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Abstract: Time-locked trial is one of the commonly used marketing strategies in the commercial software industry.

After the trial, one problem facing software companies is possible pirates by users. A model is proposed to study

how a monopolistic software supplier should respond to different pirating conditions by use of a time-locked trial

strategy. The conditions are determined under which a trial strategy is optimal and was fund that if there is piracy,

when the customer’s basic perception about the quality of the software is moderate, in the whole piracy region it is

better for the company to offer trial while when the basic belief is relatively high or low, the company does not

provide trial period unless the piracy cost is relatively tiny. It was also fund that the optimal trial period length

decreases with the piracy cost when there is piracy, while the trend is reversed when there is only a threat of piracy.

The optimal price increases with the cost of piracy when there is piracy or the threat of it. Versioning strategy and

time-locked trial strategy were compared in the presence of piracy and it was fund that the latter is more applicable

to enhancing profit. Reasons for these results and some managerial implications are given.
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0 Introduction

Piracy is a top concern the commercial software
companies around the world because it does harm to
the profit and the The
Internet has made piracy easy because the spread of

industry’s development.

P2P and illegal cracking lower the search cost and
time cost of pirating™'?), According to a report of
the BSA (business software alliance)™!, the global
software piracy rate was 39% in 2015. In the last
five years, this rate has stayed at around 40%, and
no evidence indicates that it will go down. The BSA
declared that unlicensed software has swallowed up
52242 million dollars worldwide in 2015. Of course,
software companies would not allow piracy to win
over users and damage the market without doing
In fact,
measures to combat piracy. These measures can be
divided
marketing strategy™!.

something. they have adopted many

into three areas: law, technique, and

For example, governments
intellectual

companies can prosecute piratesm.

legislate to protect property  so
A company can
use an activation code or key and detection means to
raise the cost of piracy and exploit more effective
677 Although such methods

are sometimes useful, they are also time-consuming

anti-piracy methods

and  expensive, Unfortunately, in  most
circumstances, piracy is not likely to be eliminated
completely. As a result, managers have to take
piracy into account when making decisions on
marketing strategies.

Free trial is one of the widely-used marketing
strategies, especially in the software industry. In
the physical goods context, firms can give away free
el this

generates a marginal cost. For information goods,

samples to customers and intuitively
e. g., software, a trial is also a useful tool but
unlike a physical product, the marginal cost of a
software free trial can be considered as zero or
negligible., There are two main kinds of free trials in
the context of software. One is a permanent but
function-limited trial. Suppliers provide at least two
versions of the software: a full-functionality version
and a low-capability version with some functions
missing. The other trial strategy is called time-
locked trial. Users can experience the software with
its entire functionality for a limited period of time
and they do not have to pay for the software until
the trial period expires. They try the software and
then decide whether to pay to continue using it.
Strategies that users pay the full price and the

company only charges the price after a trial period if
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users do not cancel it are not included. We can

observe many cases of software companies
implementing these two trial strategies in practice.
MathType is a graphical editor for mathematical
equations. The supplier allows users to try it for 30
days and then users must pay $97.00 for a
Microsoft Office 2007

offers a 60-day trial and Windows 7 provides an even

permanent usage license.

longer trial of more than 180 days. As for function-
limited trial strategy, Foxit Reader can be used {ree
of charge permanently but if the user wants more
functions like editing PDF documents and
transforming PDF into other formats, the user must
pay for it. The two trial strategies have proved to be
useful and profit-enhancing in some circumstances.

However, customers who do not want to pay
for the full-functionality software or when the trial
period ends will choose to a pirated version.
Therefore, this study focuses on the time-locked
trial strategy in the context of piracy. The goal is to
discuss the issue of how the company should
respond to piracy and adapt its trial decisions to
alleviate the loss piracy causes as much as possible.
In this study we try to answer the following
research questions:

Is offering a trial period always better than no
trial? In other words, under what conditions should
a software company provide trial period?

What is the optimal length of trial time and
what is the associated price if the company offers a
trial?

How do the optimal trial period and the optimal
price vary with the piracy cost?

The answers are of significance for software
companies worrying about the impact of piracy. To
solve these problems, we build a model based on the
work of Cheng and Liu™ and further introduce an
environmental factor, piracy cost, into the previous
model. Our main assumptions all follow those of
prior research. We assume that customers are
evenly distributed in their valuations and piracy cost
is mostly dependent on the economic and legal
environment. We also assume the users’ belief
about the true quality of the software increases
linearly during the trial period. In our model, a
monopolistic software company sells its product and
determines whether to offer a free trial period and
the price of the software at the beginning of the
selling period. Users who try the software have to
decide to purchase it, to pirate it or no longer use it

when the trial period ends. We study the application
range of time-locked trial strategy with different
levels of piracy. We also discuss how the optimal
trial period and the optimal price vary with the
piracy cost and compare versioning and time-locked
trial to find out which is more profit-enhancing and
more applicable.

Our research provides some meaningful
managerial implications into whether the software
firm should offer a time-locked free trial. First, the
combination of time-locked trial strategy and pricing
can be a useful method most of the time to mitigate
the harm of piracy as a complement to legal and
technical means, When it is in the firm’ s best
interest to introduce the time-locked free trial to the
market when piracy exists, the software company
should charge a higher price and offer shorter free
trial time with the cost of piracy getting higher.
The profit increases when piracy cost rises. Second,
time-locked a free trial is not a cure-all. Under some
conditions, a free trial is not necessary at all.
Whether to offer a free trial depends on four
factors: the cost of using pirated software, the
quality of pirated software, consumers’ prior
perception, and unit increment of perception about
functionalities during the free trial. In general, only
when the positive effect of the trial that enhances
the attractiveness of legal software dominates the
negative effects of the trial that postpones the sales
season should the free trial be offered. The detailed
application range of free trial is given in our
research. Finally, the time-locked trial is more
applicable than versioning with piracy considered.
In other words, the time-locked free trial strategy
analyzed in our model outperforms the versioning
strategy except under some strictly defined
conditions, e. g. , when the piracy cost is relatively
small in the threat region.

