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Pricing Strategies for Gaming-on-Demand

Abstract

In the last few years, social gaming has resulted in significant upheavals in the tradi-
tional video gaming industry. However, an even bigger threat looms large in the horizon.
The advent of cloud gaming or gaming-on-demand is expected to disrupt the traditional
gaming industry. However, the success of the gaming-on-demand model would depend
to a large extent on the availability of broadband services. As the quality of broadband
services is not uniform across the different geographies, pricing of cloud gaming services
must take this non-uniformity into account. The paper provides managerial guidelines
for cloud game providers on pricing their offerings. We develop a pricing schedule for a
typical cloud game provider by modeling the non-uniformity of broadband availability,
and a gamer’s propensity to engage in gaming. We explore two pricing plans: usage
based and fixed fee plan. We determine the conditions under which gamers would select
one plan over another, and discuss the significance of these conditions for cloud gaming
providers.

keywords: Gaming-on-Demand, Pricing, Price Discrimination, Cloud Gam-

ing

1 Introduction

Cloud gaming or the gaming-on-demand model is well poised to disrupt the traditional video
gaming industry. In the gaming-on-demand model, the games are run on huge server farms, and
the gaming company allows a gamer to stream the game for a specified fee. The gamers access
the game by using a device which does not require a very powerful processor, for example,
smart TVs, tablets, PCs, etc., and an internet connection to connect to the gaming company’s

server. Therefore, gamers do not need to invest on sophisticated and expensive hardware like



gaming consoles to play a game. At the same time, gamers get the option to pay according
to their usage instead of being compelled to purchase a game. The advantages of this model
for the gaming companies are primarily threefold. First, the company can upgrade its games
without worrying about the hardware compatibility of its customers. Second, it expands the
market to include gamers who are ready to pay a small usage based fee to access online games,
but cannot afford to make large upfront payments to buy expensive ones. Third, this model
opens up a new revenue stream for outmoded games which are difficult to sell; there may be
gamers who will pay to play such a game for a few hours. As the marginal cost of offering a
game on demand is very low, it is indeed a profitable model for the gaming company. Moreover,
the gaming-on-demand model can help in reducing piracy.

The gaming-on-demand market has already become fiercely competitive. In January 2012,
Gaikai Inc., which started gaming-on-demand in 2010, announced a strategic partnership with
LG Electronics to launch an integrated Smart TV cloud gaming service [1]. This deal allows
LG to leverage the cloud platform of Gaikai to offer a broad range of games to its customers.
Games are offered through the game portal service operating within the LG Smart TV. OnLive
Inc., Gaikai’s main competitor, reacted to this strategic alliance by demonstrating their OnLive
Game Service on the next generation LG Smart TV with Google TV (G2 series) in the month of
June, 2012 [2, 7]. A few days later Gaikai announced its partnership with Samsung which will
offer cloud gaming using Samsung Smart TVs [3]. As competitor rivalries propel the industry
towards a greater state of flux, traditional gaming companies will be forced to respond to this
challenge emanating from the gaming-on-demand model. One other factor that is expected to
favor the shift towards cloud gaming is the increasing popularity of tablets and smart phones [4].
Reports indicate that tablets will become the most important computing device in the future.
As more and more people start accessing the Internet using devices with low computing power,
gaming companies will increasingly feel the need to offer games that can be played using such
devices, in effect, offer games as a service. The recent acquisition of Gaikai by Sony, signifies
that this transformation is not just inevitable, it is also imminent [20].

However, there is an obstacle to wide scale adoption of cloud gaming or gaming-on-demand
- the quality of broadband services. As the game is delivered as a service via the Internet, the

user experience of gaming-on-demand will definitely be poorer if she does not have access to



high quality broadband service. Sony, according to reports, seriously considered the idea of
coming up with a download only version of its gaming console, Play Station 4. It ultimately
rejected that idea keeping in mind the inconsistencies in broadband speeds around the world
and instead decided to keep an optical drive as a part of the console [19]. For the same reason,
Microsoft has also decided to include an optical drive as part of its next Xbox [26]. However,
experts believe that as Internet speeds go up, it is a matter of time before console manufacturers
include cloud gaming features in their consoles. Although standardization of broadband speeds
around the world seems improbable in the near future, it is unlikely to dampen the efforts of
cloud gaming providers like Gaikai (now Sony) or OnLive from venturing into the markets of
Eastern Europe or South-East Asia where Internet speeds are considerably slower. Therefore,
cloud gaming companies will not be able to offer a similar experience to users across the world
even when the users are playing the same game. This implies that these companies have to
consider the quality of broadband services when they price their offerings in different countries.
This adds to the complexity of the pricing mechanism of cloud gaming services. Moreover, the
design of pricing plans which can correctly factor in the effect of the quality of broadband
service assumes enormous significance in determining the success of the gaming-on-demand
business model.

