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1 Intr oduction

NSPI is a FORTRAN 77 programthat computessimultaneous,nonparametricpredictionbands
for a new curve drawn from the samepopulationas a given set of training curves. NSPI has
beencompiledandusedon HP andSUN workstationsaswell asPCplatformsusinga varietyof
operatingsystemsandFORTRAN compilers.Modificationsof thesourcecodemaybeneededfor
otheroperatingsystems.

This programassumesthe training curveshave the samenumberof pointsbut areotherwise
arbitrary. NSPIusesa batchfile, denotedinput.job below, to input directionsto theprogram.
NSPIexecutesthedirectionsspecifiedin input.job, thenwrites theoutputinformationto the
filesspecifiedin input.job.

1.1 Statistical Method

NSPIreplacesceach each curveby a setof (curve-specific)Fouriercoefficientsthat representthe
curve. If

�
, 0 � � ������� , representsthepercentageof the time betweenonefoot-strike andthe

next, theneachcurve is representedby a setcoeficients�	��
���������������������������������������� where

� � � �! "��
�# �$ % & �
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andthesecoefficientsarecalculatedordinary leastsquares(OLS). Here < is the maximumhar-
monic and ��
 is the meanresponseacrossall the phasesof the cycle; the input variableNum-
FourierTerms  =�># , < .

In practice,theprocessof estimatingtheFouriercoefficientsis slightly moredifficult thande-
scribedabovebecauseNSPIcanbeusedwith arbitrary curveswhile Fourierseriesrepresentations
of datarequirethat the startingandendingvaluesof the curve be the same.The fitting process
is performedon an augmentedversionof the curve that satisfiesthis starting-endingrestriction
ratherthanon theoriginal curve. For eachcurve, NSPIaddspointsat bothextremesof thedata.
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If the ?	@BA curve consistsof points � ��CED �F CED � for GH I?�����������J , thena setof addtional
��CED

pointsare
constructedto the left of

��C � andto theright of
��CLK

. Theprograminput NumPointsPerCurve MJ andthe input NumPointsExtension is the numberof pointsaddedon eachextremeof
the data. To the left endof the original curve, a polynomial is constructedthat is “smooth” in
thesensethat it hasthesamefirst derivative at

��C � asdoesthequadraticthourgh the threepointsN � ��C �O�F C �7���/� ��CQP �F CQP ���/� ��CQR �SF CQR ��T andthe polynomialgoesthrough �	F C ��#"F CLK �7U , at the left most
extremeaugmented

��CED
. The F CED for eachaugmented

��CVD
arethepointson thispolynomial.A simi-

lar “smooth”setof pointsis addedontheright of theoriginaldata.TheresultingOLScoefficients
areusedto representthecurve.

A bootstrapprocedureis appliedto the setsof curve-specificcoefficients to determinethe
upper � critical point of themaximumdeviation over thestandardizeddifferencebetweena ran-
domlydrawn curve from thebootstrapdistributionandtheestimatedmeanbasedonall thecurves
[Sutherland,Olshen,Biden and Wyatt (1988), Lenhoff, Santner, Otis, Peterson,Williams and
Backus(1999),Efron andTibshirani(1993)].Thesimultaneousconfidencebandsareconstructed
using this critical point, the estimatedmeancurve, and the estimatedstandarddeviation of the
curve.

2 Overview of Program Execution

Letnspi.run denotetheexecutablecodeobtainedby compilingtheNSPIsourcecodenspi.f.
NSPIreadsprogramspecificationsfrom abatchfile calledinput.job below. Theprogramdoes
someerror checkingand in caseof an error in the batchfile, error messagesareprinted to the
terminalscreenlisting the error, the programwill stop,andthe usermustcorrectthe batchfile.
Thesyntaxfor runningNSPIusingthecommandsin input.job is

unix> nspi.run input.job

at theUNIX commandprompt.