The remainder of this paper is organized as
follows. In Section 1, we review existing research
related to our study. In Section 2, we explain a
basic model to describe the issues we focus on. In
Section 3, we provide the solutions of the model and
show some helpful results. In Section 4, we

compare the time-locked trial strategy and
versioning strategy in the presence of piracy through
numerical analysis. Section 5 concludes the paper
and proposes managerial implications, after which
we discuss some possible future research directions.

Proofs for all propositions are given in the



% 10 #

Optimal time-locked trial strategy for software in the presence of piracy 1317

Appendix.

1 Literature review

Previous literature related to our research can
be divided into two parts: one is about piracy and
the other is about trial strategy. The first part
focuses on the effect of piracy and how the company
reacts. Besides many reports and some empirical
research indicates that piracy harms the profit of the
company, some researches state that piracy does not
always hurt profits and can even be profit-increasing
under some strictly defined conditionst’**1, which

is contrast to common intuition. Shy and Thisse"'*,

[13]

Conner and Rumelt show that considering the

positive network externality, piracy can be
beneficial because it can expand the market.
Besides, more users can bring into play the word-of-
mouth effect more effectively. What we must note,
however, is that the profit-increasing effect of
piracy can be achieved only when there are few
and Mahajan'® also

emphasize that the company should tolerate a little

illegal users''!, Prasad
piracy just at the start of the sales season. Before
the product has diffused over a half of the sales
season, the company should strengthen its effort
against piracy because piracy does some good in the
expansion stage but does harm thereafter. In the
presence of piracy, the software supplier can try to
alleviate the harm of piracy and even take advantage
of it by resorting to technical measures and
lawsuits, The enforcement level of anti-piracy has
been discussed in several previous researches, Some
show how much investment a firm should put into
piracy control as a complementary or substituted
strategy of versioning™®.

However, the two measures just mentioned are
costly and time-consuming, so the company should
consider adjusting its marketing strategies to fight
piracy. A widely-used strategy is versioning: The
company provides several versions of the software
with different quality and correspondingly different
prices to win over the users who are inclined to

071 Versioning should be adopted under some

[18]

pirate
conditions Lahiri and Dey™®! show that piracy
itself can exclude the low-valuation part of the
market, so the company can tolerate small-scale
piracy to serve only the high-valuation part. When
piracy gets more severe, then versioning should be
used to combat the cannibalization effect of piracy.

Wu and Chen™ provide a general model to give

guidance about how many versions to offer and, at
what quality levels and prices. No matter whether
the piracy cost is symmetric for different types of
customers, versioning can remedy the profit loss
due to piracy. If the cost is symmetric, when the
piracy cost is relatively low for the high-type
customers, then versioning can separate the two
types through self-selection, although there must be
a sufficient proportion of the high-type customers to
If the

piracy cost is asymmetric, piracy is done not only by

guarantee versioning can enhance profit.

the high-type customers but also by the low-type
ones, and the company should adjust versioning
strategy accordingly. Cho and Ahn! further point
out that when confronted with piracy, a company
has an incentive to choose a lower quality for the
high version but a higher quality for the low
version.

The second part focuses on the prior literature
concerns free trial strategies. One popularly adopted
trial method is to provide function-limited software
to users, who can then pay to get full service.
Another one is to offer time-locked software
provided with an option to pay to get permanent
As for the former, Cheng and Liu™
provide an analytical model to design the function-

service.

limited strategy. They find that when the positive
effect of network externality dominates the negative
cannibalization effect, a free trial version should be
offered. They also
determining how to set the quality of the trial

provide a solution for

version. There is relatively less research about the
time-locked trial strategy. Heiman and Mullert?
perform related research in the context of motor
vehicles and computer hardware. They discuss the
optimal demonstration time before customers buy
the product and found that the probability of
purchase after demonstration goes up and then goes
down as the demonstration time increases. Cheng
and Liu™ further discuss the trial period strategy in
the context of the software industry, which is
relevant to our research. They elucidate when the
company should offer a trial period and the
corresponding optimal length of free trial time.
They compare function-limited trials with time-
locked trials to find under what conditions a strategy
is more likely to maximize profit. However, the
optimal trial strategy in an environment with piracy
has not been {fully revealed. Another relevant

[23]

research made by Chellappa and Shivendu** studies
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the optimal sampling strategy in vertically

segmented markets. They model a two-stage
process of users’ decisions to buy after a trial or
pirating. The quality of the software can be
underestimated or overestimated by users during the
trial period and these two kinds of software
evaluations require setting different prices and
sampling strategies, They find that piracy causes
more severe damage to overestimated software than
underestimated, so the company should invest more
in piracy control if the software is overestimated. A
sampling strategy is not always beneficial to
suppliers; it is advantageous only under strictly
defined conditions, Different from our study,
Chellappa and Shivendu® focus on the optimal
sampling size namely the best function-limited
strategy.

To the best of our knowledge, few researchers
have taken piracy into consideration when discussing
the time-locked trial

companies. In this study, we incorporate piracy in

strategies of software
our analytical model and investigate the optimal
time-locked trial strategy of the software company
at different levels of piracy.

