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Abstract

We proposeaninterdisciplinarymethodologyfor biologicalmodellinginspiredby thedesignandvalidationof large
computingsystems.

To know if a model for biology canbe satisfactorilyvalidatedby a setof experimentsseemsto be a naturaland
necessaryconstraintfor its definition.Defininga modelshouldgo with experimentalmethodsandconditionsableto
validateor invalidateit. As in thedesignof largesizedsoftwares,we will distinguishtwo activities : first to build an
accuratemodelspecifyingtheobservedbehaviour, secondto designplansof experimentsto verify a posteriori the
modelpredictions.

We wish to experiment,throughthecaseof themodellingof themucusproductionby thebacteriumPseudomonas
aeruginosa, theapplicationof this workingmethodology.

1 Intr oduction

Biologistsput a large numberof meaningsin the term “model”. Even whenprecisedas“mathematicalmodel”
we arefar from the unicity of meaning.Oneof thedifficultiescomesfrom the interdisciplinarity alreadycontained
in the expression“a mathematicalmodel in biology”. Who makesthe model,who is using it, andfirst, what is it
utility ? Most of the mathematicalmodelsin biology aremadeby mathematicians(biomathematicians),physicists,
or computerscientists(bioinformaticians).They usedataimportedfrom theliterature(which have beenobtainedfor
anotherusage).The resultingmodel,publishedin journalswhich arenot readby biologists,is in generalmadeto
point or explain someknown biological phenomenons.At worst, they replacea phenomenologicaldescriptionby
a mathematicalexpression; but they canalsogive (or elsesuggest)a new explicative framework for the biological
processstudied.If somebiologistshearsomethingaboutthatkind of model,they maybeinterestedin, but moreoften,
they do not seein which way they canbecommited.Fromtheir point of view, themodelappearsto beoftenuseless,
andmayinvolvea largerangeof reactions,from violent rejectto polite interest.

Conversely, andalsorevealingthe lack of interdisciplinaryknowledge,somebiologiststhink thatby giving to a
modelmakerdatathey have obtainedin someparticularcontext, this onewill put it into his magicbox andget the
explication,or evenbetter, a predictive tool for therapeuticissues.. .Interdisciplinarityneedsnotonly learninghow to
work together, but alsothecommondesignof usabletools.It demandsmoreover thateachcontributorfindsascientific
interestworking together, in otherwords,thatthecollaborationwill profit to bothdisciplines.

This is whereanalogybetweencomputingsystemsspecificationandmodellingin biology is involved(cf. annex).
In computerscience,thedesignof systemsrequiresto :

– specify, i.e.build a rigorousmodelof thedesiredbehaviour of thefuturecomputingsystem;
– verify in fine if a systemcorrespondsto its specification,i.e. to thedesiredbehaviour asdescribedby thetheo-

reticalmodelpreviously built.
This last activity is mainly basedon sophisticatedsoftwaretestmethods,basedon testgenerationfrom model

theories.Thegoalis thento proposeasetof experimentationsonthedeliveredsoftwarewhich is sufficientto establish,
by extrapolations,thatthetestedsoftwarewill have a behaviour compatiblewith its model.
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Within this framework, thenotionsof operabilityandobservability constitutea majorissue:
– the operability is the capabilityto makea programrun somechoosenpiecesof its internalcode(in order to

testthem),sometimeactivatedin rare,complex or very specificconfigurations.It is alsothecapabilityto make
a programmodify the valueof variableshiddenin the very large setof datamanagedby the program.These
actionshave to bedoneby only usingtheoftenlimited userinterfaceof thetestedprogram.

– theobservabilityis thecapabilityto maketheeffectsproducedby thepreviousmanipulationsvisible, in order
to verify their correctnessaccordingto thedesiredmodelof behaviour.

Somemodelsor softwaresare not testable,either becauseof a lack of operability or a lack of observability.
A necessarystepto designa softwareis to know if a model can be validatedby a reasonnablesizedset of tests
(experiments).Thereadercaneasilytranscribethisargumentationto thecaseof biologicalmodelling:

– operability : whatwould be theutility of a too muchdetailedmodelof somebiologicalentity if no biological
experimentof thosedetailscanbedone?

– observability: whatwouldbetheutility of anexperimentwhich cannotlet usobserve a revealingbehaviour?
Somemathematicalmodelsfor biology arenot very helpful becauseof a lack of operabilityor observability. A

necessaryfirst stepto proposea modelfor biology is to know if it canbevalidatedby a setof biologicalexperiments
ata reasonnablecost.

