Copying of Information Goods: the Effect of Network Structure

on Firm Profits

Mikhael Shor * Michael R Galbreth
Owen Graduate School of Management Moore School of Business
Vanderbilt University University of South Carolina

September 8, 2008

*mike.shor@owen.vanderbilt.edu, Owen Graduate School of Management, Vanderbilt University, Nashville,
Tennessee 37203

fgalbreth@moore.sc.edu, Moore School of Business, University of South Carolina, Columbia, South Carolina
29208 (corresponding author)



Copying of Information Goods:
The Effect of Network Structure on Firm Profits

Traditionally, illegal copying of information goods has been viewed as detrimental to firms
as illicit copies compete directly with new products. In this paper, we present a model of
probabilistic group formation for the purpose of copying. The effects of copying on firm profits
are examined given two key market characteristics: the network structures that give rise to
groups of consumers and the internal cost-sharing mechanisms within groups. We find that illicit
copying can increase firm profit when consumers adopt an efficient cost-sharing mechanism.
Otherwise, firms prefer the absence of copying; however, when copying activity can only be

controlled within a limited range, firms may prefer more copying to less.

1. Introduction

Technological advances are constantly increasing the ease of illicit reproduction and transfer of
information property by consumers. Firms generally contend that copyright infringements are
detrimental to their profits since goods find their way into the hands of non-paying consumers.
Indeed, some have claimed that a piracy rate of just 10% would preclude a recording company
from operating profitably (Anand & Galetovic 2004). Industry groups estimate annual losses
due to illicit copying at over three billion dollars for DVDs (MPAA 2008), over twelve billion
for music (RIAA 2008), and nearly forty billion for software (BSA 2006). These estimates often
assume that firms act myopically, setting prices without considering the effect of copying, and
facing a profit disappointment when illicit sharing results in reduced sales.

Despite industry claims, researchers are divided on whether illicit copying need reduce firm
profits. The literature on copyright infringements by consumers diverges based on whether or
not it is assumed that firms are able to price discriminate between individual consumers and
groups of consumers who share or copy a product. Where price discrimination is not possible,
the argument follows the traditional analysis that individuals who copy a good either have
valuations below the current price—in which case they would not become consumers anyway—
or have valuations above the firm’s profit-maximizing price, hence lowering profit for the firm.

Thus, most studies conclude that in the absence of price discrimination, copying can only have



deleterious effects on firm profit. For example, Johnson (1985) argues that copying may be
welfare improving, but it always reduces firm profit. Johnson assumes that copiers do not
purchase originals from which to make these copies, guaranteeing that copying simply decreases
the number of potential consumers for the firm. He suggests that the secondary demand effects,
which represent the extra amount of revenue generated by a copier’s need for an original product
from which to make a duplicate, are negligible. However, Johnson’s model implies that almost
% of all consumers copy the product. This may be too sizeable a proportion to justify neglecting
secondary demand effects.

Recent literature suggests that secondary demand effects can be important. If firms antic-
ipate sharing among multiple consumers and set prices accordingly, profits may even increase
above the level achievable in the absence of copying. Analysis of pricing of scholarly journals
to individual subscribers and libraries supports this argument. A firm can increase profit by
indirectly appropriating rents from library users through higher prices for libraries than for indi-
vidual subscribers (Ordover & Willig 1978). Liebowitz (1985) provides some empirical support,
demonstrating that the gap between the institutional price and the individual subscription rate
broadens with the popularity of the journal.

The context of libraries is somewhat divorced from the general problem of copying by con-
sumers. Most copying is not done in a library environment where monitoring is feasible and
it may be fairly simple to exercise effective price discrimination. Copyright holders of music,
software, and printed works are affected by the ability of private individuals to share goods
without an opportunity for the firm to appropriate any additional revenue. However, there are
some similarities between libraries and consumer copying in general. In libraries, raising the
price for individual subscriptions leads to fewer purchases by individuals at this higher price,
but raises libraries’” demand for the journals as former subscribers now use institutions. This
inherent tradeoff does not disappear if firms lose the ability to price the two markets separately.
We consider the case where consumers form groups in order to purchase a good and share
it through copying. This is in contrast to previous studies of pricing for easily copied goods
such as Khouja & Smith (2007), Nascimento & VanHonacker (1988), and Sundararajan (2004),

which do not address the possibility of group formation to share the cost of a single item and



copy it. If copying among consumers cannot be monitored, the firm controls only a single price.
However, an increase in that price, while lowering demand from individuals who are not part
of groups, can capture greater surplus from collections of individuals who do copy.

