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1 Intr oduction

NSPlis a FORTRAN 77 programthat computessimultaneousnonparametrig@redictionbands
for a new curve drawvn from the samepopulationas a given set of training curves. NSPI has
beencompiledandusedon HP and SUN workstationsaswell asPC platformsusinga variety of
operatingsystemandFORTRAN compilers.Modificationsof the sourcecodemaybe neededor
otheroperatingsystems.

This programassumeshe training curves have the samenumberof pointsbut are otherwise
arbitrary NSPlusesa batchfile, denoted nput . j ob below, to input directionsto the program.
NSPIexecuteghe directionsspecifiedin i nput . j ob, thenwritesthe outputinformationto the
files specifiedn i nput . j ob.

1.1 Statistical Method

NSPIreplacexeat ead curveby a setof (curve-specific)Fourier coeficientsthatrepresenthe
cune. If 4,0 < 0 < 100, representshe percentagef the time betweenone foot-strike andthe

next, theneachcurweis representely a setcoeficient «, a1, - . . , ar, b1, - - - , f1,) where
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andthesecoeficientsare calculatedordinaryleastsquareqOLS). Here L is the maximumhar
monic and «y is the meanresponseacrossall the phasef the cycle; the input variable Num
FourierTerns =1+ 2L.

In practice the proces®f estimatingthe Fourier coeficientsis slightly moredifficult thande-
scribedabove becaus@SPIcanbeusedwith arbitrary curveswhile Fourierseriegepresentations
of datarequirethatthe startingand endingvaluesof the curve be the same. The fitting process
is performedon an augmentedsersionof the curve that satisfiesthis starting-endingestriction
ratherthanon the original curve. For eachcurve, NSPladdspointsat both extremesof the data.



If the*" curve consistof points(6;;, C;;) for j = i,... , J, thenasetof addtionald;; pointsare
constructedo theleft of §;; andto theright of 6;;. The programinput NunPoi nt sPer Cur ve
= J andtheinput NunPoi nt sExt ensi on is the numberof pointsaddedon eachextremeof
the data. To the left end of the original curve, a polynomialis constructedhatis “smooth” in
the sensehatit hasthe samefirst derivative at 6;; asdoesthe quadraticthourgh the threepoints
{(0:1,Cs1), (052, Ci2), (6i3, Ci3) } andthe polynomialgoesthrough(C;; + C;;)/2 atthe left most
extremeaugmented;;. TheC;; for eachaugmented;; arethe pointson this polynomial. A simi-
lar “smooth” setof pointsis addedontheright of theoriginal data. TheresultingOLS coeficients
areusedto representhecurve.

A bootstrapprocedureis appliedto the setsof curve-specificcoeficientsto determinethe
uppera critical point of the maximumdeviation over the standardizedlifferencebetweena ran-
domly drawn curve from the bootstrapdistribution andthe estimatedneanbasedon all thecurves
[Sutherland,Olshen, Biden and Wyatt (1988), Lenhof, Santner Otis, PetersonWilliams and
Backus(1999),Efron andTibshirani(1993)]. The simultaneougonfidencebandsareconstructed
using this critical point, the estimatedmeancurve, and the estimatedstandarddeviation of the
cune.

2 Overview of Program Execution

Letnspi . r un denotetheexecutablecodeobtainedoy compilingtheNSPIsourcecodenspi . f .
NSPIreadgprogramspecificationgrom a batchfile calledi nput . j ob belon. Theprogramdoes
someerror checkingandin caseof an errorin the batchfile, error messageare printedto the
terminal screenlisting the error, the programwill stop,andthe usermustcorrectthe batchfile.
The syntaxfor runningNSPlusingthecommandsn i nput . j ob is

uni x> nspi.run input.job

atthe UNIX commandorompt.

