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Abstract

The paper explores one of the new business models of the music market proposed
by Varian (2005): the importance of the promotional effect of web-based diffusion.
An indirect form of such investment consists in non-opposition by artists against
the circulation of their music files online, or, likewise, their choice of permitting
free downloads of their music albums. The profits lost from legal sales - online or
on traditional supports — may be off-set by promotional advantages deriving from
greater diffusion, with an increase in the artist’s market share. The model assumes
the existence of a strong network effect and an exchange of information, opinions
and contents among web users. The model’s results are determined by the initial
conditions, i.e. by an artist’s market share at an initial instant of time: or in other
words, by his/her popularity. It is shown that emerging artists should make
maximum investment in promotion, so that the diffusion of their work can be
driven by the network effect and they can emerge from anonymity. Instead, for
well-established artists, whose market shares are already large, the optimal
strategy is to make the least promotional effort, given that the spontaneous
diffusion of their work is already high.
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The web’s promotional effect
and artists’ strategies

Francesco Balducci

1 Introduction

The music market has been traversed by profound changes in
recent years. As well known, this has been due to the appearance
and the rapid spread of the new digital technologies which have
facilitated the retrieval of music files and their exchange on the
internet. The phenomenon has undergone gradual and continu-
ous evolution in its perception among consumers, recording com-
panies, artists, hi-tech companies, internet service providers, etc.

The economic literature and legal science have sought to take
account of this evolution, albeit with a certain delay due to the
extreme speed of ongoing changes. The initial approach of both
operators in the sector and economists was to denounce the phe-
nomenon of file sharing as piracy. They conceived music files sim-
ply as innovations advantageous to a small number of users un-
willing to pay for music. As a consequence, the main concern was
to devise mechanisms with which to recover profits in the pres-
ence of piracy (Novos and Waldman, 1984; Chen and Png, 1999)
through indirect appropriation (Boldrin and Levine, 2002; Besen
and Kirby 1989), or to earn profits by taxing supports (Netanel,
2002; Fisher, 2004; Romer, 2002). The empirical literature like-
wise concentrated on the relationship between sales of original
discs on traditional support and file sharing, the purpose being to
identify and to quantify a possible displacement effect (Liebowitz,
2004; Oberholzer and Strumpf, 2007; Rob and Waldfogel, 2005;
Session and Stevans, 2006; Zentner, 2006).

It was then realized that the new digital products were not
solely illegal and low-level substitutes for the originals but had
new and distinctive features, moreover, which were greatly ap-



preciated by consumers. This strand of analysis! comprised stud-
ies which focused on informational features of digital products
(Halonen and Regner, 2004; Duchene and Waelbroeck, 2002; Peitz
and Waelbroeck, 2003; Takeyama, 2002 and Zhang, 2002) and in
particular on the network effect (Takeyama, 1994; Belleflamme,
2005 and 2007; Shy and Thisse, 1999; Gayer and Shy, 2003, Con-
ner and Rumelt,1991). In the latter case, upon excluding the
rather unrealistic hypothesis that consumers are autonomous in
their choices, it was possible to take account of network effects,
i.e. interdependence among consumer choices. On this basis, the
idea was generally rejected that piracy necessarily reduces profits.

Today the digital market is no longer marginal and alternative
with respect to that for physical supports. Rather, it has assumed
an autonomous and significant role: a technological transition has
come about among formats to which the supply side must neces-
sarily respond. Numerous attempts have been made to deal with
the change and a dominant model has not emerged, although Ap-
ple, by coupling iTunes with iPod has led the way in setting the
music market’s strategies in recent years. Varian (2005) lists a
series of possible scenarios for the current digital world, in which
it is increasingly difficult to earn revenues through the traditional
channel of copyright payments. One of the main remedies pro-
posed is that artists should advertise themselves through the dif-
fusion of their music online. This promotional action may then
impact on the live music market, which currently represents the
prime source of income for artists.

This paper builds on the above considerations to propose a
possible solution for artists and to develop a new scenario for the
digital music market. It is based on the conviction that, following
the technological transition, is necessary to devise new business
models. In reality the economic literature has - at the time of writ-
ing - explored few of the scenarios proposed by Varian (2005).2

1 For an exhaustive survey see Peitz and Waelbroeck (2004).

2 Krueger (2005) studies the concerts market, introducing the idea of substitutability between live
shows and CDs and reprising Rosen’s notion of the superstar effect (1981). Other studies concen-
trate on attempts at technological protection based on encryption or DRM (Jaisingh, 2004). Yet
others propose, exploiting the benefits of the network effect, alternative strategies for recording
companies, such as entry into the live music market, although they do not consider the interrela-
tions between agents and markets (Gayer and Shy, 2006; Curien and Mureau, 2005; Becchetti and
Eleuteri, 2007).



