe basisdistributions are all identical, it is more corvenientto usethe OrderlID
distribution, describechext.

OrderlID( k&, n,RV) Thisis the specialcaseof the orderdistribution in which the basisdistributionsareidenticalas
well asindependentln generaltheformatof this distributionis:

Orderl | D(k, N, Basi sDi st (Parns))

It is only necessaryo specifythe basisdistribution once,sinceall areidentical; instead,you have to specify
how mary thereare(N).

OrdExp(i, n, A) Thisisthespecialcaseof OrderlID in whichthe basisdistributionis anexponentialwith rate, and
you wantthei'th orderstatisticin asampleof n (1 < i < n). For this casetherearenicefastclosedformsfor
themeanandvariancethatweregivento meby Rolf Ulrich, Dept.of PsychologyUniv. of Wuppertal Germay.

OrdBinary(i,n1,RV1,n2,RV2) Thisis anorderdistributionwith two typesof underlyingRVs. For example,
O dBinary(2,5,Nornal (0,1), 7, Uniform(0, 1))

specifiesthe distribution of the secondorder statisticin samplesof 12 madeup of five standarchormalsand
sevenstandardiniforms.

MinBound(RV1,RV2) Considertwo arbitraryrandomvariablesX andY’, which may or may not be independent,
andlet 7 = min(X,Y). The CDFsof thesethreerandomvariablesmustobey theinequality

F.(t) < Fp(t) + Fy(t) forall ¢

because
F.(t) = Fp(t) + Fy(t) — Pr(X <t&Y <t)

Thus,for ary two basisRVs X andY’, we canconstructhe randomvariableZ which is alower boundon the
distributionof min(X, Y):

o | P+ Fy(t) i Fo(t)+ Fy(r) < 1
2(t) = 1 it Fo(t)+ Fy(t) > 1

MinBoundimplementghis lowerbounddistribution for ary two arbitraryrandomvariablesX andY.

Becausdalistributionsare constructedecursvely, it is legal within PMETRICto constructweird distributions by
ary combinationof theabove. For example,thiswould belegal:

Truncated(M xture(.5, Normal (0,1),.5,Orderl1D(4,5, Nornmal (0,1))),-1,1)

andit indicatesa truncatedmixture of a normaldistribution andan orderstatistic.

It doesnotappeato methattherewill ever beary ambiguityaboutwhatdistributionis requesteavithin the syntax
of PMETRIC, but let meknow if youfind suchacase!



14 AVAILABLE DISTRIBUTIONS 26

14.5 Bin-BasedDistrib utions

PMETRIChasseveral bin-basedlistributionsthat canbe usedto constructarbitrarydistributionsandmodelary data
patternyou like (e.g.,onesestimatedoy takulating lots of data). Eachdistribution is madeup of NBins adjacent,
non-overlapping,equal-widthbins, with an arbitaryprobability of occurrencewithin its bin. The differentbin-based
distributionsdiffer in their assumptionaboutthe detailsof the distribution within eachbin, asdescribedelow.

Histogram The histogramis a continuoudistribution with a flat PDFwithin eachbin.

Polygon The polygonis a continuousdistribution with a linear but not necessarilfflat PDF within eachbin. More
specifically the PDF of the polygondistributionis definedby a seriesof NBins+1 points;the first point gives
the heightof the PDF at the lower boundof the distribution, andthe remainingNBins pointsgive the heightsof
the PDF at the top of eachbin (thetop of thetop bin shaving the PDF at the upperboundof the distribution).
Within eachbin, the PDFis a straightline goingfrom the heightat the bottomof the bin to the heightatthetop
of thebin.

FreqgPolygon Thefrequeng polygonis alsoa continuoudistributionwith alinearbut notnecessariljlat PDFwithin
eachbin. Unlike the polygon,though,it keys onthe PDFin the middle of eachbin ratherthanthe upperedge.
More specifically the PDF of this distribution is definedby a seriesof NBins+2 points;thefirst point givesthe
heightof the PDF at the lower boundof the distribution, the last point givesthe heightof the PDF at the upper
boundof thedistribution, andtheremainingNBins pointsgive the heightsof the PDF at the centerof eachbin.
Within eachbin, the PDFis formedby straightlines going from the heightat the bin’s centerto the heightsat
the centersof theadjacenbins.

BinCen The“BinCenters”"randomvariableis a discretedistribution with all of the probability massassociatedvith
eachbin assignedo themidpointof the bin.