Henceagoodscientificapproachrequiresthatabio-informaticsmodelmustbesystematicallydeliveredwith aset
of experimentalmethods/conditionsableto validatedor invalidateit. By usingthesamekind of theoriesdevelopedin
computersciencefor thevalidationandtheverificationof softwares,we wish to experiment,throughthecasestudied
here,a new interdisciplinaryworkingmethodfor themodellingin biology.

Thecasewe will studyhereinvolvesa tight couplingbetweentwo mathematicaltheoriesandonebiologicalpro-
cess.A first modellingstep(alreadypublished),basedonthemultistationnaritytheory, makesaninnovatinghypothesis
plausible(section2). A secondmathematicalstep,basedontheformal logic in computerscience,allowedusto deter-
mine thebiologicalexperimentssufficient to validateor invalidatethehypothesis(section 3). Thelong termgoal is,
by extrapolatingthe resultsto someothersystems,to createa new tool importedfromcomputerscienceallowing in
theonehandto bettercommitbiologistsin themodellingprocessby giving thema modelvalidationtool, andin the
otherhand,to increasethescopeof analreadyusabletool in computerscience.Of coursethis approachneedsa tight
collaborationbetweenbiologistsandmodelmakers.Themodeldesignedthisway, is notonly ana posterioriexplaina-
tion attemptof resultsfrom biology, but a guidefor biologicalexperimentation,which will be in fine thedetermining
criterion.

2 The chosencase

The biological systemchosenis theproductionof mucus(alginate)by thebacteriumPseudomonasaeruginosa.
Bacteriaof this speciedo not generallyproducethis mucusif they have not experienceda sejourninsidethelungsof
patientssuffering from cystis fibrosis(productionwhich is the main causeof lethality in this disease).Not only do
thesebacteriaproducealginatein thepatients’lungs,but they continuedoingso,moreor lessstably, onceextracted
from theselungsandcultivatedin the laboratory. It is generallyadmittedthat mutationsarising insidetheselungs
causetheability of thesebacteriato producethis mucusin otherconditions(cf. [1]).

But an otherhypothesishasbeenput forward,accordingto which the ability to produceor not alginatearetwo
stablestatesthatarisefrom eachotherby anepigeneticmodification,prior to theselectionof mutants(cf. [2]).

A verysimplifiedmodelof theregulatorynetworkhasthusbeenconstructed(cf. [2]) asdepictedin figure1.The3
variablesare � for theAlgU protein,� for theAlgU inhibitors,and � for thealginateproduction.The4 arcs5 represent:
theself-regulationof variable� (arc �	�
� ), thetranscriptionof thegenesencodingtheantisigmafactors(arc ����� ),
thetranscriptionof thegenesinvolvedin alginateproduction(arc �
����� ), andfinally theinhibition of AlgU by the
antisigmafactors(arc ����� ). Two feedbackcircuits control AlgU, a positive feedbackloop at the transcriptional
level, anda negative feedbackcircuit involving the activity of the AlgU sigmafactor. Theextremesimplificationof
thismodelis directlyrelatedto thetheorythatsupportsit, whichstipulatesthatfeedbackcircuitsaretheonly elements
thataredeterminantsfor theemergenceof epigenesist(cf. [3]). It is thereforestipulatedthattheotherknownregulatory
interactionsareof minor importancewith regardto thequestionof theexistenceof anepigeneticmodification.

5thearrowsin figure1
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Note : the left sideof the picture ( � ) shows the activation ( � ) or the inhibition ( � ) betweenthe genes(resp.proteins)of the
network.Theright side( � ), eacharcis labelledwith theminimalvalueof thethresholdfor whichthisaction(activationor inhibition)
is triggered.
Thevariablesmeans: � AlgU protein, � antisigmafactor, � mucussynthesis.

