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We consider a publisher that earns advertising revenue while providing content to serve a heterogeneous
population of consumers. The consumers derive benefit from consuming content but suffer from delivery
delays. A publisher’s content provision strategy comprises two decisions: (a) the content quality (affecting
consumption benefit) and (b) the content distribution delay (affecting consumption cost). The focus here is on
how a publisher should choose the content provision strategy in the presence of a content pirate such as a
peer-to-peer (P2P) network. Our study sheds light on how a publisher could leverage a pirate’s presence to
increase profits, even though the pirate essentially encroaches on the demand for the publisher’s content. We
find that a publisher should sometimes decrease the delivery speed but increase quality in the presence of a
pirate (a quality focused strategy). At other times, a distribution focused strategy is better; namely, increase delivery
speed, but lower quality. In most cases, however, we show that the publisher should improve at least one

dimension of content provision (quality or delay) in the presence of a pirate.
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1. Introduction

The last decade or so has witnessed a tremendous
increase in the consumption of (usually free) elec-
tronic content over the Internet (Pan et al. 2003).
We consider a content publisher (CP) that offers free
content to attract traffic and monetizes the traffic in
the form of advertising revenue (Gallaugher et al.
2001, Oh 2007). The traffic attracted by the publisher
depends on the quality of the content (affecting con-
sumption benefit) and the content distribution delay
(affecting consumption cost). Taken together, the pub-
lisher’s decisions concerning the key traffic influenc-
ing attributes of the content (quality and delay) can
be referred to as a content provision strategy. Choosing
an appropriate content provision strategy is a critical
issue for most publishers that depend on advertising
as the main source of revenue.

The quality of content at a publisher’s site is
affected by factors such as the staleness of the content,
the credibility of the content, other externalities such
as the presence of community discussion forums, and
so on. In general, quality is any aspect (other than
delivery delay) that improves the consumption expe-
rience. The other dimension of a content provision
strategy affects the delay that consumers experience
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while consuming the content. High content delivery
delays can lead to a permanent loss in traffic for a
publisher, and a variety of technologies have emerged
to address delay bottlenecks in serving content over
the public Internet.

A content delivery network (CDN) is a delivery
technology that addresses a publisher’s need for the
speedy and reliable distribution of content (Vakali
and Pallis 2003). CDN providers are firms that cen-
trally manage the delivery of content by replicat-
ing or caching content at high-demand locations and
dynamically matching user requests for content to
locations that can provide the content (Hosangar et al.
2008). Content delivery networks scale well because
they are able to achieve long-distance collaboration
among servers that replicate the content. On the other
hand, peer-to-peer (P2P) networks represent a differ-
ent, low-cost way to distribute content. The use of P2P
networks as a content distribution method extends
beyond the exchange of music files over the Inter-
net. Such networks have been used for delivering
general-purpose content (including real-time content)
on the public Internet (Stolarz 2001, Padmanabhan
et al. 2003). Commercial examples include Kontiki
(recently acquired by Verisign), which will be used in
AOL’s In2TV effort to make available for download
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thousands of old television shows free of charge, and
StreamAudio (recently acquired by ChainCast), which
uses peer-assisted technology to provide streaming
services for radio stations.

This study examines a publisher’s content provi-
sion decisions in the presence of content piracy. The
pirate uses the publisher’s content (without appropri-
ate licensing arrangements) to divert consumers away
from the publisher’s site. This diversion of consumer
traffic can have both revenue and cost implications
for the publisher. On the other hand, the pirate site
may or may not run its own ads to generate rev-
enue, but the costs of content provision are typically
much lower because pirates often use P2P technology
to distribute the content. In general, although other
distribution technologies may be used to distribute
pirated content, P2P networks represent an interest-
ing case to consider for several reasons (Julian 2001,
Parmeswaran et al. 2001): (1) P2P networks drastically
lower the distribution costs for the pirate; (2) they rep-
resent a fast and reliable way to distribute content,
thus providing consumers with a viable alternative
to the official content of the publisher; and (3) P2P-
based pirate networks are observable in real-world
situations.

To provide an example of the complexity involved
in a publisher’s content provision decisions, con-
sider the online sports news and entertainment site
www.foxsports.com that uses the CDN provider
Akamai"™ (Eisenmann 2002) to deliver its content. The
content is free, so it is reasonable to assume that
the main source of revenue for FOXSports.com comes
from advertising. However while considering its con-
tent provision options, FOXSports.com would need to
consider the possibility that some of its consumers
could be lured away to access its content via a P2P site
(e.g., www.onlinesports24.com). Although the con-
tent at Onlinesports24.com (more generally, the con-
sumption experience) is not a perfect substitute, some
casual fans could choose to patronize a faster, lower-
quality P2P site over a slower but higher-quality “offi-
cial” site. This loss of traffic to Onlinesports24.com
could mean loss of ad revenue for FOXSports.com.!
Thus the presence of a P2P pirate must be factored
by a publisher when developing its content provi-
sion strategy. Other examples include P2P networks
like Zattoo and SpeedyTV that stream episodes of
TV serials and movies. Such content is otherwise
freely available on several websites such as Hulu.com,
LikeTelevision.com, and SurfTheChannel.com.

A publisher’s content provision costs consist of
content creation and content distribution costs. Con-
tent creation costs consist of a fixed component

! The OnlineSports24.com site does display ads, but these are its
own ads, not those run by FOXSports.com.

that depends upon the content quality the publisher
chooses to provide. The distribution costs include a
variable component (that depends on the number of
requests served) and another fixed component that
depends on the delay chosen by the publisher. Fac-
ing the costs and benefits of content provision, the
publisher chooses a delay and quality that maximizes
net profit.

We examine how the publisher’s choice of opti-
mal delay and quality could change in the presence
of a P2P network. With a P2P network, some con-
sumers may choose to obtain the content from a
P2P site rather than from a publisher’s official site.
This has several implications. First, the consumer
may suffer some loss of quality at the P2P network.
This drop in quality may be due to outdated or
incomplete content or from the loss of other ben-
efits (such as a discussion forum run by the pub-
lisher). On the other hand, the consumer is likely
to incur lower delay when consuming content from
the P2P network. Finally, the publisher’s advertis-
ing revenue is lowered because consumers who con-
sume content from the P2P network do not generate
advertising revenue. Because of these effects, the pub-
lisher’s choice of content quality and delay can be
different with and without a P2P network. We show
that the publisher should, in most cases, improve at
least one of the dimensions of content provision (con-
tent quality and delay) with the entry of a P2P net-
work. One of the most interesting findings from this
study is how a publisher can leverage the entry of a
P2P network to increase profit. Sometimes, the profit
increase occurs because of a cost-side effect; i.e., the
P2P entry leads to lower distribution costs. For exam-
ple, when the consumer disutility of delay is low,
with the impression-based advertising model cost-
per-thousand-impressions (CPM) revenue model, the
P2P network filters out low valuation consumers and
increases the publisher’s profit by reducing distribution
costs. However, in other cases, the P2P entry can also
be used to increase the profit by increasing ad rev-
enue, i.e., a demand-side effect. For example, with the
action-based advertising model cost-per-action (CPA),
the publisher can benefit from P2P entry when adver-
tising price increases because of traffic filtering by the
P2P network.