Thecommands$i st ogr an{ Fi | eNane) ,FreqPol ygon( Fi | eNane) ,Pol ygon( Fi | eNane) ,andBi nCen( Fi | eNe
tell PMETRICto readthe descriptionof theindicateddistributionfrom theindicatedfile. Thefirst line in thefile must
containthreenumbers:

1. Theminimumvaluein thedistribution (i.e.,thelower edgeof the lowesthin).
2. Themaximumvaluein thedistribution (i.e., theupperedgeof the highestbin).
3. Thenumberof bins,NBins.
For example,thisline mightbe
-10 100 200

to indicate a distribution rangingfrom -10 to 100, with 200 bins. (Note that in this example eachbin would be
[100 — (—10)]/200 = 0.55 unitswide.) Following thefirst line, thereshouldbe NBins+1 additionallines with one
numberperline. Thefirst line is special: It shouldbe zerofor the Histogramand BinCendistributions, but for the
Polygondistributionit shouldbethe heightof the PDF at the lower boundof thedistribution (which maybe zerobut
neednot be). The remainingnumberscorrespondo the probabilitiesfor the successie NBins bins, from smallestto
largest.Notethatthesenumbersieednotactuallyequalthebin probabilities;it is sufficientfor themto beproportional
to thebin probabilities.PMETRIC automaticallyrescaleshemsothatthe total probability sumsto one,soyou could
input frequeng countsor PDF heightsinsteadof actualbin probabilities.

14.6 Approximation Distrib utions

Theabove bin-basedlistributionscanalsobe usedas“approximationdistributions; the purposeof whichis to speed
up computationswith complicatedunderlying“basis” distributions. Theseapproximationsare particularly useful
when (a) you areinterestedin a basisdistribution for which it is time-consumingo computevalues,and (b) you

want to computelots of differentvaluesfrom this distribution without changingits parameters. In thesecases,
initializing the approximationdistribution will be a little slower thaninitializing the basisdistribution, but thenall

furthercomputationsvill be muchfasterwith the approximation.
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Someterminologyandnotationis usedin commonacrossall approximationdistributions. Eachapproximation
uses'bins”, which are small, nonoverlappingrangesof the dependentariable. For example,a betadistributionis
definedovertherangefrom 0.0to 1.0,andit might be approximatedising100bins: 0.00-0.010.01-0.02, .., 0.99—
1.00. The numberof bins (100 in this example)will be referredto as“NBins,” andthe width of eachbin will be
referredto as“W.” Of course the approximationare slower to computebut more accuratewith a larger numberof
bins(smallerW). | find that200-300binsis usuallyenoughandthatwith approximatelysymmetricdistributionsit is
generallybetterto usean odd numberof bins.

In practice,it may be somevhat tricky to decidewhich is the bestapproximationto use with a given basis
distribution. | know of no surestrat@y otherthantrial anderror, but offer somecomment®nthedifferentapproximations
basedn my limited experiencewith them.

ApprPolygon(RV) Thisis acontinuousapproximatiorthatcanbe usedonly for a continuoushasisdistribution, RV.
In brief, the PDF of the approximatiordistributionis a setof NBins straightlines, matchedo the heightof the
basisdistribution’sPDF at the bin’sedgeqfurtherdetailis givenbelow). For example,

Appr Pol ygon( Convol uti on(Nornal (0, 1), Beta(2,2)), 201)

approximateshe specifiedcorvolution with a setof 201 straightlines.

ApprFregPolygon(RV) Thisis a continuousapproximatiorthatcanbeusedonly for acontinuousbasisdistribution,
RV. In brief, the PDF of theapproximatiordistributionis a setof NBins straightlines, matchedo the heightof
the basisdistribution’sPDF atthe bin’s centers For example,

Appr Fr egPol ygon( Convol uti on(Nornal (0, 1), Beta(2,2)), 201)

approximateshe specifiedcorvolution with a setof 201 straightlines.

This is my preferredtype of approximation.It is generallyquite accurateandit is often muchfasterthanthe
otherapproximations.

Detailsof construction

Stepl: Thefirstline startsat Xy =minimum(of thebasisdistribution)with heightPDFat thatpointandgoesto
Xo=minimum+W/2with heightPDF=Basis.PDEX ;). The secondine continuedrom theendof thefirst
line to the point with X3=minimum+1.5*WandheightPDF=Basis.PDE{3). And soon, with thefinal
line sggmentendingat the maximumof the basisdistributionandPDF atthe maximum.