In this manuscript, we investigate copying’s impact on firm profits, explicitly considering
two factors—the social networks through which copying groups probabilistically form, and the

methods by which groups make collective purchasing and price-sharing decisions.

2. Social Networks

As noted by Backstrom et al. (2006), the groups that form within an underlying network of
individuals can be thought of as subgraphs of that network, the growth of which can be quite
complex and difficult to capture empirically. Groups that facilitate sharing and copying, as with
other networks describing interpersonal relations, may take on several representations. Baker &
Faulkner (1993), in an empirical study of the organization of groups formed for illicit activities,
conclude that the need to conceal these activities generally favors a decentralized network,
but high information-processing needs required for some illegal arrangements may result in the
formation of more centralized networks. Since copying is often an illicit activity, either of these
network approaches may be justified depending on the relative importance of concealment and
information needs. Generally, networks established for illegal activities can be quite diverse in
their topology (Fijnaut et al. 1998).

Several studies of illicit copying note the importance of social network structure. Limayem
et al. (2004) find that, in the case of software piracy, access to the software to be copied and
knowing someone who can help with pirating were both significant factors explaining illegal
software copying. This implies that group formation is an important aspect of illicit copying
of information goods. The idea of group formation for the purpose of copying information
goods was established in the literature by Gopal & Sanders (1998), but that work assumed
that consumers would deterministically join into groups of optimal size given the pricing and
control decisions of the firm. In contrast, our analysis allows for probabilistic group formation
and focuses on the resulting distribution of group sizes.

In the economics literature, prior research has shown that the formation of consumer groups



for the purpose of sharing can lead to higher profits for firms, even in the absence of price
discrimination (Bakos et al. 1999, Varian 2005). Bakos et al. (1999) find that firms can profit
from consumer sharing because sharing “reshapes demand” by pooling consumer valuations into
groups. Since each group is essentially a single consumer, the variance in the distribution of
consumer valuations faced by the firm is reduced and profits can be increased. However, the
increased variation caused by heterogeneity in group sizes can lead to decreased profits if it
overwhelms the effects of aggregating consumers into groups. Thus, the critical consideration
in determining the impact of piracy is the topology of consumer groups.

We add to the understanding of copying’s impact on firm profits by employing graph theory
to determine group size distributions. The representation of complex social networks as graphs
dates back over fifty years (Cartwright & Harary 1956). Individuals are represented as nodes
and the existence of an edge connecting two individuals represents a potential relationship. A
random graph (Bollobas 2001) assigns a probability to each potential relationship. In our con-
text, the probability represents the likelihood that two people both know each other (perhaps
virtually) and would share an information good acquired by one of them. Additional consider-
ations that might be relevant to group formation in other settings, such as contingent transfers
or payments to prevent some edges from forming (Bloch%?ackson 2007) are outside the scope
of this study.

We consider three categories of social networks: decentralized and centralized (as suggested
by Baker & Faulkner 1993), as well as a complete network. A decentralized network may
represent informal copying by word of mouth (e.g., sharing movies or software with friends)
in which no central agency provides the copied goods. A centralized network is more formal,
perhaps operated for profit or within large organizations. Finally, a complete network represents
the case where every consumer has an equal chance of being directly connected to every other
consumer.

To highlight the importance of group formation on firm profits, consider the simple example
presented in Table 1. A profit-maximizing firm faces four consumers for an information good
with valuations of $8, $11, $12, and $16. In the absence of copying, the firm may sell to all

consumers at a price of $8, to three at a price of $11, to two at a price of $12, or to a single
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Table 1: Copying Groups and Firm Profit
Optimal Resulting Firm Consumer Effect of

