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Abstract:Time-lockedtrialisoneofthecommonlyusedmarketingstrategiesinthecommercialsoftwareindustry.
Afterthetrial,oneproblemfacingsoftwarecompaniesispossiblepiratesbyusers.Amodelisproposedtostudy
howamonopolisticsoftwaresuppliershouldrespondtodifferentpiratingconditionsbyuseofatime-lockedtrial
strategy.Theconditionsaredeterminedunderwhichatrialstrategyisoptimalandwasfundthatifthereispiracy,
whenthecustomer’sbasicperceptionaboutthequalityofthesoftwareismoderate,inthewholepiracyregionitis
betterforthecompanytooffertrialwhilewhenthebasicbeliefisrelativelyhighorlow,thecompanydoesnot
providetrialperiodunlessthepiracycostisrelativelytiny.Itwasalsofundthattheoptimaltrialperiodlength
decreaseswiththepiracycostwhenthereispiracy,whilethetrendisreversedwhenthereisonlyathreatofpiracy.
Theoptimalpriceincreaseswiththecostofpiracywhenthereispiracyorthethreatofit.Versioningstrategyand
time-lockedtrialstrategywerecomparedinthepresenceofpiracyanditwasfundthatthelatterismoreapplicable
toenhancingprofit.Reasonsfortheseresultsandsomemanagerialimplicationsaregiven.
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0 Introduction
Piracyisatopconcernthecommercialsoftware

companiesaroundtheworldbecauseitdoesharmto
theprofitandtheindustry’sdevelopment.The
Internethasmadepiracyeasybecausethespreadof
P2Pandillegalcrackinglowerthesearchcostand
timecostofpirating[1,2].Accordingtoareportof
theBSA(businesssoftwarealliance)[3],theglobal
softwarepiracyratewas39%in2015.Inthelast
fiveyears,thisratehasstayedataround40%,and
noevidenceindicatesthatitwillgodown.TheBSA
declaredthatunlicensedsoftwarehasswallowedup
52242milliondollarsworldwidein2015.Ofcourse,
softwarecompanieswouldnotallowpiracytowin
overusersanddamagethemarketwithoutdoing
something.In fact,they have adopted many
measurestocombatpiracy.Thesemeasurescanbe
dividedinto three areas:law,technique,and
marketingstrategy[4].Forexample,governments
legislate to protect intellectual property so
companiescanprosecutepirates[5].Acompanycan
useanactivationcodeorkeyanddetectionmeansto
raisethecostofpiracyandexploitmoreeffective
anti-piracy methods[6,7].Althoughsuch methods
aresometimesuseful,theyarealsotime-consuming

and expensive. Unfortunately, in most
circumstances,piracyisnotlikelytobeeliminated
completely.Asaresult,managershavetotake
piracyinto account when making decisions on
marketingstrategies.

Freetrialisoneofthewidely-usedmarketing
strategies,especiallyinthesoftwareindustry.In
thephysicalgoodscontext,firmscangiveawayfree
samples to customers[8] and intuitively this
generatesamarginalcost.Forinformationgoods,
e.g.,software,atrialisalsoausefultoolbut
unlikeaphysicalproduct,themarginalcostofa
softwarefreetrialcanbeconsideredaszeroor
negligible.Therearetwomainkindsoffreetrialsin
thecontextofsoftware.Oneisapermanentbut
function-limitedtrial.Suppliersprovideatleasttwo
versionsofthesoftware:afull-functionalityversion
andalow-capabilityversion withsomefunctions
missing.Theothertrialstrategyiscalledtime-
lockedtrial.Userscanexperiencethesoftwarewith
itsentirefunctionalityforalimitedperiodoftime
andtheydonothavetopayforthesoftwareuntil
thetrialperiodexpires.Theytrythesoftwareand
thendecidewhethertopaytocontinueusingit.
Strategiesthatuserspaythefullpriceandthe
companyonlychargesthepriceafteratrialperiodif



usersdonotcancelitarenotincluded.Wecan
observe many cases of software companies
implementingthesetwotrialstrategiesinpractice.
MathTypeisagraphicaleditorfor mathematical
equations.Thesupplierallowsuserstotryitfor30
daysandthen users must pay $97.00 fora
permanentusagelicense.Microsoft Office2007
offersa60-daytrialandWindows7providesaneven
longertrialofmorethan180days.Asforfunction-
limitedtrialstrategy,FoxitReadercanbeusedfree
ofchargepermanentlybutiftheuserwantsmore
functions like editing PDF documents and
transformingPDFintootherformats,theusermust
payforit.Thetwotrialstrategieshaveprovedtobe
usefulandprofit-enhancinginsomecircumstances.

However,customerswhodonotwanttopay
forthefull-functionalitysoftwareorwhenthetrial
period ends willchoose to a pirated version.
Therefore,thisstudyfocusesonthetime-locked
trialstrategyinthecontextofpiracy.Thegoalisto
discusstheissue of how the company should
respondtopiracyandadaptitstrialdecisionsto
alleviatethelosspiracycausesasmuchaspossible.
Inthisstudy wetryto answerthefollowing
researchquestions:

Isofferingatrialperiodalwaysbetterthanno
trial?Inotherwords,underwhatconditionsshould
asoftwarecompanyprovidetrialperiod?

Whatistheoptimallengthoftrialtimeand
whatistheassociatedpriceifthecompanyoffersa
trial?

Howdotheoptimaltrialperiodandtheoptimal
pricevarywiththepiracycost?

Theanswersareofsignificanceforsoftware
companiesworryingabouttheimpactofpiracy.To
solvetheseproblems,webuildamodelbasedonthe
workofChengandLiu[9]andfurtherintroducean
environmentalfactor,piracycost,intotheprevious
model.Ourmainassumptionsallfollowthoseof
priorresearch. Weassumethatcustomersare
evenlydistributedintheirvaluationsandpiracycost
is mostlydependentontheeconomicandlegal
environment.Wealsoassumetheusers’belief
aboutthetruequalityofthesoftwareincreases
linearlyduringthetrialperiod.Inourmodel,a
monopolisticsoftwarecompanysellsitsproductand
determineswhethertoofferafreetrialperiodand
thepriceofthesoftwareatthebeginningofthe
sellingperiod.Userswhotrythesoftwarehaveto
decidetopurchaseit,topirateitornolongeruseit

whenthetrialperiodends.Westudytheapplication
rangeoftime-lockedtrialstrategy withdifferent
levelsofpiracy.Wealsodiscusshowtheoptimal
trialperiodandtheoptimalpricevary withthe
piracycostandcompareversioningandtime-locked
trialtofindoutwhichismoreprofit-enhancingand
moreapplicable.