3 Batch File Description

NSPIbatchfiles containtheinformationfor singleor multiple jobs.Theinput parametersinclude
individualvaluesandfile names.Thefollowing rulesgovernthebasicsyntaxof thebatchfile.W All input descriptionnamesarecase-insensitiveandspaces(exceptfor a spacein the first

column)have no effect on theprocessingof thebatchfile. Theonly situationswherecase
is importantare the namesof the input and output files that the userenters. The UNIX
operatingsystemis case-sensitive.W Themaximumlengthof thelinesin thebatchfile is 64characters.W Theparametersfor eachjob canbeenteredin thebatchfile in any order.
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W Theusercanplacedatafiles in separatesubdirectoriesandsimply enterthepathto thefile
alongwith thefile name(seeexamplebelow).W Commentlinescanbeusedin thebatchfile by preceedingthecommandline by thesymbol
# or by aspacein thefirst column.

Theprogramwaswritten in FORTRAN 77 which requiresthatmaximumvaluesfor certainwork
parametersbe setprior to compiling. The valuesof theseparameterscanbe easilymodified in
the sourcecodeand the programrecompiled. The default valuesfor all suchquantitiesin the
distributedcodearelistedin Section5.

3.1 Batch File Input

Unlessdefault valuesareused,therequireditemsin this file mustbeincludedin thebatchfile. If
any aremissing,theprogramwill stopexecutingandreportthemissingparametersto theuser.W RunName = Name whereNameis anamethattheuserassignsto this particularjob. This

commandis optionalbut aidsin organizingoutputmessageswhenrunningmultiple jobsin
abatchfile.W NumCurves = Integer whereInteger is thenumberof curvesto beanalyzed.Re-
quiredInputW NumPointsPerCurve = Integer whereInteger is thenumberof pointspercurve
in theinput. Thenumberof pointspercurvemustbethesamefor eachindividual. Required
InputW NumFourierTerms = Integer whereInteger is thenumberof Fouriertermsused
to fit eachcurve. The diagnosticsin the diagnosticoutput file, along with a plot of the
curvesandthepredictioncurves,canbeusedto determinetheappropriatenumberof terms.
RequiredInputW NumPointsExtension = Integer whereInteger is thenumberof pointsfor each
side of curve extension. Warning:

,�X
NumPointsExtension must be lessthan or

equalto thevalueof maxtotaddpts which is setin thePARAMETER statementof the
FORTRAN code.RequiredInputW NumBootstrapReps = Integer whereInteger is thenumberof bootstrapdraws.
RequiredInputW CovProb = FloatingPoint whereFloatingPoint is thecoverageprobabilityfor
thepredictionintervals.This is avalueof therange(0,1). RequiredInputW Seed = Integer whereInteger is anon-zerointegerusedfor randomnumbergener-
ation. Integermustbeavalue-32765,-32764,..,-1,1,32765.RequiredInput
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W DataInputMethod  Integer whereInteger is equal to � or
,
. This signifies

whetherthe programutilizes one input file or multiple input files in differentsubdirecto-
ries.RequiredInputwith adefault of 1.

– If DataInputMethod  Y� , thenthedatais in a singleinput file thatshouldcontain
thecurvesto beanalyzedin columnformat(i.e. columnsrepresentcurves).

– If DataInputMethod  ,
, then thereis a separatefile for eachcurve. The data

input files mustcontainfour columns.Thefirst is theX coordinate,andthefollowing
threewill be the X, Y, andZ dimensionsof the curve. Eachof thesedifferent input
filesarecontainedin adifferentsubdirectorydefinedbySubDirectoryFile. Each
input file in thesesubdirectoriesmusthave thesamename.W DataInputFile = FileName whereFileName is thenameof thefile thatcontains

theinputdatafor theprogram.Therearetwo formatsthatthisfile canhave. Theformatthat
is usedis dependenton theDataInputMethod statedin thebatchfile. Thedefault is 1.
RequiredInputW OmitNumOfLines = Integer whereInteger is the numberof lines to omit from
thetopof theinputfiles if DataInputMethod is equalto 2. Thisallowsthatheadersmay
be locatedat the top of the input files whenutilizing the multiple input files method. The
default is 0, andthereforedoesnotneedto bepresentin thebatchfile if thereareno linesto
omit. In addition,this parameteris not usedif theDataInputMethod is equalto � . This
item is RequiredInput if DataInputMethod  ,W ColumnToAnalyze = Integer whereInteger is equalto

,
, Z , or [ . This the the

columnnumberthat will be usedto performthe calculationsfor this programin the input
files whenDataInputMethod is equalto