Network Structure Price Quantity Profit  Surplus Copying

No copying
$8, $11, $12, $16 $11 3 $33 $6

Copying
i (%8, $11), ($12, $16) $19 2 $38 $9 IIr7 Cs?t
ii. (98, $16), (%11, $12) $23 2 $46 $1 Iy Cs|
iii. (%12, $16), $8, $11 $28 1 $28 $0 II;] Cs|
iv. (98, $11, $12), $16 $16 2 $32 $15 II;] Cs?t

consumer at a price of $16. The firm (which, for simplicity, we assume produces with zero
marginal costs) would set a price of $11, earning a profit of $33, and resulting in $6 of consumer
surplus. Now consider consumers forming groups, with group members costlessly and without
any loss of quality duplicating and sharing the good. Alternate mechanisms for sharing the
cost of the good are described in the next section. In this example, we assume for simplicity
that a group will purchase the good whenever the sum of members’ valuations exceeds the
price. Consider the first partition of consumers, (i.), with two groups, ($8,$11) and ($12,$16).
To fix ideas, imagine the first group consists of two brothers, and the second of two sisters
unrelated to the first group. Each set of siblings can share the item by making an illicit copy,
but neither shares with members of the other group because they are unacquainted. Since
the total valuations of the two groups are $19 and $28, the firm sets a price of $19, selling to
both groups, and earning a profit of $38. Resulting consumer surplus is $9. Both the firm
and consumers are benefited by the ability to copy. If the two brothers are unable to copy
(perhaps due to physical separation or a sibling dispute), the firm faces the partition in (iii.).
The firm would set a price of $28, selling a single unit. Both firm profit and consumer surplus
decrease as a result of consumers’ ability to copy, implying that the ability to copy need not
benefit consumers. The group configurations in Table 1 show that all combinations of increasing
and decreasing profits and increasing and decreasing consumer surplus are possible due to the
introduction of copying.

Realistically, a firm is unlikely to know which group configuration will occur. Instead, it

must consider the likelihood that each of the above groups, and others, will form. Since some



group profiles lead to increased profits from copying and others lead to a deterioration in profits,

the structure and relative probability of different groups are likely to be important.

3. Group Mechanisms

Once a group of consumers forms, it must make two related decisions: whether or not to purchase
the product, and how to divide the costs. If the group consists of friends who willingly share
their private valuations for the good, both decisions are relatively simple; the group should buy
the good whenever the sum of the members’ values exceeds the price, and share the costs in
such a way that no one is paying more than his or her value. When there are no norms or
relationships that motivate the revelation of true valuations, a classic elicitation problem arises.
The group may seek a mechanism to query its members as to their preferences, raise funds
for purchase, and divide the price based on the reported values of each member. Since each
member’s share of the costs may depend on the value that she claims to have for the good, she
has an incentive to misrepresent her value. The mechanism the group uses to determine the
sharing of the cost must overcome these incentive issues.

A classic result in public goods economics holds that no mechanism exists which is simultane-
ously efficient (leading to purchase whenever the sum of the values exceeds the price) and budget
balancing, requiring payments which, in total, exactly equal the price (Green & Laffont 1977).
Thus, authors have concentrated either on mechanisms that are efficient, but may raise too
much or too little money (Clarke 1971, Groves 1973, Groves & Ledyard 1977), or mechanisms
that are budget balancing, but may lead to foregone purchases even though group members’
values, in total, exceed the price (Moulin 1994, Serizawa 1999). We include both efficient and
budget balancing approaches in our analysis.

First, consider either a group whose members choose to cooperate and reveal their true
valuations for the product or who devise a mechanism which leads to truthful revelation in
equilibrium. While many methods exist for dividing the cost among group members (e.g.,
the Shapley value for cooperative groups or Groves-Ledyard for noncooperative ones), for our
purposes it is sufficient to note that these mechanisms are efficient— a purchase occurs precisely

when the sum of all individual valuations exceeds the price.



Second, a noncooperative group may choose a mechanism which guarantees budget balancing,
but may lead to an (inefficient) choice not to purchase despite the total group value exceeding
the price. Finding an optimal mechanism from among those that balance the budget is the
subject of active research. One class of mechanisms in particular has been shown to have
strong efficiency properties and uniquely satisfy several desirable conditions (Dearden & Einolf
2003, Norman 2004).! The mechanism is also intuitively simple and quite easy to implement,
involving each willing group member paying an equal share of the price. Effectively, a group
of size n first asks if each member is willing to pay p/n, where p is the price. If all agree, the
good is purchased and each pays an equal share. If there is not universal agreement, the group
checks if at least n — 1 people are willing to share the good and each pay p/(n — 1), and so on.
While this mechanism is clearly budget balancing, it does not always lead to efficient decisions.
For example, a group of two consumers with values of $4 and $8 would not purchase a good
priced at $10 despite their total values exceeding the price. From the perspective of the firm,
this group does not fully aggregate members’ values, and thus is less profitable than a group
that does.