Our research provides some meaningful
managerialimplicationsintowhetherthesoftware
firmshouldofferatime-lockedfreetrial.First,the
combinationoftime-lockedtrialstrategyandpricing
canbeausefulmethodmostofthetimetomitigate
theharmofpiracyasacomplementtolegaland
technicalmeans.Whenitisinthefirm’sbest
interesttointroducethetime-lockedfreetrialtothe
marketwhenpiracyexists,thesoftwarecompany
shouldchargeahigherpriceandoffershorterfree
trialtimewiththecostofpiracygettinghigher.
Theprofitincreaseswhenpiracycostrises.Second,
time-lockedafreetrialisnotacure-all.Undersome
conditions,afreetrialisnotnecessaryatall.
Whetherto offerafreetrialdependsonfour
factors:thecostofusingpiratedsoftware,the
quality of pirated software,consumers’prior
perception,andunitincrementofperceptionabout
functionalitiesduringthefreetrial.Ingeneral,only
whenthepositiveeffectofthetrialthatenhances
theattractivenessoflegalsoftwaredominatesthe
negativeeffectsofthetrialthatpostponesthesales
seasonshouldthefreetrialbeoffered.Thedetailed
applicationrange offreetrialis givenin our
research.Finally,thetime-lockedtrialis more
applicablethanversioningwithpiracyconsidered.
Inotherwords,thetime-lockedfreetrialstrategy
analyzedinourmodeloutperformstheversioning
strategy except under some strictly defined
conditions,e.g.,whenthepiracycostisrelatively
smallinthethreatregion.

Theremainderofthispaperisorganizedas
follows.InSection1,wereviewexistingresearch
relatedtoourstudy.InSection2,weexplaina
basicmodeltodescribetheissueswefocuson.In
Section3,weprovidethesolutionsofthemodeland
show some helpfulresults.In Section 4,we
compare the time-locked trial strategy and
versioningstrategyinthepresenceofpiracythrough
numericalanalysis.Section5concludesthepaper
andproposesmanagerialimplications,afterwhich
wediscusssomepossiblefutureresearchdirections.
Proofs for all propositions are given in the
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Appendix.

1 Literaturereview
Previousliteraturerelatedtoourresearchcan

bedividedintotwoparts:oneisaboutpiracyand
theotherisabouttrialstrategy.Thefirstpart
focusesontheeffectofpiracyandhowthecompany
reacts.Besidesmanyreportsandsomeempirical
researchindicatesthatpiracyharmstheprofitofthe
company,someresearchesstatethatpiracydoesnot
alwayshurtprofitsandcanevenbeprofit-increasing
undersomestrictlydefinedconditions[10,11],which
iscontrasttocommonintuition.ShyandThisse[12],
ConnerandRumelt[13]showthatconsideringthe
positive network externality, piracy can be
beneficial because it can expand the market.
Besides,moreuserscanbringintoplaytheword-of-
moutheffectmoreeffectively.Whatwemustnote,
however,isthatthe profit-increasing effectof
piracycanbeachievedonly whentherearefew
illegal users[14]. Prasad and Mahajan[15] also
emphasizethatthecompanyshouldtoleratealittle
piracyjustatthestartofthesalesseason.Before
theproducthasdiffusedoverahalfofthesales
season,thecompanyshouldstrengthenitseffort
againstpiracybecausepiracydoessomegoodinthe
expansionstagebutdoesharmthereafter.Inthe
presenceofpiracy,thesoftwaresuppliercantryto
alleviatetheharmofpiracyandeventakeadvantage
ofit by resorting to technical measures and
lawsuits.Theenforcementlevelofanti-piracyhas
beendiscussedinseveralpreviousresearches.Some
showhowmuchinvestmentafirmshouldputinto
piracycontrolasacomplementaryorsubstituted
strategyofversioning[16].

However,thetwomeasuresjustmentionedare
costlyandtime-consuming,sothecompanyshould
consideradjustingitsmarketingstrategiestofight
piracy.A widely-usedstrategyisversioning:The
companyprovidesseveralversionsofthesoftware
withdifferentqualityandcorrespondinglydifferent
pricestowinovertheuserswhoareinclinedto
pirate[17].Versioningshouldbeadoptedundersome
conditions[18].LahiriandDey[19]showthatpiracy
itselfcanexcludethelow-valuation partofthe
market,sothecompanycantoleratesmall-scale
piracytoserveonlythehigh-valuationpart.When
piracygetsmoresevere,thenversioningshouldbe
usedtocombatthecannibalizationeffectofpiracy.
WuandChen[20]provideageneralmodeltogive

guidanceabouthowmanyversionstoofferand,at
whatqualitylevelsandprices.Nomatterwhether
thepiracycostissymmetricfordifferenttypesof
customers,versioningcanremedytheprofitloss
duetopiracy.Ifthecostissymmetric,whenthe
piracycostisrelativelylow forthe high-type
customers,thenversioningcanseparatethetwo
typesthroughself-selection,althoughtheremustbe
asufficientproportionofthehigh-typecustomersto
guaranteeversioningcanenhanceprofit.Ifthe
piracycostisasymmetric,piracyisdonenotonlyby
thehigh-typecustomersbutalsobythelow-type
ones,andthecompanyshouldadjustversioning
strategyaccordingly.ChoandAhn[21]furtherpoint
outthatwhenconfrontedwithpiracy,acompany
hasanincentivetochoosealowerqualityforthe
highversion buta higherqualityforthelow
version.