Our paper has some similarities with studies on
digital piracy and with classical models of pure
competition. However, there are some important
differences. In the context of digital content piracy,
the positive and negative effects of piracy of digi-
tal goods (such as software and music) have been
studied in prior research. For example, Bhattacharjee
et al. (2007) report that in the context of music piracy,
file sharing does not hurt the survival of top-ranked
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albums, but it does have a negative impact on low-
ranked albums. On the other hand, they also find
that minor labels better utilize file-sharing networks
to popularize their albums. Gopal and Gupta (2010)
find that in the context of software piracy, bundling
can be profitable even when the very act of bundling
increases the piracy level of one of the products in
the bundle. In these cases, the main source of revenue
comes from directly selling the content. However,
market demand can expand from positive word-of-
mouth effects (e.g., through piracy), better adaptation
to technology changes, or from positive externali-
ties of consumption. Such market expansion can help
increase the profit from the legitimate sales of a prod-
uct. In contrast, we are considering a market in which
a publisher is distributing general-purpose (free) con-
tent and revenue comes from advertisements. Because
there are no market-expanding forces in our study,
under some conditions the monopolist publisher’s
profit could increase as a result of piracy. In the con-
text of content competition, a publisher’s profits are
typically hurt as a result of the entry of a competitor
(again, in the absence of market expansion). In con-
trast, we find that the entry of a P2P pirate (which can
loosely be considered competition for the publisher)
can sometimes help but at other times hurt the pub-
lisher. The main difference is our study is that based
on what one can infer from real-world scenarios, we
do not consider the P2P pirate to be a strategic entity
that optimally chooses content provision parameters
(such as quality or distribution speed) in equilibrium
to maximize profit. Instead, the P2P pirate is consid-
ered an exogenous force acting on the publisher. Thus,
the setting in our study (and hence, the main result
from the analysis) is different from a classical model
of pure content competition.

The rest of the paper is organized as follows. In §2
we present a base model that sets up the analysis in
later sections. In §3 we characterize the publisher’s
equilibrium investment in quality and distribution
services with the impression-based advertising rev-
enue model (CPM) and present the main findings.
The interplay of market characteristics with the pub-
lisher’s equilibrium content provision strategies and
the impact of the P2P network on the publisher’s
profits are highlighted. In §4, we revisit the same
issues as those in §3 using a CPA advertising model
for the publisher’s revenue. In §5, we discuss model
extensions and provide summary and conclusions
in §6.

2. Modeling Consumer Traffic

Consider a market with a publisher whose content
is valued by a consumer population. The publisher
disseminates the content to consumers using a distri-
bution service, which for the purposes of this study

will be assumed to be externally procured from a con-
tent distribution provider. In the absence of the P2P
network, the content is distributed exclusively via a
content delivery network, and consumers interested
in viewing the content must visit a site provisioned
by the network.

2.1. Quality of Content

With a P2P network, consumers can access content
either directly from a CDN site or through a site
within the P2P community. However, the consump-
tion experience at these two sources is not identical in
terms of the content quality available. Prior research
has proposed numerous frameworks for the notion
of content quality on the World Wide Web. These
include (but are not limited to) currency (up-to-date
content), accessibility (availability of content), security
(extent to which access to information is appropri-
ately restricted), and credibility (extent to which infor-
mation is regarded as true or reliable) (Pipino et al.
2004, Yang et al. 2005, Knight and Burn 2005). We
expect that the publisher can control some of these
commonly accepted dimensions of quality. Therefore,
in our model we allow the publisher to optimally
choose between offering (i) a low quality option (g;) or
(ii) a high quality option (g;,). The low quality option
can be considered as a base level of quality that must
be offered by the publisher to continue to be in busi-
ness. However, when it is more profitable, the pub-
lisher may offer content that is of higher quality.?

We assume that in comparison, the content at a
P2P site is of lower quality (Parameswaran et al.
2001, Wallach 2002, Damiani et al. 2002). The intu-
ition here is that content at the P2P network is often
of a secondhand nature, periodically “scraped” off the
publisher’s site. In addition, although some of the
same content may be viewed at a P2P site, this con-
tent is usually not a perfect substitute in terms of
the browsing experience. Consider an avid fan of a
particular sport at a FOXSports.com site catering to
news about the sport and other related events. The
FOXSports.com site could support discussion groups
that allow fans to discuss a sporting event while it is
in progress, thus providing a superior consumption
experience. Such features would usually not be avail-
able from the P2P network. The content available at
the P2P site may also not be current; for example, in
the case of a live event, the P2P site may lag behind
an official site (i.e., a publisher site) by several min-
utes. As another example, consider a website that pro-
vides information on the current state of the financial

2 Here, for mathematical tractability, we restrict CP’s choice of con-
tent quality to two levels. However, we relax this assumption in §5,
where we allow the CP to optimally choose from more than two
levels.
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markets. Such a site may provide premium content
(e.g., streaming content, videos of expert opinions)
that is not offered by the P2P site. Finally, consuming
the content from the P2P network may be less secure
(e.g., it may be infected with malware) when com-
pared to the consuming directly from the publisher.
We therefore let gpyp (<4;) represent the quality of the
consumption experience at the P2P network.?

Consumers in our model are assumed to be het-
erogeneous in the value they place on the quality
of the consumption experience. This heterogeneity
in consumer traffic can have significant implications
for content provision. Returning to the sports exam-
ple, in 2004 FOXSports.com was chosen by Microsoft
to exclusively provide sports content for the MSN
portal. The Microsoft deal promised a huge increase
in traffic for FOXSports.com but it also inherited
many less intense sports fans from the vast MSN
audience. Essentially, after the Microsoft deal, the
FOXSports.com website began to receive at least two
different streams of Web traffic: visitors who directly
came to the FoxSports.com site and those who were
directed to FOXSports.com site from the MSN site.
In this example, direct visitors were, on average, more
intense sports fans and can be expected to place a
higher value on quality. The key challenge for the
sports site was to convert casual sports fans to intense
ones so that more advertisements could be displayed
and drive up revenues. Essentially, FOXSports.com
needed to rethink its content provision strategy—
entice casual visitors to explore the site by enriching
the content, yet support consistent and speedy deliv-
ery of the content to a growing audience.

To account for such heterogeneity in the consumer
population, we consider the consumer valuation for
quality (6) to be distributed following an unspecified,
general distribution (f(6); 6 € (0, o0)). This allows us
to derive some structural insights into content provi-
sion strategies in the presence of a peer-to-peer net-
work. Later, we also consider a specific case in which
consumer valuation is distributed uniformly in the
interval [0;, 0y] to gain additional insights and to
study the impact of various parameters.

2.2. Distribution of Content

In deciding whether or not to consume, consumers
compare the value of consuming content with the
disutility of the delay experienced in accessing the

*If the quality of content at the P2P site is above g, but lower
than g, then the publisher would never be able to choose g, as its
level of content. If the P2P content quality is greater than or equal
to g, there would be no demand for the publisher’s content via a
CDN site. This would lead to zero ad revenue and the market for
content (including that made available by the P2P network) would
collapse. Thus, we only focus on the case where the P2P content
quality is below g;.

content. The delay experienced by consumers at a
CDN site is influenced by the distribution strat-
egy chosen by the publisher (Ercetin and Tassiulas
2005, Pallis and Vakali 2006). For example, in the case
of a news site, effective distribution may require some
combination of caching and replication of the origin
site at selected, high-traffic locations. Here, the delay
of content delivery may correspond to the density
of replicated servers in a geographical area. As this
density increases, the delay decreases. The notion of
density also serves as a good mental model in the con-
text of streaming services such as video-on-demand,
where a higher number of video servers in the same
geographical area would typically translate to supe-
rior delay characteristics. On the other hand, distri-
bution of relatively static content typically relies more
on caching rather than replication. Here, decreasing
the distribution delay may correspond to an Internet
service provider (ISP) allocating more caching space
for the content belonging to the publisher.

Broadly speaking, although the exact mechanism of
how a certain end-user delay is achieved might vary
depending on the characteristics of the content being
distributed, it is sufficient for our purposes to empha-
size that a publisher can reduce the delay by paying
a higher distribution cost. For the publisher, control-
ling distribution delay is important because it affects
both the volume and type of consumers that visit
CDN sites to browse content and hence the advertis-
ing revenue.