The following model attempts to explain some of the strategies
recently adopted by artists. An example is the decision by the rock
group Radiohead - then emulated by many other artists - to allow
downloads of their latest album from their website for a price
(even zero) decided by the consumer. Such a strategy was uni-
maginable until a few years ago, when artists and recording com-
panies openly campaigned against file sharing, seeking techno-
logical or legal remedies against the online diffusion of music. But
Radiohead’s strategy brought it enormous profits deriving from
the voluntary payments,3 but above all from the impact on sales of
the original album and attendance at the band’s concerts.

The model proposed focuses on the effects of web-based pro-
motion and word-of-mouth. Exploiting the network effect, artists
can intervene in the dynamics of the spontaneous diffusion of
their work by investing in web-based promotion. The frames of
reference are clearly those of the network effect and the peer
group effect (i.e. imitation among friends and acquaintances).

It is clear that artistic consumption choices are driven by a se-
ries of factors, many of which are of an emotional and strictly per-
sonal nature - and especially so in the case of avid music consum-
ers, whose preference structures are very well defined. It is
equally true, however, that the network aspect and the imitation
effect are of great importance for the mass of music listeners, par-
ticularly those who frequent virtual communities, forums and dis-
cussion groups.* And it is all the more true in the present-day real-
ity based on the virtual exchange of all kinds of information, and
in which individual preferences seem highly malleable. Of this the
media and, specifically the recording companies, are well aware.

In the following model the exchange of information comes
about through contacts, with a mechanism similar to that of virus
propagation (analysed in the literature on viral marketing and
word-of-mouth: see e.g. Bass (1980). In this sense the modelling
builds upon the work of Han, Hosanagar and Tan (2008).5 Obvi-

3 For analysis of these voluntary payment systems see Regner and Barria (2007).

+ Consider websites like MySpace, FaceBook or, specifically for music, LastFM, which works on the
basis of information exchange, suggestions and reports among users. Indeed, there are automatic
mechanisms which compile personalized music playlists on the basis of listening by the user,
his/her friends, or other consumers of that genre of music.

5 However, Han, Hosanagar and Tan’s (2008) study deals with another problem: the choice of
consumers whether or not to share downloaded content, in a static network.



ously, the model studies only one of ways in which the mechanism
of information transmission can be analysed. But it seems well
suited to the case of a peer-to-peer network whose members, tied
together by a shared passion for music, are known to each other
only by anonymous nicknames.

One of the results of the model is that, from a dynamic perspec-
tive, there are cases where it is convenient for artists to make
maximum investment in promotion via the internet - for instance
following Radiohead’s example by granting free access to their
work - in a first phase and then reap the promotional benefits
propagated over time. This result depends closely on the initial
conditions, that is, the market share possessed by the artist at the
initial instant of time: in short, his/her popularity. It will therefore
be emerging artists, who start with low market shares, that bene-
fit from maximum investment in promotion via the web. Instead,
for already-established artists, whose initial market shares are
above a certain threshold value, it will be shown that the optimal
choice is minimal investment in promotion, because the mecha-
nism of their music’s spontaneous diffusion is already sufficiently
well-developed to guarantee high profits. This result is partly at
odds with the observation that even very well-established artists
opt for the free diffusion of their music. Evidently, the promo-
tional effects are very marked. They impact on several sectors of
the artists’ activity, above all the live music sector, and they are
not captured by the market share alone. It is precisely this that
can represent an extension of the model presented and be an ave-
nue for future research.

2 The process of diffusion of digital content

The network modelled is dynamic®, i.e. the number of users N
does not remain constant but grows in time according to an ex-

N(1)

ogenous law of the type N(t) = Noe", where n = —— is the rate of

exogenous expansion and Np is the number of consumers at the

6 The analysis is restricted to a flat P2P network, i.e. a network in which all the nodes (peers) are
symmetrical in terms of hierarchical relationships and connectivity (Han, Hosanagar and Tan,
2008).



initial time t = 0.7 That the web is expanding is borne out by the
empirical evidence, with regard to both the total number of users
with internet access and the number of users of file-sharing or
music information exchange websites, forums, discussion groups,
and so on.8

Let Q(t) be the network members who know a particular artist
and his/her work? and q(t) = Q(t) / N(t) their share in the total of
web users. By definition Q(t) < N(t) and 0 < q(t) < 1. The share is
the state variable and has its own dynamic, which will be dis-
cussed below.

The ability of artists to intervene in the dynamic of the state
variable is translated by the variable r(t), which represents the
unit investment in web-based promotion. P is the unit price of the
artistic product. The share r(t) is under the direct control of the
optimizing artists, and it denotes their willingness or otherwise to
allow their artistic products (e.g. music tracks or albums) to circu-
late on the internet. This share with respect to price can be inter-
preted in various ways: directly as investment in promotion via
the web; indirectly as non-opposition to the circulation of one’s
products online.