2 Model formulation

We consider a scenario where a monopolistic
original software supplier sells its product at a price
P considering the possibility of piracy. The supplier
provides customers with a period of time ¢ for free
trial (£ >=0). For tractability, when the solution of
optimal trial period length is equal to O we treat it as
a no-trial strategy. Before the trial, customers have
a basic belief s about the quality (functionality) of
the software. During the trial period, each
customer’s belief increases at the speed of 6 . After
the trial, the customer’s belief about the quality of
the software becomes s +-28 . The real quality of the
software after the whole span of life is s, and trial
users may not perceive the total quality of the
software after trial, so we have s 4+ 0 <s,. We
assume that the customers’ goal is to maximize
their surplus and there is no switching cost if users
shift to the pirated version after the trial. At first
all customers choose to experience the trial since it
is the best choice for them. They would not pay or
pirate until the trial ends. We set the lifespan of the
software as 1 and the we havez << 1. The valuation
of the distributed
uniformly in (—c©,1] among customers.

perceived functionality is

We assume that the pirated software is not
identical to the original software. The disparities
between the pirated version and the original one can
three First,
suppliers provide services to users like technical

be explained in ways. software
support and training services while the users of
pirated software are excluded. Second, even though
the Internet makes pirating easier, the pirated
software still may be missing some important
features because the original company makes efforts
to protect its core intellectual property {rom being
encroached upon. Third, pirated software cannot be
upgraded over time. When the customers shift to
the pirated version {rom the original version after
the trial, they can only perceive a proportion f3 of the
belief about the
software, namely B(s +0) . To avoid triviality we

functionality of the original

2 . .
assume that § > 3 In the numerical analysis

section, we assign a relatively high value to 8
following the assumption of Ref. [19]. The reason
why this assumption is rational is that although the
pirated version is worse than the legal version, it is
good enough to appeal to many users because of the
three reasons mentioned above. This assumption is
provided to more accurately model practical
conditions.

The cost of piracy is denoted as r , containing
the cost of searching for the pirated software, the
moral cost of users committing an illegal act, and
the probable penalty if the piracy is detected and
prosecuted. The enforcement degree against piracy
can be reflected by the cost of piracy. Then in this
to describe both

interchangeably. We follow the assumption of Ref.

study, we use r concepts
[19] that » is basically determined by the economic
and legal environment. Although the company also
exerts effort to combat piracy, its impact is
relatively tiny. There is a great deal of evidence
supporting this assumption. In some countries, the
laws on intellectual property are undeveloped and
corresponding punishment for piracy is not forceful
enough. Therefore, the cost of piracy in such
environments is low although software suppliers
exert the same effort to combat piracy as do their
counterparts in countries where intellectual property
laws are more developed.

The sequence of events in our model is shown
in Fig. 1. At the beginning, the company decides on
the trial time length ¢ and the product price P .
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Customers decide whether to try the software.
When the free trial ends at time ¢ , users have to
decide to purchase or pirate the software , or stop
using it.

The utility of customers using legal software,
denoted U, , is

U, =0( +1t)—P ¢V

The utility of customers using the pirated
version, denoted U, , is

U, =08(s +18) —r 2

Customers decide to pay or to pirate based on
individual rationality (IR) and incentive compatibility
(IC) constraints. A customer purchases the legal
software if and only if U, > 0 and U, = U,. A
customer pirates if and only if U; > 0 andU, = U,;.
three
indifferent point between users purchasing the

Then we have indifferent points: the

software and users pirating it is

P—r

=G

3
the indifferent point between users purchasing the
software and users who stop using it is

P

b= 17

4

and the indifferent point between users pirating the
software and users who do not try it at the
beginning is

r

b =56+

(5

We assume that the people at point §; pirate and
those at the point 8, purchase the legal version. To
ensure that users who pirate exist, we have this

condition: 6; < 6, < 0,. Then when P > % the

demand for original software is

company (t,P) ~ purchase 0(s+19)-P

o try < ————> pirate Of(s+10)-r
RN

: N
“snot try “not try

Fig. 1 The timeline of the company and customer decisions

P_
D=(1—m> 6)

. r .
Otherwise, when P <{ — , customers find that

the utility buying legal software is always better
than that using the pirated version and no one will
try to pirate. Then the demand for original software
is

D=<1—S_|_Lt8)(1—t) )

Fig. 2 shows the demand distribution during the
lifespan of the software with trial.

Considering the character of software
mentioned above, we assume that both the marginal
cost of the software and the cost of the trial are
negligible. Hence, we have the profit of the
software supplier:

P—r r
P<1——) (1—1), P>
H_J A= G +1d) ’ B
p r
Pli— 4 Ja-n,p<”
[ s+1t0 TS B
®
A
l b o e s —
pirate
after buy after trial
do not trial
use
i ; ! |
! free [ free '
i users users ;
(@] 6 6, 0 1 4
(a) demand distribution of customers when there is piracy
T s
l e =
do not buy after trial
use
t | ) t !
i Free uers :
0] 0 0, 0, 1 4

(b) demand distribution of customers when there is no piracy

Fig.2 Demand distribution of customers
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3 Model solution

We solve our model by working out the optimal
price and then the optimal trial period length.
According to the principle of profit maximization,
the optimal price is

r+ Q=B +1) QC—PRPr—sA—pp

2 R oy
. r 2r—p C—PRr—sA—pB
=, <t <<
Pr=ig s = A—p
s+t 2r — %
2 N 8

€)

Next, we base our discussions on three
situations according to regions divided by the piracy
cost: no-piracy region without threat, no-piracy
region with threat and piracy region. Proposition 3. 1
details results of the no-piracy situation:

Proposition 3. 1
threat:

No-piracy region without

o
When r > % , no piracy exists. Whens <4 ,

the following four formulas hold: The optimal trial

s+6 s+§6

period is ——~— , the corresponding price is L’

20

the demand for the legal software is % , and the

(s +6)°
166
company chooses not to offer a trial.

profit is When s = &, the software

When the cost is high enough, no users will
risk pirating, which is consistent with intuition, We
find the company chooses to provide a free trial
period when s < J . That means users’ prior belief
about the quality of the software is small. Users are
not sure enough about the true quality of the
software so their willingness to pay for it directly is
low. They expect to have a chance to try it to
enhance their perception of the software and eliminate
the uncertainty about quality. Whens —=¢ , there is no
need to offer a trial because prior valuations are
already high enough to entice users to purchase the
software, A trial strategy would not play a useful
role but would only postpone the sales season, so
the supplier chooses not to offer a trial.