2.3. Derivation of Consumer Demand

The publisher can control the delay experienced in
browsing content from a CDN site by choosing a vari-
able x that can be thought of as the opposite of delay,
or the speed of content delivery. We assume that the
maximum feasible delay for the publisher to operate
is d, and minimum possible delay is some fraction of
the maximum delay given by d, (1 —x). In general, the
publisher can choose a speed x to obtain a delay given
by d.(1—x), where 0 < x <1 is the (normalized) speed
of delivery. Thus, the maximum delay d, is the delay
at a normalized speed of zero. On the other hand,
the delay experienced by consumers accessing con-
tent from the P2P network is denoted by d,. Because
the CP cannot directly control the delay in the P2P
network, in our base model, we treat it as a constant.*
Denoting 6, to be the marginal disutility per unit
delay incurred when consuming content, the utility
(or surplus) derived by a consumer with quality valu-
ation 6 in consuming content from a CDN site is given
by Ucp = 0qcp — 6od.(1 — x), where qcp € {q;, q,} and

*In §5, we relax this assumption and consider the case where the
P2P network delay improves with the number of consumers that
adopt the P2P network.
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gcp is the quality of content offered by the publisher.
Similarly, the utility derived by a consumer when con-
suming content from the P2P network is given by
Upop = Odpop — ..

In the absence of the P2P network, consumers will
access content from a CDN site only if U-p = 0gcp —
0od.(1 — x) > 0. This condition states that a consumer
of type 6 will consume content only if the consump-
tion utility exceeds the utility from outside options
(normalized to zero). Thus all consumers with 6 > ¢,
where 6%, = 6yd.(1 — x)/qcp, Will consume content
from a CDN site. Consumers with 6 < 6%, will not
consume content. Thus, in the absence of the P2P net-
work the demand for content is

Dep=n | fOAO=n1—FOz), O

where n denotes the size of the market® and f(F)
is the probability density function (c.d.f.) of the cus-
tomer type 6.

Next consider the case in which the content is also
available from the P2P network. Consumers will now
consume content at a CDN site only if both conditions
below are met:

OqCP - 6Odc(l - X) = 0/ (2)

0cp — Sod (1 — x) > Ogpyp — Sy, 3)

The first inequality ensures (as before) that con-
sumers will visit a CDN site only if the value of
the consumption experience exceeds their utility from
outside options. The second inequality requires that
consumers that visit a CDN site do so because it is in
their best interest; that is, the consumption experience
at a CDN site offers higher value (or utility) than that
at the P2P network. The first inequality requires that
0 > 0y(x) = 6yd.(1 — x)/qcp and the second inequal-
ity requires that 6 > 6,(x) = {§yd (1 —x) —d,d,}/Aq,
where Ag = qcp — qpop and gep € {g, ). The two
inequalities together imply that only consumers of
type 6 > 6}, = max{6,(x), 6,(x)} will visit a CDN site.
The demand for content from CDN sites in the pres-
ence of the P2P network is therefore

DerO) = [ fO)0=n(1=F(O}). ()

2.4. Content Provision Costs

We next discuss the costs incurred by the publisher
in provisioning content to its consumers. The costs of
content distribution involve both a fixed component
and a variable component. The variable portion of the
publisher’s cost is a function of the demand reaching

® The units of n can be thought of as the number of consumers per
unit time that desire the content if it were made available to them
with zero delay.

the publisher and is assumed to be C x D(6*), where
C is the marginal cost of the demand. This form of
the cost function reflects pricing models in the content
delivery industry and corresponds to the case where
the publisher may be procuring content distribution
services from an outside provider. We assume that the
fixed component of the publisher’s costs consists of
two terms, (i) k,(x?/2), depending on the speed (x)
chosen by the publisher, and (ii) k,(42p/2), depending
upon the quality (gcp) chosen by the publisher. The
constant k, can be interpreted as factor that scales for
the size of the market (the larger the market, the larger
the cost of increasing the speed). The convex nature
of distribution costs reflects existing pricing by com-
mercial CDN providers.® Similarly, the constant k; is
a factor that scales with the quality of the content.

2.5. Advertising Revenue Models

The publisher in our model can influence consumer
behavior by choosing the delivery speed as well as the
quality of content offered at a CDN site. By increas-
ing the delivery speed or by increasing the quality
of content being offered, the publisher can increase
consumption utility at a CDN site. This attracts more
consumers to consume content via a CDN site. The
natural question arises: why (and when) would the pub-
lisher be interested in attracting more consumers to its
CDN sites? In our model, the effect of traffic on adver-
tising revenue, which continues to be the major source
of income for most publishers (O’Donnell 2002) is the
key consideration for the publisher’s content provi-
sion strategy. We analyze the publisher’s spending on
distribution services (to control delivery delay) and
content creation (to control quality) under the two
disparate pricing models for online advertising (Jacob
et al. 2010): the CPM model and the CPA model.
In the CPM model, an advertiser pays the publisher
based on the number of impressions of an advertise-
ment. In contrast, in the CPA model the payment for
an advertisement is based solely on qualified actions
such as clicks, sales, or registrations. With these
assumptions, the profit of the publisher is the differ-
ence between the total revenue and the provisioning
costs (both variable and fixed). Given the demand
with and without the P2P network, the advertising
revenue generated from this demand depends upon
the pricing model: CPM or CPA. We will provide
details of these pricing models in the next two sec-
tions. In §3, we characterize the publisher’s equi-
librium spending in provisioning content within the
CPM regime with and without the P2P network. This
allows us to study how publishers should change the
content provision strategy in response to the entry
of a P2P network. Sometimes the publisher’s profits

®We also consider linear and concave cost forms in §5.
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decrease in the presence of a P2P network, and in
these cases the key is to choose a content provision
strategy that minimizes this negative impact. At other
times, the publisher can exploit the entry of a P2P
network to increase profit. In the §4, we consider a
publisher’s content provision strategy in the presence
of a P2P network under the CPA pricing model.

3. Content Provision
Under CPM Pricing

We first discuss how publisher revenue is calculated
under the CPM pricing model. Next we formulate the
publisher’s profit function consisting of ad revenue
minus the content provision cost. The profit func-
tion is analyzed under various situations to provide
insights into how the entry of a P2P network might
affect the content provision decisions and the profit of
the publisher.

3.1. Revenue Under CPM Pricing

According to recent reports, the CPM model still
maintains almost a third of the total revenue in the
online advertising market (IAB 2011). To account for
CPM revenue varying across websites, we assume
that the revenue per impression is linear and increas-
ing in the average valuation of consumers visit-
ing the site. The intuition is that the price charged
by the publisher is a function of the type of con-
sumers it attracts. Given that consumers of type
[6;, ]; j € {CP, P2P} visit a publisher site, the adver-
tising revenue generated per consumer is assumed
to be f;’ 0f (016> 60:)do=(1/(1— F(67))) f: 0f (0)do;
j € {CP, P2P}. The product of advertising price gen-
erated per impression and the traffic yields the
total advertising revenue for the publisher with the
CPM model.

A case study with a real online advertising com-
pany was used to motivate the above pricing scheme.”
As an illustration of the above pricing scheme, con-
sider an online advertisement for a sports drink prod-
uct (e.g., Gatorade) at www.foxsports.com vis-a-vis
the same advertisement in www.cnn.com. The former
has a clientele mix whose average interest in sports
related content is higher than that of the CNN.com
audience, whose clientele mix is much more diverse.
This allows FOXSports.com to command a higher
CPM for a sports drink ad relative to CNN.com.
A more targeted site often commanding a higher
CPM is not limited to online advertising. For example,
advertising a financial product is costlier in a more
financially targeted newspaper such as the Wall Street
Journal versus advertising the same product in an out-
let that caters to more diverse interests such as People
magazine.

7 Private communication with Venkat Kolluri, CEO, Chitika, Inc.,
2010. (www.chitika.com)

3.2. Publisher Profit Under CPM

The publisher’s objective is to maximize profit by
choosing both an optimal speed and the content
quality option (low or high). The publisher’s profit
HEM(x, gep) as a function of the speed and the quality
of content chosen by the publisher is given by

max HSEM(x, qcp)
X, qcp
= Ad Revenue — Variable Distribution Cost

— Fixed Distribution Cost — Fixed Quality Cost

00 2 2

- n/O* 6f(0)d6 — Cn(1— F[6]]) ko% kI (5

]
where j € {CP, P2P}.