In the next section, we present models of both efficient and budget balancing mechanisms, as
well as the three group topologies described in the previous section. This allows us to investigate

a wide range of possible copying environments and their impact on firm profits.

4. Model

4.1 Graphs of Social Networks

A random graph I' = {N,E, ¢}, prescribes a set of consumers, N ={1,..., N}, and a set
of edges, E, representing possible linkages between consumers, each occurring independently
with probability ¢q. A network structure, h, is a set of the sizes of connected components in
a realization of I', representing the partition of consumers into groups. Therefore, h is an

integer partition of N. For example, h = {3, 3,2} is an economy of eight consumers partitioned

!The conditions required are (i) consumers have incentive to report honestly, (ii) consumers choose to partic-
ipate voluntarily, (iii) “non-bossiness” which rules out consumers having the ability to manipulate others’ cost
shares without changing their own, and (iv) anonymity, implying that the mechanism treats consumers with
identical values equally.
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into three groups—two with three members, and one with two members. We consider three

topologies of random graphs, represented by the sets of vertices:
e Decentralized Graph: E = {(1,2),(2,3),... (N —1,N),(N,1)}
e Centralized Graph: E = {(1,N),(2,N),... (N —1,N)}
e Complete Graph: E = {(1,2),...,(1,N),(2,3),...(2,N),...,(N —1,N)}

The decentralized network is modeled as a “ring topology,” in which a group is formed
by a continuous connection of neighboring vertices. Baker & Faulkner (1993) note that those
engaged in illicit activities have a tendency to create “sparse and decentralized networks.”
The ring topology restricts any person’s contact to at most two other individuals, limiting the
exposure of group members to law enforcement if any one is caught. Figure 1(a) provides an
example for an economy of eight consumers. In the sample realization, represented by darkened
edges, the firm faces four groups: two aggregating the values of two consumers, one consisting
of three consumers, and one singleton.

In contrast to the decentralized graph, a centralized graph (or “star topology”) represents a
single central entity with whom all other agents are connected. Figure 1(b) presents an example.
Since all peripheral nodes may only share through the central node, the star topology represents
the most centralized social network. Under several models of endogenous network formation,
the star topology is stable, in the sense that no participants have incentives to create or destroy
any links (e.g., Jackson & Wolinsky 1996) and may be socially optimal when connections are
costly (Fabrikant et al. 2003). Technologically, it represents a client-server framework, such as
a network computer devoted to hosting illegal copies of music. The person at node N is the
center, and is connected (probabilistically) to each of the remaining consumers, none of whom
have any other links. Note that this topology gives rise to at most one group with multiple
members.

Lastly, a complete graph, pictured in Figure 1(c), has each consumer connected to every
other consumer with equal probability. A firm with no prior knowledge about consumers’
network structure may reasonably assume that all consumer linkages are equally likely, giving

rise to this graph structure.



NETWORK TOPOLOGIES
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RESULTING NETWORKS
{1,2}, {3,4,5}, {6,7}, {8} {2,3,6,7,8}, {1},{4},{5} {1,346}, {7,8},{2},{5}
h=1{3,221} h={511,1} h=1{4,2,1,1}
(b) Centralized Graph (c) Complete Graph

(a) Decentralized Graph
Figure 1: Network topologies, with example realizations



4.2 Group Mechanisms

Each consumer has a valuation independently distributed according to the distribution function,
F(v). Groups adopt one of two mechanisms for deciding whether to purchase and determining
members’ cost shares: either an efficient or a budget balancing mechanism. If groups adopt an
efficient mechanism, then they purchase whenever the sum of their values exceeds the purchase
price. From the firm’s standpoint, a group of size k has valuation Fj(v) = v1 * ... * v, which is
the k-fold convolution of F', representing the sum of the members’ values. If groups adopt the
budget balancing mechanism, then a purchase is made whenever there exist m group members
who are willing to pay at least p/m. Denote by (i k) the ith largest realized value in a group of
size k. Then, the maximum a group of size k would pay is equal to

Fir(v) = maxmun -

4.3 Firm Profits

Consider a monopolist who produces a product at zero marginal cost. In the absence of copy-
ing, a firm maximizes II(p) = p(1 — F(p)), the price times the chance of purchase. In the
presence of copying, the firm’s problem is substantially more complex. A network structure
yields a probability distribution over possible sizes of groups, and the mechanism employed by
group members gives rise to a probability distribution over the maximum willingness to pay for
each group. This appears to create a computational difficulty, since the resulting probability
distribution is a random convex mixture of convolutions. However, as the following proposition
demonstrates, the profit function may be significantly simplified. Network structure enters the

profit function only through the expected number of groups of each size.