Direct action can be immediately understood if r(t) is inter-
preted as investment in promotion via the internet, paying for the
placement of advertising banners on specialized websites or in
search engines, or paying commission or a proportion of sales
proceeds to online retail websites. It is nevertheless possible to
conceive indirect ways of investing in the new opportunities of-
fered by the web: for instance, by not charging the highest possi-
ble prices for traditional supports but offering free or reduced-
price downloads of unencrypted files from one’s personal website.
Also the strategy of not strenuously opposing the circulation of
files through file-sharing networks - already adopted by many

7 For the sake of simplicity, in what follows No will be set equal to 1.

8 For example, in the past year the Facebook website has grown by 150%. In Europe alone, Face-
book users have increased by 300% since June 2007. At world level, social networking sites were
used by more than 580 million people in June 2007, with a 9% growth in North America, 35% in
Europe, and 66% in the Middle East and Africa. Facebook, with 132 million contacts, for the first
time outstripped Myspace, which attracted 117.5 million users (source: LA7.it - 14/08/2008).

9 Here, the expression “knowing an artist” obviously does not denote the mere reception of infor-
mation but direct, albeit superficial, artistic knowledge of an economic actor’s output. The reference
is to ‘knowing with awareness of doing so’: by way of example, consider the difference of meaning
between the verbs hearing and listening.



artists at the time of Napster - or uploading videoclips or musical
tracks to free websites like MySpace or YouTube, are examples of
promotional initiatives.10

In other words, the advantages of internet promotion are so
great that artists are willing to pay some sort of indemnity for
them. Whilst it is possible to isolate oneself from the new tech-
nologies, it cannot be taken for granted that this will guarantee
higher profits. Although it is probably possible to charge higher
prices in this situation, the advantages of the network effect in
terms of promotion would be entirely lost. This is all the more
true in the case of the artistic sector, where the promotion of one’s
name, reputation, and recognizability assumes crucial importance.
However, giving efficacy to web-based promotion requires ob-
structing the entirely selfish behaviour of consumers. One strategy
in this regard has been to let the users of file-sharing websites
download files provided that they in turn allow those files to be
downloaded, without withdrawing them from the set of shared
files (see Han, Hosanagar and Tan, 2005).

The share r(t) ranges from zero to P: it will be zero if it is de-
cided not to invest in internet promotion;!! it will be instead equal
to the price P if an amount equal to the artistic product’s price is
invested for each unit with no profit being made.1? It is evident
that the limit quantities r(t) = 0 and r(t) = P are purely theoretical,
in that they denote the intention to invest the minimum or the
maximum possible in the short period with costs covered. It is
unlikely that a situation will arise in practice where it is decided to
invest a quantity r(t) = P with nil profits, or a quantity r(t) = 0,
with no expenditure on promotion.

The objective function of artists is profit, where for simplicity
the unit costs are represented only by the share r(t).13 In what

10 Strenuous opposition against the circulation of files in P2P networks represents a cost for artists
in terms of the constant struggle against piracy through DRMs and the encryption of files with
innovative technologies. However, also letting one’s work circulate freely online can be considered
an indirect cost which consists in the forgoing of an optimal price due to the impossibility of stop-
ping piracy and duplications.

11 Not promoting oneself on the internet, when its spread seems unstoppable, also means opposing
the circulation of files. In this sense, account should be taken of the direct costs incurred in fighting,
and indirect ones due to not exploiting IT markets to acquire new customers.

12 In the short period it is also possible to invest at a loss with r(t) > P.

13 Consequently not considered are other types of costs like those of production, distribution and
marketing.



follows, for the sake of simplicity the price P will be set equal to
one: hence 0 < r(t) < 1.

H(e) =[P - r(0]0(0) =[1-r()]g()N () (1)

The hypothesis of profit maximization is not self-evident; yet
on considering a typical artist type, it seems the most plausible. An
emerging artist, in fact, may be interested only in the promotion of
his/her name and image, exploiting the economic advantages that
derive therefrom in a second phase. However, it is difficult to
imagine a situation in which the variable to be maximized is only
image promotion (which is initially costly) without ever recouping
the investments made. By contrast, well-established artists will
probably seek to extract the maximum revenues from consumers
during the predictable time-span of their success. The interval of
time [0;T], indeed, can be interpreted as an individual’s artistic
life-span, or, in the case of an emerging artist, the period that s/he
self-assigns to become established. If in this lapse of time s/he
fails to break through, s/he will give up the idea of pursuing a pro-
fessional artistic career, or switch to the amateur circuit.

2.1 Diffusion online

A key hypothesis of this study is that the dissemination of in-
formation via the internet works by means of contact, in a way
entirely similar to that already studied in the economic literature
on the propagation of viruses or the effects of word-of-mouth. In
fact, a particularly efficient way to acquire, circulate and exchange
information is by word-of-mouth among the members of a net-
work. Numerous successful websites, in fact, operate on the basis
of the exchange of opinions, feedback and comments among users.