FIG. 1: Geneticnetwork regulating the productionof mucus(alginate)by the bacteriumPseudomonasaerugi-
nosa(simplifiedmodel)

This modelcanbestudiedby a systemof differentialequationsor by generalisedlogical analysis(cf. [4]), which
waschosenbecauseof thelackof knownvaluesfor theinteractionparameters.To summarise,whenvariable� interacts
with variable� , thecurve thatrepresents� asafunctionof thelevel of � is asigmoid.Thissigmoiddefinesathreshold����� � !#"

(cf. figure2-a).Similarly theinfluenceof � on anothervariable � definesanotherthreshold
�����#� $%"

(cf. figure
2-b).Thetwo thresholdsaregenerallydifferentandleadto threedifferentpossiblebehavioursof variable� depending
whetherit is below boththresholds,betweenthemor above them(cf. figure2-c).Thusit is possibleto ascribediscrete
valuesto thedifferentlevelsof variable � . Thenthethresholdscorrespondto interactionvaluesbetweenthevariables.
In order to describethat AlgU mustbe presentabove threshold2 to trigger the expressionof the alginategenes,it
will be notedin the graph �'&)(* *+* � � (cf. figure 1-b). Whenan arc canbe skipped,i.e. whenthe conditionson the
level of thevariableareset,theevolution of thesystemmustbedescribed.In otherwords,we have specifythelevel
reachedby avariable, asafunctionof thelevelsof theothervariablesthatinfluenceit (cf. figure1). Thesevaluesare
representedby function - .

In ourmodel,two feedbackcircuitsco-exist. Thefirst one(positivefeedbackloop �	��� ) is anecessarycondition
for theexistenceof two stablestates: if � is high, it is self-maintained,if it is below thefirst threshold,it remainsso.
The negative feedbackcircuit canswitch the systemtowardoneor the otherof thesestablestatesdependingon its
strength(i.e dependingon function - ).

A mathematicalstudy of this model (cf. [2]) hasshown that the epigenetichypothesis(the possibility that two
stablestatesmayexist dependingon theprevious historyof the system)is coherentandthatbiologically consistent
valuesof - scanleadto propertiesthatarepreciselythoseof thesystem.But thereis moreto it. For instanceit canbe
predictedthat,if thehypothesisis true,apulseof AlgU will suffice to switchthebacteriato amucoidstate.Themodel
is thuspredictiveaswell asexplanatory.

The questionthat we will addresshereis : if suchan experimentsucceeds,if a pulseof AlgU is ableto induce
mucusproduction,or at leastthe expressionof the first genesinvolved in mucusproduction,will this be sufficient
to prove the underlyinghypothesisof epigeneticmodification? Inversely, if this experimentfails, will it prove the
unreliabilityof theepigenetichypothesisin thiscase?
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FIG. 2: Influenceof thevariable� on thevariables�+./�

3 Formal logic to proposeexperiments

In thispart,weoutlinethegeneralmethodologythroughtheexampleof theproductionof mucusin thebacterium
Pseudomonasaeruginosadescribedin section2. Althoughthemathematicalproofsareinformally presented,they can
all be formally performedon a computer. Indeeda modelis usedto establishpropertieson a system,to expressand
handlethesepropertiesin orderto extractsomenontrivial otherones.It is thusnecessaryto formalisetheproperties
in sucha mannerthat they areeasyto handleby a computer. Theobjective laid down hererelatesto the generation
of scenariiof experiments,in which timeplaysa centralpart.We arenecessarilyconfrontedwith theconceptof time
whenwewantto expresspropertiesof thesystemin thefuture.Theseconstraintsleadnaturallyto temporallogics(cf.
[5], [6] for a generaldescriptionof temporallogics).

More precisely, we wantto prove that,in thepresenceof � , it is possibleto have a recurrentstatein which mucus
is produced.By constructionof the graph, � is presentandthe topologyof the graphwasbiologically validatedas
well asthe signsof interaction.Only the thresholdsandthe valuesof the function - can involve several different
behaviours.Thuswe only have to show thatthevaluesof thethresholdsandfunction - for thestudiedorganismare
suchthatthebacteriumcanpassin a statewhere� is expressedin a recurrentway.

Thelanguageof temporallogicsoffersthetraditionalconnectorssuchasfor example,the“or”, noted0 , the“and”,
noted 1 , the implicationnoted * � . It alsooffersconnectorsparticularto this typeof logic which relateto time. We
canfor examplecreatethe connector243 , which meansthat the formula which follows the connectoris true in the
“strict future”. Wecall here“strict future” thefuturestartingaftera certainamountof time.Thisamountof timemust
bechoosenaccordingto biologicalconsiderationson thestudiedsystem.

