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Abstract

AtCWL|Delft Hydraulics Gwedevelopand [imaintain[large computational “programs[to
simulate [(model) (the hydrodynamics[oflsuchdiverse natural[Systems[asfivers, [éstuaries,
lakes(and(coastallseas.@ther(dspectsiofithese Water bodies(thatdre being modelled(in [Our
programslare: [water[quality [in[general, primary [production[(growthoflalgae), foxicants
and morphology((bottom[changes(due[to/Sediment[fransport). Becausetheseprograms(are
used[bylourselves(aswelllas bylour clients, [Welneedfobelablefo[guaranteethat hew
developments(and (bug(fixes[domothaveinexpected(consequences. [In[dther[Wwords: [we
need [foverify [thatresults[remain [the same, tinless Weknow [they [should bedifferent.

Theselprogramslareéxtensiveand[¢omplex:[partly (hecausetheyhavelalonghistorylof
developmentland[partly[because(theyare(uised formany[different(situationsland hence
model tany [physical land [biochemical [processes. Manual[testing mew [versions [became [an
ever growing Burden @nd(Several Years [ago e decided folautomate the Procedures.

After[someltesearchinto[the Various[possibilities [Tcl3vas[chosenas thelanguageto
implement[theltest(suite[in. The[main[reasons[forthis ¢hoice[werel[thelease[ by which
external Jprograms[canIbe[JcontrolledJand Cthe Cshort[learning Ccurve Cand Cplatform ™
independence.[Whilelover(theyearsthe actual [Softwarehasbecome[quite [complex,the
original(structure/andphilosophy(arelstill fecognizable.

Introduction

Regression[testing[ofllargesimulation programs[is allaborious[and[time[donsuming[process:
whenever(dnew [Version[oflthe[program(is/delivered becauseofbug(fixes[dr(the [implementation
ofmew(features, youwill want(to thake[sure [that[there(are mo[inadvertentichanges/(ih [the[results. Tn
principlefitfisfasimple®black box [festing [process: the [Pprogram(orprograms thatldo fhesimulation
are[run, the results(are [compared fo [the [fesults [from (@ [previous, [@pproved, Wersion [@nd [depending
on/[ thatl comparison[ the hew[ version[is[accepted[or[ not. In[practicel things[ arelallot[ more
complicated[land[this[paper[describeslonel[ solution[that[wehave[ been[using[at WL|Delft

Hydraulics forl@mumber6flyearsmow.

The Delft3D software [system donsists (0fla mumber 0f individual [simulation programs:'

Hydrodynamiclsimulations[for[¢oastal3eas, estuaries, Takesand Tiversthatdeal with[$uch
diversephenomenarlas tidal flow,[Vertical [stratification[dueto[thermal and saline[density

differences, wind[driven[flowslandSoon.

Waterlquality [Simulations [for(studying[theSpreading6fldissolvedland [Suspended[Substances,

algal’growth, bacterial [pollution@ndorganic micro [pollutants @among(others.

Surface[wavelforecasting(and [mnorphologicall¢hanges(dueltosediment[being fransported by

theflow[and Waves, [settlingland [resuspension.
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Alll'thesel programs!( arel constantly [ being[ developed[[Ttol torrect! errors! thatl werel found,[ to
introducelnew [numerical [techniques Clor Cthe C"description Cofl 'new [physical Cland [biochemical
phenomena. [Forthis@xtensive[system weldecided (we needed [an [@utomated [test[System.

Designldriteria

Becausemanually[testing[these[ programs[is[Very[time[consuming and[boring, WelWwanted[an
automated[system.[ Because[there[are ‘many[individual programs[to[beltested "and[allChave
numerous[options, [it[is[impossibleto[Wwrite[down[a[¢complete[test[set.[So, [the[system[shouldbe
extensible, (hot[only[by[system[ programmers [ but[imore[importantlyby[the[scientists[Wwholare
responsible(for(the contents[oftheprograms. ThisWwas[an[important(criterion: [fogain[confidence,
anybody familiarWiththeuse[oftheprograms[should belable foladd mew [festsandlinterpret(the
results.