The profit function of the publisher consists of four
terms. The first term is the revenue earned by the
publisher, which is simply a product of the pub-
lisher’s demand and price per unit demand (advertis-
ing revenue per impression). We have assumed that
all visitors to a CDN site are shown ads; i.e., an
impression is generated for every visit. If, however,
ads are only shown for some visitors but not for oth-
ers, we only need to suitably scale the value of n,
the total demand rate for the publisher. The second
term refers to the variable portion of the publisher’s
cost. The remaining two terms refer to the fixed costs
associated with the speed (x) and content quality
offered (gcp), respectively. As noted earlier, advertis-
ing revenue continues to be a significant source of
revenue for most publishers. However, if consumers
move away to a P2P site, the advertising revenue to
the publisher could reduce.?

The key trade-off in the CPM model comes from the
positive and negative effects of increasing the speed
or the quality of content offered. An increase in the
speed by the publisher reduces delay in accessing
content from the publisher’s site. Similarly, increas-
ing the quality of content offered by the publisher
improves the utility derived when consuming content
at the publisher’s site. Thus, increasing the speed or
quality results in increased traffic because consumers
with lower valuation for quality find it attractive to
visit the site. The increased traffic increases the adver-
tising revenue of the publisher. However, this also
increases the variable portion of the publisher’s costs
because of an increase in demand, as well as the fixed
portion of the publisher’s costs, which is increasing
and convex in the distribution speed and the quality
of the content.

8 The basic idea here can be considered analogous to the P2P site
pirating the publisher’s content. As will be seen later, depending on
the type of advertising revenue model (CPM or CPA), this piracy
sometime helps, whereas at other times it reduces, the publisher’s
profits.
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The publisher’s choice of speed and quality of con-
tent depends on whether or not a P2P network exists
in the market. We first study the impact of entry of
a P2P network on publisher’s profit. Next, we con-
sider how the publisher should optimally change the
content provision strategy to accommodate the entry
of a P2P network. At the end of this section, to pro-
vide deeper insights, we analyze a publisher’s con-
tent provision strategy for a specific case in which the
consumer valuation is uniformly distributed.

3.3. Impact of P2P Entry

We consider the impact of P2P entry on the profit of
the publisher and the publisher’s optimal adjustment
to the content provision strategy (speed and quality of
content in the presence of the P2P network). As seen
below, the entry of a P2P network typically has a neg-
ative impact on the publisher’s profit. However, there
also exist conditions where the entry of the P2P net-
work increases the publisher’s profit by reducing con-
tent provision costs. Typically, however, the P2P entry
leads to a more aggressive content provision strat-
egy (speed and/or quality increases). Interestingly, it
is possible for profits to decrease despite the pub-
lisher employing a more aggressive content provision
strategy.

3.3.1. Profit Impact of P2P Entry.

ProrosITION 1. In the CPM revenue model, the entry
of a peer-to-peer network cannot increase the publisher’s
profit unless the current content provision strategy is min-
imal (i.e., xtp =0 and g¢p = qp).

PrOOF. See the online supplement.’ O

The above result is because the demand reaching
the publisher always decreases (never increases) with
the introduction of the P2P network. In the CPM
model, the publisher’s revenue is strictly increasing
in demand. Hence, the publisher’s revenue typically
decreases with the P2P entry. In the presence of the
P2P network, the publisher is faced with two alterna-
tives: (1) increase either speed or quality to recapture
the lost demand, thereby increasing content provision
costs, or (2) tolerate the lost demand and accept the
lowered revenue. Together, these reactions drive the
result that the publisher’s profit typically decreases
with the entry of a P2P network.

An exception to the above result is the somewhat
extreme case where the publisher employs a min-
imal provision strategy (x, =0, g, = ¢q;) before the
P2P entry. In this extreme case (and only in this
case), the P2P entry could increase the publisher’s
profit by lowering content distribution costs. A min-
imal provision strategy may be optimal when the

¢ An electronic companion to this paper is available as part of the
online version at http://dx.doi.org/10.1287 /isre.1110.0406.

price per impression is so low that increasing revenue
by attracting additional demand is not worthwhile
because of the associated increase in provision costs.
In such situations, the publisher welcomes the entry
of a P2P network because it filters unwanted demand
and reduces content provision costs. In Corollary 1,
we specifically characterize the impact of introduc-
ing P2P networks for distributing content on the pub-
lisher’s market for content and the resulting profit.

CoRoOLLARY 1. Depending on the marginal disutility of
delay (8,), the impact of a P2P network on the profit of
the publisher can be summarized using four cutoff values,
0, < 8, <05 <0y,

1. 8, > 04: there is no market for the content, with or
without the P2P network.

2. 8, € (85, 8,]: the publisher can make positive profits
only in the absence of the P2P network.

3. 8, € (8,, 63]: the publisher can make positive profits
with or without the P2P network.

4. 8,€[6,, 6,]: the P2P network helps sustain the mar-
ket for the content.

5. 8, < 8;: there is no market for the content, with or
without the P2P network.

Proor. See the online supplement. O

When the disutility of delay is high (5, > &,), either
the delay must be low or content quality must be high
for consumers to derive positive utility while con-
suming the content. For this to happen, the publisher
must invest heavily in content provision. In the range
0y > 8,, the costs associated with content provision
are so high that positive profits cannot be made with
or without a P2P network.

When the disutility of delay is lower (8, € (83, 6,]),
the entry of a P2P network threatens the publisher’s
advertising revenue to the extent that it is impossi-
ble to operate in the presence of the P2P network.
Here the P2P network acts as a content pirate and its
entry destroys the market for content. The intuition
for this effect is as follows. If a P2P network is intro-
duced, the demand reaching the publisher decreases.
In response, the publisher needs to increase its deliv-
ery speed or content quality or both so as to recap-
ture some of the lost demand. Because of this reduced
demand and increased costs, the profit of the pub-
lisher decreases as the disutility of delay increases.
For the range of disutility of delay §, € (85, 6,], there
is no combination of the speed and content quality
for which the publisher can make a positive profit
in the presence of the P2P network. However, unlike
the range §, < 0,, if the P2P network did not exist,
the publisher can operate and be financially viable.
The range 6, € (85, 6,] may be viewed as one where
the role of the P2P network as a content pirate becomes
undesirable and excessive.
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As the marginal disutility of delay further decreases
(8, € (85, 65]), we get a region in which the publisher’s
network and P2P network coexist. That is, the pub-
lisher is able to make positive profits and maintain a
market for content provision both with and without
the P2P network. In this region the impact of the P2P
network can be to increase or decrease the publisher’s
profits (we will elaborate on this later).

Another interesting region is identified by the
marginal disutility of delay range 8, € [8,, §,]. Here
the low marginal disutility of delay creates a curi-
ous problem for the publisher—one of attracting too
much demand—especially from consumers that have
a low valuation. Such demand from low valuation
consumers is undesirable because it lowers the price
that the publisher can charge its advertisers and sig-
nificantly increases content distribution costs. To fil-
ter such undesirable demand, the publisher needs to
lower the speed (and thus increase delay) or reduce
content quality to reduce consumer utility from deriv-
ing content. However, some minimum speed (x > 0)
and content quality (g > g,) must be used to provide
the content. In the absence of a P2P network, even at
the minimum levels of distribution (x = 0) and con-
tent quality (g9 = ¢q;), the publisher cannot make pos-
itive profits because of the excessive demand from
low valuation consumers. With the P2P network, low
valuation consumers are filtered out; such consumers
prefer the lower quality but faster P2P network over
the slower but higher quality publisher network. This
result is consistent with Proposition 1. If the current
content provision strategy is not minimal, the P2P net-
work always decreases publisher’s profit. However,
at the boundary (x&p =0, g&p = q;), the traffic-filtering
feature of the P2P network becomes valuable, and
the publisher’s profit increases from the P2P entry
because it reduces distribution costs.