Proposition 1. Denote by Fy(v) the distribution function of the valuation of a group of size k

and denote by T the expected number of groups of size k. Then,

N
)=pY (1-Fi(p (1)
k=1

The result suggests that the quantity demanded is the sum of the expected number of groups
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of a given size times the probability that a group of that size purchases the good. Firm profits
depend on the graph topology only to the extent that different topologies give rise to different
7. This allows us to represent copying networks in a fairly straightforward manner, requiring
only a set of distributions of group values and a vector representing the expected number of
groups of each size.

The chance of any possible link actually occurring is given by ¢. Clearly, when ¢ = 0, no
illicit copying occurs as no groups form. When ¢ = 1, the resulting graph is connected under all
network structures, implying that consumers will purchase at most one copy which will then be
shared among the consumers. Naturally, Z{Ll ktiy = N. When ¢ =0, 1 = N and when g =1,
7n = 1. The following proposition derives 73 for the decentralized and centralized network

structure.

Proposition 2. For the decentralized graph:

=N 1 1-¢%ke{l,...,N -1}

™ =Ng"'(1-q)+q"
For the centralized graph:

N -1\ ._ _
= () )0 ke 2 )

n=(N-1)1-q+(1-g""

Explicit solutions for 75, cannot be derived in closed form for the complete graph,? but we
can obtain them numerically. For large networks, the complete graph behaves similarly to our
centralized network for all but very small ¢, but attains a high level of connectivity.> Lastly,

the firm’s profit-maximizing price, p* € argmaxII(p), obtained by differentiating (1), is given

*Finding a complete subgraph of size k was one of the first problems shown to be NP-complete (Karp 1972).
In particular, solutions involve transcendental equations, a problem that plagues many even simpler models of
random graphs (Newman 2003).

3 Asymptotically, 74 has a discontinuity at ¢ = 1/n. For ¢ < 1/n, the graph contains only small connected
components, and for ¢ > 1/n, the graph has precisely one large component with all other components small.
When ¢ > IDT", the graph is almost surely connected (Erdés & Rényi 1960).
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implicitly by:

=
2

5. Results

As copying becomes more likely (as g increases), groups of larger sizes form with greater proba-
bility, increasing the expected number of larger groups. Simultaneously, an increase in copying
activity implies a decrease in the number of groups in the market. If groups can be likened to
households, firms face fewer potential households as copying increases but the amount of res-
idents in each household, and thus each household’s value for the good, increases. Evaluating

the change in network structure as q increases, we have:

d

m_p, 0Ny for all networks

dq dq

d 1

di >0 k> — 1 + q ke{2,...,N—1}  for the decentralized network
q _

dmi

>0 k>(N—-1)q+1, ke{2,...,N—1}  for the centralized network

To derive specific results on profit, we first must specify a distribution for consumer valu-

4 Due to the non-transcendental nature

ations. We adopt the exponential distribution for v.
of this and similar functions involving convolutions of random variables bound from below, an
explicit closed-form solution for the optimal price is not possible.> We calculate optimal profits
numerically.

Profit curves as a function of ¢ with efficient cost sharing are presented in Figure 2. For

decentralized social networks, the optimal profit of the firm is everywhere increasing in q.

4Similar results as those reported were obtained numerically for several parameterizations of the gamma, chi-
square, and Weibull distributions. However, the exponential distribution simplifies the calculation of convolutions
since the sum of exponentials is given by the gamma distribution. Specifically, denoting by fi the density of the
k-fold convolution,

i*

k
fk('u) = i e Y and Fk = Z

= 1*Zfi(v)

5This problem can be avoided and explicit results obtained if we consider a distribution on an unbounded
domain. However, allowing for negative valuations implies that the addition of another consumer to a group can
lead to a decrease in the group’s overall valuation. This is not a reasonable reflection of reality.
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Figure 2: Profit functions for efficient cost sharing under different network structures.