The dynamic of Q(t), therefore, in the absence of action by art-
ists, is as follows:

00

O(t) = BIN() - 0(r) NG

or, in terms of the growth rates of the shares,



q(t) 0@

The meaning of the dynamic of Q(t) is as follows: a share £ of us-
ers unaware of a particular artist (N(t) - Q(t)) may get to know
about him/her if they come into contact with one of the network’s
members who already knows the artist (Q(t) / N(t)). The parame-
ter § denotes, in a way, the influenceability of users, i.e. their pre-
disposition to increase their knowledge of an artist recommended
by other users or simply discussed with them.* Aside from its
economic meaning, the equation for the dynamics of q(t) is en-
tirely similar to that comprised in numerous growth theory mod-
els, where the parameter  measures the speed of convergence.

Having described the spontaneous dynamic of the diffusion
process, the control variable r(t) is now introduced:

n=pQL-q(0)-n

9O =[BA-q@) —n+p@©O)le@)  (2)

Promotional action to induce diffusion via the web directly influ-
ences the rate of growth!> of g(t) through the weighting of pa-
rameter y. This parameter measures the effectiveness of the pro-
motional action.

14 If the majority of users were passionate about music and had well-established preferences, 8
would be very low, or even zero. In this case, every individual would base his/her musical choices
on personal motivations unaffected by the relationship with others, and the network effect would
be annulled.

15 There are other ways to intervene in the dynamic of g(t). One can imagine that the artists’ action
directly affects the speed of convergence:

q(0) =[B(r(0))A~q(1)) —nlq ()

This way of inserting the control variable in the model is much used by growth theory scholars.
However, it does not appear congruent with the meaning attributed to the exogenous parameter f,
defined as the share of non-Q(t) users influenceable by contact with a user Q(t). The exogeneity of 8
is evident, and it is unlikely to be modified by the promotional action of artists.
Alternatively, one could envisage a one-off promotional campaign (similar to a lump-sum tax) that
influences the variation of g(t) through parameter y but not its rate of growth:

q(1) =[BQA—q(0)) = nlq(?) + yr(¢)

This variant is plausible in the case examined here and may represent an extension of the analysis
conducted.



The following table summarizes the symbols used in the model.

Table 1: variables used in the model

t time

N(t) number of network users (Nop= 1)

n the exogenous expansion rate of the web

Q(t) number of web users who know a particular artist

q(t) share of users Q(t) in the total of users N(t) (q(t) = Q(t) /
N(1)

P unit price of the artistic product (P =1)

r(t) promotional investment or unit cost

B>0  speed of convergence or share of ‘influenceable’ users

y>0  measure of the impact of the promotional action on the
dynamic of q(t)

p>0  intertemporal discountrate; p > n

3 The dynamic optimization problem

3.1 The optimal problem

The optimization problem in a finite time horizon!¢ (¢ €[0,7])

of an artist whose works are diffused via internet and P2P net-
works can be expressed by the following equation. Intertemporal
profit is actualized by the magnitude et in which p denotes the
intertemporal discount rate:

T

max | e ”T1(¢)dt
) e I G)

16 The problem can also be studied, and with conclusions entirely similar to those reached here, in
an infinite horizon. However, given the short-term perspective typical of artistic choices and the
markets for new technologies, it has been preferred to present the finite-horizon solution.



q(1) = [BL-q(1) + 7 () - nlq(®)
ola0=¢,>0

g(T) = free

r(t) €[0,1]

The equation for the dynamic of g(t) is that expressed by (2).
The problem will be solved using the optimal control theory pro-
cedure according to Pontryagin’s maximum principle. Control is
limited, being between zero and one, and the problem is finite-
horizon with final time (T) given but with free final state. Re-
quired in this situation is fulfilment of a transversality condition
on the co-state variable A(t):

TVC: A(T) =0

That is to say, the co-state variable must assume nil value at the
final time.

Optimal control theory envisages formulation of the so-called
Hamiltonian equation to solve the intertemporal maximization
problem:

H[r(1),q(0), A(e), ] = " 7' [L=r(0)]q(6) + AO)g(OBA - q(0)) + pr (1) = n]
(4)

where the co-state variable multiplies the constraint expressed by
the equation for the motion of the state variable. In formulating
(4), moreover, the term N(t) has been substituted with its specifi-
cation N(t) = Npe™, in which Ny = 1. In what follows, it will be set p
= n for the sake of simplicity and for clearer exposition of the re-
sults. This simplification does not alter the results of the model,
which are valid also with a generic p > n.

According to the maximum principle, the Hamiltonian function
must be maximized with respect to the control; it is therefore nec-
essary to annul the first derivative of (4) with respect to r(t):

10
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or(t)

In this case, however, the Hamiltonian function is linear with re-
spect to the control, which appears at the first degree in H(-). This
is evident if we rewrite (4) in the following way:

H() = r(0)gOAW) —e" " 1+ g0 " + A1) fL- (1) = nA(0)]

Here we have a particular case in which the maximum of the func-
tion does not lie at a point within the interval but at one of the
extremes of the control variable’s range (values zero or one). This
type of corner solution is known as the ‘bang-bang solution’.