3 Batch File Description

NSPIbatchfiles containthe informationfor singleor multiple jobs. Theinput parameterinclude
individual valuesandfile names.Thefollowing rulesgovernthe basicsyntaxof the batchfile.

e All input descriptionnamesare case-insensitivand spaceqexceptfor a spacein thefirst
column)have no effect on the processingf the batchfile. The only situationswherecase
is importantare the namesof the input and outputfiles that the userenters. The UNIX
operatingsystemis case-sensie.

e Themaximumlengthof thelinesin thebatchfile is 64 characters.

e Theparameteror eachjob canbeenteredn thebatchfile in ary order



e Theusercanplacedatafiles in separatesubdirectoriemandsimply enterthe pathto thefile
alongwith thefile name(seeexamplebelow).

e Commentinescanbeusedin thebatchfile by preceedinghe commandine by the symbol
# or by aspacdn thefirst column.

The programwaswritten in FORTRAN 77 which requiresthat maximumvaluesfor certainwork
parameterde setprior to compiling. The valuesof theseparametergan be easily modifiedin
the sourcecode and the programrecompiled. The default valuesfor all suchquantitiesin the
distributedcodearelistedin Section5.

3.1 Batch File Input

Unlessdefault valuesareused therequireditemsin this file mustbeincludedin the batchfile. If
ary aremissing,the programwill stopexecutingandreportthe missingparameterso theuser

e RunNanme = Name whereNameis a namethatthe userassigngo this particularjob. This
commands optionalbut aidsin organizingoutputmessagewhenrunningmultiple jobsin

abatchfile.

e NuntCurves = | nt eger wherel nt eger is thenumberof curvesto be analyzed.Re-
quiredInput

e NunPoi nt sPer Curve = | nt eger wherel nt eger isthenumberof pointspercurve
in theinput. Thenumberof pointspercurve mustbethe samefor eachindividual. Requied
Input

e NuntourierTerns = | nteger wherel nt eger isthenumberof Fouriertermsused

to fit eachcurve. The diagnosticsin the diagnosticoutputfile, alongwith a plot of the
curvesandthe predictioncurves,canbe usedto determineheappropriatenumberof terms.
RequiedInput

e NunmPoi nt sExt ensi on = | nt eger wherel nt eger isthenumberof pointsfor each
side of curve extension. Warning: 2x NunPoi nt sExt ensi on mustbe lessthan or
equalto the valueof maxt ot addpt s which s setin the PARAMETER statemenbf the
FORTRAN code.RequiedInput

e NunBoot st rapReps = | nt eger wherel nt eger is thenumberof bootstrapdraws.
RequiedInput

e CovProb = Fl oati ngPoi nt whereFl oat i ngPoi nt isthecoverageprobabilityfor
the predictionintervals. This is avalueof therange(0,1). RequiedInput

e Seed = | nteger wherel nt eger isanon-zerantegerusedfor randomnumbergener
ation. Integermustbeavalue-32765,-32764,..,-1,1,3276Requied Input



e Dat al nput Met hod = | nt eger wherel nt eger is equalto 1 or 2. This signifies
whetherthe programutilizes one input file or multiple input files in differentsubdirecto-
ries. RequiedInputwith adefault of 1.

— If Dat al nput Met hod = 1, thenthedatais in a singleinput file thatshouldcontain
the curvesto beanalyzedn columnformat(i.e. columnsrepresenturves).

— If Dat al nput Met hod = 2, thenthereis a separatdile for eachcurve. The data
input files mustcontainfour columns.Thefirst is the X coordinateandthefollowing
threewill bethe X, Y, andZ dimensionsof the curve. Eachof thesedifferentinput
filesarecontainedn adifferentsubdirectorydefinedby SubDi r ect or yFi | e. Each
inputfile in thesesubdirectoriesnusthave the samename.

Dat al nput Fi | e = Fi | eNane whereFi | eNane is the nameof thefile thatcontains
theinputdatafor the program.Therearetwo formatsthatthisfile canhave. Theformatthat
is usedis dependenbntheDat al nput Met hod statedin the batchfile. Thedefault is 1.
RequiedInput

Om t NunOf Li nes = | nt eger wherel nt eger is the numberof linesto omit from
thetop of theinputfilesif Dat al nput Met hod is equalto 2. This allowsthatheadersnay
be locatedat the top of the input files whenutilizing the multiple input files method. The
default is 0, andthereforedoesnot needto be presenin thebatchfile if therearenolinesto
omit. In addition,this parameters notusedif theDat al nput Met hod is equalto 1. This
itemis RequiedInputif Dat al nput Met hod= 2