Finally, in the range 6, < §;, the disutility of delay
is too low and there is no market despite the helpful
role of a P2P network. One could imagine that this is
a case for the publisher to explicitly price its content
to lower demand.

3.3.2.

ProPoOSITION 2. In the CPM revenue model, a pub-
lisher will react to the entry of a P2P network by decreasing
both the dimensions (speed and quality) of content provi-
sion if

(i) ki <k§™,

(i) f(0:)(Sodc/ (a1 = 4,)) < f(00)(8odc/qs), and

(iii) n(6, —C)f(01)(8o(d.(1-xp) —d,) / (41—14,)*) <
kyqy, and —(8(d:(1—xgp) —d,)/ (91— q,))(f (6:) + f'(61)-
(0, =C) = (6, = C)f(6:) = 0,
where 0y = 0gp(xZp, ‘711/ 0y = Opop (xCp, 1)-

Otherwise, a publisher must always increase at least one
of the dimensions of content provision (speed or quality) in
the presence of the P2P network.

Impact on Content Provision Strategy.

Proor. See the online supplement. [

The publisher can use different content provision
strategies to counter the demand encroachment of
the P2P network. Typically, the publisher reacts to
the entry of a P2P network by increasing at least
one of the dimensions of content provision (speed or
quality) to recapture some of the lost demand. How-
ever, Proposition 2 identifies a condition where the
publisher reduces both the speed and the quality in
response to the entry of the P2P network and tolerates
the lost demand. Note that entry of a P2P network
typically increases the valuation of the marginal con-
sumer reaching the CP, i.e., (6},p > 0&p). Therefore, an
important implication from Proposition 2 is that if the
CP chooses to reduce both dimensions in the presence
of the P2P, it must be true that in this region (6},, >
0 > 0&p) the density function (f(6)) is decreasing in con-
sumer valuation (). In other words, in this region the
distribution function is concave in consumer valua-
tion. When this is true, there are fewer high valua-
tion consumers in the market and the expected loss in
demand (and revenue) from the P2P’s encroachment
is smaller. Therefore, the publisher might find it opti-
mal to control costs (by reducing speed and quality),
especially when fixed costs of distribution are high,
and incur additional loss in demand.'’ In all other
cases where this specific condition is not satisfied, a
publisher should react to the entry of a P2P network
by increasing at least one of the dimensions of content
provision (speed or quality).

3.4. Uniformly Distributed Consumer Valuation

To derive some additional insights, we conduct a
more detailed analysis of the CPM revenue model
when the consumer valuation is distributed uniformly
in the interval [0y, 6;]. When the valuation of con-
sumers is uniformly distributed, we find that a pub-
lisher should react to the entry of a P2P network by
increasing at least one of the dimensions of content
provision (speed or quality). The exact content pro-
vision strategy following the P2P entry depends on
three thresholds (kST , kI2F , ko) that can be calcu-
lated using the parameters of the problem. The first
threshold (k$T,) represents the highest value of the
marginal cost of quality (k;) at which the publisher
will choose to provide high quality content in the
absence of the P2P network. The second threshold
(k72%) is conceptually similar and governs the pub-

lisher’s choice of high quality in the presence of a
P2P network. Finally, the third threshold (ko) is a

10 For illustrative purposes, we find such a region for the case where
consumer valuation follows a triangular density function.

f(0)=4(0—-16)/(6,—6)" V6, <60=<(0,+6,)/2,
f(0)=—4(0—-10,)/(6,—0)" V(0,+6)/2<0<6,.
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threshold for the fixed cost of content distribution (k)
and governs the publisher’s decision to increase or
decrease delivery speed.

COROLLARY 2. In the CPM revenue model, when the
consumer’s valuation follows a uniform distribution (6 €
U[6y, 0,]), a publisher should accommodate the entry of
a P2P network by modifying its optimal content provision
strategy as follows.

(a) If the marginal cost of quality satisfies k§5, <k, <
kY2 and the marginal cost of increasing the delivery speed
satisfies ko > ko, the publisher should increase the quality
of content but decrease the speed. This is a quality-focused
strategy.

(b) If the marginal cost of quality satisfies ki*5 <k, <
k$E.., the publisher should increase the speed and lower the
quality. If the marginal cost of quality satisfies ky <k}
or ky > ki, j € {CP, P2P}, the publisher should increase
speed at the same quality. These are distribution-focused
strategies.

(c) The publisher should increase both the quality of con-
tent and the speed if k&, <k, < kP2 and ko > ko. This
is a dual-focused strategy.

Ocri

Proor. See the online supplement. O

We delineate the publisher’s content offering strat-
egy in the presence of the P2P network into three
distinct regions. For example, when the fixed cost of
distribution is high (k, > ko), it is more profitable
for the publisher to counter the demand encroach-
ment by the P2P network by increasing the qual-
ity offered but reducing the speed (the quality-focused
strategy). On the other hand, when the fixed cost of
quality is sufficiently high (k;) the publisher should
increase only the speed without changing the qual-
ity (or even reducing the quality) in the presence
of the P2P network (the distribution-focused strategy).
Finally, under situations where the competitive pres-
sure exerted by the P2P network is sufficiently high,
the publisher is forced to increase both the speed and
the content quality to compensate for the demand lost
to the P2P network (the dual strategy). An important
result from Corollary 2 is that the publisher, for the
specific case of uniformly distributed consumer val-
uation, should never reduce both the speed and the
quality in response to the entry of the P2P network.
Next, with a help of some numerical examples, we
illustrate these different regions associated with the
impact of a P2P network on the publisher’s market
for content.

3.4.1. Numerical Illustrations. In Figure 1, we
illustrate the boundary effect where the P2P network
can increase profit for the publisher as a function of
the disutility from unit delay (§;,). In the entire inter-
val (6, < 19), without the P2P network, the disutil-
ity of delay in the publisher network is low enough
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that the publisher attracts a large demand even when
both the distribution speed (x&, =0) and the content
quality offered (g¢p = ¢q;) are at a minimum (refer to
Figure 1(a)).

In this region, the introduction of the P2P net-
work filters some of the demand, particularly the con-
sumers that have lower marginal valuation of content,
from reaching the publisher. Note that in the interval
0y < 18 (in Figure 1(b)), a publisher’s profits in the
absence of the P2P network are zero, implying that
there is no market for content. However, in the pres-
ence of the P2P network the profits are high enough
to offset the costs, suggesting that under these con-
ditions the presence of the P2P network is necessary
for a publisher to sustain a market for content, (§, €
(8,,0,] in Corollary 1). Here the P2P network plays
the role of a creative content pirate and is necessary to
sustain the market for content.

Note that in Figure 1(a), we are also able to illus-
trate the impact of the P2P network on the publisher’s
content provision strategy along the lines of Corol-
lary 2. Initially (8, < 16.8) the publisher follows a
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distribution-focused strategy in response to entry of
the P2P network. Particularly, the publisher chooses
to offer the same (low) quality content but increases
speed in the presence of the P2P network. Eventually
in the region §, € (16.8,17), the disutility of delay is
high, so the publisher reacts to the presence of the P2P
network by offering high quality content. However,
in this region the speed remains unchanged with and
without the P2P network (i.e., quality-focused strat-
egy). Finally for 6, > 17, disutility of delay is high
enough that in response to P2P entry the publisher
adopts a dual strategy (increasing both speed and
quality).