Theldesign[CriteriaWecame p With(are:

Theltest(suiteshould run(on different [Platforms (currently: Windows [and LLinux)

ItishouldBeextensible[(addingrew [festicases/should beldasy)

It[shouldbelpossible forhon programmers[to Gontribute

Itishouldbeflexiblelenough tolcover alllourlprograms

Results from @ new runishould Be dompared numericallytothose from the rfeferencerun

Itishouldbeeasy [to use:

e Switchbetween(different Version[ofithe/domputational programs

e Runlonlylapartiofiall theltests

e Allow[different[levels ofTdetails[for[teporting[differences, sothat[theiser[canlget[an
overview [d@swelllds/aldetailed

e Report(forispecificlcases.

e Bothtunningthelfest[¢ases and Teporting[theltesults[shouldbe¢ompletely Fautomatic:
some [oflthe(test[cases takeldeveral (hours(to finish. dtlis(then desirable that(the[test[sSuite
runs/overnightlandthe resultscan Belinspectedthe mextmorning.

Onelthing[thatlshouldbelstressedhere[is[thatthe'testbench" Casitlishowknown [ does hot
currentlylinvolvelthe validation[oflthelprograms:[thel comparison[oflthe¢computational [tesults
againstwell[documentedléxperimental(datalorlanalytical [Solutions.

OnelofTus,MDaviddLevelt,[donsidered (bothPerl [and[Tcllasthelimplementation Tanguage: bothlare
platformlindependent, [ Wwidely [availableand highevel [languages. Theadvicelto[use[Tcliwas
based(on(thelsimple(syntax[and[theshortIearning(curve.

Problemsltolbesolved
Numerical[computations, [quite [@part from [the [thathematical [aspects, pose diumber 0fichallenges
tolalprogrammerwho Wants[to [check the results:

e Oftenltheloutputlis/in'the form[ofbinary files.Theselarerelatively [compact(and dasy [fo [fead
by[dedicated programs. [For[an[automated/domparison/it(is however much horelconvenient[to
work [with[Mreadable" [teports:[youl¢ould Tusela general[foollike difflthatldoes hot[heed fo
know(the(structure(0f(the(datafiles. At[the Wery[leastyouldomnotWwantfoéxtendlaldedicated
program for @achland(every [testOrdew [test[Criterion.

e Whilelitlis[évident[forlaliuman(being[that["1.0"andM0.1e+00" [@re Both epresentations 0fthe
number[1,JalJprogram[like diffTiwas[Inot[ldesignedto [recognize[that. ISuch[different
representations [0fthe[Same Mumber(occur When[different[compilers dre [used, ds WithTesults
from[different[platforms.Butéven[when[youltry[fo[¢ontrol the formatting oflthe mumbers,



variations/(creeplin:["+0.1e01" [and[".1e001" [for[instance. This(is (best[solveduising [a[program
designed [for comparing Mumbers.

Perhaps[the most ¢hallengingproblem[to be tackledlis[the[factthat computations[¢anbe
carried[outlin[different Wways[and[thisproduces(different(results Meven though(the [program/as
seen[from[thelsourcecodelis[correct. Herelis[alsimple/illustration:

X=1.0e100(01.0e100+1.0

Because [thelexact(fesult[is much/smaller than(thelindividual ferms, the[computed Tesultlinfan
actual/Computerprogram(can be €ither(0.00r1.0:

X=[(1.0e10011.0e100)#1.0=1.0
Or:
X=1.0e1001{1.0e100(111.0) ~1.0e100111.0e100=0.0

Oflcourselthis(islalcontrived[eéxample,in[practice[ the[Valueslarel¢closer[together, butlthe
principlelremains/and(a[programmerhas(little[dr mo [control [over the Way [the[computationlis
carried[dut[Tthe[dompilermaydecidefo[dofitione Way(ortheother/depending[dn Optimization
options/orthevalues(Ieftlin thelcache.

There[‘may[ even[ bel['legal"[ reasons/ for[the[ wariation[in[outcome:[alslightly [different
formulation(dfithe [preceding [computation, Teading foslightly[differentoperands.

Again[such(differences(canbelhandled[by(aprogram(designed With[thislin[mind: [instead (of
checking(forlequality,lallow asmall folerance. Thelactual[foleranceWwill[depend[on[what[is
beinglc¢omputed: [the femperature0f[water inldmaturallénvironment(is[fypically from 0o 40
degrees[tentigrade [Whereas[the concentration[ofl coliform[bacteriahear anloutfall ‘canbe
anywhere[from[10(fo[1 million[cells/100ml ormore.[So, this[is[éssentially [a[parameter[that
must(belset by theiserin fesponsetothe problem(athand.