Col uimToAnal yze = | nt eger wherel nt eger is equalto 2, 3, or 4. Thisthethe
columnnumberthatwill be usedto performthe calculationsfor this programin the input
fileswhenDat al nput Met hod is equalto 2. Thesenumberscorrespondo the X, Y, and
Z dimensionsRequiedInput

e SubDi rectoryFil e = Fi | eNane whereFi | eNane is thenameof thefile thatcon-
tainsthe subdirectorynameswherethe input files arelocatedwhenDat al nput Met hod
equal=2. Thisfile shouldcontainonesubdirectorynameperline. RequiedInputif
Dat al nput Met hod=2

e ConfLimtQutputFile = FileNanmewhereFi | eNane isthenameof thefile where
the programwill outputthe confidencebandsandestimatedneancurve. RequiedInput

Di agnosti cQut put Fil e = Fi | eNane whereFi | eName is thenameof thefile that
will containsummaryanddiagnosticoutputdata.Requied Input

St op signifiesthe endof onejob. This commandmustfollow every job to separatét from
thejob afterit. RequiedInput

End signifiestheendof thebatd file. Theprogramwill stopreadingthebatchfile andcom-
pleteexecution.Nothingwritten afterthis commandwill bereadby the program.Requied
Input



3.2 Batch File Output

Unlessotherwisestatedthefollowing itemsarerequiredto beincludedin thebatchfile. If any are
missing,theprogramwill stopexecutingandreportthe missingparameterso theuser

e Conf Li m t Qut put Fi | e: Thefirst columnlists the pointsat which the meancurve and
the confidencdimits were evaluated. The last threecolumnsgive the valuesof the lower
confidencdimit, meancurve, andupperconfidencdimit, respectrely. RequiedInput

e Di agnosti cQut put Fi | e: This outputfile containsthe maximumabsolutedeviation
betweenthe obsened and fitted responsdor eachcurve, the maximum overall absolute
deviation over all curves and pointsfor eachcurve, the maximumrelative deviation, and
severalotherpiecesof inputinformation.RequiedInput

The maximumabsolutedeviation for eachcurve allows the userto seeif thereareoneor a
smallnumberof curvesthatareill-fit by the Fourierseriesexpansiorwhile all othercurves
arewell fit. The latter situationwould suggesexaminationof the poorly fit curve to make
sureit is representatie of the populationof curvesthatis desiredto be studied;if noteither
anexternalcausefor this discrepang canbe soughtor the curve possiblyremoved.

The maximunrelativedeviation is calculatedoy dividing the maximumabsolutedeviation
by therangeof thelargestandsmallestatapointsamongall thecurves.We suggestasarule
of thumbthatthe maximumrelative deviation be no largerthen0.05. In this casethe curves
arewell approximatedy the Fourierterms. Using a modelwith more Fourier coeficients
and/oraddingmoreextensionpointswill leadto a smallermaximumrelative deviation.

4 Examples

4.1 SampleBatch File Using a Single Data File

RunNanme = Exanpl el
NunmCurves = 11

NunPoi nt sPer Curve = 128
NunfFourierTernms = 21
NunPoi nt sext ensi on = 2
NunmBoot st rapReps = 400
CovProb = .90

Seed = 18853

Datal nputFile = test/in. dat
ConfLimtQutputFile = Couttest. 1
Di agnosticQutputFile = Douttest.1
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stop
end




Note that by default this programusesDat al nput Met hod= 1, i.e. eachcolumncontains
the datafor onecurve. All curvesarein the samefile. In this batchfile Exanpl el is the job
name therearell curveswith 128 pointseach,21 Fouriertermsareusedto represeneachcurve
basedon thefollowing model.

10 . .
f(0) =ap+ Z (ozj cos (%’ﬂ'@) + [, sin (%W@)))

=1

The programgenerate®0% confidencebandsbasedon the input datausing 400 bootstrap
replications.Theinputfile is in the subdirectoryt est andis calledi n. dat . Thefirst few lines
of i n. dat correspondindgo 6 curvesarelisted belon. Eachcolumncontainsthe datafor one
cune.