Thesecondpartfocusesonthepriorliterature
concernsfreetrialstrategies.Onepopularlyadopted
trialmethodistoprovidefunction-limitedsoftware
tousers,whocanthenpaytogetfullservice.
Another one is to offer time-locked software
providedwithanoptiontopaytogetpermanent
service.Asfortheformer,Cheng and Liu[9]

provideananalyticalmodeltodesignthefunction-
limitedstrategy.Theyfindthatwhenthepositive
effectofnetworkexternalitydominatesthenegative
cannibalizationeffect,afreetrialversionshouldbe
offered. They also provide a solution for
determininghow tosetthequalityofthetrial
version.Thereisrelativelylessresearchaboutthe
time-lockedtrialstrategy.Heimanand Muller[22]

performrelatedresearchinthecontextofmotor
vehiclesandcomputerhardware.Theydiscussthe
optimaldemonstrationtimebeforecustomersbuy
theproductandfound thatthe probability of
purchaseafterdemonstrationgoesupandthengoes
downasthedemonstrationtimeincreases.Cheng
andLiu[9]furtherdiscussthetrialperiodstrategyin
thecontextofthesoftwareindustry,whichis
relevanttoourresearch.Theyelucidatewhenthe
company should offer a trial period and the
correspondingoptimallengthoffreetrialtime.
Theycomparefunction-limitedtrials withtime-
lockedtrialstofindunderwhatconditionsastrategy
ismorelikelyto maximizeprofit.However,the
optimaltrialstrategyinanenvironmentwithpiracy
has not been fully revealed. Anotherrelevant
researchmadebyChellappaandShivendu[23]studies
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the optimal sampling strategy in vertically
segmented markets. They model a two-stage
processofusers’decisionstobuyafteratrialor
pirating.The quality ofthe software can be
underestimatedoroverestimatedbyusersduringthe
trialperiod and these two kinds of software
evaluationsrequire setting different prices and
samplingstrategies.Theyfindthatpiracycauses
moreseveredamagetooverestimatedsoftwarethan
underestimated,sothecompanyshouldinvestmore
inpiracycontrolifthesoftwareisoverestimated.A
sampling strategy is not always beneficial to
suppliers;itisadvantageousonlyunderstrictly
defined conditions. Different from our study,
ChellappaandShivendu[23]focusontheoptimal
sampling size namely the bestfunction-limited
strategy.

Tothebestofourknowledge,fewresearchers
havetakenpiracyintoconsiderationwhendiscussing
the time-locked trial strategies of software
companies.Inthisstudy,weincorporatepiracyin
ouranalyticalmodelandinvestigatetheoptimal
time-lockedtrialstrategyofthesoftwarecompany
atdifferentlevelsofpiracy.

2 Modelformulation
Weconsiderascenariowhereamonopolistic

originalsoftwaresuppliersellsitsproductataprice
Pconsideringthepossibilityofpiracy.Thesupplier
providescustomerswithaperiodoftimetforfree
trial(t≥0).Fortractability,whenthesolutionof
optimaltrialperiodlengthisequalto0wetreatitas
ano-trialstrategy.Beforethetrial,customershave
abasicbeliefsaboutthequality(functionality)of
the software. During the trial period, each
customer’sbeliefincreasesatthespeedofδ.After
thetrial,thecustomer’sbeliefaboutthequalityof
thesoftwarebecomess+tδ.Therealqualityofthe
softwareafterthewholespanoflifeiss0andtrial
users maynotperceivethetotalqualityofthe
softwareaftertrial,sowehaves+tδ ≤s0.We
assumethatthecustomers’goalisto maximize
theirsurplusandthereisnoswitchingcostifusers
shifttothepiratedversionafterthetrial.Atfirst
allcustomerschoosetoexperiencethetrialsinceit
isthebestchoiceforthem.Theywouldnotpayor
pirateuntilthetrialends.Wesetthelifespanofthe
softwareas1andthewehavet<1.Thevaluation
of the perceived functionality is distributed
uniformlyin(-∞,1]amongcustomers.

Weassumethatthepiratedsoftwareisnot
identicaltotheoriginalsoftware.Thedisparities
betweenthepiratedversionandtheoriginalonecan
be explained in three ways. First,software
suppliersprovideservicestousersliketechnical
supportandtrainingservices whiletheusersof
piratedsoftwareareexcluded.Second,eventhough
theInternet makes pirating easier,the pirated
softwarestill may be missing someimportant
featuresbecausetheoriginalcompanymakesefforts
toprotectitscoreintellectualpropertyfrombeing
encroachedupon.Third,piratedsoftwarecannotbe
upgradedovertime.Whenthecustomersshiftto
thepiratedversionfromtheoriginalversionafter
thetrial,theycanonlyperceiveaproportionβofthe
belief about the functionality of the original
software,namelyβ(s+tδ).Toavoidtrivialitywe

assumethatβ >
2
3 .Inthenumericalanalysis

section,weassignarelatively high valuetoβ
followingtheassumptionofRef.[19].Thereason
whythisassumptionisrationalisthatalthoughthe
piratedversionisworsethanthelegalversion,itis
goodenoughtoappealtomanyusersbecauseofthe
threereasonsmentionedabove.Thisassumptionis
provided to more accurately model practical
conditions.

Thecostofpiracyisdenotedasr,containing
thecostofsearchingforthepiratedsoftware,the
moralcostofuserscommittinganillegalact,and
theprobablepenaltyifthepiracyisdetectedand
prosecuted.Theenforcementdegreeagainstpiracy
canbereflectedbythecostofpiracy.Theninthis
study, we use r to describe both concepts
interchangeably.WefollowtheassumptionofRef.
[19]thatrisbasicallydeterminedbytheeconomic
andlegalenvironment.Althoughthecompanyalso
exerts effortto combat piracy,itsimpactis
relativelytiny.Thereisagreatdealofevidence
supportingthisassumption.Insomecountries,the
lawsonintellectualpropertyareundevelopedand
correspondingpunishmentforpiracyisnotforceful
enough.Therefore,thecostofpiracyinsuch
environmentsislow althoughsoftwaresuppliers
exertthesameefforttocombatpiracyasdotheir
counterpartsincountrieswhereintellectualproperty
lawsaremoredeveloped.

Thesequenceofeventsinourmodelisshown
inFig.1.Atthebeginning,thecompanydecideson
thetrialtimelengthtandtheproductpriceP .
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Customersdecide whethertotrythesoftware.
Whenthefreetrialendsattimet,usershaveto
decidetopurchaseorpiratethesoftware,orstop
usingit.