Oncethemodelhasbeenmathematicallydefined,it is necessaryto establishtheformulaeto beprovenwith this
formalism.We wantto provethat,in themodelwhich we consider, if at a giventime thebacteriumin a mucousstate,
thenlater(in a strict future) it will beagainin a mucousstate.Frompreviousexperimentswe know thatthethreshold
associatedwith the interaction �5�6� is equalto 2, andwe know by constructionthat theoneassociatedto �
�7�
is 1 ( � hasinfluenceonly on � , thereforethereis only onethresholdfor � ). On the otherhandwe do not know the
thresholdsof the arcs �8�'� and �8�9� . In otherwords,we do not know the relative quantitiesof the variable �
necessaryto obtainaself-inductioneffect,aneffecton � , or acombinedeffect.So,wewantto provewith experiments
that the relative forcesof thesetwo circuits,usedby thebacteriumaresuchthat it is possibleto makerecurrentthe
state:;�=<>&?� , which is writtenas: :@�=<A&?�B<DCE243#:@�	<>&?�
Any scenariowhich teststhis formulamuststartsby assigning(artificially if necessary)2 to � . In theoppositecase,
thefirst partof theformula is false,which involvesthatall the formula is truewhatever thevalueof thesecondpart
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of theformulais. This is easyto deducefrom table1 by a simplealgorithm. Thescenarioof experimentsis thusthe
following :

1. Startby imposing( �	<>& ).
2. Wait a lapseof time, thentestthemucousstate.

– If thebacteriumis not in a mucousstate,thentheexperimenta priori fails.
– If the bacteriumis in a mucousstate(thus �J<K& ) stop the experiment,becausethe precedingformula is

reentrant,whichmeansthatif is trueat agiventime, thenit impliesthatit will betrueagainin thefuture.

More precisely, at time LNM , we impose�O<P& , by theformula,theexperimenttells usthatthereexists L%QR<ALNMS(UT
(whereT is anamountof time),suchthat �	<>& . By makinga shift of theorigin of time,we canthenaffirm thatthere
exists LWVX<�L%QY(UT suchthat �	<Z& . . .

By iterating this formula, we show that the mucousstatereachedby the bacteriumis recurrent.The scenario,
sufficient to provethetheorem,is thusthefollowing :

1. boost � by anexternalinterventionuntil it reachesits maximalvalue( & ),
2. wait long enough(to be surethatwe arenot any morein the initial condition,i.e. to be surethat the transient

phasedueto theinitial boostis past)andtestif wemeeta mucousstateagain,i.e. �	<>& .
If step2 is successfulthentheexperimentprove thatthemucousstatecanbea steadystatein thepresenceof � . Thus
it canbeanepigeneticphenomenon.

Operability and observability - Thenext questionis then,is thispredictionamenableto experimentation,is it both
operableandobservable? In otherwords,is it possibleto raise � up to 2, thenquit theconditionsthathave allowed
this,andobserve theproductionof mucusin the“strict future”?

Indeed,thereareseveral waysto increase� without introducingthe bacteriainsidethe lungsof a cystic fibrotic
patient.For instance,onecanintroduceinto wild typecellsof Pseudomonasaeruginosa, a plasmidwheregenealgU
wouldbeunderthecontrolof anartificially induciblepromoter. A shortpulseof expressionof thisgenewould leadto
anartificial increaseof theamountof proteinAlgU insidethecell.

To observe the resultsof this experiment,againseveral experimentaldevices are currentlyavailable,eitherby
measuringthemucusproduced,or, moreeasilyby measuringexpressionof thefirst geneof thealginatebiosynthesis
chain(genealgD).

Limits of the approach- Thegraphon which themodelis based(figure1) is actuallyonly a subgraphof a more
generalgraphshowing all the variablesof the organism.So it would be necessaryto considerall the interactions
with the neglectedpart of the generalgraph.Having neglectedthe outgoingarcsof the graphdoesnot have any
consequencessincewe areonly interestedin the subsysteminvolving the productionof mucus.On the otherhand,
having neglectedthearcsenteringthis subsystemcanhave an importantimpact.By constructionof thegraph,some
situationscanbeeliminated.

1. By definitionof � , theonly arccontrolling � is theonewe takeinto account: �O��� , andthusit doesnot exist
any otherenteringarcon � .

2. All thearcswhich werenot consideredin themodelbut which control � or � arenot involvedin a circuit. The
numberof steadystatesdoesnot change(cf. [7]).