A context where r(t) = 0 or r(t) = 1 is, as said, clearly unfeasible
in practice. But it assumes major theoretical importance by indi-
cating a propensity to invest the maximum or the minimum possi-
ble. The values zero and one, therefore, must be instead conceived
as I'min OF I'max. For example, initially investing the maximum in
promotion may enable an artist to emerge from anonymity and
acquire a share of the market which enables him/her to continue
making profits whilst reducing the promotional investment to the
minimum.

Because this is a corner solution, optimal control will be maximum
if the slope of the Hamiltonian is positive, and it will be minimum
if the slope is negative, i.e. according to the sign of the expression

[YA(®) - 1]:77

{r* = =1 i A()>2 -

=t =0 i ) <1

Optimal control will therefore be minimum or maximum accord-
ing to the value of the co-state variable: it is necessary to deter-

17 Because q(t) 20 V¢t €[0;T].

11



mine in what interval A(t) lies above or below the horizontal line
1/Y-18

3.2 The steady-state solutions

Before studying the dynamics of the co-state variable, we con-
tinue with analysis of the equation of motion in the two possible
cases. In fact, the optimal values for the control variable can be
substituted for the general expression (2):

a0 =1pU-g@) +7-nlg) i r=ru =1 o
q(t) =[pA-q() —nlq(t) if r" =1y, =0

The above system describes the dynamic of q(t).

Of major importance for characterization of the dynamic equi-
librium are the so-called steady-state points to which the system
may tend in the long period. Two1? steady-state values for q(t) can
be obtained from system (6)

{qZ =20 = =1
o fen e o (7)
;=2 if ' =ry, =0
The subscripts H and L characterize the steady-state points as
high and low respectively, in correspondence with the maximum
and minimum values of the optimal control. It is evident, in fact,
that g*n is greater than g*; of a quantity y/f. From a compara-
tive statics, both the steady-state points increase with an increase
in parameter 8 and decrease with an increase in n. In other words,
the market share that can be achieved in a steady-state condition
is larger, the greater the speed of convergence (or the more web
users are influenceable by word-of-mouth), and it is smaller, the
greater the speed of the web’s exogenous expansion. Obviously, a
continuous expansion of the web erodes the market share

(n—p)t]

18 In the general case with p > n, the term [yA(t) - 1] becomes []/ﬂ (I) —e . Therefore A(t)

e(n=plt

should be compared with the decreasing curve rather than with the horizontal line 1/y.

19 A third steady-state point is the null one where there is no dynamic and which gives rise to a
trivial result.

12



achieved instant by instant, because of a widening of the reference
base.

Moreover, in the case of qu* the steady-state market share may
also be increased by the exogenous increase of y, that is, of the
parameter that measures the impact of r(t) on the dynamic of q(t).

Proposition 1: the steady-state values increase with an increase in
parameter (3 (influenceability of users or speed of convergence) and
they decrease with an increase in n (rate of exogenous expansion of
the web).

Proposition 2: the high steady-state value (q*y) increases with an
increase in parameter y, which measures the impact of the promo-
tional action on the dynamic of the market share.

Having characterized the steady-state equilibrium of the state
variable, it is of interest to trace its optimal trajectory by solving
the two differential equations of the first order and second degree
of system (6). For calculation of these solutions, the initial condi-
tion q(0) = qo is used to determine the constant, and parameters

i %f” and ﬂ;’ are substituted out using their definitions.

a0 = i =r =1

L(LL ) Al

q(l‘):—qz lj{ r*:r. :0

Le(iLg)e Al

The optimal trajectories of g(t) have, by definition, an initial point
at go (for t @ 0), and in the long period (for t @ oo) they converge
on their steady-state values, more rapidly when they tend to the
high steady state, and more slowly when they tend to the low one.

The following figures show the effect of variation of the pa-
rameters on the optimal trajectory with r* = rpe = 1 and g*y. As
previously said in regard to the steady-state values, to be noted in
the simulations of figures 1 and 2 an increase in f and y respec-
tively cause an increase in the speed of convergence. An increase
in the web’s rate of expansion (n) instead causes a downward shift
in the optimal trajectory (figure 3).

13



Figure 1: Impact of f on q(t)
q0)

p=025 ' p=02 7 P

Figure 2: Impact of y on q(t)
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3.3 The dynamic of the co-state variable

The optimal problem has not yet been solved: hence analysis of
the co-state variable is now resumed. Pontryagin’s maximum
principle requires fulfilment of a further condition: the derivative
of the Hamiltonian with respect to the state variable defines the
dynamic of the co-state variable.