The current literature on cloud gaming essentially studies cloud computing with a focus
on the developments in the cloud gaming industry [16]. However, the video games industry
has been extensively studied. Vogel [23] discusses the video games industry in the context of
the general entertainment industry of the United States (see Williams [24] for a lucid intro-
duction to the industry). Gallagher and Park [10] had looked at the competitive dynamics
of industries which are standards based, with a focus on the US home video game market.
Most of the studies on the industry have focused on network effects and the effect of verti-
cal integration on the pricing of games and consoles. Shankar and Bayus [17] conducted an
empirical study on the importance of network size and network strength in the video games
industry. Clements and Ohashi [6] conducted a more extensive study with data from 1994 to
2002. Their findings indicate that introductory pricing and software variety (game variety)
play important roles in the diffusion of game systems; whereas introductory pricing proves

more effective in the initial stages, the effect of game variety dominates in the later. Hong



Ju Liu [13] developed a framework to study pricing strategies under network effects, consumer
heterogeneity and oligopolistic competition. The work discusses alternate strategies of video
games console manufacturers through policy simulations, and critically examines the pricing
strategies of Nintendo. The paper reports the findings of an empirical investigation on console
pricing and studies the effect of vertical integration on the sales performance of video games.
Multiple research findings which indicate that vertical integration leads to lower prices and
increased competition in the case of video games console. However, this leads to an increase
in the number of units of consoles sold, and a higher demand for video games which leads to
higher profits [8]. A study by Gill and Warzynski [11] finds that vertically integrated games
sell more and at higher prices compared to non-vertically integrated games, which validates
the findings of Derdenger [8]. However, results indicate that there is no effect of vertical inte-
gration on the quality of the games. The problem of optimal pricing over time for a firm selling
a durable good to forward looking consumers [15] has been studied in the context of the video
games industry. Results show that the behavior of forward looking consumers has a significant
impact on pricing.

Varian and Shapiro [18] defines information good as ”anything that can be digitized -
encoded as a stream of bits”. In line with this definition, here we categorize games delivered
as-a-service as information good. Pricing information goods generally involves non-linear price
structures [18, 5, 25, 22]. Tt is also quite common to observe multi part tariffs like flat rate
pricing, two part tariffs, etc. in the pricing of information goods [12, 21]. If we consider
gaming-on-demand usage to be the number of hours a game is played, then non-linear usage
based pricing can be used to price gaming-on-demand services. Software vendors who provide
software-as-a-service have adopted this pricing model, for example, Salesforce.com. Firms
like Amazon.com which provide computing infrastructure-as-a-service have adopted non-linear
pricing which has a combination of usage based and fixed fee components. As with the case
of other information goods, gaming-as-a-service exhibits zero marginal cost as the cost of
providing an additional unit of a game for an unit time is essentially zero. However, cloud
gaming providers have to incur a cost to keep track of the usage of the consumer, which is
best expressed as transaction cost. Non-linear pricing theory states that the optimal pricing

policy of a monopolist should always be based on usage [14, 25]. In a generalized discussion



on non-linear pricing of information goods, Sundararajan [21] has shown that if we consider
the near zero marginal costs of information goods along with the costs of administering a
usage based pricing schedule it is possible to explain the profitability of fixed fee pricing for
information goods. In this paper, we make use of the above observation to consider fixed-fee
pricing (independent of usage) as well as usage based pricing as possible pricing strategies for
gaming-on-demand providers.

In this paper we are interested in determining the optimal pricing structure for gaming-
on-demand providers by taking in to account the quality of broadband services available to
the gamers. We model heterogeneous gamers characterized by their propensity to engage in
gaming, and the quality of their broadband services, in order to develop a pricing schedule. This
work contributes to the literature on pricing of cloud gaming services and provides guidelines
for cloud gaming providers on pricing their offerings.

In Section 2, we introduce the basic notations and assumptions used in rest of the paper.
Pricing plans considered in this paper are elaborated in Section 3. We explain the selection
problem of a gamer in Section 4. In Sections 5 to 7, we identify optimal usage based and
fixed fee pricing plans for both gamer and cloud game service provider. We take an example in
Section 8 to show the applicability of the closed form expressions derived for optimal pricing
plans in the previous sections. In Section 9, we conclude after highlighting the application

areas and the key contributions of this paper.

2 Model

In this paper, a monopoly cloud gaming provider offers gaming as a service to consumers
(gamers). We assume that the variable cost of offering an additional unit of a game as a ser-
vice for a unit time is zero. We also assume a cost of administering usage based fee incurred
by cloud gaming providers, and call it transaction costs. From the perspective of a cloud gam-
ing provider, gamers are characterized using two parameters: gamer type (p) and broadband
non-uniformity (o). Gamer type (p) indicates propensity of a gamer toward gaming, whereas
broadband non-uniformity is defined as the change in data rate of the broadband connection
in unit time, and serves as the measure for quality of the broadband service. Mathematically,

o is represented as |A¢|/At , the absolute value of the change in the data rate (A¢) from time



period t to time period t 4+ At. The gamers are heterogeneous, and we index them by their type
pE @, p] and broadband non-uniformity o € [o, @]. The utility function of a gamer with type
p and broadband non-uniformity o is represented by U(q(p, o), p, o). From the functional form
of utility function, utility gained by a gamer is dependent on its identifiable characteristics, i.e.
o and p, and ¢, the quantity of games played (consumed) from her cloud gaming provider. As
discussed earlier, the quantity consumed is the number of hours a game is played. Correspond-
ing net utility for the gamer is expressed as U(q(p, o), p,o) — T where T is the price paid by the
gamer for the quantity of games consumed. In the following discussion, numbered subscripts
to functions denote the partial derivatives with respect to the corresponding arguments. For
example, Uy(q(p, ), p, o) is the first order partial derivative of utility function U with respect
to the first argument, ¢, while Uy1(q(p, o), p, o) is the second order derivative with respect to g.
Ui2(q(p, o), p, o) represents the cross partial derivative of utility function U with respect to the

first and the second arguments. We consider the following properties of the utility function:

(i
(ii

(iii

U(0,p,0) =0; Ui(q(p,0), p,0) > 0; Uni(q(p,0),p,0) <0Yqg>0

( ( ) P, o ) < O; U2(Q(ﬂ> U)apa U) >0

)
) U,
) Ura(q(p,0),p,0) > 0; Us(q(p,0),p,0) <0V qg>0
)

(iv) limg 00 Ulg(p, 0), p,0) = V(p,0) < o0
According to property (i), utility of a gamer increases with an increase in consumption of
games, however, it increases at a decreasing rate. Property (ii) states that gamers of higher
types get higher utility, while those with higher values of broadband non-uniformity get less
utility. Property (iii) implies that a gamer of higher type will get a higher increase in utility
than a gamer of lower type for the same increase in consumption of games ¢q. At the same time,
gamers with higher broadband non-uniformity will get a lower increase in utility for the same
increase in consumption. Property (iv) assumes an upper bound on the utility that a gamer
can get from unlimited consumption.

We further assume that on the lower limit of broadband non-uniformity, i.e., ¢ — 0, utility
function is defined as lim, o U(q(p,0),p,0) = UL(q(p), p) < oo and on the upper side, it is
defined as lim,_,o U(q(p, ), p,0) = UH(q(p),p) > 0. Utility functions of gamers follow the

similar properties for the limiting conditions listed below:
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L0, p) = UH(0, p) = 0; UL(q(p), p) = 0,Uf (q(p). p) = 05 UL (q(p). p) <O,
Uli(q(p),p) <0¥q>0

3 Pricing Plans

In this paper, we consider two different pricing plans offered by cloud gaming providers: fixed

fee and usage based fee.

(i) Fixed fee: A gamer pays a pre-specified fixed amount 7' for unlimited consumption of

games for a specific time period.

(ii) Usage based fee: In this plan, there is a price for each unit time period of game played, and
the entire schedule of quantity price pairs is available to the gamers. From the revelation
principle [9] we can assume that a gamer will choose a unique price-quantity combination
that maximizes her net utility. Therefore the usage based pricing plan can be represented
by a menu of quantity-price pairs offered by cloud gaming provider satisfying the following

two constraints:
Incentive Compatibility [IC]: For each gamer characterized by p and o,
Ulq(p,0),p,0) —7(p,0) > Ulq(x,y),p,0) —7(z,y) Va € [p, p] and V y € [o, 7]

Individual Rationality [IR]: For each gamer characterized by p and o, U(q(p,0), p,0) —

7(p, o) > 0. If the two conditions are met, then the gamer will choose the pair, [¢(p, o), 7(p, 0)].

Here, 7(p, o) is the price function for gamers of type p and broadband non-uniformity o

in usage based contract.

These two conditions are valid for limiting conditions of non-uniformity of broadband

connection as well.



4 Selection Problem of a Gamer

In this section we determine the conditions under which gamers adopt a fixed fee plan in the
presence of an incentive compatible usage based plan. We first establish some initial results

related to usage based plan. Unless otherwise stated, all proofs are presented in the appendix.

Lemma 1. If q(p,0) denotes the consumption of a gamer (characterized by gamer type p and

broadband broadband disruption o) who has opted for an incentive compatible plan, then:
(a) a(p,0) = 0.

(b) q2(p7 U) S 0.

Lemma 2. If preference function of a gamer is defined as

F(q(p,0),p,0) =Ulq(p,0), p,0) — 7(p,0), then:
(a) F(q(p,0),p,0) is strictly increasing in p.
(b) F(q(p,0),p,0) is non-increasing in o.

For limiting cases of broadband non-uniformity, preference functions are defined as F£(q(p), p)

(for o — 0) and as F# (q(p), p) (for 0 — o). Accordingly Lemma 2 is modified as follows:

Lemma 3. For limiting cases of user variability, if preference functions are defined as F*(q(p), p) =

U(a(p), p) = 7(p) and F™(q(p), p) = U (a(p), p) — 7(p), then
(a) FE(q(p),p) is strictly increasing in p.

(b) FE(q(p),p) is strictly increasing in p.

4.1 Presence of a Fixed Fee Plan

Let us suppose that a gamer has the option of a fixed fee plan in addition to a usage based

plan. Given this choice, a gamer will opt for fixed fee plan only if,
V(p,O’)—TZ U(Q(p70)apva)_7—(p70_) (1)

Vip,o0) = Ulq(p,0),p,0) +7(p,0) 2T (2)



Here, we assume that the gamer who is indifferent will opt for the fixed fee plan. The left hand
side of Equation 2 is defined as Fized Fee Surplus. If the fixed fee surplus is more than or equal

to the fixed fee T', then the gamer opts for fixed fee plan instead of usage based plan.

Lemma 4. If the fized fee surplus is defined as X(q(p,0),p,0) = V(p,0) —U(q(p,0),p,0) +

7(p, o), then the following results are established.
(a) X(q(p,0),p,0) is strictly increasing in p
(b) X(q(p,0),p,0) is strictly decreasing in o
Lemmas 2 and 4 lead to the following proposition:

Proposition 1. Given an option to choose between two plans: usage based and fized fee, a

gamer’s choice will follow the conditions given below:

(a) ]fv(ﬁv J)_T > U(Q(Bv J)’B’ U)_T(£7 U) Vo or V(p>6)_T > U(q(p,ﬁ),p,ﬁ)—T(p,E) v Ps

then all gamers opt for fized fee plan.