,
. Thesenumberscorrespondto theX, Y, and

Z dimensions.RequiredInputW SubDirectoryFile = FileName whereFileName is thenameof thefile thatcon-
tainsthesubdirectorynameswherethe input files arelocatedwhenDataInputMethod
equals2. Thisfile shouldcontainonesubdirectorynameperline. RequiredInput if
DataInputMethod=

,W ConfLimitOutputFile = FileNamewhereFileName is thenameof thefile where
theprogramwill outputtheconfidencebandsandestimatedmeancurve. RequiredInputW DiagnosticOutputFile = FileName whereFileName is thenameof thefile that
will containsummaryanddiagnosticoutputdata.RequiredInputW Stop signifiestheendof onejob. This commandmustfollow every job to separateit from
thejob afterit. RequiredInputW End signifiestheendof thebatch file. Theprogramwill stopreadingthebatchfile andcom-
pleteexecution.Nothingwritten afterthis commandwill bereadby theprogram.Required
Input
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3.2 Batch File Output

Unlessotherwisestated,thefollowing itemsarerequiredto beincludedin thebatchfile. If any are
missing,theprogramwill stopexecutingandreportthemissingparametersto theuser.W ConfLimitOutputFile: Thefirst columnlists thepointsat which themeancurve and

the confidencelimits wereevaluated.The last threecolumnsgive the valuesof the lower
confidencelimit, meancurve,andupperconfidencelimit, respectively. RequiredInputW DiagnosticOutputFile: This output file containsthe maximumabsolutedeviation
betweenthe observed and fitted responsefor eachcurve, the maximumoverall absolute
deviation over all curvesandpoints for eachcurve, the maximumrelative deviation, and
severalotherpiecesof input information.RequiredInput

Themaximumabsolutedeviation for eachcurve allows theuserto seeif thereareoneor a
smallnumberof curvesthatareill-fit by theFourierseriesexpansionwhile all othercurves
arewell fit. The lattersituationwould suggestexaminationof thepoorly fit curve to make
sureit is representativeof thepopulationof curvesthatis desiredto bestudied;if not either
anexternalcausefor this discrepancy canbesoughtor thecurvepossiblyremoved.

Themaximumrelativedeviation is calculatedby dividing themaximumabsolutedeviation
by therangeof thelargestandsmallestdatapointsamongall thecurves.Wesuggestasarule
of thumbthatthemaximumrelativedeviationbeno largerthen0.05.In thiscase,thecurves
arewell approximatedby theFourier terms.Usinga modelwith moreFouriercoefficients
and/oraddingmoreextensionpointswill leadto asmallermaximumrelativedeviation.

4 Examples

4.1 SampleBatch File Usinga SingleData File

RunName = Example1
NumCurves = 11
NumPointsPerCurve = 128
NumFourierTerms = 21
NumPointsExtension = 25
NumBootstrapReps = 400
CovProb = .90
Seed = 18853
DataInputFile = test/in.dat
ConfLimitOutputFile = Couttest.1
DiagnosticOutputFile = Douttest.1

stop
end
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Note that by default this programusesDataInputMethod  \� , i.e. eachcolumncontains
the datafor onecurve. All curvesare in the samefile. In this batchfile Example1 is the job
name,thereare11 curveswith 128pointseach,21 Fouriertermsareusedto representeachcurve
basedon thefollowing model.

� � � �! "��
�# �	
$ D & �
' � D (�*�+ ' , G����� 0 �:2 #4� D +�6]8 ' , G����� 0 � � 2;2

The programgenerates90% confidencebandsbasedon the input datausing 400 bootstrap
replications.Theinput file is in thesubdirectorytest andis calledin.dat. Thefirst few lines
of in.dat correspondingto 6 curvesare listed below. Eachcolumncontainsthe datafor one
curve.