Step2: ThePDFjust constructeds integrated,andthe heightsarescaledup or down appropriatelysothatthe
total areais 1.00.

ApprHistogram(RV) Thisis a continuousapproximatiorthatcanbe usedfor eithera discreteor a continuoushasis
distribution, RV. In brief, the PDFis of theapproximatiordistributionis a setof NBinsflat lines, asif thebasis
distributionwereuniform within eachbin (like in ahistogram).For example,

Appr Hi st ogram( Convol ution(Nornmal (0, 1), Beta(2,2)), 201)

approximateshe specifiedcorvolution with a setof 201 binswith equalprobability within eachbin.

This approximatioris moregenerathan ApprPolygon,becausét canbe usedwith discretedistributions,and
it is lesssensitie to abruptly-changing®’DFs.But it is usuallyslower to constructinitially, andit is oftenmuch
slower to do ary computationsvith. The PDF hasdiscontinuitiesat the bin boundariegunlike ApprPolygon),
andthesemakenumericalintegrationscorverge moreslowly.

Details of construction The CDF of the basisdistributionis computedat the top andbottomof eachbin, and
from thesethe bin probabilityis computed.Then,the heightof the uniform approximationrPDFwithin thatbin
is adjustedo give this bin probability.
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ApprBinCen(RV) Thisis adiscreteapproximationandit canbeusedto approximateesitheradiscreteor acontinuous

basisdistribution, RV. In brief, the approximatiorassumeshatall of the probability massis concentratedh a
single point at the centerpoint of eachbin; morewer, ary valuein the bin is treatedasif it werethat center
point.
Details of construction The CDF of the basisdistributionis computedat the top andbottomof eachbin, and
from thesethe bin probability is computed.All of this probability massis assignedo the value at the center
of thebin. For purpose®f PDF andCDF computationsall valueswithin a bin aretreatedasequivalentto the
center

Using CUPID, approximationscan be written out to files andreadin from files. This is useful for saving the
time-consumingnitialization phasef youwantto returnto anapproximationater, andit alsoallows you to prepare
your own approximatiordistributions separatelyandthenimporttheminto PMETRIC for furtheranalysis.

To write the currentapproximationfrom within CUPID, usethe commandBi nsW i t e( Fi | eNane) . To read
theapproximatiorbackin, usethecommandBi nsRead( Fi | eNan®e) . Theformatof the approximatiorfile is just
the sameasthatfor the bin-basedlistributions describedn the previous section,with oneexception: The very first
line of thefile containsthe nameof the basisdistribution.

14.7 Construction Distrib utions

Giventhe approximationdistributionsdescribedn the previous section,it seemedaturalto includeanothertype of
approximationdistributionthat| call “constructiondistributions” Theseareapproximatiordistributionsconstructed
simply by takulating mary calls to the randomnumbergeneratoifor ary arbitrary distribution. | have found them
usefulmostly in my own simulationwork, wherel know how to write an RNG for the variablethat| am interested
in but | don't really know arything elseabouthow to characterizat. In thesesituations,| have foundit convenient
to constructanapproximatiorto the true distribution by calling the RNG mary timesandtakulatingtheresults.The
constructiordistributionssimply automatehis process! imaginethatthey will bevaluableonly to programmersvho
cancompiletheir own RNG sourcecodeusingtheseroutines but | describehemherefor completeness.
Therearethreetypesof constructiordistributions:

ConsHistogramRV A constructedistogramR/ usedto approximatea basisdistribution.
ConsFregPolygonRV A constructed-reqPolygonR usedto approximatea basisdistribution.
ConsBinCenR/ A constructed BinCenR/ usedto approximatea basisdistribution.

Notethatno constructedPolygonR/ exists.

14.8 Distrib utions Arising in Connectionwith Signal DetectionTheory

In additionto the above standardand derived distributions, | have addeda few distributions that correspondedo
particularprojectsl happenedo be working on. The distributionsdescribedn this sectionarisein connectionwith
signaldetectiontheoryexperiments andwill be of interestto somepsychophysicistand perhapsngineers.f you
don't know what signal detectiontheoryis, thenit is unlikely thatyou will careaboutthese. Note: Theseareall
discretedistributions, as eachreflectsthe outcomeof one or two binomial-typeconditionswith a finite numberof
trials.