Fig.1 Thetimelineofthecompanyandcustomerdecisions

Theutilityofcustomersusinglegalsoftware,
denotedU1,is

U1=θ(s+tδ)-P (1)

  Theutilityofcustomersusingthepirated
version,denotedU2,is

U2=θβ(s+tδ)-r (2)

  Customersdecidetopayortopiratebasedon
individualrationality(IR)andincentivecompatibility
(IC)constraints.A customerpurchasesthelegal
softwareifandonlyifU1 >0andU1 ≥U2.A
customerpiratesifandonlyifU2>0andU2≥U1.
Then we have three indifferent points: the
indifferent point between users purchasing the
softwareanduserspiratingitis

θ1=
P-r

(1-β)(s+tδ)
(3)

theindifferentpointbetweenuserspurchasingthe
softwareanduserswhostopusingitis

θ2=
P

s+tδ
(4)

andtheindifferentpointbetweenuserspiratingthe
softwareand users who do nottryitatthe
beginningis

θ3=
r

β(s+tδ)
(5)

  Weassumethatthepeopleatpointθ3pirateand
thoseatthepointθ1purchasethelegalversion.To
ensurethatuserswhopirateexist,wehavethis

condition:θ3 <θ2 <θ1.ThenwhenP >
r
β
the

demandfororiginalsoftwareis

D= 1-
P-r

(1-β)(s+tδ)  (6)

  Otherwise,whenP ≤
r
β
,customersfindthat

theutilitybuyinglegalsoftwareisalwaysbetter
thanthatusingthepiratedversionandnoonewill
trytopirate.Thenthedemandfororiginalsoftware
is

D= 1-
P

s+tδ  (1-t) (7)

  Fig.2showsthedemanddistributionduringthe
lifespanofthesoftwarewithtrial.

Fig.2 Demanddistributionofcustomers

Considering the character of software
mentionedabove,weassumethatboththemarginal
costofthesoftwareandthecostofthetrialare
negligible.Hence,we havethe profit ofthe
softwaresupplier:

Π=
P 1-

P-r
(1-β)(s+tδ)  (1-t),P >

r
β

P 1-
P

s+tδ  (1-t),P ≤
r
β












(8)
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3 Modelsolution
Wesolveourmodelbyworkingouttheoptimal

priceandthentheoptimaltrialperiodlength.
Accordingtotheprincipleofprofitmaximization,
theoptimalpriceis

P* =

r+(1-β)(s+tδ)
2

,t>
(2-β)r-s(1-β)β

(1-β)βδ
r
β
,2r-βδ

βδ
≤t≤

(2-β)r-s(1-β)β
(1-β)βδ

s+tδ
2
,t<

2r-βδ
βδ














(9)

  Next,we base our discussions on three
situationsaccordingtoregionsdividedbythepiracy
cost:no-piracyregion withoutthreat,no-piracy
regionwiththreatandpiracyregion.Proposition3.1
detailsresultsoftheno-piracysituation:

Proposition3.1 No-piracyregion without
threat:

Whenr>
s+δ
4δ

,nopiracyexists.Whens<δ,

thefollowingfourformulashold:Theoptimaltrial

periodis
-s+δ
2δ

,thecorrespondingpriceis
s+δ
4

,

thedemandforthelegalsoftwareis
s+δ
4δ

,andthe

profitis
(s+δ)2

16δ .Whens ≥ δ,thesoftware

companychoosesnottoofferatrial.
Whenthecostishighenough,nouserswill

riskpirating,whichisconsistentwithintuition.We
findthecompanychoosestoprovideafreetrial
periodwhens<δ.Thatmeansusers’priorbelief
aboutthequalityofthesoftwareissmall.Usersare
notsureenough aboutthetruequality ofthe
softwaresotheirwillingnesstopayforitdirectlyis
low.Theyexpecttohaveachancetotryitto
enhancetheirperceptionofthesoftwareandeliminate
theuncertaintyaboutquality.Whens≥δ,thereisno
needtoofferatrialbecausepriorvaluationsare
alreadyhighenoughtoenticeuserstopurchasethe
software.Atrialstrategywouldnotplayauseful
rolebutwouldonlypostponethesalesseason,so
thesupplierchoosesnottoofferatrial.

Whenthepiracycostrismoderateandbelongs
toacertainrange,thepiracydoesnotexistbutthe
threatofitdoes.Thetrialstrategyunderthis
situation is more complex and written more
specifically:

Proposition3.2 No-piracyregionwiththreat:

When r ∈
(β-1)2β(s+δ)
(β-2)2

,β
(s+δ)
4





 




 ,

thereisnopiracybutthethreatofitexists.The

companymustsetthepriceat
r
β
toguaranteethat

piracyisprevented.Whens∈ [0,(1-β)δ],then
trialshouldbeofferedinthewholethreatregion.In
contrast,whens ∈ [(1-β)δ,δ],thecompany
doesnotuseafreetrialstrategy unlessr ∈

βs2

s+δ
,β
(s+δ)
4





 



 .The optimaltrialperiodis

-βsδ+ βrsδ2+βrδ3

βδ2
ifitis offered and the

correspondingprofitis

r[rδ+βδ(s+δ)-2 βrδ2(s+δ)]
β2δ2

.

  Althoughthereisnopiracyyet,thecompany
should adopt very different strategy from the
optimalin the no-piracy scenario mentionedin
Proposition3.1.Thethreatofpiracyisalwaysthere
andpiracywillwinoversomeproportionofusersas
longasthecompanysetsaninappropriateprice.
Priorresearchhasalreadyestablishedtheexistence
ofthiscondition.AprecedentcanbeseeninRef.
[19].Thepricehastoequaltheratioofthepiracy
costandthequalityofthepiratedversion.Onlyin
thiswaywilluserschoosethelegalversion.Under
theseconditions,theoptimalpriceisnolonger
relevanttotheusers’beliefaboutthequality.
Piracyisadefactocompetitorofthecompany,
althoughitislatent,andwecanconsiderthatthe
softwarecompanyisin pricecompetition with
piracy.

Itisnotalwaysbettertoofferatrialperiodin
thisscenario,either.Thisistheresultofthe
combinedactionofthepushingeffectofthepiracy
costandthepullingeffectofthetrialstrategy.To
bespecific,thecostofpiracypushesusersaway
from pirated versionsandthetrialpullsthem
towardlegalsoftware. When priorvaluationis
relativelysmall,intheranges∈ [0,(1-β)δ],a
trialstrategycancontributeinthe wholethreat
regionbyenhancingtotalbeliefaboutthequalityof
thesoftware.However,whenusersalreadyhave
highbasicconfidenceintheranges∈[(1-β)δ,δ],
inpresenceofalowcostofpiracy,atrialmaynot
beofsignificantuseand,therefore,thecompany
shouldavoidthetrialstrategy.Withthesameprior
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valuationbelief,whenthecostofpiracyishigher,
whichmeansthepiracythreatiseasiertomitigate,
atrialstrategycouldhelp morein winningover
users.Highpiracycostpushesusersawayfromthe
pirated version so thatatthe sametimethe
introduction of a trialstrategy becomes more
attractivetothem.Thenthesetwoeffectscombine
toattractmoreusersandbenefittheultimateprofits
ofthelegalsoftware.Consistentwiththeconditions
intheno-piracyregion,whensishighenoughtobe
overδ,inthewholethreatregionthereisnoneed
toofferatrial.