As copying becomes more likely, profits rise, suggesting that the marginal increase in group
valuations has a greater impact than the decrease in the number of groups. To counteract
the decrease in the number of groups as ¢ rises, the firm raises its price. Individuals not
part of a group are less likely to purchase, but the higher price extracts more of the surplus
from consumers in groups, leading to increased profits. Figure 2 suggests that profits are little
changed in the decentralized case for low values of ¢ (though they are increasing). This can
be attributed to the tradeoff between raising prices to capture added surplus of large groups
and maintaining prices to not lose customers who have not yet joined larger groups. For low
copying activity, these effects appear to balance out in decentralized networks. As copying
activity rises, the firm becomes relatively certain that most consumers are members of non-
trivial groups, allowing prices to rise accordingly and capture more of the surplus.

For the centralized and complete social networks in Figure 2, the effects are less clear cut.
First, consider the case of a centralized graph. Low levels of copying activity lead to decreases
in firm profit compared to no copying. This is in agreement with the literature on institutional
journal subscriptions. The central agent, the single person through whom all other consumers
may be connected, serves as a de facto library—the sole source of a good which consumers may
then duplicate. Low levels of copying correspond to some consumers joining this central agent’s
group. In the absence of price discrimination between individuals and groups, this leads to a
reduction in revenues. As the number of individuals who join the group rises, the firm may

begin pricing as if it sold only to groups. Hence, there is a critical point of copying at which
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Figure 3: Optimal prices and profit curves for a centralized network with efficient cost sharing
as a function of copying activity (N = 50).

pricing to maximize profits over individual purchasers ceases to be optimal, and the firm begins
charging what are, in effect, institutional rates.

The tradeoff between pricing for individuals or groups is demonstrated in Figure 3(a) which
shows a discontinuity in optimal prices. For low ¢, the firm targets prices toward individuals,
and then prices jump upward at a critical value of ¢. This jump comes about from the double-
peaked nature of firm profit as a function of price, as Figure 3(b) illustrates. Profit functions
for extreme values of ¢ (¢ = 0 or 1) are well-behaved and single-peaked. Profit functions at
other values of ¢ have two peaks, representing the optimal profits from charging individual rates
and from charging library or institutional rates. As ¢ rises, the first peak becomes lower, as
fewer unconnected consumers remain, and the institutional peak becomes higher, representing
greater library usage. The firm must select one of the two peaks. At some critical value of g,
institutional selling becomes more profitable.

For the complete graph with an efficient cost sharing mechanism, we see a profit impact
similar to the centralized case—profits decrease with copying initially, until a critical point is
reached and copying activity becomes profit-increasing. However, with a complete graph, these
dynamics are much more concentrated in the low values of ¢, with profits quickly rising to nearly
maximum levels for relatively modest values of q.

When a budget balancing group mechanism is used, groups do not fully appropriate their
members’ values, and copying is less beneficial for the firm. As shown in Figure 4, the profit-

maximizing amount of copying is zero in the budget balancing case regardless of network type.
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Figure 4: Profit functions for budget balancing cost sharing under different network structures.

Moreover, the negative consequences of copying can be very substantial, with certain levels of
copying activity decreasing profits by more than 50%. However, as with the efficient mechanism,

there are ranges of ¢ in each network type over which an increase in copying can raise firm profits.

6. Discussion

When cost sharing within copying groups is budget balancing, our results are consistent with
the conventional wisdom that profit-maximizing firms prefer a complete absence of copying.
However, when costs of an information good are shared efficiently within a group, we find that
the complete elimination of copying activity is never optimal for a firm. In fact, any increase in
copying always increases firm profits if the sharing network is decentralized in nature, e.g. friends
copying a music CD. For other network types with efficient cost sharing, profits decrease when
copying activity is low, but higher levels of copying allow the firm to adopt higher, institutional
prices, appropriating an even greater surplus than in the absence of copying.

For all combinations of network type and sharing mechanism, we find that profits increase
over certain ranges of copying activity. Thus, the impact of a change in the level of copying is
never as simple as “less is better,” but rather it depends on current copying levels, which firms
may have limited ability to influence. Large swings in ¢ are not likely to be within a company’s
control; both extremes of complete elimination of illicit copying and nearly a 100% probability

that all consumers will participate in copying groups are infeasible. Given this reality, consider
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profits from the centralized network structure in Figure 4. If ¢ is currently 0.45, and the firm
estimates that this can be altered only within a limited range (say plus or minus 5 percentage
points), then the firm prefers to decrease copying probability. Enforcement may be justified in
these cases, depending on its costs. On the other hand, if ¢ is already high, perhaps at 0.85,
then decreased copying would actually be detrimental to firm profits. Although zero copying
is globally optimal in this environment, a slight increase in ¢ would enable more profits than a
slight decrease.