When the piracy cost r is moderate and belongs
to a certain range, the piracy does not exist but the
threat of it does.
situation is

The trial strategy under this
more complex and written more

specifically :

Proposition 3.2 No-piracy region with threat:
B—1D3RG 48 BG —|—5)}

@—* 7 4 ’

there is no piracy but the threat of it exists. The

When » € {

. r
company must set the price at E to guarantee that

piracy is prevented. Whens € [0,(1 —8)8] , then
trial should be offered in the whole threat region. In
contrast, when s € [(1 — £)8,0], the company
does not use a free trial strategy unless r €

[ Bs® BG4+

s+¢67 4
— Bs8 + +/Brsdé? + pro® "
‘882

corresponding profit is

r[rd 4+ pO(s +0) —2/Bro* (s +0) ]
3282 N

} . The optimal trial period is

it is offered and the

Although there is no piracy yet, the company
should adopt very different strategy from the
optimal in the no-piracy scenarioc mentioned in
Proposition 3.1. The threat of piracy is always there
and piracy will win over some proportion of users as
long as the company sets an inappropriate price.
Prior research has already established the existence
of this condition. A precedent can be seen in Ref.
[19]. The price has to equal the ratio of the piracy
cost and the quality of the pirated version. Only in
this way will users choose the legal version. Under
these conditions, the optimal price is no longer
relevant to the users’ belief about the quality.
Piracy is a de facto competitor of the company,
although it is latent, and we can consider that the
software company is in price competition with
piracy.

It is not always better to offer a trial period in
This is the result of the
combined action of the pushing effect of the piracy

this scenario, either.

cost and the pulling effect of the trial strategy. To
be specific, the cost of piracy pushes users away
from pirated versions and the trial pulls them
toward legal software. When prior valuation is
relatively small, in the ranges € [0,(1 —p)d0], a
trial strategy can contribute in the whole threat
region by enhancing total belief about the quality of
the software., However, when users already have
high basic confidence in the ranges € [(1—8)8,6],
in presence of a low cost of piracy, a trial may not
be of significant use and, therefore, the company
should avoid the trial strategy. With the same prior
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valuation belief, when the cost of piracy is higher,
which means the piracy threat is easier to mitigate,
a trial strategy could help more in winning over
users. High piracy cost pushes users away from the
pirated version so that at the same time the
introduction of a trial strategy becomes more
attractive to them. Then these two effects combine
to attract more users and benefit the ultimate profits
of the legal software. Consistent with the conditions
in the no-piracy region, when s is high enough to be
over 8 , in the whole threat region there is no need
to offer a trial.

Piracy appears as the cost of using pirated
software gets lower. In this circumstance, piracy

can be seen as a "

competitor" of the original

software company. The details of the trial strategy

in the piracy region are shown as follows:
Proposition 3.3 Piracy region:

@B—=D?*B(s +8)
(B—2)*

The optimal trial

When r» <

,»  piracy

encroaches upon the market.
1 — A
1 [1+$

period is 1 5

} . The corresponding

optimal price is %[47’ + s+ 06— BG + 8 —

B—DG+FHBr—A—RG+]]. When
s € {(1 —3)8,4_3‘8} , a trial should be offered in

the whole piracy region. Whens € [0,(1 —8)d] or

s € {45833,

8} , the company provides a trial only

s@@—s)A—p
when r € [ , s+o
offered, the corresponding profit is I} =
[—3G+D+A] [4r—A—PG+H+A—PA]
641 — 0L +0+ Al
GF+HIBr—A—PG+0)]
B—1 '

When r is small enough, some users will

} . When the trial is

where A=

choose to pirate. In other words, piracy cannibalizes
the market. As we assumed above, since the quality

gap is small enough, we may assume that § > 5
When there is piracy, conditions get more complex.
Identically, these are the results of the coaction of
trial strategy and piracy cost. We find that when s
€ {(1 — B3, A
4—3B
choose to offer a trial in the presence of piracy.

} , the company ought to

When prior belief is moderate, the trial strategy is

helpful as long as there is piracy. When piracy is
B—DBG 46
(ﬂ — 2)2 P then

a trial should be offered when the prior valuation

very small, i.e. , r € { ,

belief satisfiess € [0,(1—p)d]ors € {4;836’8} .

On the contrary, in the presence of piracy but when
piracy cost is a little bigger, it is better not to
provide a trial to users with a relatively low or a
high prior belief. Faced with an extremely low cost
of piracy, as long as the prior belief is smaller than
0, a trial is an effective method to mitigate the
impact of piracy and to enhance profit. However, in
the presence of piracy but with a higher cost of
piracy, a trial strategy is not always necessary: only
when prior valuation is moderate is the trial strategy
useful for increasing profit. Similar to the
conditions in the no-piracy region and the threat
region, once prior valuation is over the unit
increment of quality perception, there is no need to
offer a trial for users. To be clearer, we show the
range of application of the trial strategy in the
presence of different costs of piracy in Fig. 3.