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

NSPlis askedto generatdwo outputdatafiles. Cout t est . 1 containsthe datato form the
confidencebands.Thefirst columnshavsthepointsatwhichthe meancurve andpredictionlimits
were evaluated. The secondcolumn containsthe valuesof the lower confidencdimit, the third
columncontainsthe valuesof the meancurve andthe final columnlists the valuesof the upper
predictionlimit. Thefollowing outputshovsthefirst few linesof Cout t est . 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

The secondoutputdatafile producedoy NSPIis calledDout t est . 1 andcontainsdiagnos-

tics. Thefirst few linesgive detailsof the analysisthenthe maximumabsolutedeviation between
the fitted responsdor eachcurve, thenthe maximumoverall absolutedeviations andfinally the
maximumrelative deviation. Thefollowing shawvs a selectionof linesfrom Dout t est . 1. Most
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curveshave maximumabsolutedeviationsover 0.15 so we shouldconsideraddingmore Fourier
termsto betterrepresenthe curves.

| nput File: in.dat
Confidence Limt Qutput File: Couttest.1
Seed: 18853

Si mul t aneous Prediction Intervals

Coverage Probability is 90. 0000 %
Nunmber of Bootstrap Reps = 400

Nunmber of Fourier Terns = 11

Nunmber of Curve Extension Points = 25

Maxi mum absol ut e devi ati on bet ween 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
Maxi nrum absol ut e devi ati on over curves = 0.27730
Maxi mrum rel ati ve devi ati on over curves = 0. 19054




4.2 SampleBatch File Using Multiple Data Files

RunNanme = Exanpl e2
NunmCurves = 4

NunPoi nt sPer Curve = 128
NunfFourierTernms = 21
NunPoi nt sExt ensi on = 2
NunmBoot st rapReps = 400
CovProb = .90

Seed = 18853

Dat al nput Met hod = 2

Om t NunOf Li nes = 2

Col umToAnal yze = 3
SubDirectoryFile = Directories.txt
Dat al nput Fi |l e = dat a. dat
ConfLimtQutputFile = Couttest. 2
Di agnosticQutputFile = Douttest. 2

5

st op

end

Notethis programuseghesecondnethodof datainput. Thedatafor eachcurveisin aseparate
file. Eachdatainputfile containsfour columnsasdescribedn Dat al nput Met hod in Section
2. Otherthantheinputfiles, all elseremainghe sameasin the previousexample.The outputfiles
arethesameasin Sectiord.1.

5 Compilation Hints

A typical setof commandsisedto createcompiledcodeis asfollows:
uni x>f 77 -0 nspi.run nspi.f

assumingthe compiled codeis namednspi . run. Heref 77 is the commandto invoke the
FORTRAN77 compiler

We reiteratethatthe usercanvary the maximumsize of the problemsthat the compiledcode
canprocesdy changingthe valuesin the PARAMETER statementf the FORTRAN codeprior
to compiling. Of coursejncreasinghe maximumproblemsizeincreaseshe memoryrequiredto
run the program. Thesestatementarelocatedat the beginning of the code. The currentdefaults
are:



Maximum Parameter Valuesof Distrib uted Code

maxnrespin = 200

maxsubj = 70

maxfourtrm = 50

maxboot = 1000

maxt ot addpts = 55

6 Disclaimer

The sourcecodefor NSPIis madeavailablein goodfaith. It hasbeentestedon a numberof
differentplatformsandcompilersto assureeproducibilityof results.However, noneof theauthors
or distributorswarrantsts accurag nor canbe heldaccountabldor the consequencesf its use.

References

Efron, B. and Tibshirani, R. J. (1993). An Introductionto the Bootstiap (ISBN 0412042312)
Chapmarg& Hall.

Lenhof, M., SantnerT. J., Otis, J. O., PetersonM., Williams, B. J. and Backus,S. (1999).
Bootstrappredictionandconfidenceébands:a superiorstatisticalmethodfor analysisof gait
data.Gait andPosture 9, 10-17.

SutherlandD. H., Olshen,R. A., Biden, E. N. and Wyatt, M. P. (1988). The Developmenibof
Mature Walking. MacKeith Press].ondon.