CHC) __ 1(0) = A(t) = —(—r(0)) - AL BA-2q(0)) + 7 (t) -]
dq(t)
9)

Solving the differential equation (9) yields an optimal trajectory
for the co-state variable. From this trajectory, which identifies the
intervals in which A(t) is greater or less than the horizontal line
1/y, then derives the attribution of the maximum or minimum
value to the control. Consequently, after determining the optimal
control, the high or low trajectory and the steady-state market
share are selected. However, owing to the complexity of the sys-
tems of differential equations (9) and (6), it is not possible to ob-
tain an explicit solution for the dynamic of A(t).

Although the equation for the co-state variable is not written in
closed form, it is possible to solve the dynamic optimization prob-
lem by studying the information that derives from the slope of A(t)
(equation 9) and from the transversality condition. Fulfilment of
the TVC, in fact, ensures that, at the final instant of time (T), the
value of A(t) is nil (A(T) = 0). This information guarantees that A(t),
by being zero in T, cannot be greater than the positive value 1/ y
at that point. At the final point, therefore, the control will neces-
sarily be r* = ryin = 0 and the steady-state value will be g*;.

This information makes it possible to exclude ‘explosive’ dynamics
for A(t), like those represented by Graph (b) in figure 4, because
they do not fulfil the TVC.2° The dynamics of A(t) depicted by

20 The convexity of the curves is purely indicative and represents only one of the possible patterns.
However, because this concerns the dynamic of the co-state variable, study of the concavity of the
curves it is not relevant to the present analysis. What is instead important is understanding
whether the curve A(¢) lies above or below the straightline 1/ y.

15



Graph (a) are instead all compatible with the optimization condi-
tions. However, analysis of cases in which the curve always lies
below the straight line without ever intersecting with it is not of
interest. In such cases, in fact, a true bang-bang situation does not
arise, and the solution is obvious: the minimum promotional effort
is always made, necessarily converging on the low steady state.
The case in which A(t) is always negative, moreover, is plausible
only for a narrow interval of the parameters.

Figure 4: dynamics of A(t) (Graph a, left; Graph b, right)
Alt) 4 i At) & ;

\

1 1 E

v

The truly significant case to analyse is the one in which, work-
ing backwards from A(T) = 0, A(t) intersects the straight line 1/y at
a point of the interval [0,T]. This point is denoted with t*.

At the point of intersection t* we have A(t*) = 1/y and

At")=--r@")-5[BL-29(¢")) + (") —n]. By definition,
working backwards from the final point at which A(T) < 1/y, it is
clear that in the right-hand neighbourhood of point t* the curve
will lie below the discriminant straight line and the optimal strat-
qr

al gyl
1-%-(q0 1)e

egy will be the one with r* = rpi, = 0 and ¢(¢) =

By contrast, in the left-hand neighbourhood of t* two cases may
arise (figure 5): it is possible that the curve A(t) may move above
the straight line 1/y, giving rise to a switch strategy (case A), or
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the curve may turn downwards again, reaching a maximum point
in t* (case B).

Figure 5: A(t) in the neighbourhood of point t*
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Once again, even without explicitly knowing the expression of
A(t), it is possible to obtain significant information by analysing its
slope. If in the left-hand neighbourhood of t* the slope remains
negative, the curve will cross the horizontal straight line, rising
above it until it reaches an initial point A(0) = Ao > 1/y. If instead a
change of slope occurs in this neighbourhood, such that to the left

of t*itis A(#)” >0 and A(t") =0, there will be a maximum in t*
and always a low-type strategy, i.e. minimum promotional effort.

Hence, to summarize, it is possible to have a switch strategy -
i.e. make the maximum promotional investment in the first phase
and minimum in the second - only if there exists an instant of time
in which the co-state variable crosses the horizontal line 1/y. This
can only happen if in the left-hand neighbourhood of the point t*
the slope of A(¢) is still negative.

It will be shown in the next section that the slope of A(t) to the
left of the instant of time t* depends on the value reached by the
market share at point t* This value ultimately depends on the
initial value of the market share.
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3.4 Dependence on the initial conditions

Figure 5 above illustrates two possible patterns of A(t). As said,
the cases in which A(t) does not intersect the horizontal straight
line are not of interest, because by definition the optimal control
would always be r(t) = 0. It is instead useful to determine the val-
ues of the parameters that make it possible for a ‘bang-bang solu-
tion’ to come about. In particular, by analysing the slope of A(t) in
the left-hand neighbourhood of t* it is possible to identify the val-
ues of g(t) and qo that verify a switch strategy or a non-switch
strategy.