Now we have the optimal length of the trial
period under different situations, how does the
optimal trial period length change with the level of
enforcement? To investigate this issue, we verify
the monotonicity of the function on optimal trial
period length and the piracy cost. We state the
result as Proposition 3. 4:

Proposition 3.4 The optimal trial time length
is decreasing with the piracy cost when there is
piracy, whereas when there is only a threat of
piracy, the optimal trial time length is increasing
with the piracy cost.

The optimal trial period is decreasing with the

s ) ) ) )
- R no-piracy region no-piracy region
|--- PITACY IEGION -==><=--=  \yith threat ~~> %~ Without threat ~~*

T i ettt ‘ :
: { |
1 & H
| = s
B i P ;
4-3p ; E i 3
; E i |
; | :
: | i :
: : i :
-psg e aanennseccd '
| : ' :
: : :

O sG-91-5) Clepipso) s B(s+6) r

s+0 2+p7 540 ]

Fig.3 The range of application of the trial strategy

in the presence of different costs of piracy
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piracy cost, which means the presence of piracy
enhances the incentive for the company to provide a
longer trial period. The users’ belief about the
quality gap between two versions will be bigger if
they try the product for a longer time. As the cost
of piracy decreases, the company has to offer a
longer trial period to add more attraction to the
original software. However, faced with the threat
of piracy, as the piracy cost increases (which means
the piracy threat is reduced because of other
considerations) the company should offer a longer
trial period can charge a higher price. As the piracy
cost grows, the competitiveness of the pirated
version decreases so the software company has more
power to set a higher price. The monopoly position
of the company gets firmer. At the same time,
when a higher price is charged, users will not be
satisfied unless they obtain more utility so the
company offers a longer trial time. When r >
B(s+6)
4
optimal trial period is independent of .

, there is no piracy so it is obvious the

To be clearer, we plot how the optimal trial
time varies with piracy cost in Fig. 4. We set
appropriate values for related parameters: prior
belief, unit increment, and the quality of pirated
software, namely s =0.6, 3=0.75, and § =2. (As

2
mentioned above, 8 is satisfied with § > — . Prior

3

belief s is moderate belonging to {(1 — B4, 1 _‘833}

so that a trial period is offered in the whole piracy
region. Although the trial strategy varies with
different beliefs, the
(monotonicity) is the same, so we choose only the

prior valuation trend

condition when the prior valuation is moderate,
The reason behind this impact of piracy on free

*

t :,Pifac}’ R T no-piracy region et no-piracy region N
region With threat Without threat
0.3
0.2}
0.1}

0.0 0.1 0.2 0.3 0.4 0.5 0.6 r

Fig.4 Optimal trial period varies with the cost of piracy
when s=0.6,3=0.75,0=2

trial period is as follows: When confronted with the
direct “competition” of the pirated software, the
software company offers free trial period software to
ensure users have a higher belief about the quality of
the original software when they decide whether to
purchase the software. As a consequence, when
anti-piracy enforcement decreases, it is optimal for
the software company to offer a longer free trial
period. In other words, when faced with piracy, the
lower the degree of piracy, the more incentive there
is for the software company to offer a free trial to
enhance customer valuation of the software.

To investigate how the optimal price changes
with the level of enforcement, we verify the
monotonicity of the function on optimal price and
the piracy cost. We state the result in Proposition
3.5.

Proposition 3.5 If a trial strategy is adopted,
then the corresponding price is increasing in the cost
of piracy in the piracy region. In the threat region,
the optimal price increases with the piracy cost.

This trend of the optimal price varying with the
piracy cost is in line with our conventional wisdom.
In the piracy region and the threat region, if the
time-locked trial strategy is adopted, as the
enforcement against piracy gets higher, the original
software suppliers can weed out more piracy and
regain portions of its monopoly power as well as
pricing power. Therefore, as the cost of piracy gets
higher, the software company has more power to

charge a higher price.

4 Comparison with versioning strategy

Instead of offering a free trial period to users,
the software company can also choose to provide
two versions of the software with different qualities
and prices aiming at different kinds of users. This
versioning strategy is often adopted as the optimal
strategy to alleviate the impact of piracy by the
software company in many situations. Ref. [19]
found that if the
versioning rather than free trials, then the optimal

software company chooses
choice is as follows:

(I) In the no-piracy region without threat,
the software company is a monopolist so there is no

need to provide two versions. The utility of users is

0s — P . Then the demand is 1 — P . Combining
s

P
these, the profit is IT = P(l — 7) . According to
5
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the principle of profit maximization, we can get the
. ) s
optimal profit: II ="

(I ) In the no-piracy region with threat,
except for the higher version with quality at s,, the
company provides a lower version with quality ps,
which is identical to the pirated version to fight
against piracy. The utility of higher users is then

0s — P . The utility of lower users is §8s — .

B

-
Then the demand of higher users is 1 — m .
Combining  these, the profit is O =

r r
P(l— P_E )—0— ;(P_,B _r) . Then the
sA—p8 s(1—p8)  sp?
s(A—p  r 1t

optimal profit isHZT E —E according to
the principle of profit maximization.

(Il In the piracy region, piracy wins over the
lower-valuation customers, so it is better to provide
only one version to serve the high-valuation
customers. The utility of legal users is s — P .

The utility of pirate users is 68s — r. Then the

demand of legal users is 1 — P and the profit is
sA—P/
P—r . .
II= P(1————-) . We can get the optimal profit
s(1—p)
s —=p7F . .
II= 10— s according to the principle of

profit maximization.