(b) IfV(p,o) =T <Ulq(p,0),p,0)—7(p,0) Vo or V(p,a) =T < Ul(q(p,0),p,0) —7(p,0) V p,

then all gamers opt for usage based plan.

(c) As fixed fee surplus strictly increases with p and strictly decreases with o, there is no unique

p or o to choose between fized fee plan and usage based plan when, p,o # 0 and p,0 < 0.

Proof of Part (a). Using results found in Lemma 4, fixed fee surplus increases with increasing
p. Hence, if a gamer of type p adopts fixed fee plan, then all gamers (with any p > p) and with
same broadband non-uniformity ¢ will adopt fixed fee plan because of higher fixed fee surplus.
As this argument is valid for gamers of all o, all gamers will opt for fixed fee. This concludes

the proof for part (a) of Proposition 1. H

Proof of Part (b). Using results from Lemma 4 with fixed fee surplus strictly increasing with p,
if a gamer of type p opts for usage based plan, all gamers with same broadband non-uniformity
o will opt for the same because of decreasing fixed fee surplus. As this argument is valid for

gamers of all o, all gamers will opt for fixed fee. This concludes proof for part (b). n



4.1.1 Limiting Cases

In this section we look at the decision problem of a gamer in the limiting cases of broadband
non-uniformity. We first establish the following lemma to define the characteristics of fixed fee

surplus in limiting cases.

Lemma 5. For limiting cases of broadband non-uniformity, if fived fee surpluses are defined

as

X*(q(p),p) = V*=(p) = U (q(p), p) + 7(p) and
X™(q(p),p) =V (p) = U™ (a(p), p) + 7(p), then

(a) XE(q(p), p) is strictly increasing in p
(b) X" (q(p), p) is strictly increasing in p

Lemmas 3 and 5 lead to Proposition 2. We use the following definitions of gamer types for
limiting cases in Proposition 2.

Gamer types pf; and pfl are defined as:

q*(p) =0 Vp < pk when o — 0 and ¢*(p) = 0 Vp < p when o — oco.

Types p% and pZ are defined as:

ps = Min{p:V*(p) — U"(a(p),p) + 7(p) = T} and

ps = Min{p: V¥ (p) —U"(q(p), p) + 7(p) = T}

Proposition 2. Given an option to choose between two plans: usage based and fixed fee, a

gamer’s choice will follow the conditions given below:

(a) If VE(p) =T > U"(q(p), p) — 7(p) or VI (p) =T = U"(q(p),p) — 7(p), then gamers with

p € [pb.pl and p € [p{l . p] opt for fized fee plan.

(b) If VE(p) =T < U™q(p),p) — 7(p) or VI(p) = T < U™ (q(p),p) — 7(p), then gamers with

p € [pk,p| and p € [pH,p] opt for usage based plan.

(¢) IFVH(p)~T < UM(alp), p) — 7(p) and VE()—T = UH(q(p), 7) — 7(5), then gamers of type
(L, pL] will continue with usage based plan whereas the gamers of type p € [pk,p] switch

to the fized fee plan.

10
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Gamer Type, p

IfVi(p) =T <U"(alp), p) — 7(p) and V(p) — T = U"(q(p), p) — 7(p), then gamers of
type [p, pH] will continue with usage based plan whereas gamers with p € [pH . p| switch to

the fized fee plan.
(d) pii = piy
(¢) p§ = p§

[b]

Figure 1 represents the behavior of the gamers for the limiting cases of broadband non-
uniformity. Proposition 2(d) states that for a very high values of broadband non-uniformity,
we can expect cloud gaming adoption at higher values of gamer type. This result is expected as
very high non-uniformity reduces the utility of the gamers to such an extent that the net utility
essentially becomes less than zero, and therefore adoption occurs at higher values of gamer type.
The significant take-away for cloud gaming providers is that the first adopters of their usage
based pricing plans will be gamers who have a relatively stable broadband connection (low
broadband non-uniformity).

Proposition 2(e) states that for very high values of broadband non-uniformity, we can expect
a shift from usage based plan to fixed fee plan at higher values of gamer type. The result is
expected as gamers who have to deal with high non-uniformity will find the fixed fee plan
attractive only if their propensity to play games is high (high gamer type). This is because
fixed fee plan entails a payment independent of usage and can lead to a reduction in net utility

if the data rate of the broadband connection is non-uniform in nature. On the other hand, a

11



gamer who has access to a steady broadband connection will opt for a fixed fee plan even if
her gamer type is relatively low.

Propositions 2(d) and 2(e) taken together imply that for a high level of broadband non-
uniformity we can expect both adoption of cloud gaming and the shift from usage based plan to
fixed fee plan to occur at higher values of gamer type. Gamers with a relatively better quality
broadband connection (low broadband non-uniformity) will not only adopt cloud gaming at

lower values of gamer type but also shift to the fixed fee plan from the usage based plan earlier.

5 Optimal Usage Based Pricing Plan by Cloud Gaming
Providers

In this section we determine the pricing plan offered by the cloud gaming providers which max-
imizes its profits. We first look at the scenario where the gaming provider offers a usage based
plan only. We also assume that the transaction cost is in the form ¢(q(p, o)). In the absence of
any fixed fee plan, if ¢*(p, o) is the optimal quantity of games consumed and 7(¢*(p, 0)) is the
price charged by the gaming provider, then the following proposition determines the optimal

price-quantity combination.