ZfromP(SampleSize,fueP,Adjust) Thisisthediscretadistributionof 7, whichis derivedfromthebinomialdistribution
asfollows:

1. For ary samplefrom a Binomial(/V, P), corvert the numberof successes to the probability of success,
p=k/N.If p=0,setp = Adjust/N; if p = 1, setp = 1 — Adjust/N. “Adjust” is a parametebetween
0 and1, specifiedby theuser to indicatehow the extremedatavaluesshouldbe treated.

2. Find Z suchthatp = Pr(z < Z), wherez is arandomvariablehaving the standarchormaldistribution.
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APrime(NSignalTrials,PrHit,NNoiseTrials,PrFalseAlarm) Thisisthedistributionof thesampleA’ computedrom
anexperimentwith NSignalTrialssignaltrials eachhaving thespecifiedrueprobabilityof ahit, andNNoiseTials
noisetrials eachhaving the specifiedtrue probability of a falsealarm. Specifically A’ is the distribution-free
estimateof the areaunderthe ROC curve computedusing Equations2 and9 of AaronsonandWatts(1987).

APrimeSym(NTrials,PC) This is a shortcutfor the previous distribution that can be usedwhen there are equal
numbersof signhaland noisetrials andwhenthe probability of a correctresponsehit or correctrejection)is
the samefor both signalandnoisetrials.

YNdPrime(NSignalTrials,PrHit, NNoiseTrials,PrFalseAlarm,Adjust) Thisis thedistributionof thesampled’ computed
fromanexperimentwith NSignalTrialssignaltrialseachhaving thespecifiedrueprobabilityof ahit, NNoiseTrials
noisetrials eachhaving the specifiedtrue probability of a false alarm, and using the Adjust factor (between
0 and 1) to correctcaseswith 0% or 100% hits or false alarms(e.qg., replaceO hits with Adjust hits, and
replaceNSignalTrials hits with [NSignalTrials - Adjust] hits). Programmingnote: If PDFsare requested,
this distribution is implementedusing the List (smallersamples)and AppApprCen(larger samplesyandom
variables.

YNdPrimeSym(NTrials, TrueDP,Adjust) Thisisthespecialcaseof YNdPrimein whichNSignalTrials= NNoiseTials
andPr(Hit) = 1 - Pr(FA). Notethatthe secondparameteis thetrued’ ratherthanthehit probability.

15 ReleaseHistory

Versionl.1wasreleasedn September2001.
Betaversionl.0wassentto a few interestedartiesfor preliminarytestingin June2000.

16 Registration and Author Contact Address

I would really like to receve feedbackon who is usingthis software,for what purposes.So, pleasee-mail me at
miller@otago.ac.n# you found this softwareuseful. If you do, | will addyour nameto my mailing list andlet you
know aboutany new versionspugs,or new programghatmightinterestyou. If you usethissoftwarefor ary published
research| would greatlyappreciatet if youwould acknavledgethe softwarein your article (e.g.,in a footnote)and
email me a citationto the article or, betteryet, sendme a reprint. Of coursel would alsowelcomebug reportsand
suggestiongor improvement,too, althoughl cant promiseary fastactiononthose.

Hereis how to contactme:

Prof Jef Miller
Departmenbf Psychology
Universityof Otago
Dunedin,New Zealand
email: miller@otago.ac.nz
FAX: (64-3)-479-8335

17 OS/2Versions

I will happily provide executableOS/2versionsof this softwareto otherswho still usethis operatingsystemasl! do
myself. The only differencefrom the versionsdescribedn this documentatioris thatthe “SET CUPID=C\ CUPID"
command(if neededgoesin the config.sydfile ratherthanthe autoeec.batfile. (Don’t forgetyou have to shutdavn
andrebootfor thisto takeeffect.)
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20 SoftwarelLicense

GNU GENERAL PUBLIC LICENSE

Version2, Junel991

Copyright(C) 1989,1991 FreeSoftwareFoundation|nc. 675MassAve, CambridgeMA 02139,USA

Everyoneis permittedto copy anddistributeverbatimcopiesof this licensedocumentput changingit is not allowed.
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20.1 Preamble

The licensesfor most softwareare designedto take awvay your freedomto shareand changeit. By contrast,the
GNU GeneralPublicLicenseis intendedto guaranteg/our freedomto shareandchangefree software—tomakesure
the softwareis free for all its users. This GeneralPublic Licenseappliesto mostof the FreeSoftwareFoundations
softwareandto ary otherprogramwhoseauthorscommitto usingit. (SomeotherFreeSoftwareFoundationsoftware
is coveredby the GNU Library GeneraPublicLicenseinstead.)You canapplyit to your programstoo.