Piracyappearsasthecostofusingpirated
softwaregetslower.Inthiscircumstance,piracy
canbeseenasa"competitor" oftheoriginal
softwarecompany.Thedetailsofthetrialstrategy
inthepiracyregionareshownasfollows:

Proposition3.3 Piracyregion:

When r <
(β-1)2β(s+δ)
(β-2)2

, piracy

encroachesuponthe market.Theoptimaltrial

periodis
1
4 1+

-3s+A
δ





 




 .Thecorresponding

optimalpriceis
1
8
[4r +s +δ -β(s +δ)-

(β-1)(s+δ)[8r-(1-β)(s+δ)]]. When

s∈ (1-β)δ,
β

4-3β




 



 ,atrialshouldbeofferedin

thewholepiracyregion.Whens∈ [0,(1-β)δ]or

s∈ βδ
4-3β

,δ



 



 ,thecompanyprovidesatrialonly

whenr∈ 0,
s(δ-s)(1-β)

s+δ




 




 .Whenthetrialis

offered, the corresponding profit is Π*p =
-3(s+δ)+A  -4r-(1-β)(s+δ)+(1-β)A  

64(1-β)2δ[s+δ+A]

whereA=
(s+δ)[8r-(1-β)(s+δ)]

β-1
.

Whenrissmallenough,some users will
choosetopirate.Inotherwords,piracycannibalizes
themarket.Asweassumedabove,sincethequality

gapissmallenough,wemayassumethatβ>
2
3 .

Whenthereispiracy,conditionsgetmorecomplex.
Identically,thesearetheresultsofthecoactionof
trialstrategyandpiracycost.Wefindthatwhens

∈ (1-β)δ,
β

4-3β




 




 ,the company oughtto

choosetoofferatrialinthepresenceofpiracy.
Whenpriorbeliefismoderate,thetrialstrategyis

helpfulaslongasthereispiracy.Whenpiracyis

verysmall,i.e.,r∈ 0,
(β-1)2β(s+δ)

(β-2)2




 



 ,then

atrialshouldbeofferedwhenthepriorvaluation

beliefsatisfiess∈[0,(1-β)δ]ors∈ β
4-3β

,δ



 




 .

Onthecontrary,inthepresenceofpiracybutwhen
piracycostisalittlebigger,itisbetternotto
provideatrialtouserswitharelativelylowora
highpriorbelief.Facedwithanextremelylowcost
ofpiracy,aslongasthepriorbeliefissmallerthan
δ,atrialisaneffectivemethodtomitigatethe
impactofpiracyandtoenhanceprofit.However,in
thepresenceofpiracybutwithahighercostof
piracy,atrialstrategyisnotalwaysnecessary:only
whenpriorvaluationismoderateisthetrialstrategy
useful for increasing profit. Similar to the
conditionsintheno-piracyregionandthethreat
region,once prior valuation is over the unit
incrementofqualityperception,thereisnoneedto
offeratrialforusers.Tobeclearer,weshowthe
rangeofapplicationofthetrialstrategyinthe
presenceofdifferentcostsofpiracyinFig.3.

Fig.3 Therangeofapplicationofthetrialstrategy
inthepresenceofdifferentcostsofpiracy

Nowwehavetheoptimallengthofthetrial
periodunderdifferentsituations,how doesthe
optimaltrialperiodlengthchangewiththelevelof
enforcement? Toinvestigatethisissue,weverify
themonotonicityofthefunctiononoptimaltrial
periodlengthandthepiracycost.Westatethe
resultasProposition3.4:

Proposition3.4 Theoptimaltrialtimelength
isdecreasing withthepiracycostwhenthereis
piracy,whereas whenthereisonlyathreatof
piracy,theoptimaltrialtimelengthisincreasing
withthepiracycost.

Theoptimaltrialperiodisdecreasingwiththe
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piracycost,which meansthepresenceofpiracy
enhancestheincentiveforthecompanytoprovidea
longertrialperiod.Theusers’beliefaboutthe
qualitygapbetweentwoversionswillbebiggerif
theytrytheproductforalongertime.Asthecost
ofpiracydecreases,thecompanyhastooffera
longertrialperiodtoadd moreattractiontothe
originalsoftware.However,facedwiththethreat
ofpiracy,asthepiracycostincreases(whichmeans
the piracy threatis reduced because of other
considerations)thecompanyshouldofferalonger
trialperiodcanchargeahigherprice.Asthepiracy
costgrows,thecompetitiveness ofthe pirated
versiondecreasessothesoftwarecompanyhasmore
powertosetahigherprice.Themonopolyposition
ofthecompanygetsfirmer.Atthesametime,
whenahigherpriceischarged,userswillnotbe
satisfiedunlesstheyobtain moreutilitysothe
companyoffersalongertrialtime.Whenr >
β(s+δ)
4

,thereisnopiracysoitisobviousthe

optimaltrialperiodisindependentofr.

Fig.4 Optimaltrialperiodvarieswiththecostofpiracy
whens=0.6,β=0.75,δ=2

Tobeclearer,weplothowtheoptimaltrial
timevaries withpiracycostin Fig.4.Weset
appropriatevaluesforrelated parameters:prior
belief,unitincrement,andthequalityofpirated
software,namelys=0.6,β=0.75,andδ=2.(As

mentionedabove,βissatisfiedwithβ>
2
3 .Prior

beliefsismoderatebelongingto (1-β)δ,
β

4-3β




 






sothatatrialperiodisofferedinthewholepiracy
region.Althoughthetrialstrategy varies with
different prior valuation beliefs, the trend
(monotonicity)isthesame,sowechooseonlythe
conditionwhenthepriorvaluationismoderate.

Thereasonbehindthisimpactofpiracyonfree

trialperiodisasfollows:Whenconfrontedwiththe
direct“competition”ofthepiratedsoftware,the
softwarecompanyoffersfreetrialperiodsoftwareto
ensureusershaveahigherbeliefaboutthequalityof
theoriginalsoftwarewhentheydecidewhetherto
purchasethesoftware.Asaconsequence,when
anti-piracyenforcementdecreases,itisoptimalfor
thesoftwarecompanytoofferalongerfreetrial
period.Inotherwords,whenfacedwithpiracy,the
lowerthedegreeofpiracy,themoreincentivethere
isforthesoftwarecompanytoofferafreetrialto
enhancecustomervaluationofthesoftware.

Toinvestigatehowtheoptimalpricechanges
withthelevel of enforcement, we verify the
monotonicityofthefunctiononoptimalpriceand
thepiracycost.WestatetheresultinProposition
3.5.