In Fig. 5, we compare the profit of the software
supplier with versioning strategy and time-locked
trial strategy, We sets =0.6, #=0.75and§=2. In
the piracy region, namely [0,r;) , the software

g
020/
0.15
0.10 time-locked trial
versioning
0.05
R, R
Lo e o
0.0 0.1 0.2 0.3 0.4 0.5 0.6 !

Fig.5 Comparison of versioning strategy and time-locked
trial strategy in the presence of piracy
when s=0.6,8=0.75.,0=2

company offers trials. In the threat region, the
software company offers trials during [71,7;) and
during [r;,,7;) the company does not provide free
trials. When » > r;, there is no piracy and the
If the

versioning strategy, r; will be the indifferent point

company offers trials. software adopt
between the piracy region and the threat region and
r, will be the indifferent point between the threat
region and the no-piracy region.

From Fig. 5, we can know when versioning is
optimal and when to offer a trial period. A time-
locked trial is not always better than versioning,
although it is profit-increasing when the piracy cost
is relatively too high or too low. When the cost of
piracy is moderate in a particular range, the
software company prefers providing two versions
instead of offering a free trial. When the piracy cost
is moderate, any trial strategy de facto postpones
the sales season while versioning can expand
demand in the low-valuation end of the market.
Therefore, when the piracy cost is in a certain
range, for example, whenr € [R;,7,) , versioning
is better than the time-locked trial strategy. The
reason for this situation is as follows: in this range,
there would be more users if the trial strategy is

adopted but the price cannot be higher than r . The

B

total amount of users of the two versions is less
than under the versioning strategy while the high-
quality version can be priced high enough to obtain
more profit from the users and the low-quality
version can prevent the piracy from encroaching
upon the market.

5 Conclusion

The time-locked trial strategy is prevalently
adopted as a trial method. Prior research efforts
have established it as a useful strategy to enhance
users’ utility and ultimately the profit of the
conditions in a

company under some specific

perfect, piracy-free environment. In reality, the
market is flawed because of the existence of piracy.
Therefore, it is of practical importance to explore
how the time-locked trial strategy performs in
settings with piracy considered.

We have made some important assumptions in
the study. We assume there is no switching cost
from the trial version to the pirated version, so at
the beginning, all the users choose to try the free
software until they have to decide whether to
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purchase or pirate. We also assume the cost of
piracy is correlated to the level of enforcement and it
is determined mostly by the economic and legal
environment. Furthermore, in keeping with the
characteristics of software, we treat the marginal
cost and cost during the trial period as negligible.
All of these assumptions are usually adopted by
important prior research efforts,

Under these assumptions, we have some key
findings. We base our discussions on three
situations according to regions divided by the piracy
cost: piracy region, no-piracy region without threat
and no-piracy region with threat. Piracy can be seen
as a potential competitor of the original sol{tware
company as it can threaten the monopoly power of
the company to force the company to provide a
sufficiently high quality product and not to charge
too high. First, we find that when customers’ prior
belief about the functionality ( quality) of the
software is high enough, there is no need for the
company to offer a free trial period, while when the
prior belief is smaller than the unit increment of the
perception, situations get more complex: (i) in the
no-piracy region without threat, the company had
better to offer a free trial; (ii) in the no-piracy
region where its threat exists, when the customer’s
basic perception about the quality of the software is
tiny, in the whole region it is better for the
company to offer a trial, while when the basic belief
is relatively high, the company does not need to
provide a trial period unless the piracy cost is
relatively high; (iii) in the piracy region, when the
customers’ basic perception about the quality of the
software is moderate, in the whole region it is
better for the company to offer a trial, while when
the basic belief is relatively high or low, the
company does not need to provide a trial period
unless the piracy cost is relatively tiny. Second, we
state that the optimal trial period length decreases
with the piracy cost when there is piracy, while the
trend is reversed when there is only a threat of
piracy. Third, we also find that in the presence of
piracy, the profit of original software using the
versioning strategy is smaller than the profit using
the time-locked trial strategy except in some strictly
defined conditions.

For tractability and without loss of rationality,
we have simplified some conditions in our model.
We set the valuation of users to be uniform over
(—co,1] and we use a linear form to describe the

quality gap between the original software and
pirated version. As for the belief about the quality
of the software, we consider that it increases evenly
during the trial period. Future research can relax
these assumptions and establish a more general
analytical model. In our model, we do not account
for network externality so future research could
reconsider the problems we discussed in the
presence of network externality., More research
should focus on the trial strategy issue considering
piracy and models should be improved to be more
true to reality. Meanwhile, more empirical research
should be conducted to support the arguments of
related theoretical research efforts.

Acknowledgements

This work was supported by National Natural
Science Foundation of China ( Nos. 71631006,
71601173 ),
Central Universities.

Fundamental Research Funds for

References

[1] TuNca T I, Wu Q. Fighting fire with fire: Commercial
piracy and the role of file sharing on copyright protection
policy for digital goods. Information Systems Research,
2013, 24(2): 436-453.

[ 2] Givon M, Mahajan V, Muller E. Software piracy:
Estimation of lost sales and the impact on software
diffusion. The Journal of Marketing, 1995, 159(1); 29-
37.

[ 3] BSA Global Software Survey. http://globalstudy. bsa.
org/2016/index. html

[ 4 ] Peitz M, Waelbroeck P. Piracy of digital products: A
critical review of the theoretical literature. Information
Economics and Policy, 2006, 18(4): 449-476.

[ 5] Chen Y, Png I. Information goods pricing and copyright
enforcement: Welfare analysis. Information Systems
Research, 2003, 14(1). 107-123.

[ 6 ] Sundararajan A. Managing digital piracy: Pricing and
protection. Information Systems Research, 2004, 15
(3): 287-308.