Twolprograms/arefised(fo(solvethese problems With the[domparison:

Alprogram[folextract(the[datafrom the[result(files, Whichdre mostlylin(a[proprietary [format,
comparableto[NetCDF CorTHDFCandGwrite[themCout[inCanCordinarytext[file[for further
processing. [As(this[program has[a[simple[¢ommand language, [extracting[the[information[is
easily lautomatedvia[Tcl.

AlTcllScript[fol¢omparetwo fext[files[line by line. This[Scriptteads the[lines from[the[fwo
files(thatmeed [fobecompared [@nd thencompares [Only [the iumbers(they [Contain:

[00foreachllsubstrlli$linelllsubstr21$1ine2[{

OOoooooo01i £0{ 0 [Hstringlisldoublell$substr1 1L} L]
OoooooooooOd1 £0{0 [Ustringlisldoublell$substr20)] L} {

OO000000000000setddi ££0000 [Dexprld ($substrllissubstr2) ]

OO000000000000setdsumd0000 [Dexprld ($substrl+$Ssubstr2) ]
ooo0oooooo0000setequaldd [Hexpriabs ($diff) <Stol2*abs ($sum) 1]
0O00Oo0ooooady
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Inlother(respectswelareluckier:[durprograms(donot/dependonlcomplicated(databases/dnd(they
are[notlintegrated with[graphical ser interfaces [(the (GUIswelhavelareseparate[programs).[So
running(the [programs mostly involves:

e Placinglinput/fileslin/theworking(directory

e Starting[the Warious/domputational [programs

e Comparingthe(resultfileswith [previousfiles

Weldomothave foldo throughldicomplicated(setdfldctions to [putiddatabasesystem intoa[certain
well (known state.

Organizationlofthefestbench

Basedlon therequirements the [festbench Was Setip @sfollows:

o Theltestcaseslareldivided[into groups[Tl¢ach groupémphasizingalparticularfaspectoflthe
programfinder [test, [forinstance [for[the hydrodynamicprogram: [fiwo [dimensional Cases, [dases
with[Salinity[and Temperature@sadditional[parameters, [cases With various furbulence odels.
This(allows [for(alsimple(selection(iflonly [a[subsetlis (0flinterest, [fhen(go fothe[dorresponding
group [0fltestcases [and run(only[thosetests thiscontains.

e Thelfilesbelonging[to [@ltestcasearelstored/inafixed[directory[structure:

e Forleach(festlcaselthere[are[generallinputfilesand occasionally [platform(specificlinput
files.

e ForldachlSupportedplatform therefis[aseparateset0freference results.

e Thelinput(fileslare[¢opied(folaldedicated Work[directoryland[the programsare tunfrom
thereltoleénsurethe driginal(files(are[preserved.

e Dedicated(Tclprocedures(takecareoflactually funningthe[programs, Catching @ny[dutput
tolthelstandard [Qutputland(standard(errorchannels.

e Perffestcaselthelstandard[Mformatted" [output(files[are[¢ompared [with[the [teferencelfiles
and[itlisCalso[possible[to[ comparespecific results from[thebinary “output. As[the
parameters(oflinterest/dften(depend on(the(test/that(is[tun, this[information[is(stored(in(a
test(specificl(script) filethatlthe testidesigners/dan(édit themselves.

Aslhappens[Soloften,theldevillisfintheldetails.[Having [the Whole festbenchind[¢entral Tocation
like[one oflour(metwork [drives(theans[éverybody [involved[inthe maintenance[oflthese [programs
canldccess/it, butfunningthe fests tequires/that[only (oneuser(dt[d [timelis[dctive.[Weldould[copy
thefilesfoldaTocalldisk, Buttheshearsize[ofthe [festbench akes thisimpractical [he festbench
currently [comprises(several [gigabytesofidata/and/it[Simply [fakes [foo Tongfo [copy [all these datafo
belpractical.[So(thedriginal [design[had [fo[beladapted: the(testscan mow [be [1un from[anywhere,
not[just[from[thel¢entralltepository. This[tequired[theise[oflexplicitpaths tolthe[eéxecutable
programs(andfolthe Warious[directories ised[per[fest/Case.

Another(aspect(that[turned[out tobelalbit[cumbersome[when thelset ofltests continued[to(grow
wasl[checking(the[comparison [fesults[per(festcase, Weneeded avery[¢ondensed Heport: [dne(line
per[case that[indicates theSuccess or[failure. [Ofltoursewhen[altest[tase shows[toollarge
differences(vis(a[Vis(the referencefesults, [iteeds [fo e @nalyzedlin(detail.[Sothe full result[files
must(be Keptlaswell.