Proposition 3. We define py and oy as follows:

¢ (p,o) =0V p<py (3)

¢ (p,0) =0V 0o >o0g (4)

pu s the value of gamer type below which the quantity of games consumed, q is zero, irrespective
of the value of o. Similarly, oy is the value of broadband non-uniformity above which the
quantity of games consumed q is zero, irrespective of the value of p. Using this definition of

pu and oy, optimal quantity of game consumed by a gamer of type p and having broadband

12



non-uniformity o is calculated by solving the following unconstrained optimization problem:

max 12 h(p) [T U (alp, o), p,0) — clg(p, 0))lg(o)dodp +
G(a) [ hp) [ J7 " Ua(ae,y), 2, y).q1 (2, y)ldydwdp +
G(a) [7 h(p)[) J7" Uss(a(x,y), =, y)dydadp —
" hp) 77 Glo) [P [Ualg(x,0),2,0).q1(x, 0)|dedodp —

pﬁU h(p) f;H G(o) fppU Uss(q(x,0),z,0)dzdodp

Optimal pricing plan for optimal quantity of game consumed (q*(p,o)) is defined by the

following expression:

P [oH
7(¢"(p,0)) = Ulq*(p, o), p, 0)—/ / [Ui2(q(z, y), z,y)-q1 (2, y) + Us(q(z, y), 2, y)]dyda
pu Jo
(5)
where h(p) and g(o) charaterize the density functions of gamer type and broadband non-

uniformity for different gamers. Individual rationality condition is satisfied in following ranges

of pando: p € [py,p] and o € [g,0x].

A cloud gaming provider will offer cloud games at a price which is greater than or at
least equal to the transaction cost that the it incurs in offering that service. Therefore, if the
transaction cost is high for the cloud gaming provider, then the price charged is higher too

which results in a decrease in the number of adopters.

6 Utility of Fixed Fee Plan for Cloud Gaming providers

In Section 4.1, we established some results to prove the willingness of gamers to opt for a fixed
fee plan under certain conditions. In this section, we see the incentive of the cloud gaming
provider in offering a fixed fee plan. In the absence of fixed fee, we define the optimal quantity
of games consumed by a gamer with p and o as ¢*(p, ). In usage based plan, a cloud gaming
provider incurs a transaction cost by monitoring quantity of games consumed per unit time
and we denote this transaction cost as ¢(¢*(p,o)). In this paper, we assume zero transaction

cost for fixed fee plan. Based on this set of conditions, we establish the following proposition.

Proposition 4. If the transaction cost of monitoring the usage of games is non-zero, then it

13



18 always profit improving for the cloud gaming provider to offer fixed fee plan along with usage

based plan.

Proof. In absence of any fixed fee plan, ¢*(p, o) is the optimal quantity of games consumed by
a gamer (characterized by p and o) and corresponding cost incurred by the gamer is 7*(p, o).
To see the impact of fixed fee plan for a cloud gaming provider, we consider two situations:
one with ¢*(p, o) = 0 and second with ¢*(p, ) > 0.

In the first situation, as ¢*(p, o) = 0, Proposition 1 establishes that ¢*(p,o) = 0 Vp, o and
hence the profit of a cloud gaming provider is zero. Fixed fee of T' = V(p, @) strictly increases
the profit of cloud gaming provider in this situation.

In the second situation, ¢*(p,c) > 0 which signifies the acceptance of the usage based plan
by the gamers. Now, always a fixed fee T" can be chosen such that 7*(p, o) — c(¢*(p,0)) < T <
7*(p, o), which increases the profit of the cloud gaming provider. From the perspective of a
gamer, V(p,a)—T > U(q*(p,a),p,0) —7*(p, o). It indicates some gamers who have subscribed

to usage based plan will now switch to fixed fee plan. m

7 Optimal Pricing Structure in the Presence of Fixed

Fee

In the previous section, we determined the optimal pricing structure for a cloud gaming provider
in the absence of fixed fee. In this section we extend our model to determine the optimal pricing
structure in presence of both usage based and fixed fee. From Proposition 1 we know that
it is not possible to find out a unique pair of values for p and ¢ for which a gamer will shift
from usage based plan to fixed fee plan. This creates problem in determining optimal pricing
structure as distinct gamer sets cannot be identified for fixed fee and usage based fee and
hence a closed form expression to calculate the total profit is absent. In order to determine
the optimal fixed fee that a cloud gaming provider should charge, we assume a gamer who has
broadband non-uniformity of oj;. Sundararajan [21] has shown that the optimal usage based
pricing schedule in the presence of a fixed fee is independent of the value of the fixed fee. This
property greatly reduces the problem of finding the optimal combination of fixed fee and usage

based fee. The following proposition describes the solution to the problem.

14



Proposition 5. For a gamer with broadband non-uniformity oy, if we assume that the gamer
shifts to fized fee plan from the usage based plan at a gamer type pyr, where pyr € [pk, pH], then

the optimal combination of usage based fee and fized fee can be determined as follows.

(a) Ui(q*(p, o), p,0) = e1(q*(p, o)) + 502 Ua(q" (p, o)

(b) p¥* = argmaz,y [ 17 (p,001) — elq"(p.oan)]f (p)dp + [1 — F(pl)]

[V(p]b\”/ja UM) - U(Q*(Pf\ql*a UM)7PQ47 UM*) + T*(Pfs\*/[*ng)]

(¢) T* = V(p*,our) — U(q (X", 0as), p¥* 0us) + 7 (0%, 00)  Here q*(p, ) is the optimal

quantity and 7*(p, o) is the corresponding price (Proposition 3).