Whenwe spealof free softwarewe arereferringto freedom notprice. Our GeneraPublicLicensesaredesigned
to makesurethatyou have the freedomto distribute copiesof free software(andchage for this serviceif you wish),
thatyou receve sourcecodeor cangetit if you wantit, thatyou canchangethe softwareor usepiecesof it in new
free programsandthatyou know you cando thesethings.

To protectyour rights, we needto makerestrictionsthat forbid anyoneto dery you theserights or to askyou
to surrendettherights. Theserestrictionstranslateto certainresponsibilitiesor you if you distribute copiesof the
software or if you modify it.

For example,if you distribute copiesof sucha program,whethergratisor for a fee,you mustgive the recipients
all therightsthatyou have. You mustmakesurethatthey, too, receve or cangetthesourcecode.And you mustshow
themthesetermssothey know theirrights.

We protectyour rightswith two steps:(1) copyrightthe software,and(2) offer you this licensewhich givesyou
legal permissiorto copy, distributeand/ormodify the software.

Also, for eachauthors protectionand ours, we wantto makecertainthat everyoneunderstandshat thereis no
warrantyfor this free software. If the softwareis modifiedby someoneslseandpassedn, we wantits recipientsto
know thatwhatthey have is notthe original, sothatary problemsintroducedby otherswill notreflectontheoriginal
authors’reputations.

Finally, ary freeprogramis threatenedonstantlyby softwarepatents Wewishto avoid thedangethatredistributors
of afree programwill individually obtainpatentlicensesjn effect makingthe programproprietary To preventthis,
we have madeit clearthatary patentmustbelicensedfor everyonesfreeuseor notlicensedatall.

The precisetermsandconditionsfor copying,distributionandmodificationfollow.

20.2 Termsof License

GNU GENERAL PUBLIC LICENSE
TERMSAND CONDITIONSFORCOPYING,DISTRIBUTION AND MODIFICATION

0. ThisLicenseappliesto ary programor otherwork which containsanoticeplacedby thecopyrightholdersaying
it maybedistributedunderthetermsof this GeneraPublicLicense.The”Program”,below, refersto ary suchprogram
orwork, anda"work basedntheProgram”meansithertheProgranor ary derivativework undercopyrightlaw: that
is to say awork containingthe Programor a portionof it, eitherverbatimor with modificationsand/ortranslatednto
anothelanguage(Hereinaftertranslations includedwithout limitation in theterm”modification”.) Eachlicenseds
addresseds”you”.

Activities otherthancopying, distribution and modificationare not coveredby this License;they are outsideits
scope.Theactof runningthe Programis notrestricted andthe outputfrom the Programis coveredonly if its contents
constitutea work basedn the Program(independenof having beenmadeby runningthe Program).Whetherthatis
true depend®nwhatthe Programdoes.

1. You may copy anddistribute verbatimcopiesof the Programs sourcecodeasyou receve it, in ary medium,
providedthatyou conspicuoushandappropriatelypublishoneachcopyanappropriateopyrightnoticeanddisclaimer
of warranty;keepintactall the noticesthatreferto this Licenseandto the absencef ary warranty;andgive ary other
recipientsof the Programa copy of this Licensealongwith the Program.

You may chage a fee for the physicalact of transferringa copy, and you may at your option offer warranty
protectionin exchangefor afee.

2. You may modify your copy or copiesof the Programor ary portion of it, thusforming a work basedon the
Program,andcopy anddistribute suchmodificationsor work underthe termsof Sectionl above, providedthatyou
alsomeetall of theseconditions:

a) You mustcausethe modifiedfiles to carry prominentnoticesstatingthatyou changedhefiles and
thedateof ary change.
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b) You mustcauseary work that you distribute or publish,thatin whole or in part containsor is
derived from the Programor ary partthereof,to be licensedasa whole at no chage to all third parties
underthetermsof this License.

c) If themodifiedprogramnormallyreadscommandsnteractively whenrun, you mustcausdt, when
startedrunningfor suchinteractive usein the mostordinaryway; to print or display an announcement
includinganappropriatecopyrightnoticeanda noticethatthereis no warranty(or else,sayingthatyou
provideawarranty)andthatuseramayredistritutetheprogramundertheseconditions andtelling theuser
how to view a copy of this License.(Exception:if the Programitself is interactve but doesnotnormally
print suchanannouncemeny,our work basedon the Programis not requiredto print anannouncement.)