In Figure 1, we identify another region (5, €
[18, 18.8]) where the publisher’s profit, in the absence
of the P2P network, is increasing in the marginal disu-
tility of delay. When the disutility of delay decreases,
the publisher would prefer to invest less in distribu-
tion services, but given that the speed is already at
a minimum, this is not feasible (refer to Figure 1(a)).
As the marginal disutility of delay increases, the dis-
tortion between the optimal speed and the constrained
speed (speed must be greater than or equal to zero)
decreases, leading to a positive impact on profits. Note
that in this region, x&, =0 and g, = ¢q; such that the
publisher’s fixed costs are unaffected. Although the
demand is adversely affected with an increase in &,
the average valuation of the consumers that visit the
publisher network increases and hence the advertis-
ing price per impression also increases. Furthermore,
with this reduction in demand the variable costs of
distribution are reduced and as a result the positive
effects (higher price and lower variable cost) dominate
the negative effect (reduced demand) and the profits
increase with 6,. However, in the region §, > 19 the
publisher’s distribution exceeds the minimum level
(x&p > 0; see Figure 1(a)). In addition to these three
effects (on demand, price, and variable costs) dis-
cussed above, an increase in the marginal disutility of
delay also increases the fixed costs (because speed is
increasing in §;). The negative effect on demand and
fixed costs dominates the positive effect when §, > 19.
Hence the profits decrease in J,,.

In Figure 1, the region §, € [18, 18.8] has an inter-
esting interpretation. Note that the publisher’s profit
in this region is nonnegative with and without the
P2P network. Therefore, this region illustrates &, €
(8,, 03] in Corollary 1, where the publisher has a
viable market for content with and without the P2P
network. However, the traffic filtering effects of the
P2P network help the publisher to increase its profit.
The intuition is that under these conditions, the co-
existence of the P2P and the publisher helps segment
the market. This is analogous to the effect of lowering
the speed as 9, decreases to deter the low valuation
consumers from visiting the publisher’s site. Thus in

the region 9, € [18, 18.8], the P2P network continues
to act as a creative content pirate, although its pres-
ence is not necessary to sustain a market for content.

When the disutility for delay increases beyond a
certain level (6, > 18.8), the role of the P2P network
becomes one of a destructive content pirate. In this
region, the presence of the P2P network reduces the
publisher’s profits.

3.4.2. Impact of Consumer Heterogeneity on
Publisher Profit.

LemMA 1. The content provider’s profit is increasing in
consumer heterogeneity™ (A@) in the presence or absence
of the P2P network.

Lemma 1 investigates the impact of consumer het-
erogeneity (Af) on the publisher’s profit. Interest-
ingly, we find that optimal profit of the publisher
always increases with consumer heterogeneity. The
intuition is that for low values of consumer hetero-
geneity, most consumers either consume or do not
consume. This limits the ability of the publisher to
segment the market using speed or quality. On the
other hand, at higher levels of consumer heterogene-
ity, the publisher can use speed and quality to attract
the desired part of the market. When consumer het-
erogeneity is low, the role of the P2P network as a
creative content pirate (thus providing an exogenous
segmentation device) becomes especially helpful. This
can be seen in Figure 2(a), where the profit of the
publisher is strictly increasing in Af but the benefi-
cial impact of the P2P network is greater when the
heterogeneity is low. In Figure 2(a), for small values
of consumer heterogeneity (4.5-5.5), we find that the
P2P network acts as a filtering mechanism, diverting
some of the excess demand away from the publisher.
Thus, in this region, the presence of the P2P network
helps create a market for content distribution: it is a
creative content pirate. Beyond this region, the seg-
mentation benefits of the P2P entry steadily reduce.

Figure 2(b) illustrates that at low consumer het-
erogeneity, the entry of a P2P network can also be
destructive. This phenomenon is revealed when we
examine the market from the lens of the relative delay
in the publisher network (i.e., the ratio the publisher
delay over the P2P delay, d./d,). Consider the case
where the relative delay increases from (1/0.33) in
Figure 2(a) to (2/0.15) in Figure 2(b). In Figure 2(a),
where the difference in delay is low, the publisher
is better off with the P2P network because the filter-
ing it provides offsets the demand encroachment that

"'While increasing consumer heterogeneity, we imply increasing
the variation in consumer type but not increasing the average
consumer type—i.e., increasing Af = (6y — 6;) while keeping
(6 + 6,)/2 constant.
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Figure 2(a) Publisher’s Optimal Profit vs. Consumer Heterogeneity at
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accompanies it. On the other hand, when the differ-
ence in delay is large (Figure 2(b)), the P2P network’s
filtering benefits are not sufficient because it competes
away a majority of the publisher’s demand. Here, the
P2P network destroys the market for content provi-
sion and the publisher is better off in the absence of
the P2P network.

3.5. Summary

The findings in this section can be summarized as a
cost-side effect associated with the entry of a P2P net-
work. Under various situations, the P2P network was
shown to have beneficial or harmful effects on the cost
of content provision. On the other hand, the entry of
a P2P network always led to lower revenues (never
higher) for the publisher. Thus when the publisher’s
profits increased, it was only because the cost of con-
tent provision reduced sufficiently to compensate for
the lower revenue. In the next section we re-examine

these phenomena in the context of a different ad rev-
enue model, specifically the cost-per-action, or CPA,
model. The main goal is to study the impact of the
P2P entry to see if there is an associated demand-side
effect, namely, we study the question: can the pub-
lisher’s revenue increase following the entry of a P2P
network?

4. Content Provision and Profit Under
CPA Pricing

We first describe the process of revenue calculation
under CPA pricing. Next, we present the publisher’s
profit function and analyze it to derive insights. The
goal is to highlight how content provision and profit
change under CPA pricing.

4.1. Advertising Revenue Under CPA

In the CPA model, the publisher only earns advertis-
ing revenue based on the number of qualified actions
(such as ad clicks, registrations, or sales). The key dif-
ference in the CPA model (as compared to CPM) is
that publisher’s revenue is dictated by the qualifying
action rate rather than the demand rate. Although the
action rate can be improved by increasing the number
of consumers reaching the publisher’s site, this strat-
egy has diminishing returns because the low valua-
tion consumers are less likely to generate a qualifying
action. The second distinction is that the qualifying
action rate is strictly less than the demand because
every visit does not translate to a qualifying action.
Therefore, the price per action is typically higher than
price per impression. That is, there is a price premium
(k, > 1) such that the price per action = k, * price per
impression is linear and increasing in the average valu-
ation of consumers visiting the site. Therefore, as in
CPM pricing, the price per action is linear and increas-
ing in the average valuation of consumers visiting
the site.

The above pricing scheme has been constructed
based on actual pricing models used in the online
advertising industry. Experience with online advertis-
ing indicates that the “fit” of the content with an ad is
an important determinant of the interest shown in the
ad by a visitor. In our model, the consumer’s interest
in the content is modeled by the consumer type con-
struct, 0. In the CPA model, the ad revenue earned
by the publisher is predicated on qualified action
events. Hence, under the CPA model, it becomes
more important for the publisher to select advertisers
that offer products or services that match the content
being served. Thus, consumers with higher interest or
higher valuation for the content will be more likely to
generate actions than those that are less interested in
the content.

We assume that the likelihood of a consumer gen-
erating a qualified action depends on the consumer
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type (). Specifically, the probability density that a
consumer of type 6 will generate a qualified action
(e.g., a click) is assumed to be a power distribution,
A/(B—6)?, where A and B are scale and shape param-
eters. The power law distribution is often used to cap-
ture phenomena where the quantity of interest can
change (increase or decrease) rapidly across items (or
segments) in the population, e.g., the popularity of
songs, hit-rate of items in a cache, etc.

In our problem, empirical evidence suggests that
the click probability can change rapidly across dif-
ferent visitor types in a population. To validate this
claim, we collected data on the click events (zero
for no-click, one for click) of visitors (N = 40,000)
to a variety of websites (publishers) managed by
the online advertiser www.chitika.com. Using logis-
tic regression, we then developed a predictive model
that provided a visitor’s probability of a click, given
profiling attributes obtained from the visitor’s cookie
data (previous search history, click events on simi-
lar sites, etc.) and other data extracted from the http
header (e.g., search string, browser, date/time), pro-
viding a total of 35 attributes to describe a visitor.
Having obtained the click probability values, we used
k-means clustering (k = 4) to cluster the visitors to the
site based on profile attributes. Finally, we obtained
the mean click probability in each cluster: [Clus_1 =
0.0001; Clus_2 = 0.002; Clus_3 = 0.01; Clus_4 = 0.26].
Consistent with a power law distribution, the click
probability (approximately) increases by an order of
magnitude across clusters, thus indicating a geomet-
ric progression rather than a linear progression. Using
the power law, the expected number of qualified
actions can be calculated as below:

00 A )
n/ﬁf Fogp OB, je(crPap) 6)

The total expected revenue is, of course, the price per
action times the expected number of qualified actions.