Proposition3.5 Ifatrialstrategyisadopted,
thenthecorrespondingpriceisincreasinginthecost
ofpiracyinthepiracyregion.Inthethreatregion,
theoptimalpriceincreaseswiththepiracycost.

Thistrendoftheoptimalpricevaryingwiththe
piracycostisinlinewithourconventionalwisdom.
Inthepiracyregionandthethreatregion,ifthe
time-locked trial strategy is adopted,as the
enforcementagainstpiracygetshigher,theoriginal
softwaresupplierscanweedoutmorepiracyand
regainportionsofitsmonopolypoweraswellas
pricingpower.Therefore,asthecostofpiracygets
higher,thesoftwarecompanyhasmorepowerto
chargeahigherprice.

4 Comparisonwithversioningstrategy
Insteadofofferingafreetrialperiodtousers,

thesoftwarecompanycanalsochoosetoprovide
twoversionsofthesoftwarewithdifferentqualities
andpricesaimingatdifferentkindsofusers.This
versioningstrategyisoftenadoptedastheoptimal
strategytoalleviatetheimpactofpiracybythe
softwarecompanyin manysituations.Ref.[19]
found that if the software company chooses
versioningratherthanfreetrials,thentheoptimal
choiceisasfollows:

(Ⅰ)Intheno-piracyregionwithoutthreat,
thesoftwarecompanyisamonopolistsothereisno
needtoprovidetwoversions.Theutilityofusersis

θs-P .Thenthedemandis1-
P
s .Combining

these,theprofitisΠ =P 1-
P
s  .Accordingto
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theprincipleofprofitmaximization,wecangetthe

optimalprofit:Π=
s
4 .

(Ⅱ)Inthe no-piracyregion withthreat,
exceptforthehigherversionwithqualityats0,the
companyprovidesalowerversionwithqualityβs0
whichisidenticaltothepiratedversiontofight
againstpiracy.Theutilityofhigherusersisthen

θs-P .Theutilityoflowerusersisθβs-
r
β
.

Thenthedemandofhigherusersis1-
P-

r
β

s(1-β)
.

Combining these, the profit is Π =

P
1-

P-
r
β

s(1-β)  +
r
β

P-
r
β

s(1-β)
-

r
sβ2  .Thenthe

optimalprofitisΠ=
s(1-β)
4 +

r
β

-
r2

sβ3
accordingto

theprincipleofprofitmaximization.
(Ⅲ)Inthepiracyregion,piracywinsoverthe

lower-valuationcustomers,soitisbettertoprovide
only one version to serve the high-valuation
customers.Theutilityoflegalusersisθs-P .
Theutilityofpirateusersisθβs-r.Thenthe

demandoflegalusersis1-
P-r

s(1-β)
andtheprofitis

Π=P(1-
P-r

s(1-β)
).Wecangettheoptimalprofit

Π=
[r+s(1-β)]2

4(1-β)s
accordingtotheprincipleof

profitmaximization.

Fig.5 Comparisonofversioningstrategyandtime-locked
trialstrategyinthepresenceofpiracy

whens=0.6,β=0.75,δ=2

InFig.5,wecomparetheprofitofthesoftware
supplierwithversioningstrategyandtime-locked
trialstrategy.Wesets=0.6,β=0.75andδ=2.In
thepiracyregion,namely [0,r1),thesoftware

companyofferstrials.Inthethreatregion,the
softwarecompanyofferstrialsduring[r1,r2)and
during[r2,r3)thecompanydoesnotprovidefree
trials.Whenr >r3,thereisnopiracyandthe
company offers trials.If the software adopt
versioningstrategy,r1willbetheindifferentpoint
betweenthepiracyregionandthethreatregionand
r2willbetheindifferentpointbetweenthethreat
regionandtheno-piracyregion.

FromFig.5,wecanknowwhenversioningis
optimalandwhentoofferatrialperiod.Atime-
lockedtrialisnotalwaysbetterthanversioning,
althoughitisprofit-increasingwhenthepiracycost
isrelativelytoohighortoolow.Whenthecostof
piracyis moderatein a particular range,the
softwarecompanyprefersprovidingtwoversions
insteadofofferingafreetrial.Whenthepiracycost
ismoderate,anytrialstrategydefactopostpones
the sales season while versioning can expand
demandinthelow-valuationendofthe market.
Therefore,whenthepiracycostisinacertain
range,forexample,whenr∈[R1,r0),versioning
isbetterthanthetime-lockedtrialstrategy.The
reasonforthissituationisasfollows:inthisrange,
therewouldbemoreusersifthetrialstrategyis

adoptedbutthepricecannotbehigherthan
r
β
.The

totalamountofusersofthetwoversionsisless
thanundertheversioningstrategywhilethehigh-
qualityversioncanbepricedhighenoughtoobtain
moreprofitfrom theusersandthelow-quality
versioncanpreventthepiracyfrom encroaching
uponthemarket.

5 Conclusion
Thetime-lockedtrialstrategyisprevalently

adoptedasatrialmethod.Priorresearchefforts
haveestablisheditasausefulstrategytoenhance
users’utility and ultimatelythe profitofthe
company under some specific conditions in a
perfect,piracy-freeenvironment.Inreality,the
marketisflawedbecauseoftheexistenceofpiracy.
Therefore,itisofpracticalimportancetoexplore
how thetime-lockedtrialstrategy performsin
settingswithpiracyconsidered.

Wehavemadesomeimportantassumptionsin
thestudy.Weassumethereisnoswitchingcost
fromthetrialversiontothepiratedversion,soat
thebeginning,alltheuserschoosetotrythefree
softwareuntilthey haveto decide whetherto
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purchaseorpirate.Wealsoassumethecostof
piracyiscorrelatedtothelevelofenforcementandit
isdetermined mostlybytheeconomicandlegal
environment.Furthermore,in keeping withthe
characteristicsofsoftware,wetreatthemarginal
costandcostduringthetrialperiodasnegligible.
Alloftheseassumptionsareusuallyadoptedby
importantpriorresearchefforts.