3. If therearearcsenteringon � and � whoseinfluencedoesnot vary, theonly consequenceof having extracted
a subgraphis to shift thevariousthresholdsassociatedwith thevariables� and � . Thesystemwill have other
valuesfor thethresholdsandpossiblyfor thefunction - , but thevariableswill alwaysbediscretisedthesame
way. Thus,thesatisfiabilityof theformularemainsthesame.
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Only onecaseremainsawkward: whenregulatorsexternalto thissubgraph(on � and � ) have aninfluencewhich
variesin time.Thestudypresentedheremakestheassumptionthattheseinfluencesarenegligible. Thiswork remains
valid undertheassumptionthatamergeof thesubgraphinto theglobalgraphhave constantinfluenceonthevariables� and � .

Lastly, let usrecallthattheamountof timementionedabove betweenstep1 andstep2 of theexperimentremains
empirical.

4 Conclusion

Theinterdisciplinarywork undertakenby our working groupin [?\ ]_^�`a^�b \ R
c

givesa methodologicalframework to
definemodelsincludinga tool kit for experimentalvalidation/refutation.Thisway, our work resolutelyreinforcesthe
modellingactivity. It increasesits credibility with respectto themistrustwhich it causesin biology. Indeed,following
aPopperianapproach,thismethodologyofferstheopportunityto stronglyandproperlylink themodellingactivity and
theexperimentalactivity, which is centralin biology.

To establishsuchanapproachrequiresa theorywhich fixestherulesallowing to reasonfrom a model.Thetheory
introducedhereis temporal logic, usuallyemployedfor thelogicalanalysisof thediscretedynamicsystemsin compu-
ter science.Accordingto this theory, our casestudyprovesthata discretequalitativemodelof geneexpressionbased
on thework of RenéThomasfulfills themethodologicalrequirementmentioned.It makesit possibleto determine,in
acomputeraidedmanner, aprotocolof experimentationto proveor refutetheepigeneticassumptiondescribedby this
model(section3).

Becauseour approachis inspiredby thesoftwareengineeringtestingmethods,thissuggeststhatwe canautomate
it, in otherwords,that we canprovide softwareassistantsfor the designof biological models.We have shown the
feasibility of the approachon the Pseudomonasaeruginosaexample.Realizingthesesoftwareassistantsin a more
generalsettingrequiresto continueour investigationson theapplicationof formalmethodsfrom computerscienceto
life science.

Annex : modelling and observability

The activity of modellingin life sciences,as in othersciences,hasto extract from a necessarilyfinishedsetof
biologicalobservations,a mathematicalrepresentationexpressinga generallyinfinite setof behaviours.Thea priori
infinite setof behaviors capturedby a modelrely for instanceon theinfinity of thepossiblevaluesof theparameters
(reflectingin particularthepossibleconditionsof experiment),theinfinity of thepossiblescenariiof simulation,etc.To
befruitful, theactivity of modellingshouldanswerseveraldifficult questionssuchas: Is suchor suchmodelof good
quality? accordingto which precisecriterionis it betterthananother?Giventwo modelswhichdo notcontradictany
effective observationbut which have differentinternalbehaviours,which oneprovidesthebetterexplanatoryview ?
Modellinga phenomenon,in orderto understandit, necessarilyrequiresseveralabstractions.Thereforeit requiresthe
approximationof detailsandthereductionof thenumberof interactingobjects.Consequently, it is not reasonableto
imaginethata modelcanexactly representa reality.

Biological complexity is far too rich, internalmechanismsaretoo badlyknown, andinternalandexternalinterac-
tions,at all thescales,arenonforeseeable.In addition,themajorityof theelementarylaws chosenfor themodel,and
their parameters,arenot directly establishedin vivo. They canbeextrapolatedfrom anorganismto another, obtained
from in vitro constants,andsometimesevenroughlyfixed.Thus,every modelof a biologicalphenomenonis falseby
construction.

So,what is thentheinterestto modela complex phenomenonwhenthecapacityof predictionis soquestionable,
accordingto the simplestelementaryscientific doubt? Even badly, if a model answersthe behaviours for which
it hasbeenbuilt then it doesnot prove anything. The model can fail a priori in relation to any future biological
experimentationwhich would reveal a new behaviour. In practice,suchcaseshave often the advantageto destroya
dogma,but this leadsto this question: How to preventa new modelto implicitly reinforcethetendency to replacea
dogmaby another?