4.2. Publisher Profit Under CPA
In the CPA model the publisher’s objective is same as
in the CPM model, i.e., to maximize profit by choos-

ing the optimal speed and quality of content. The

publisher’s profit IIEE, as a function of the speed and

content quality, is given by
CPA
max Tlep™(x, gep)
X, qcp
= Revenue per Action x Action Rate

— Variable Cost — Fixed Costs

= (ﬁ J, o) (» ), @ Fap )
" e*oo (B —6)? G0’
where j € {CP, P2P}.

(6)d6 — (k0—2+k qCP> %)

The profit function consists of three terms; the first
term is the revenue earned by the publisher, which
is simply a product of the action rate generated by
the consumers and the revenue earned per action,
i.e., the price per action charged by the publisher.
In this model, the revenue generated is a function of
the number qualified actions (e.g., ad clicks, leads,
sales). The remaining two terms represent the vari-
able and fixed costs incurred by the publisher as dis-
cussed earlier (identical to the CPM model in §3). For
a detailed derivation of the objective function see the
online supplement.

The key tradeoff in the CPA model comes from
the positive and negative effects of increasing the
publisher’s speed or content quality. An increase in
either speed or quality increases the consumer’s util-
ity from consuming content, resulting in a decrease
in the valuation of the marginal consumer (6*). This
has the positive effect of increasing the action rate
for the publisher, which is decreasing in §*. On the
other hand, increasing speed has a negative effect of
decreasing the publisher’s price per action because an
increase in speed increases the lower valuation con-
sumers reaching the CP. In addition, there is the nega-
tive effect of higher fixed and variable costs associated
with increasing speed or quality.

4.3. Model Analysis

In this section we analyze how the two advertising
revenue models compare in terms of the effect of the
P2P network on the publisher’s profit. Such a com-
parison is presented in Proposition 3 below.

ProrosITION 3. In the CPA revenue model, the pub-
lisher’s revenue (and profit) may increase because of the
entry of a P2P network.

ProoF. See the online supplement. [

Unlike CPM pricing, in the CPA pricing model,
the advertising revenue may increase or decrease
with demand. Thus, the introduction of the P2P net-
work and the consequent demand encroachment may
actually benefit the publisher’s revenue and profit (i.e.,
a demand-side effect). In contrast, we have already
noted that under the CPM model, the publisher’s
profit always decreases because of lower revenue
(except for the boundary case x&p =0, g&p = g;). The
underlying intuition is that the revenue under the two
advertising schemes responds differently to the con-
sumer type. Under CPM pricing, the revenue is
strictly increasing in demand, so more consumers
means more revenue (irrespective of consumer type).
In contrast, in the CPA model, a publisher’s rev-
enue is dictated by the qualifying action rate rather
than demand. Thus, higher valuation consumers, who
are more likely to generate actions, are more valu-
able. Therefore, in the CPA model (unlike CPM), the
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filtering of low valuation consumers by the P2P net-
work can increase a CP’s profit and revenue.

4.4. Uniformly Distributed Consumer Valuation
As in §3.4, to gain additional insights, we consider
the CPA pricing model for the specific case where
consumer’s valuation is uniformly distributed (6 €
U[6y, 6;]). We find that similar to the CPM model, the
publisher’s choice of the speed and content quality
offered will depend on whether or not the P2P net-
work is present. For brevity, we limit our analysis to
how the new (CPA) model parameters, such as price
premium and probability of generating a qualifying
action, impact the publisher’s content provision strat-
egy (and draw contrasts against the CPM model). The
key findings of this analysis are summarized below.

ProrosITION 4. The change in speed resulting from the
entry of the P2P network (xj,p — x&p) is lower in the CPA
model (as compared to CPM model) if the price per action
(ky) is less than a critical value k$™*. Otherwise, the speed
difference is higher in the CPA model.

ProoF. See the online supplement. O

We define k$* as the value of k, for which the
change in speed due to entry of the P2P network
(xp,p — x&p) is same for the CPM and the CPA model.
Proposition 4 outlines the impact of introduction of
the P2P network on the publisher’s speed as a func-
tion of the price premium in the CPA model. In the
CPA model we find that the impact of introducing
the P2P on the speed depends upon the price pre-
mium (k,). Particularly, Proposition 4 states that the
speed impact of introducing the P2P network in the
CPA model increases with k, (see Figure 3). This is

Figure 3 Impact of P2P Network on the Speed Difference: CPM
versus CPA, as a Function of the Price Premium (k) of the
CPA Model
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because at low values of the price premium, the pub-
lisher (rather than the advertiser) takes most of the
risk of attracting consumers who are likely to gen-
erate qualifying actions. As a result for small k,, the
publisher finds it optimal to improve the valuation
(type) of consumers rather than simply increasing
demand (which also increases the publisher’s costs),
so the publisher does not try to aggressively recover
the lost demand in the presence of the P2P network;
i.e., the speed difference x},, — x&p is small. On the
other hand, as the price premium increases, the risk to
the publisher from low valuation consumers reduces.
As a result, the publisher finds it optimal to increase
demand even at the cost of lowering the marginal
consumer valuation. Thus, in the presence of the P2P
network, the publisher tries harder to recapture lost
demand, and the speed increases with the price pre-
mium k,. In Figure 3, we observe that for k, > kS,
the impact of the P2P network on the speed differ-
ence is higher in the CPA model. We next introduce
Lemma 2, which concerns the critical value of the
price premium, kS

LEMMA 2. The critical value of the price premium (k$*)
decreases in the probability of generating a qualifying
action.

ProoF. See the online supplement. O

As the probability of generating a qualifying action
increases, the likelihood that a consumer of type 6
will generate ad revenue for the publisher increases.
This relieves some of the pressure the pressure faced
by the publisher to attract only high valuation con-
sumers. Therefore, if the probability of generating a
qualifying action is high, the publisher tends to focus
more on regaining lost demand in the presence of
the P2P network (and is less concerned about low-
ering the marginal consumer valuation). This effect
is illustrated in Figure 3, where the value of k5™ is
lower when the probability of generating a qualifying
action (A) increases.

Next we compare how the publisher’s choice of
offering low or high quality content differs between
the CPM and CPA model. Recall that k™ represents
the critical value of the fixed cost associated with
quality; when k; > k{™, the publisher finds it opti-
mal to offer low quality content. In Figure 4, we
plot k{™* against the price premium (k,) in the CPA
model. Obviously, for the CPM model, k{™ is inde-
pendent of k, (see Figure 4). Interestingly, we observe
that k" in the CPA model is increasing in the price
premium. This implies that the lower (higher) the
price premium, the more likely the publisher is to
offer low (high) quality content. Again, the intuition
is closely related to the discussion of Proposition 4.
At low values of the price premium in the CPA
model, the publisher must attract only high valuation
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Figure 4 Impact of P2P Network on the Quality of Content: CPA Figure 5 Impact on Publisher’s Level of Distribution When P2P
versus CPM, as a Function of the Price Premium (k,) of the Network Delay Reduces with Number of Peers
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consumers. This is achieved by offering low content
quality and ensuring that only high valuation con-
sumers consume at the publisher’s site. Another way
of interpreting the findings in Figure 4 is that for low
(high) values of price premium, the publisher is likely
to choose lower (higher) content quality in the CPA
model as compared to the quality chosen in the CPM
model.