Undertheseassumptions,wehavesomekey
findings. We base our discussions on three
situationsaccordingtoregionsdividedbythepiracy
cost:piracyregion,no-piracyregionwithoutthreat
andno-piracyregionwiththreat.Piracycanbeseen
asapotentialcompetitoroftheoriginalsoftware
companyasitcanthreatenthemonopolypowerof
thecompanytoforcethecompanytoprovidea
sufficientlyhighqualityproductandnottocharge
toohigh.First,wefindthatwhencustomers’prior
beliefaboutthefunctionality (quality)ofthe
softwareishighenough,thereisnoneedforthe
companytoofferafreetrialperiod,whilewhenthe
priorbeliefissmallerthantheunitincrementofthe
perception,situationsgetmorecomplex:(i)inthe
no-piracyregionwithoutthreat,thecompanyhad
bettertoofferafreetrial;(ii)intheno-piracy
regionwhereitsthreatexists,whenthecustomer’s
basicperceptionaboutthequalityofthesoftwareis
tiny,inthe wholeregionitis betterforthe
companytoofferatrial,whilewhenthebasicbelief
isrelativelyhigh,thecompanydoesnotneedto
provideatrialperiod unlessthepiracycostis
relativelyhigh;(iii)inthepiracyregion,whenthe
customers’basicperceptionaboutthequalityofthe
softwareis moderate,inthe wholeregionitis
betterforthecompanytoofferatrial,whilewhen
thebasic beliefisrelatively high orlow,the
companydoesnotneedtoprovideatrialperiod
unlessthepiracycostisrelativelytiny.Second,we
statethattheoptimaltrialperiodlengthdecreases
withthepiracycostwhenthereispiracy,whilethe
trendisreversedwhenthereisonlyathreatof
piracy.Third,wealsofindthatinthepresenceof
piracy,theprofitoforiginalsoftwareusingthe
versioningstrategyissmallerthantheprofitusing
thetime-lockedtrialstrategyexceptinsomestrictly
definedconditions.

Fortractabilityandwithoutlossofrationality,
wehavesimplifiedsomeconditionsinourmodel.
Wesetthevaluationofuserstobeuniformover
(-∞,1]andweusealinearformtodescribethe

quality gap between the originalsoftware and
piratedversion.Asforthebeliefaboutthequality
ofthesoftware,weconsiderthatitincreasesevenly
duringthetrialperiod.Futureresearchcanrelax
theseassumptionsandestablisha moregeneral
analyticalmodel.Inourmodel,wedonotaccount
fornetworkexternalitysofutureresearchcould
reconsider the problems we discussed in the
presenceofnetwork externality. Moreresearch
shouldfocusonthetrialstrategyissueconsidering
piracyandmodelsshouldbeimprovedtobemore
truetoreality.Meanwhile,moreempiricalresearch
shouldbeconductedtosupporttheargumentsof
relatedtheoreticalresearchefforts.
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盗版影响下的软件产品定价和试用期策略研究
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中国科学技术大学管理学院,安徽合肥230026

摘要:首先研究了在盗版的影响下正版软件企业如何调整其定价和试用期策略;基于效用模型,通过决策确定

了最优的定价与最优的试用期时长;同时利用算例分析比较了版本划分策略与试用期策略.研究表明,当面对

盗版时,如果消费者的基本质量感知处于中等水平,则在整个有盗版的区间内都需要提供试用期;如果基本质

量感知较小或者较大,则只有盗版的成本较小时才需要提供试用期.当盗版存在时,软件的最优试用期时长随

着盗版成本的增加而减少;当只有盗版的威胁存在时,软件的最优试用期时长随着盗版成本的增加而增加.在
有盗版或其威胁的区间内,软件的最优价格随着盗版成本的增加而增加.研究同时发现,除了在某些严格限定

的范围内,与版本划分策略相比,试用期策略更适用于正版软件企业提高利润.
关键词:市场策略;定价;软件产品;盗版;试用期策略

YANGFeng:PhD/Professor.Researchfield:Decisionmethodanditsapplication.
E-mail:fengyang@ustc.edu.cn

LANGXiudong:Mastercandidate.Researchfield:Decisionmethod.E-mail:lxdhhd@mail.ustc.edu.cn
ANGSheng:Correspondingauthor,PhD.E-mail:shengang@ustc.edu.cn

Appendix
ProofofProposition3.1

Wesolveourmodelby workingouttheoptimalpricefirst.WhenP <
r
β
,theprofitisΠ =

P 1-
P

s+tδ  (1-t).
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Thefirstordercondition:
∂Π
∂P =

(1-t)(-2P+s+tδ)
s+tδ

(A1)

  Thesecondordercondition:
∂2Π
∂P2=

2(t-1)
s+tδ

(A2)

  Sincet<1,then(A2)islessthan0.EquatingA1to0weobtaintheoptimalprice:

P* =
s+tδ
2

(A3)

  Substituting(A3)intoP <
r
β
,then

t<
2r-βδ

βδ
(A4)

  Wesubstitute(A3)intoΠ=P 1-
P

s+tδ  (1-t)toget

Π=
(t-1)(s+tδ)

4
(A5)

  Then,wecangettheoptimaltrialperiodfrom

Π'(t)=
-s+δ-2tδ

4 =0 (A6)

since

Π″(t)=-
δ
2 <0

(A7)

  Theoptimaltrialperiodis

t*
n =

-s+δ
2δ

(A8)

  Whent>0,wehaveδ>s.Whent≤0,itisbetternottoofferatrial.

Combining(A8)andt<
2r-βδ

βδ
,wehave

r>β(s+δ)
4

(A9)

  Inthissituation,piracywillnotoccur.

Wesubstitute(A8)intoΠ=
(t-1)(s+tδ)

4 togetthecorrespondingoptimalprofitis

Π*
n =

(s+δ)2

16δ
(A10)

  Wesubstitute(A8)into(A3)togetthecorrespondingoptimalpriceis

P*
n =

s+δ
4

(A11)

  ProofofProposition3.2

WhenP >
r
β
,theprofitisΠ=P 1-

P-r
(1-β)(s+tδ)  (1-t).

Wecangettheoptimalpricefrom
∂Π
∂P =1-t-

2(P-r)(t-1)
(β-1)(s+tδ)=0 (A12)

  Sincet<1andβ<1,wehave
∂2Π
∂P2=

2(t-1)
(1-β)(s+tδ)<0

(A13)

  Therefore,wehavetheoptimalpricewhenthereispiracy:

P* =
r+(1-β)(s+tδ)

2
(A14)
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  Wesubstitute(A14)intoP >
r
β
,then

t>
(2-β)r-s(1-β)β

(1-β)βδ
(A15)

  Theremainingvaluesoftare
2r-βδ

βδ
≤t≤

(2-β)r-s(1-β)β
(1-β)βδ

(A16)

andundertheseconditions,wehaveP=
r
β
anditmeansthereisathreatofpiracy.