Proposition 3 and Proposition 5 together helps us determine the optimal pricing schedule
that a cloud gaming provider should publish for a gamer with a broadband non-uniformity
oy Therefore, if the gaming provider can segment the gamer market into different categories
of broadband non-uniformity, for example, high, medium and low, it will be possible for the
cloud gaming provider to draw up an optimal plan for each of the different market segments.
Furthermore, from Proposition 4 we can infer that the introduction of a fixed fee is beneficial
for the gamer. As the optimal fixed fee does not affect the optimal usage based fee, therefore,
the consumer surplus can only increase if a fixed fee is introduced. We have already seen
the benefit of introducing a fixed fee in the case of cloud gmaing providers. Therefore, the

introduction of a fixed fee is beneficial for both cloud gaming providers as well as gamers.

8 Example

In this section, we take an example and first derive the results for optimal usage and price in

the absence of fixed fee. We assume the utility function of a gamer as:

U =alp— ) = 3¢ for 4 < (p—0)

g-P=0o)

5 foraz(p—o)

We also assume c(q) = cq; h(p) = ae™; g(o) = Be~P Therefore, Uy = p— 0 — q; Upy = 1;
Up=q; U =0; G(y) =1— e
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The value of optimal usage ¢* is determined by using Proposition 3. The unconstrained opti-
mization problem for calculating the optimal quantity can be expressed in the form fpﬁ . f;H Idydp

where integrand [ is defined as:

I=U(q(p,y), p;y)a(y)h(p) — clalp,y))g(y)h(p)—

h(ﬂ) /p [U12<Q(x7 y)7 €, y)ql(xa y) - Ugg(q(l‘, y)? €, y)][G(y> - CTY(Q)]d‘r (6)

puU
To determine ¢* we differentiate integrand I with respect to ¢ and equate it to 0 using the first

order condition.

dr

d P
G = (0= ) =g = capel o) _qeoreie i / 01(z,y)da

dq PU
Simplifying this equation we get,

f=p—0—c—
¢ =p =z

Using the value of ¢* to calculate 7* from Proposition 3,

T*(p, U) = U<q*(p7 U)7p’ U) - /p /UH [Ulg(q(a:,y),x,y).ql(x,y) + UQg(Q(JI,y),J],y)]dydCL’

For the utility function in the example, U;s = 1 and U3 = 0. Therefore,we get

(p,0) = U(g"(p, o), pr o) — / " o, y)dy
* * 1 1 1 2 2
P (p.0) = Ul (o)) = (o= e+ 5o = (p=c Do+ 5(ch o= (D

eﬁg(eb’afz _ eﬁa /)

To calculate the optimal fixed fee, we have to assume a value for ¢ and then calculate the

value of p¥*. From Proposition 5, the value of p¥* can be determined as the roots of the
equation,
1 1 1 o
MN2—  — M * - _M
(ps )" (= = 5) + (P )@+ onr + et — = —=)+
(~q"onr — 02+ 20 —onipy —cpy = 24—k —cq?) = 0
2 2 o

We can then use the value of p* to find out the optimal value of T*. The derivation is

algebraically cumbersome, so we omit the rest of it.
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9 Concluding Discussions

This work is an attempt to address the issue of pricing cloud gaming offerings. The pricing
decision is modeled by introducing two important factors - gamer type or propensity of a gamer
to engage in cloud gaming, and non-uniformity of the gamer’s broadband connection - which
affect the utility that a gamer derives from cloud gaming offerings. We first determine the
conditions under which gamers opt for different pricing plans, viz., usage based plan and fixed
fee plan. From our analysis we can expect that for gamers who suffer from high broadband
non-uniformity, both adoption of cloud gaming as well as a shift from usage based plan to fixed
fee plan will be observed for gamers who have a high propensity to engage in gaming. We also
show that the introduction of a fixed fee plan improves profits for the cloud gaming providers.
Therefore, for cloud gaming offerings, for which the marginal cost is zero, and where there is
a transaction cost involved in administering usage based fee, only usage based pricing plans is
not optimal. Interestingly, the pricing plans of companies which offer computing infrastructure
as a service (IaaS) like Amazon, Rackspace exhibit plans which are in accordance with our
findings in this paper. Neither of the two IaaS providers offer pure usage based plans. The
pricing plans of these two companies are primarily of two types: a pure usage based plan and
a combined fee plan. The combined fee pricing model is characterized by a combination of a
usage based component and a fixed fee component. The usage based fee of a combined fee
plan is generally much lower compared to the fee of a pure usage based plan, and therefore this
lends to higher usage of computing resources by the customers.

This work provides a guideline for cloud gaming providers on pricing their offerings to
gamers. It provides an understanding of pricing related issues for both incumbent and new
entrants in this field, and offers a mechanism for designing optimal tariff structures for gamers.
The fact that we consider both gamer type and the quality of broadband connectivity makes our
contribution more relevant as cloud gaming providers who do not take into account broadband
non-uniformity will find it difficult to offer relevant pricing plans for gamers. Our findings
on the effect of broadband non-uniformity on the fraction of adopters of usage based and
fixed fee plan will help cloud gaming providers segment gamers based on the broadband non-
uniformity, and target them with appropriate offers. This work also highlights the importance

of transaction costs for cloud gaming providers. As it becomes possible for these companies to
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reduce the transaction costs, they should also adjust the usage based pricing to increase the
fraction of adopters.