[ 7 ] Khouja M, Smith M A. Optimal pricing for information
goods with piracy and saturation effect. European
Journal of Operational Research, 2007, 176 (1). 482-
497.

[ 8 ] Bawa K, Shoemaker R. The effects of free sample
promotions on incremental brand sales. Marketing
Science, 2004, 23(3): 345-363.

[9]Cheng H K, Liu Y. Optimal software free trial
strategy: The impact of network externalities and
consumer uncertainty. Information Systems Research,
2012, 23(2): 488-504.

[10] Jain S. Digital piracy: A competitive analysis. Marketing
Science, 2008, 27(4); 610-626.



% 10 #

Optimal time-locked trial strategy for software in the presence of piracy 1325

[11] Harbaugh R, Khemka R. Does copyright enforcement
encourage piracy? The Journal of Industrial Economics,
2010, 58(2): 306-323.

[12] Shy O, Thisse J F. A strategic approach to software
protection. Journal of Economics & Management
Strategy, 1999, 8(2): 163-190.

[13] Conner K, Rumelt R P. Software piracy: An analysis of
protection strategies. Management science, 1991, 37
(2): 125-139.

[14] Minniti A, Vergari C. Turning piracy into profits:
atheoretical investigation. Information Economics and
Policy, 2010, 22(4): 379-390.

[15] Prasad A, Mahajan V. How many pirates should a
software firm tolerate: an analysis of piracy protection
on the diffusion of software. International Journal of
Research in Marketing, 2003, 20(4): 337-353.

[16] LoPez-CunAt J M, MartiNez-SaNchez F. Anti-piracy
policy and quality differential in markets for information
goods. European journal of law and economics, 2015,
39(2): 375-401.

[17] Cremer H, Pestieau P. Piracy prevention and the pricing

of information goods. Information Economics and

Policy, 2009, 21(1): 34-42.
[18] Shivendu S, Zhang Z.

information goods with network externality in the

Versioning strategy of
presence of piracy. International Conference on System
Science (HICSS). Hawaii: IEEE, 2012 4572-4581.

[19] Lahiri A, Dey D. Effects of piracy on quality of
information goods. Management Science, 2013, 59(1):
245-264,

[20] Wu S, Chen P. Versioning and piracy control for digital
information goods. Operations Research, 2008, 56(1):
157-172.

[21] Cho W Y, Ahn B H. Versioning of information goods
under the threat of piracy. Information Economics and
Policy, 2010, 22(4): 332-340.

[22] Heiman A, Muller E. Using demonstration to increase
new product acceptance: Controlling demonstration
time. Journal of Marketing Research, 1996. 422-430.

[23] Chellappa R K, Shivendu S. Managing piracy: Pricing
and sampling strategies for digital experience goods in
vertically segmented markets. Information Systems

Research, 2005, 16(4): 400-417.

BRI TG~ REN X AR R R
W #EER.E K

o el o2 B AR O 2 A B B L L RUA T 230026

HWE. AR T EERNA T AT ERBA A L ey 22 anmﬂﬂﬂ A TR, B kKA
T R M5 A X R B et K B AR S AT AR T R R X 4 %Eﬁuﬂﬁﬂ o BER AR, S E st
BB AR EREGORERRZ AL TP FRFE, N EENE BRG] W AT ZRE XN e AR
FRBBDRERKR N AKHERGRAR DI F R R A, B B AL R0 R XA B KR
& BRORAM B w1 % R A B R AL B B 0 AR KR B K R A R MR OR AR 09 B e T 3 e L
A BRI B R AL B RN AE T E BRI e 3 e, R R BRI R T AR AR
BSEE AL 5 RRR X 5 R ek AR b, KR B Kk B3 R TR R AR A e 3R 3 R i

KR, TR MR S BRI AR R

YANG Feng: PhD/Professor. Research field:Decision method and its application.

E-mail: fengyang@ustc. edu. cn
LANG Xiudong: Master candidate. Research field: Decision method. E-mail: Ixdhhd@mail. ustc. edu. cn
ANG Sheng: Corresponding author, PhD. E-mail: shengang@ustc. edu. cn

Appendix
Proof of Proposition 3.1

We solve our model by working out the optimal price firstt When P << %’ the profit is II =

P(l—%)(l—t).



1326 FEAFHARAKFEFR % 50 %

The first order condition:

A (1—2)(—2P 45+

aP s+ 18 (AD
The second order condition:
0 2 —1)
aP*  s+id (AD)
Sincet << 1, then (A2) is less than 0. Equating Al to 0 we obtain the optimal price:
pr=T1 (A3)
2
Substituting (A3) into P << % » then
2r — 5
< 36 (AD
We substitute (A3) intoIl =P (1 — L) (1—1) to get
s+1t0
—1
= (t)élﬁ (A5)
Then, we can get the optimal trial period from
—s+0—2
ﬂ’<t>=y=o (A6)
since
" é
H(t):_?<0 (AT
The optimal trial period is
., —s+0
by = (A8
When# > 0, we haved > s . Whent << 0, it is better not to offer a trial.
2 J—
Combining (A8) and z << rﬁaﬂé , we have
r> w (A9
In this situation, piracy will not occur.
—1 )
We substitute (A8) into II = w to get the corresponding optimal profit is
. GHo
We substitute (A8) into (A3) to get the corresponding optimal price is
p; =1 18 (A11)
Proof of Proposition 3. 2
r L - P—r .
WhenP>§,theprof1tlsH—P(1 (1—,8)(s—|—t6)>(1 L.
We can get the optimal price from
oI 2(P—r)i&—D
T S IO (A1)
Sincez << 1and << 1, we have
R 2¢—1)
o= ) Al
Pt -G+ (AL®)
Therefore, we have the optimal price when there is piracy:
P*zr—i—(l—ﬂ)(s—i—t&) (ALD)