Theserequirementsapply to the modifiedwork asa whole. If identifiablesectionsof thatwork arenot derived
fromtheProgramandcanbereasonablyonsideredndependenandseparatevorksin themseles,thenthis License,
andits terms,do not applyto thosesectionsvhenyou distributethemasseparatavorks. But whenyou distributethe
samesectionsaspartof awholewhich is awork basedon the Program the distribution of the whole mustbe on the
termsof this License,whosepermissiondor otherlicenseesxtendto the entirewhole, andthusto eachandevery
partregardlesof who wroteit.

Thus,it is nottheintentof this sectionto claimrightsor contestyourrightsto work written entirelyby you; rather
theintentis to exercisetheright to controlthe distribution of derivative or collective works basedn the Program.

In addition,mereaggregationof anothemwork not basedon the Programwith the Program(or with awork based
ontheProgram)on avolumeof a storageor distribution mediumdoesnotbring the otherwork underthe scopeof this
License.

3. You may copyanddistributethe Program(or awork basecdnit, underSection2) in objectcodeor executable
form underthetermsof Sectionsl and2 above providedthatyoualsodo oneof thefollowing:

a) Accompan it with the completecorrespondingnachine-readablsourcecode, which must be
distributedunderthetermsof Sectionsl and2 above onamediumcustomarilyusedfor softwareinterchange;
or,

b) Accompay it with awritten offer, valid for atleastthreeyears to give ary third party, for achage
no morethanyour costof physicallyperformingsourcedistribution, a completemachine-readableopy
of thecorrespondingourcecode to bedistributedunderthetermsof Sectionsl and2 abore onamedium
customarilyusedfor softwareinterchangeor,

¢) Accompay it with theinformationyou receved asto the offer to distribute correspondingource
code. (This alternatie is allowed only for noncommercialistribution and only if you receved the
programin objectcodeor executableform with suchan offer, in accordwith Subsectiorb above.)

Thesourcecodefor awork meanghepreferredorm of thework for makingmodificationgto it. For anexecutable
work, completesourcecode meansall the sourcecodefor all modulesit contains,plus ary associatednterface
definitionfiles, plusthe scriptsusedto control compilationandinstallationof the executable.However, asa special
exception,thesourcecodedistributedneednotincludearything thatis normally distributed(in eithersourceor binary
form) with the major componentgcompiler kernel,andsoon) of the operatingsystemon which the executableruns,
unlessthatcomponenttself accompanietheexecutable.

If distribution of executableor object codeis madeby offering accesgo copy from a designatedlace, then
offering equivalentaccesgo copythe sourcecodefrom the sameplacecountsasdistribution of the sourcecode,even
thoughthird partiesarenot compelledto copythe sourcealongwith the objectcode.

4. Youmaynotcopy, modify, sublicensegr distributethe Programexceptasexpresslyprovidedunderthis License.
Any attemptotherwiseto copy, modify, sublicenseor distributethe Programis void, andwill automaticallyterminate
yourrightsunderthis License.However, partieswho have receved copies,or rights,from you underthis Licensewill
nothave theirlicensederminatedsolong assuchpartiesremainin full compliance.

5. You are not requiredto acceptthis License,sinceyou have not signedit. However, nothing elsegrantsyou
permissiorto modify or distributethe Programor its derivative works. Theseactionsare prohibitedby law if youdo
not acceptthis License. Therefore,by modifying or distributing the Program(or ary work basedon the Program),
you indicateyour acceptancef this Licenseto do so, andall its termsand conditionsfor copying, distributing or
modifying the Programor worksbasednit.

6. Eachtime youredistributethe Program(or ary work basedn theProgram)therecipientautomaticallyreceves
a licensefrom the original licensorto copy distribute or modify the Programsubjectto thesetermsand conditions.
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You may not imposeary further restrictionson the recipients’ exerciseof the rights grantedherein. You are not
responsibldor enforcingcomplianceby third partiesto this License.