Furtherldevelopments

Thelsuccess[oflthe Delft3D [festbenchhas Ted o [the[development[ofia/SimilarSystem for[another
software[package,[¢alledlWANDA. This[isa[package for hydraulic[¢omputations[oflindustrial
systems[donsisting [0f[pipes [@nd [pumps.[Whilethe basic [principle femainedthesame, [the Scripts
wereewritten from(scratch:



e Rather[thanlal groupingofltest[cases,[ the[ developers of[thel WANDA [system[iwvanted[a
hierarchicalstructure[folorganize(their[cases. Thelfest[Selected was then fo e [based on this
hierarchy: [Specify [the(starting [point[in[the test hierarchy[andéxecutelall (the[fests Below [that
point.

e Havinglearned[from[the’éxperiences With[the Delft3D [festbench, weBuiltlinthe[possibility
offrunningthe [festbench locally from [the [start, making [for[clearer(code.

o The[WANDAISystemlhas[only twol[¢omputational [programs and(is[supportedonlalsingle
platformionly, Whichade the Tun procedureslightly(easier.

Currently,[ Wwork[islin[ progress[tol convert theltestbench! for[ althird softwarel system,[ called
SOBEK, [folthesame [framework.[SOBEK [is a[onedimensional [Simulation [packagededicated[fo
thel¢omputation[afTthe flow[and Wwater[quality[in[tivers, ¢analsand irban(Sewage[3ystems.[The
original [festing[System [uses [@[test@utomation [fool for[graphical user[interfaces[forun(the festsand
compare/thelresults. [However, suchlaltoollis mot(suitable for(this[typeloflwork, asthe purpose Wwas
not[tol¢heck(that[the[GUIs[wereldperatingproperly, butlfol¢checkthatthe[¢computational tesults
are[correct. [Any[tun(fime[error[from[the computation program[causes[theltest[tool toLstop,
becausel $omething iinexpected[(or uinforeseen by theltestlscripts) happens. [ With[Tcllhowever
suchrun(fimelerrorsare(dasily[daughtland dealtwith.

Conclusion

Implementing(Several @utomated(testbenches(in Tclfor the [purpose [Oflroutinely [festing [the results
from[our[computational [programs(dgainst[previous [versionshas[thade[the [fegression [festing(a(lot
easier. Notlonly [¢an[We [fun [fens[0ffests With[d minimum [@mount0fTwork, the taintainers[oflthe
simulation[programsdonot haveltolbeexperts[in[the implementationlanguagelto add hew
testcases[ or[hew[ comparisons. Thelframework[is[ flexible[ enough(for[them[toldo it[ without
assistance.

Th1s lisgreatly hielped by [Several [@spects 0flthe Tcl Tanguageland runfime[System:
Theléaselofl Tcl's[Syntax,[Whichmeans[that évenl[inexperienced isers(canladd[or[ddjustitest
cases

e Theflexibility By Whichonelcananipulate files(and(directories

e Theleasewith(which(onelstartsexternal [programsand(datches theloutput

e Thelsimplicity CofltheFunfime system TTusers[do[Mhot heed tolinstall the completeTcl
distributionBut(dan ise Tclkitforlihstance

Inlthefimelthe first(Tcl[based [festbenchhasbeenlin hise, there hasbeen(only [Onelserious/problem:
theJexec][¢ommand[fails (on[Linux)[if{the[¢xecutable program startsfa[numberlof(threads[on
differentnodes/in(a(lLinux[c¢luster.This[¢ould belsolved by invoking[the[program(via alstandard
Linux shelll(aBourne(shell), butlit remains [@peculiarlissue.

Onelother(areawhere[Tclmaybela(lessélegant(solution is[the manipulation(ofllarge[@mounts [0f
numerical [data.[Suchmanipulationsare important(for(the validationlofthelsimulation(tesults:
compare|the numerical results o field data End [determine(ameasure[of[goodness[oflfit”.[There
existléxtensions, like NAP by Harvey Davies,” [fo/deal with them, but they [are mot((yet) capable of
readinglourproprietarydatafiles.[At[the[momentaTanguagelsuchlasIMATLABisused To deal
with/these/computations/and manipulations.

Thelthostlimportant[¢onclusion(is/that[Tcl(has(turnedlout/folbela[Veryuseful [fool [for(our festing
requirements.

* littp://nap.sf.net