In future, we plan to analyze the effect of combined fee plan on the decision of gamers. In
some cases of combined fee plans of IaaS providers, the availability of computing resources is
guaranteed (Amazon EC2) [http://aws.amazon.com/ec2/purchasing-options/]; for some
other cases these contracts are bundled with a specialized consulting service (Rackspace) [http:
//www.rackspace.com/cloud/cloud_hosting_products/servers/pricing|. These special
bundle offers are generally given as incentives so that users shift to the combined fee model
from the usage based pricing plan. Analogous incentives for cloud gaming could be newsletters
on the latest games, exclusive reviews of latest releases, extra points or credits that can be used
to play games, etc. In future, we plan to incorporate these special incentives in our model to
attempt a deeper analysis of pricing of cloud gaming. In this paper, we have assumed the set of
all games offered by the cloud gaming provider to be homogeneous. This may not hold in the
real world as gamers may have different valuations for the various games offered by a gaming
company. It is possible to adapt our model to accommodate a set of heterogeneous games by
giving a weightage to each game. So, the different games offered by the gaming company can
be arranged in a quality scale and the quantity consumed for a game which ranks higher in
the scale is considered to be more than a lower ranked game. In our future work, however,
we plan to modify the model to account for variations in the games offered by a cloud gaming

company.
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Appendix

1 Selection Problem of a Gamer

Lemma 1. If q(p,0) is the quantity of games consumed by a gamer who has opted for an incentive
compatibility plan, then:

(¢) qi(p, o) = 0.

(b) qQ(pv U) <0.

Proof of part (a). Let us assume q;(p,0) < 0. Therefore q(p,0) > q(p +€,0) for e > 0. As the plan
is incentive compatible, from condition [IC]

U(q(p, 0)7 P U) - T(p? J) = U(q(p + ¢, U)a P 0) - T(p + €, 0) (1)
From condition [IC] for a gamer with type p 4+ € and broadband non-uniformity o,
U(Q(p T € U)vp + € U) - T<p + €7U> > U(Q(p, U)ap + 670) - T(p7 O') (2)

Adding up Inequalities 1 and 2 yields the following inequality:

U(Q(p + € U)ap + 6’0) - U(Q(pa U)ap + 6’0) > U(Q(p + 670)7p70) - U(Q(pa O'),p,O') (3)

Inequation 3 implies that Uz(q(p,0),p,0) < 0 as q(p,0) > q(p + €,0) - a contradiction of utility
function property, which completes the proof. ]

Proof of part (b). Let us assume qa(p, o) > 0, Therefore q(p, c+¢€) > q(p, o) for € > 0. Using condition
[1C],
Ulq(p,0),p,0) = 7(p,0) 2 Ula(p, 0 +€),p,0) = 7(p,0 +¢) (4)

Following condition [IC] for a gamer with type p and broadband non-uniformity o + €,
U(Q(pv o+ 6)7 py0 + 6) - T(ﬂ? o+ 6) > U(Q(p, U)a py0 + 6) - T(pa O') (5)

Adding up Inequalities 4 and 5 yields the following inequation:

Ulg(p,o+€),p,o+¢€) —Ulglp,0), p,o+¢€) =2 Ulg(p,0 +¢€),p,0) = Ula(p,0), p, o) (6)
Inequation 6 implies that Us(q(p,0),p,0) = 0 as q(p,0 + €) > q(p,0) - a contradiction of utility
function property, which completes the proof. ]
1.1 Selection of usage based pricing Plan

Lemma 2. If preference function of a gamer is defined as
F(a(p,0),p,0) =Ula(p,0),p;0) = 7(p, ), then:

(a) F(q(p,0),p,0) is strictly increasing in p.

(b) F(q(p,0),p,0) is non-increasing in o.



Proof. Applying first order condition to satisfy condition [IC],
Ul(q(p’0)7p70)'q1(pv U) _Tl(p7 U) =0 (7)

Ui(q(p, o), p,0)-q2(p,0) — m2(p,0) =0 (8)
Differentiating F'(¢(p, o), p, o) with respect to p yields:

FQ(Q(Iov U)? P U) = UI(Q(pa 0)7 P, U)‘ql(pa U) + UQ(Q(pa 0)7 2 U) - Tl(ﬂ? O') (9)
Using the results obtained in Equation 7, Equation 9 results into:
Fy(q(p, 0), p,0) = Ua(q(p,0), p,0) (10)

As Ua(q(p,0),p,0) > 0, Fa(q(p,0),p,0) >0
To prove part (b), differentiating F'(¢(p, o), p, o) with respect to o yields:

F3(q(p7 J),p, U) = Ul(Q(p, O—)apv J).QQ(,O, U) =+ U3(Q(P, J),p, J) - TQ(pa J) (11)

Using the results obtained in Equation 8, Equation 10 results into:

F3(q(p,0),p,0) = Us(a(p,0), p, 0) (12)
As Us(q(p,0),p,0) <0, it shows that Fz(q(p,0),p,0) <0
O
Lemma 3. For limiting cases of user variability, if preference functions are defined as F*(q(p), p) =
U(a(p), p) = 7(p) and F™(q(p), p) = U (alp), p) — 7(p), then
(a) FE(q(p), p) is strictly increasing in p.
(b) FH(q(p), p) is strictly increasing in p.
Proof. Applying first order condition to satisfy condition [IC],
Ut (a(p), p).a1(p) — T1(p) = 0 (13)
Differentiating F'*(q(p), p) with respect to p yields:
Fy(a(p), p) = UL (a(p), p)-a1(p) + Uz (a(p), p) — 71(p) (14)
Using Equation 13, Equation 14 can be rewritten as:
Fy (a(p), p) = Uy (a(p), p) (15)
As U (q(p), p) > 0, it shows that FJ(q(p),p) >0 O

Part (b) can be established analogously.