It should be noted that although we do not explic-
itly restate the results, we find that in the CPA model
(as in the CPM model) the introduction of the P2P
network, under certain conditions, can have the effect
of destroying the market for content. On the other
hand, under certain conditions, it can also have the
effect of creating a market for content that was oth-
erwise infeasible when the publisher solely provides
distribution services.

5. Model Limitations and Extensions

5.1. Variable P2P Network Delay

Recall that in our basic model we considered the
delay in the P2P network to be constant. In this model
extension, we allow the delay in the P2P network
to reduce with the number of peers consuming con-
tent. Particularly, the delay in the P2P network is
dy™(1— p(F[0p,p] — F[6,])), where d* > d,. Here, 6},
is the marginal consumer reaching the publisher’s
site in the presence of the P2P network, and Qp is
the marginal consumer consuming content from the
P2P network. Hence, F[0,,] — F[6,] represents the
proportion of consumers that consume from the P2P
network. The delay in the P2P network decreases
with the number of P2P consumers. The delay fac-
tor p(e [0, 1]) controls the impact of P2P adoption on

P2P delay scale factor (p)

P2P delay. The variable delay model provides results
that are similar to those when the P2P delay is con-
stant. However, the competitive pressure imposed by
the P2P network with variable delay can be lower or
higher than that with constant delay. This can be seen
in Figure 5: when the delay scale factor is relatively
low, the distribution chosen by the publisher is also
low. The reverse is true when the impact of adoption
on delay is relatively high.

5.2. Multiple Content Quality Options

In our basic model, for mathematical tractability, we
allow the publisher to choose from two levels of con-
tent quality as a part of the overall content provision
strategy. In our model extension, we consider the case
where the publisher can choose to offer several (up to
five) levels of content quality. Again, we find the qual-
itative nature of the results to be similar to the case
where the publisher could choose from two quality
levels. However, as expected, as the number of qual-
ity options increases, the publisher finds it optimal to
gradually change quality (i.e., there are more switch
points). This is illustrated in Figure 6.

5.3. Alternative Forms for Distribution Costs

So far we have considered the publisher’s fixed dis-
tribution costs to be increasing and convex in distri-
bution speed. Convex costs, of course, guarantee that
the profit function is concave in distribution speed.
However, there is no inherent restriction in the model
limiting the form of the cost function. In the spe-
cific model, for linear costs all the results hold because
profit function continues to be concave in the speed.
However, for the case of some concave cost function,
0*k(x)/9*x > —(nd3d?/ABg2,) is a sufficient condition
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Figure 6 Impact of Increasing the Number of Quality Options on
Publisher’s Content Provision Strategy
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to ensure that the profit function is concave. That is,
the cost function should not be strongly concave in
the speed. Convex or linear costs appear more rea-
sonable in our problem because increasing the distri-
bution speed should at least require a linear increase
in the distribution effort (and cost).

6. Summary and Conclusions
We set ourselves the task of examining the impact
of P2P distribution networks on a publisher’s content
provision decisions: (1) the speed and (2) the quality
of the content. We presented a model in which a het-
erogeneous population of consumers views content
(created by a publisher) from either an official source
(managed by a content distribution provider) or from
a source within a P2P network. Generally speaking,
those consumers who place less value on the quality
of the content (and the associated experience of view-
ing it at a website) prefer to get the “bare bones” con-
tent from the P2P community. Some consumers (who
place a higher value on quality) prefer to view the
content by accessing an official source that publishes
it. The publisher earns revenue from advertising that
depends on the number and average valuation of con-
sumers that view content from an official source.
Although P2P networks have typically been viewed
with suspicion by the providers of distribution ser-
vices, our analysis shows that there are clear regions
in the parameter space where more distribution ser-
vices are bought in equilibrium after the introduction
of a P2P network. At the same time, this does not
always happen: in other parameter regions, the mar-
ket for content distribution services shrinks because
unwanted demand shifts to the P2P network. When
the P2P network has the potential to encroach on

the publisher’s demand, the optimal response of the
publisher is to retaliate by increasing the speed (and
sometimes the quality of its content as well). This,
in turn, increases the spending on content provision.
At the same time, we have also identified conditions
under which the publisher finds it optimal to reduce
investment in content provision services (both speed
and quality) in response to the entry of P2P network
and tolerate the lost demand.

With respect to publisher profits, the answer is
again a qualified one: the introduction of a P2P net-
work could either benefit or hurt the publisher’s prof-
its. The situation in which the publisher benefits is an
interesting one: when excess (or unwanted) demand
reaching the publisher is taken away by the P2P net-
work, the publisher benefits. Under CPM pricing, a
closer look reveals that this situation corresponds to a
corner solution, i.e., when in the absence of a P2P net-
work, the publisher chooses minimum (or normalized
to zero) speed and quality. Because the publisher can-
not reduce the speed and quality any further (because
it would basically involve shutting down the web-
site), there is no easy way of eliminating unwanted,
low valuation consumers from accessing the content.
If such consumers could be turned away from the
site, it could benefit the publisher. Thus, in the CPM
model, the benefit occurs from reducing content pro-
vision costs. In contrast, in the CPA model, the ben-
efit could occur from increased advertising revenue
because a higher per unit price per qualified action
can be charged. In this scenario the P2P network
acts as a filter because it self-selects low valuation
(unwanted) consumers who prefer to consume the
lower quality but speedier content from a P2P node.
It is important to realize that the P2P entry leads to
a pure cost-side effect (impact on content provision
cost) in the CPM model whereas the effect could also
be a demand-side one (impact on ad revenue) in the
CPA model. Thus any increase in profit in the CPM
model occurs from cost reduction, whereas in the CPA
model, the profit may increase because ad revenue
increases. As an extreme case, consider zero content
provision costs. For this case, in the CPM model, the
P2P entry can only hurt (at best, the profit is the same)
the profit of the publisher. However, with zero con-
tent provision cost, the P2P entry can increase profit
(i-e., the revenue) in the CPA model.

Advertising markets where ad revenue is accounted
for using the CPA model may be more resilient to
content piracy than those where the use of the CPM
model is prevalent. This finding makes sense: in the
CPM model the P2P’s demand encroachment always
results in lower revenue (never higher). However, in
the CPA model the same level of demand encroach-
ment could lead to more ad revenue. Thus the CPA
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model can be expected to tolerate content piracy bet-
ter than the CPM model can.

The main conclusion from this study is that both
publishers and content distributors alike need not
always view the introduction of a P2P network as
a threat. The manner in which advertising revenue
is calculated has a strong influence on the incen-
tives firms have to produce and distribute content.
It should be noted that in the long run, P2P net-
works should not act to destroy the production of
content because such networks cannot survive with-
out original content. An aspect of the problem that
may get interesting in the future is the commercial
role P2P networks could play in the distribution of
content. If P2P networks are to survive as a viable
means of distributing content, then the commercial
interests that drive the creation and distribution of
content (namely, advertising and online commerce)
cannot be separated from the efforts being made to
advance P2P technology. For example, it may be pos-
sible for a publisher to legally license its content to
the P2P network and share the revenue that the P2P
network earns through its own advertising programs.
Alternatively, the publisher may choose to manage its
own distribution of content, perhaps using a combi-
nation of CDN technologies (e.g., for premium con-
tent) and P2P mechanisms (e.g., for standard content).
In our model, we assume that content quality includes
several aspects of the consumption experience such as
currency, accessibility, security (extent to which access
to information is appropriately restricted), and credi-
bility (extent to which information is regarded as true
or reliable). In future research, one could consider a
more detailed model that separately considers these
costs while determining the optimal content provi-
sion strategy for the publisher, e.g., the cost to the
publisher to remove malware and guard against other
security threats. Finally, the ideas in this study could
be applied in a competitive setting, where two or
more content providers that are competing for similar
consumers have to consider the entry of a P2P pirate.

Electronic Companion

An electronic companion to this paper is available as
part of the online version at http://dx.doi.org/10.1287/
isre.1110.0406.
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