Theseinterrogationsshow thattheactivity of modellingrequiresto evaluatethelimits of any model.Nevertheless,
they shouldnot dissuadethebiologist to makeuseof this tool which provedreliable,andacquireda majornotoriety
andusefulnessin engineerings.Theconstructionof a modelbecomeswell foundedif it followstheapproachof Karl
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Popper, accordingto whichscienceprogressesby conjecturesandrefutations[8]. A majorcriterionfor anassumption
to bein thescopeof scienceis its falsifiability. If onedetectsaninternalbehaviour of themodelwhichis notconsistant,
or anexternalbehaviour whichcontradictsa biologicalexperiment,thenonecanreview themodelandimprove it.

Somebehaviours of a modelaredirect logical consequencesof known phenomenabiologically validated.Some
othersareextrapolationsintroducedby themodelmakerwith theaimof building ageneralmodelwhich is notonly an
enumerationof known particularcases,or with theaim of testingascientificassumptionnonaccessiblein anintuitive
way. In all cases,modelling implies to makeassumptionsand conjecturesfor the behaviour of the model.These
assumptionsarethe weaknessof the modelswhich oneshouldsystematicallytry to validateby attackingthemby
biologicalexperimentsandwell choosensimulations.But they canalsobethesourceof majorprojections,makingit
possibleto betterunderstandtheprocessandpredictoriginal properties.Thus,evenif theresultsproducingscientific
advancesarenegative results,highlightingerrorsof a model,it remainsthatthemorea modelresiststo attackswhich
try to refuteit, themoreit is interestingandvaluable.

A goodmodellingmust thusnot only clarify its assumptionsbut also the conditionsandthe protocolsusedto
observe thebehaviours.Every modelwouldprove to befalseassoonasthecapacityof observationis increased(e.g.
whenonecanobservesmallparticlesathighspeed,themechanicsof Newtonhasto bereplacedby theEinsteintheory
of relativity). Indeed,many falsepropertiesappearintrinsically irrefutablefor lack of observability ! Theobservation
of the behaviours is limited, even more in biology wherecertainproperties,having however a strongexplanatory
importance,cannotbeobserved.Consequently, for theassumptionsandtheconjecturesrelatedto themodel,wemust
systematicallytry to producejudiciousobservableconsequencesof themto makeexperiments.Wehave to choosethe
observableconsequenceswhich optimizethechancesof refutation.

An effective observability must aim at refuting a model. It must try to reveal its internal inconsistencies,find
contradictionswith othermodelssupposedto becompatiblewith it, or exhibit predictedbehaviourswhichdiffer from
biologicalreality.

Oncea modelhasbeenformalized,its relatedassumptionsspecifiedandits intrinsically observableproperties
defined,onetheoreticallycanusea data-processingprogrambasedon formal logic to determinethe choiceof the
experimentsof refutation,to evaluatethelevelof testabilityof certainassumptions,toensureacertainlevelof covering
of thesetof refutations,to point out noncoveredgenericcases,etc.Indeed,thesecomputeraidedtoolsalreadyexists
in the softwaretestingactivity. A strongsimilarity exists betweensoftwaretestingand the refutationof biological
models:

1. Theactivity of modellingextrapolatesa modelfrom a reasonablenumberof biological experimentsandtries
to give a certainconfidencethat this modelis conformto the reality. Theactivity of testinga softwaretries to
extrapolatefrom a reasonablenumberof testsa certainconfidencein its conformitywith thespecifications.

2. The assumptionsof modellingmainly rely on certainregularitiesor uniformitiesof the real behaviours.The
assumptionsof softwaretestingconsistin consideringthateachtestrepresentsa whole setof testsuniformly
sharingits behaviour.

3. Biological observability is limited by instrumentation,ethics,etc.Theobservability of a softwareis limited by
the input/output peripherals(e.g.screen)andto the memorystateswhich canbe accessedduring the testing
activity.

A testof softwareproceedsby, first, selectingtestscenariifrom thespecificationof whatthesoftwareis supposed
to do,second,carryingout on thecomputertheselectedtests,third, analysetheresultsof theseteststo determinethe
partsof thesoftwarewhichfail, andfinally, makecorrectionsto thesoftware.Modellingin biologywill find aninterest
to operatein awaysimilar to softwaretesting.By analogy, whatcomputerscientistscall “the level of specification”is
similar to thebiologicallevel of description.Thenotionof “softwaretestability”canhelpto installsuitableconditions
of experimentand/orsimulation.This analogyenforcesthe importanceof a well choosenlevel of descriptionand
abstraction,accordingto the level of possibleobservations.In the analysisand the comprehensionof a biological
phenomenon,a carefuldefinitionof whatis observablecouldbethekey to properlydefinethelevel of description.
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