2
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We substitute (A14) into P > % , then
QC—PPr—sAQ—B

Alb
t > DY) (A15
The remaining values of ¢ are
2r — R0 QC—PBr—sA—p
<t <K
% <t << a—pps (Al16)
and under these conditions, we have P = L and it means there is a threat of piracy.
We substitute P = — into IT = P (1 _F ) (1 —1) to get
B s +16
_r—D[r —p(s +18) ]
I=""""(+w (ALD)
We can get the optimal trial period from
ron _r+ A= G+t)] [rG+D)+A—G+0)(+2t0—8) ]
()= 18— 1) (s + 16)° =0 (A1®)
since
” __Zrzb‘(s +d)
) = 752(5 18" <0 (A19)
The results are
 — 58 + /Brsé” + pro’ 1
1= 2
Ao L (A20)
— s — /Brsé? + pro?
Ly, = ‘882
It is obvious that ¢, <C 0 so it is not a practical solution.
J— / 2 3
We take t = Pso = VBrsd” +fro into (A16) to get the range when there is no piracy but the threat
po*
exists:
@B—DBGs 40 B(s+)
(B—2)° <r<74 (A2D)
— 1)z
We combine £; > 0 and ® (B)—ﬁZ(;2+ 9 <r < w to get the conditions that tis positive meaning
it is better to offer a trial and otherwise ¢ is negative and it is better not to offer a free trial.
The result where ¢ is positive is as follows:
1N 2
8 (}:_‘82(;2_'_8) <r << w,s e [o0,(1 —3)8]1
, - (A22)
B e <Pt —ps,s]
s _|_ 8 ~ ~ 4 4 ?
Therefore, the optimal trial period length is
. —Ps8+ /Brsé’ + pro’
t, = B? (A23)
We substitute (A20) into (A17) to get the corresponding optimal profit
o =r|:r8—|—ﬁ’b‘(s +8) —2/pré* (s +8) ] (A20)

BZ 82
Proof of Proposition 3.3
From the Proof of Proposition 3. 1 and Proof of Proposition 3. 2 we can get the range where piracy exists
is
B—1D*RG+O

r<< B—2)°

(A25)
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. P—r
A=+
A—Dr+a—pG+H]

We substitute (Al14) into Il =P (1 ) (1—1) to get

= 1A =P (s +1) (AZ6)
We can get the optimal trial period from
, [+ A= GH+] [r+H+ A= G +20)(s+2t0—0)]
= 4(B—D G + 1) —° (AZD
The results are as follows:
; T +s5s—sB
G
1 —3s+A
1 —3s—A
Note that A = J(s—l—&)[Sr—ﬁ(_l;ﬁ)(s—l—&)] and r < (1_‘8)8& is assured when r <<
@B—D*RG+&
(B—2)*

Obviously, £; << 0 so it can be excluded.

We putz;and z;into

A= G +10)° —rGs+8)]
26— DG+

to verify whether the second derivation is negative.

@) = (A29)

We solve the set of inequalities

() >0 1
L BDGEO
(B—2)°

and the result is (38 — 2)? = 0. This result means that when there is piracy, II”(z;) is positive permanently
and is not the optimal solution.
Similarly, we solve

H”(tz)<0 1
;< B—1)?2RG 4+ -
B—2)°

and then we have (38 —2)? =0, so when there is piracy II’(z,) is negative permanently and therefore we can
be sure that ¢, is a local maximum. Next, we have to make sure that it is a unique maximum when ¢, > 0.
II"(¢,) is decreasing inz,, so when ¢ >1t,, II"(z,) is negative too. In the other words, at all values of ¢
exceeding t,, the first derivative is strictly negative. Hence, f; must also be the unique real maximum.
Therefore, the optimal trial period length is

1

1 (A30)

t, =

{1_'_—3.; —|—A}

)
We reduce this set of inequalities
t; >0 1
B—1?2BG+0) -
(B—2)*
to get the range that time-locked trial should be offered and the result is
2

r< £ (;)_ﬁz(;fa) s € [(1—5)3,45333} 1

s@@—s)AQ—p
s+¢6

r <<

(A3D

s €[0,A—pslUs € { & M

0 r<< 4—3,8’
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1 — A 1— 0
We substitute ¢ = {1 + %} into P =" +( 'g) (s +120) to get the corresponding optimal price
1
P; =§|:4r—|—s—|—8—,8(s—|—3)—B:| (A32)

where B=+vB—D[s+8][8r— A - G+d].
—3s+AJ 0 :(1—t)[r+(1—ﬁ)(s+t6)]2
5 1A= +1d)

to IT to get the corresponding

1
We substitute t = 1 {1 +

optimal profit
. [T3GHDHA] [—4r—A—RP G+ +A—PA]
I, = 6401 —B[s 1o+ A] (A33)

Proof of Proposition 3. 4
From the Proof of Proposition 3. 2 and Proof of Proposition 3. 3, we have the optimal trial period length
t, in the threat region and the optimal trial period ¢, in the piracy region. We have

B __ ASAR (A34)
I 2857 /Brsd” + pro’

dt, _ Ws+0

. —m <0 (A35)

then the monotonicity is proved.

Proof of Proposition 3. 5

From the Proof of Proposition 3. 2 and Proof of Proposition 3. 3, we have the optimal price P, in the
threat region and the optimal trial period P, in the piracy region. We have

a *

;’ =%>o (A36)
P, 1 Q=BG+
Em _5(1+f)>o (A3D)

then the monotonicity is proved.