In practice, firms might find the estimation of ¢ to be difficult. In our model, we can calibrate
g to data on the number of illegal copies in a particular industry.® For example, one industry
group (BSA 2006) estimates that 35% of all software on personal computers is pirated. For

several models, we derive the g that gives rise to this proportion in expectation:
e Decentralized, Efficient: ¢ = 0.214
e Decentralized, Budget-Balancing: ¢ = 0.233
e Centralized, Efficient: ¢ = 0.168
e Centralized, Budget-Balancing: ¢ = 0.170

We can draw two implications from the numbers above. Locally, all except the efficient decen-
tralized model imply that profits are decreasing in ¢ in the neighborhood of these values. There-
fore, at present values, efforts to combat piracy are likely justified. However, the commonly-
heard arguments that illicit copying will lead firms to charge substantially higher prices on legal
copies (to “recoup” the losses) is suspect. In both centralized models, these parameters lie in the
region where increased copying has very little impact on the optimal price.Since losses cannot
be recouped by adjusting prices of legal copies at the current level of copying activity, a price
increase is not an optimal response in the software industry. In fact, our model suggests a way
to uncover the impact of increased copying by observing a firm’s optimal price response. If a

copying network is best captured by the centralized graph, then when a firm reacts to increased

5The expected proportion of illegal copies is given by 1 — 374 (1 — Fi(p))/ 3 ke (1 — Fi(p)), evaluated at
p*(q). It can be confirmed analytically that this measure is increasing in ¢ for the two network structures derived
in Proposition 2. Under no copying, 1 = N and the above measure is zero; when 7 = 1, the measure reduces
to (N — 1)/N. For the calibration, we use N = 50.
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copying activity by significantly increasing prices, our model suggests that it is in the region
where copying increases firm profits. At this point, the firm has no incentive to marginally
decrease copying activity, since it has in effect moved to an institutional pricing model, and
prices and profits will continue to increase with more copying. On the other hand, if a firm’s
reaction to increased copying is to leave prices largely unchanged, then it is likely in a region
where profitability is hurt by the additional copying activity, and the incentive to combat illicit
copying remains. In short, price increases in the presence of copying signal a firm profiting
from, not adversely impacted by, increased copying activity.

Our results indicate that strong action to combat illicit copying, while valid in many contexts,
is not always justified. This is especially timely given that enforcement of copyright is becoming
increasingly challenging, particularly in some international markets where government support
is minimal (Gopal & Sanders 1998). Even where enforcement is possible, it has been noted
that piracy prosecution presents challenges given that “suing one’s own customers is a highly
problematic business strategy” (Maltz & Chiappetta 2002). We find that copyright enforcement
is not always profit-enhancing, and perhaps should be avoided in some instances. If consumers
form groups in a decentralized manner and share costs efficiently, it is never profit-increasing
to lower the probability of copying. In other contexts, the profit impact of reducing copying is
mixed, depending both on the current copying activity and the magnitude of the change that

enforcement activities would produce.
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Appendix

Proof of Proposition 1. Let H(N) be the set of all integer partitions of N with arbitrary

element h; = {n},... ,n;"}. Denote the maximum willingness to pay of a group by U

|H|

)=p 3 Pr{hi} 32 Prip < v}
|H|

—pZPr{h}ZPr{pw}]{ﬂn — k)|

03 Prlp < o) 5 Prin) [Gin = &}|
k=1 =1

N
=p ) (1= Fi(p))7h O

k=1
Proof of Proposition 2. (i) centralized graph: note that at most one connected component
of size k > 1 may exist, and its probability is precisely the chance that k — 1 of N — 1 edges are

realized. For 7y:

N-1
1 N(l—q)N_1+ (N—k’)Tk
k=2
N-1 N-1
=NA=V '+ (N -1 m =D (k=1

k
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(ii) decentralized graph: A network of size N is obtained if N — 1 or N edges are realized. For
k < N:
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