It is therefore hypothesised that this is the case where a switch
effectively takes place at point t* In a neighbourhood to the left of
this point, therefore, A(t) will be greater than 1/y and hence r(t)
will be at its maximum value, equal to one. The slope with r* = rpax
=1 will be:

z(i*)-:—étﬂ(l—z(z(r*»w—n] (10)

[t is now necessary to determine the values of g(t*) for which it
is admissible that the slope expressed in (10) is negative as hy-
pothesised. For some values of g(t*), in fact, this cannot be veri-
fied. Hence it follows that such values can be excluded from the
cases studied. Put otherwise, in correspondence to this interval of
values the slope expressed in (10) will be positive and not nega-
tive. In particular:

) <0 if q(r*)<ﬂ+2—7ﬂ‘”=q7ﬂ (11)

It is therefore admissible that the slope of A(t) continues to be
negative also in a left-hand neighbourhood of t* - thus giving rise
to a bang-bang solution - only if the value of the market share
reached at that instant of time is still less than half the steady-
state value (q*n /2). In other words, if during the time interval [0,
t* [ the market share has reached a very high value, it is not ad-
missible to think that a switch strategy has occurred between the
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maximum and minimum value of the control variable. The solu-
tion is also verified in the second set of cases considered: only

some values of q(t*) (in particular for ¢(z*) > %) render the slope

of A(t) positive and therefore again generate a low-level strategy
level with minimum promotional effort. To summarize in formal
terms:

) 7"* = _1 Q(I)—W vtE[O,t*[
if q(") <%=
2 r* - i _0 q(t) B 1+(‘1L lL) -Bait Vte[t*’T]
(12)
if q(")2%=r" =ry, =0; Q(f)—m Vie[0;T]

But the characterization of the model is still not complete. Hav-
ing understood that the discriminant between the possibility of
adopting a switch strategy and continuing to make the minimum
amount of promotional effort is the level reached in t* by the mar-
ket share q(t), one can link this level back to the initial conditions
of the model. In other words, one can relate the solution found for
q(t*) to the initial value qy, i.e. to an artist’s starting level of fame
as measured in terms of market share. This is possible precisely
because the market share achieved in t* depends on the initial
conditions. In other words, one has to find the values of gy that

effectively yield ¢(¢*) < "7” Substituting the values of q(t*) and q*u
with their expressions produces:

q(r><q2*' if g < 1‘-’”“ (13)

t
eqH

A switch strategy will be practicable only if the initial level is not

high, and in particular below the threshold 21

+e/f it

21 Note, however, that the value go cannot be equal to zero, otherwise there would be no dynamic in
the model. Moreover, if go were very small, or close to zero, this would constitute one of the cases
not analysed in which A(t) is always below the discriminant straight line (see figure 4).
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This circumstance seems reasonable for the large number of
emerging artists who need to gain visibility by investing a great
deal, to the limit of the maximum r* = rie = 1, in the first phase.
Even if investment stops after a certain interval of time, the profits
continue their optimal trajectory because of the beneficial effects
of word-of-mouth and spontaneous diffusion via the web. Instead,
for the smaller group of already-established artists - who have a
qo greater than the threshold value - the process of automatic dif-
fusion has been high since the outset. Hence their optimal strategy
is not to invest much in promotion, maintaining a low r(t) for the
entire interval of time.

Proposition 3. It is possible to invest the maximum in promotion to
converge on the high steady state (q*u) in the interval [0, t* [ only if

the initial market share is low (below a threshold: g, < i )

LeePiirt”

Figure 6: Dynamics of q(t)
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Figure 6 illustrates the dynamics of q(t) in the presence of the
bang-bang solution (graphic A) and otherwise (graph B). In each
case the final result is convergence on the low steady state g*;. In
the case of the switch, however, this convergence comes about
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top-downwards, after the convergence in the interval [0, t*[ has
been towards the steady state g*n.22

3.5 The effects on profits

To complete the description of the model, having studied the dy-
namic of q(t), it is now necessary to study that of the optimal
profit, TI(t) = [1 - r(t)] q(t)N(t). In the case where there is no
switch strategy such description is straightforward: the profit will
be equal, for the entire interval of time, to q(t)N(t), because the
value of the control variable is equal to zero. Hence:

if q)2dt = = =0 TI(t)=e" ——IL —— vie[0:T]

2 1+ (% —1)e

(14)

Instead, in the case of a bang-bang solution, the profit will have
the same formulation as before (equation 14) in the interval [t*T]
, and it will be instead nil23 in the first phase [0, t* [. This is due to
the fact that if it is decided to invest the maximum, the control
variable is equal to one, so that II(t) = 0:

» rr=r =1 TI()=0 Vte[0;]
. % H "
I qE) <= S0 T = — i e[

(il g it

(15)

22 Dependence on the initial conditions is also relevant to establishing another important result,
namely the point of maximum expansion of an artist’'s market share. Converging on g*. from be-
low, the maximum attainable value of the market share will necessarily be that of low steady state.
If a switch strategy is adopted instead, it is possible that the market share will reach a higher value
and then converge on g*. from above. The result is determined by the position of the instant of
switching time ¢* which in turn is determined by the initial condition go.