7. If, asaconsequencef acourtjudgmentor allegationof patentinfringementor for ary otherreasorn(notlimited
to patentissues)conditionsareimposedon you (whetherby courtorder agreemenor otherwisethatcontradictthe
conditionsof this License they do notexcuseyou from the conditionsof this License.If you cannotdistributesoasto
satisfysimultaneouslyour obligationsunderthis Licenseandary otherpertinentobligations thenasaconsequence
youmaynotdistributethe Programatall. For example,if a patenticensewould notpermitroyalty-freeredistritution
of the Programby all thosewho receve copiesdirectly or indirectly throughyou, thenthe only way you could satisfy
bothit andthis Licensewould beto refrainentirelyfrom distribution of the Program.

If any portionof this sectionis heldinvalid or unenforceablenderary particularcircumstancethe balanceof the
sectionis intendedo apply andthe sectionasa wholeis intendedo applyin othercircumstances.

It is notthe purposeof this sectionto induceyou to infringe ary patentsor otherpropertyright claimsor to contest
validity of ary suchclaims;this sectionhasthe solepurposeof protectingtheintegrity of thefree softwaredistribution
systemwhichis implementedy publiclicensepractices Many peoplehave madegenerousontributionsto thewide
rangeof softwaredistributedthroughthat systemin relianceon consisten@applicationof that system;it is up to the
author/donotto decideif he or sheis willing to distribute softwarethroughary other systemand a licenseecannot
imposethatchoice.

This sectionis intendedto makethoroughlyclearwhatis believedto be a consequencef therestof this License.

8. If thedistributionand/oruseof the Programis restrictedn certaincountrieseitherby patentsor by copyrighted
interfacesthe original copyrightholderwho placesthe Programunderthis Licensemayaddanexplicit geographical
distribution limitation excluding thosecountries sothatdistributionis permittedonly in or amongcountriesnot thus
excluded.In suchcasethis Licenseincorporateshe limitation asif writtenin thebodyof this License.

9. The Free SoftwareFoundationmay publishrevised and/ornew versionsof the GeneralPublic Licensefrom
timeto time. Suchnew versionswill besimilarin spirit to the present/ersion,but may differ in detailto addressiew
problemsor concerns.

Eachversionis givena distinguishirg versionnumber If the Programspecifiesa versionnumberof this License
which appliesto it and”any laterversion”, you have the option of following the termsandconditionseitherof that
versionor of ary laterversionpublishedby the FreeSoftwareFoundation.If the Programdoesnot specifya version
numberof this License you maychooseary versionever publishedby the FreeSoftwareFoundation.

10. If you wish to incorporatepartsof the Programinto otherfree programswhosedistribution conditionsare
different,write to theauthorto askfor permissionFor softwarewhichis copyrightedy the FreeSoftwareFoundation,
write to the Free SoftwareFoundation;we sometimesnakeexceptionsfor this. Our decisionwill be guidedby the
two goalsof preservinghefree statusof all derivativesof our free softwareandof promotingthe sharingandreuseof
softwaregenerally

NO WARRANTY

11. BECAUSETHE PROGRAM IS LICENSED FREEOF CHARGE, THERE IS NO WARRANTY FORTHE
PROGRAM, TO THE EXTENT PERMITTEDBY APPLICABLE LAW. EXCEPTWHEN OTHERWISE STATED
IN WRITING THE COPYRIGHTHOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS”
WITHOUT WARRANTY OFANY KIND, EITHEREXPRESSEBDRIMPLIED, INCLUDING, BUT NOT LIMITED
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESSFORA PARTICULAR PURPOSE.
THEENTIRERISKASTO THEQUALITY AND PERFORMANCEOFTHE PROGRAMISWITH YOU.SHOULD
THE PROGRAM PROVE DEFECTIVE,YOU ASSUMETHE COSTOFALL NECESSAR SER/ICING, RERAIR
ORCORRECTION.

12. IN NO EVENT UNLESSREQUIREDBY APPLICABLE LAW OR AGREED TO IN WRITING WILL
ANY COPYRIGHTHOLDER,ORANY OTHER PARTY WHO MAY MODIFY AND/OR REDISTRIBUTETHE
PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FORDAMAGES,INCLUDING ANY GENERAL,
SPECIAL,INCIDENTAL OR CONSEQUENTIALDAMA GESARISING OUT OF THE USEOR INABILITY TO
USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSSOF DATA OR DATA BEING RENDERED
INACCURATE OR LOSSESSUSTRINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM
TO OPERAE WITH ANY OTHER PROGRAMS), EVEN IF SUCHHOLDER OR OTHER PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCHDAMAGES.

END OF TERMSAND CONDITIONS