WesubstituteP=
r
β
intoΠ=P 1-

P
s+tδ  (1-t)toget

Π=
r(t-1)[r-β(s+tδ)]

β2(s+tδ)
(A17)

  Wecangettheoptimaltrialperiodfrom

Π'(t)=
r+(1-β)(s+tδ)  r(s+δ)+(1-β)(s+tδ)s+2tδ-δ    

4(β-1)(s+tδ)2 =0 (A18)

since

Π″(t)=-
2r2δ(s+δ)
β2(s+tδ)3 <

0 (A19)

  Theresultsare

t1=
-βsδ+ βrsδ2+βrδ3

βδ2

t2=
-βsδ- βrsδ2+βrδ3

βδ2












(A20)

  Itisobviousthatt2 <0soitisnotapracticalsolution.

Wetaket=
-βsδ+ βrsδ2+βrδ3

βδ2
into(A16)togettherangewhenthereisnopiracybutthethreat

exists:
(β-1)2β(s+δ)

(β-2)2
≤r≤β(s+δ)

4
(A21)

  Wecombinet1 >0and
(β-1)2β(s+δ)

(β-2)2
≤r≤β(s+δ)

4 togettheconditionsthattispositivemeaning

itisbettertoofferatrialandotherwisetisnegativeanditisbetternottoofferafreetrial.
Theresultwheretispositiveisasfollows:

(β-1)2β(s+δ)
(β-2)2

≤r≤β(s+δ)
4

,s∈ [0,(1-β)δ]

βs2

s+δ≤r≤β(s+δ)
4

,s∈ [(1-β)δ,δ]












(A22)

  Therefore,theoptimaltrialperiodlengthis

t*
t =

-βsδ+ βrsδ2+βrδ3

βδ2
(A23)

  Wesubstitute(A20)into(A17)togetthecorrespondingoptimalprofit

Π*
t =

r[rδ+βδ(s+δ)-2 βrδ2(s+δ)]
β2δ2

(A24)

  ProofofProposition3.3
FromtheProofofProposition3.1andProofofProposition3.2wecangettherangewherepiracyexists

is

r<
(β-1)2β(s+δ)
(β-2)2

(A25)
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  Wesubstitute(A14)intoΠ=P 1-
P-r

(1-β)(s+tδ)  (1-t)toget

Π=
(1-t)[r+(1-β)(s+tδ)]2

4(1-β)(s+tδ)
(A26)

  Wecangettheoptimaltrialperiodfrom

Π'(t)=
r+(1-β)(s+tδ)  r(s+δ)+(1-β)(s+tδ)s+2tδ-δ    

4(β-1)(s+tδ)2 =0 (A27)

  Theresultsareasfollows:

t1=
r+s-sβ
δ(β-1)

t2=
1
4 1+

-3s+A
δ





 






t3=
1
4 1+

-3s-A
δ





 


















(A28)

  NotethatA =
(s+δ)[8r-(1-β)(s+δ)]

β-1
andr <

(1-β)(s+δ)
8 isassured whenr <

(β-1)2β(s+δ)
(β-2)2

.

Obviously,t1 <0soitcanbeexcluded.
Weputt2andt3into

Π″(t)=
δ[(1-β)2(s+tδ)3-r2(s+δ)]

2(β-1)(s+tδ)3
(A29)

toverifywhetherthesecondderivationisnegative.
Wesolvethesetofinequalities

Π″(t3)>0

r<
(β-1)2β(s+δ)
(β-2)2









andtheresultis(3β-2)2≥0.Thisresultmeansthatwhenthereispiracy,Π″(t3)ispositivepermanently
andisnottheoptimalsolution.

Similarly,wesolve
Π″(t2)<0

r<
(β-1)2β(s+δ)
(β-2)2









andthenwehave(3β-2)2≥0,sowhenthereispiracyΠ″(t2)isnegativepermanentlyandthereforewecan
besurethatt2isalocalmaximum.Next,wehavetomakesurethatitisauniquemaximumwhent2>0.
Π″(t2)isdecreasingint2,sowhent>t2,Π″(t2)isnegativetoo.Intheotherwords,atallvaluesoft
exceedingt2,thefirstderivativeisstrictlynegative.Hence,t2 mustalsobetheuniquerealmaximum.
Therefore,theoptimaltrialperiodlengthis

t*
p =

1
4 1+

-3s+A
δ





 




 (A30)

  Wereducethissetofinequalities
t2 >0

r<
(β-1)2β(s+δ)
(β-2)2









togettherangethattime-lockedtrialshouldbeofferedandtheresultis

r<
(β-1)2β(s+δ)
(β-2)2

,s∈ (1-β)δ,
βδ
4-3β





 






0≤r<
s(δ-s)(1-β)

s+δ
,s∈ [0,(1-β)δ]∪s∈ βδ

4-3β
,δ




 

















(A31)

8231 中国科学技术大学学报 第50卷



  Wesubstitutet=
1
4 1+

-3s+A
δ





 




 intoP=

r+(1-β)(s+tδ)
2 togetthecorrespondingoptimalprice

P*
p =

1
8
[4r+s+δ-β(s+δ)-B] (A32)

whereB= (β-1)[s+δ][8r-(1-β)(s+δ)].

Wesubstitutet=
1
4 1+

-3s+A
δ





 




 intoΠ =

(1-t)[r+(1-β)(s+tδ)]2

4(1-β)(s+tδ) togetthecorresponding

optimalprofit

Π*
p =

-3(s+δ)+A  -4r-(1-β)(s+δ)+(1-β)A  
64(1-β)2δ[s+δ+A]

(A33)

ProofofProposition3.4
FromtheProofofProposition3.2andProofofProposition3.3,wehavetheoptimaltrialperiodlength

t*
t inthethreatregionandtheoptimaltrialperiodt*

pinthepiracyregion.Wehave
∂t*

t

∂r = βsδ2+βδ3

2βδ2 βrsδ2+βrδ3
>0 (A34)

∂t*
p

∂r =
s+δ

(β-1)δA <0 (A35)

thenthemonotonicityisproved.
ProofofProposition3.5
FromtheProofofProposition3.2andProofofProposition3.3,wehavetheoptimalpriceP*

tinthe
threatregionandtheoptimaltrialperiodP*

pinthepiracyregion.Wehave
∂P*

t

∂r =
1
β
>0 (A36)

∂P*
p

∂r =
1
2 1+

(1-β)(s+δ)
B  >0 (A37)

thenthemonotonicityisproved.
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