23 As already mentioned, the situation of nil profit must be interpreted in a purely theoretical con-
text caused by a promotional investment equal only to the price. However, the intertemporal profit
valued in the overall interval is positive and, as has been shown, is the optimal one.
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Figure 7: the optimal profits
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Note that, although they have the same analytical formulation, the
profit expressed by (14) is different from that expressed by (15)
for the interval [t* T]. This is due to the fact that the expressions of
profit are characterized by different values of gqp. As shown in the
previous section, in fact, the values of gy that make a switch strat-
egy admissible (and therefore generate the profit expressed by
(15)) are different from those that generate (14).

This conclusion can be depicted with Figure 7, which shows the
profits in the case of a bang-bang solution (solid line) and other-
wise (dashed line). It is evident from the graph that if area A (lying
between the solid and dashed curves in the interval [t*T]) is lar-
ger than area B (lying underneath the dashed curve in the interval
[0, t*[), profits are higher in the case of switching. If the reverse is
the case, the highest profits are obtained on pursuing a strategy of
minimum promotional effort throughout the entire interval of
time instead. It is the value of gy that alters the two areas: once
again, different values of the initial market share give rise to dif-
ferent results.
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Proposition 4. If the area A lying between the solid and dashed
curves in the interval [t*T] is larger than the area underneath the
dashed curve in the interval [0, t* [ (area B), profits will be greater if
the maximum investment in promotion is made in the first phase
and the minimum one in the second (figure 7).

4 Conclusions

Technological innovation has brought profound changes to the
traditional workings of the music market. After a first phase of
bewilderment, artists, the recording companies, and operators in
the sector are beginning to devise new business models in order
to keep pace with the evolution of consumer preferences. Al-
though numerous scenarios have been proposed, none of them
seems to have prevailed. Solutions have ranged from the idea -
not new - of technological protection by means of proprietary
formats, encrypted files and DRM, through attempts at legal pro-
tection by enforcing the law on copyright and intangibles, to dis-
counts on traditional supports. More convincing, however, seem
actions to exploit the new opportunities offered by hi-tech and the
internet. One thinks in this regard of Apple’s strategy of using legal
sales through its iTunes software to the advantage of sales of
hardware devices - portable PCs and iPods - and vice versa gen-
erating a profitable lock-in.

One of the main opportunities offered by the web is without
doubt the promotion that it makes possible in terms of visibility
and reaching a large number of consumers. In fact, due to the
network effect widely studied in the economic literature, it is pos-
sible to earn profits even in the presence of piracy and without
charging the highest possible price - or even by allowing free
downloads.

The model proposed takes account of the promotional capacity
of the internet and imagines a possible scenario for artists, who
can foster the diffusion of their music by exploiting the network
effect and word-of-mouth. It is imagined in fact that artists are
able to intervene in the dynamic of spontaneous web-based diffu-
sion by encouraging it — with direct or indirect promotional ac-
tions - or hindering it.
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By means of the model it has been shown that investing in
promotion generates a steady-state level for the market share
which is greater than that which would be obtained if no invest-
ment were made (or in other words, if the online circulation of
music files were opposed). There are two possible optimal results:
no invest at all in promotion if the spontaneous diffusion dynamic
is strong from the outset; or maximum investment in the first
phase, to then once again converge on the low steady state. It has
been shown that the choice between the former and the latter
strategy is determined by the value of the market share that art-
ists have at the initial instant of time.

In particular, a switch strategy - i.e. a shift from the maximum
to the minimum investment - can be adopted only if the initial
market share is below a threshold value. From this derives one of
the main results of the model: namely that it is advisable for
emerging artists to invest the maximum in the first phase, even
accepting that they will operate at a loss, so that they can gain
visibility and trigger the process of automatic diffusion through
word-of-mouth. For those who start with a large market share
(the established artists), the mechanism is already well under
way, and the optimal strategy is not to invest in promotion at all.

In reality, also very well-established artists today opt for free
diffusion. Evidently, the promotional effects are very marked.
They impact on several sectors of artists’ activity, above all live
music, and are not captured by the model’s state variable, namely
the market share. From this derives an interesting extension and
a direction for further research.

The model’s bang-bang solution depends on the formulations
(highly standard) adopted for profits, dynamic of the state vari-
able, and the control variable: other formulations may not gener-
ate corner solutions. Yet the corner solution is interesting if it is
conceived as the propensity to invest the maximum or the mini-
mum in the phases of the artistic life-cycle. It is well known that
emerging artists are often willing to invest the maximum in a first
phase in order to achieve a breakthrough.

A further interesting extension could be the introduction of a
stochastic element able to shift the initial market share. It would
be thus possible to grasp the effect of the ‘strokes of luck’ or ran-
dom occurrences that often launch the careers of artists, enabling
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them to emerge from anonymity and achieve a substantial market
share. Diffusion via internet, which is increasing unlikely to halt,
would do the rest.
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