0.19593 -0.04342 0.26366 -0.05593 0.12076 0.11118
0.20544 -0.0126 0.28319 -0.03694 0.14749 0.14176
0.21494 0.01894 0.30271 -0.01764 0.17536 0.17245
0.22341 0.05306 0.3229 0.00423 0.20819 0.20078
0.23115 0.08801 0.34333 0.02696 0.24264 0.22685
0.23827 0.12419 0.3629 0.0501 0.27886 0.25116
0.24468 0.15851 0.3818 0.07355 0.31356 0.27389

NSPI is askedto generatetwo outputdatafiles. Couttest.1 containsthedatato form the
confidencebands.Thefirst columnshowsthepointsatwhichthemeancurveandpredictionlimits
wereevaluated.The secondcolumncontainsthe valuesof the lower confidencelimit, the third
columncontainsthe valuesof the meancurve andthe final columnlists the valuesof the upper
predictionlimit. Thefollowing outputshows thefirst few linesof Couttest.1 for theexample
above.

0.00000 -0.09810 0.14887 0.39584
0.26042 -0.08128 0.16828 0.41785
0.52083 -0.06635 0.18637 0.43909
0.78125 -0.05328 0.20306 0.45941
1.04167 -0.04207 0.21828 0.47864
1.30208 -0.03270 0.23198 0.49666
1.56250 -0.02515 0.24409 0.51332
1.82292 -0.01938 0.25458 0.52854

Thesecondoutputdatafile producedby NSPI is calledDouttest.1 andcontainsdiagnos-
tics. Thefirst few linesgivedetailsof theanalysis,thenthemaximumabsolutedeviationbetween
the fitted responsefor eachcurve, thenthe maximumoverall absolutedeviationsandfinally the
maximumrelativedeviation. Thefollowing shows a selectionof linesfrom Douttest.1. Most
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curveshave maximumabsolutedeviationsover 0.15sowe shouldconsideraddingmoreFourier
termsto betterrepresentthecurves.

Input File: in.dat
Confidence Limit Output File: Couttest.1
Seed: 18853

Simultaneous Prediction Intervals
Coverage Probability is 90.0000 %
Number of Bootstrap Reps = 400

Number of Fourier Terms = 11
Number of Curve Extension Points = 25

Maximum absolute deviation between observed and
fitted response for each curve:

1 0.17260
2 0.21792
3 0.17701
4 0.16225
5 0.23357
6 0.27730

.

.

.
23 0.17250
24 0.21677
25 0.21114
26 0.18776
27 0.23306
28 0.25729

Maximum absolute deviation over curves = 0.27730
Maximum relative deviation over curves = 0.19054
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4.2 SampleBatch File UsingMultiple Data Files

RunName = Example2
NumCurves = 4
NumPointsPerCurve = 128
NumFourierTerms = 21
NumPointsExtension = 25
NumBootstrapReps = 400
CovProb = .90
Seed = 18853
DataInputMethod = 2
OmitNumOfLines = 2
ColumnToAnalyze = 3
SubDirectoryFile = Directories.txt
DataInputFile = data.dat
ConfLimitOutputFile = Couttest.2
DiagnosticOutputFile = Douttest.2

stop

end

Notethisprogramusesthesecondmethodof datainput. Thedatafor eachcurveis in aseparate
file. Eachdatainput file containsfour columnsasdescribedin DataInputMethod in Section
2. Otherthantheinputfiles,all elseremainsthesameasin thepreviousexample.Theoutputfiles
arethesameasin Section4.1.

5 Compilation Hints

A typical setof commandsusedto createcompiledcodeis asfollows:

unix>f77 -o nspi.run nspi.f

assumingthe compiledcode is namednspi.run. Heref77 is the commandto invoke the
FORTRAN77 compiler.

We reiteratethat theusercanvary themaximumsizeof theproblemsthat thecompiledcode
canprocessby changingthevaluesin thePARAMETER statementof theFORTRAN codeprior
to compiling. Of course,increasingthemaximumproblemsizeincreasesthememoryrequiredto
run theprogram.Thesestatementsarelocatedat thebeginningof thecode.Thecurrentdefaults
are:
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Maximum Parameter Valuesof Distrib uted CodeW maxnrespin = 200W maxsubj = 70W maxfourtrm = 50W maxboot = 1000W maxtotaddpts = 55

6 Disclaimer

The sourcecodefor NSPI is madeavailable in good faith. It hasbeentestedon a numberof
differentplatformsandcompilersto assurereproducibilityof results.However, noneof theauthors
or distributorswarrantsits accuracy nor canbeheldaccountablefor theconsequencesof its use.
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