1.2 Introduction of fixed fee pricing plan

Lemma 4. If the fized fee surplus is defined as X (q(p,0),p,0) =V (p,0)—U(q(p,0),p,0) +71(p,0),
then

(a) X(q(p,0),p,0) is strictly increasing in p

(b) X(q(p,0),p,0) is strictly decreasing in o



Proof of Part (a). Differentiating X (¢(p,0),p,0) w.r.t p

X2(Q(pv U),p, U) = Vl(p’ U) - Ul(Q(,O, 0’),p,0).q1(p, U) - UQ(Q(pa O'),p,O') + 7-1(:0’ U) (16)

From Equation 7, Equation 16 simplifies to:

X2(CI(P7U);P,U) = Vl(pv U) - U2((J(Pa‘7)a/)> J) (17)
XQ(Q(/), 0)707‘7) = qllglo UQ(Q(,O, U)7p7 U) - UQ(Q(pa U)a P, U) (18)
As Uia(q(p,0), p,0) > 0, it proves that Xa(q(p,0),p,0) >0 O

Proof of Part (b). Differentiating X (q(p,0), p,0) w.r.t o

X3(q(p,0),p,0) = Va(p,o) — Ur(q(p, o), p,0).q2(p, o) — Us(q(p, ), p,0) + 12(p, o) (19)

From Equation 8, Equation 19 simplifies to:

X3(Q(p7a)ap7a) = V2(p7 U) - U3(Q(p¢0-)7p7 U) (20)
Xs(q(p, o), p,0) = lim Us(q(p, o), p,0) = Us(a(p; 0), p,0) (21)
As U13(q<p70>7p70) <0, X3(Q(p70)7p70) <0 [

1.2.1 Limiting Cases

Lemma 5. For limiting cases of broadband non-uniformity, if fized fee surpluses are defined as
XL( (n),p) = VL( ) = U*(a(p). p) +7(p) and
X(a(p),p) = VT (p) = UM(alp), p) + 7(p), then
)

(a) XL (q(p), p) is strictly increasing in p
(b) X" (q(p),p) is strictly increasing in p
Proof of Part (a). Differentiating X*(q(p), p) w.r.t p

X5(a(p), p) = V¥ (p) = UL (a(p); p)-a1 (p) = Uz (a(p), p) + 71(p) (22)
From Equation 13, Equation 22 simplifies to:
X3(a(p), p) = Vi"(p) = U3 (a(p), ) (23)
X3(a(p), p) = lim Uz'(a(p), p) = Uz(a(p), p) (29)
As Uk (q(p), p) > 0, it proves that XZ(q(p),p) >0 O

Part (b) can be established analogously.

Proposition 2. Given an option to choose between two plans: usage based and fixed fee, a gamer’s
choice will follow the conditions given below:

(a) If VE(p) =T = Ul(q(p), p) — 7(p) or VH(p) =T = U (q(p), p) — 7(p), then all gamers opt for
fixed fee plan.

(b) If VE(p) =T < Uq(p),p) — 7(p) or V™ (p) =T < U™ (q(p),p) — 7(p), then all gamers opt for

usage based plan.

(c) IF VE(p) — T < UMalp).p) — (p) and VE(5) =T > U(q(7), ) — 7(p), then gamers of type
12 pg) will continue with usage based plan whereas the gamers with p € [ps,ﬁ] switch to the fixed
fee plan.

IfVH(p) = T < UH(q(p),p) — 7(p) and VH(p) =T = U (q(p),p) — 7(p), then gamers of type
[p, pH) will continue with usage based plan whereas the gamers of type p € [pH,p] switch to the
fized fee plan.



Revenue responses ,05 and pIU{ are defined as:

q*(p) =0 Vp < pl when o — 0 and ¢*(p) = 0 Vp < pH when o — .
Revenue responses pé and pg are defined as:

p§ = Min{p: V*(p) = U"(a(p),p) + 7(p) = T} and

pd = Min{p : VH(p) — U™ (q(p), p) + 7(p) = T}

Proof of Part (a). Using results found in Lemma 5, fixed fee surplus increases with increasing p for
limiting conditions of o. Hence if a gamer of type p adopts fixed fee plan, then all gamers (with any
p = p) will adopt fixed fee plan because of higher fixed fee surplus. This concludes the proof for part
(a) of Proposition 2. O

Proof of Part (b). Using results from Lemma 5, if a gamer of type p opts for usage based plan, all
gamers will opt for the same plan because of decreasing fixed fee surplus with decreasing p. This
argument is valid for both limiting conditions of broadband non-uniformity. This concludes the
proof. O

Proof of Part (c). From Lemma 5, X”(q(p), p) and X (q(p), p) are increasing with p € [p],p. As
gamers of type p opt for usage based plan, there will be a particular p at which X Lq(p), p) =
T. Because pk and pH are the lowest such values of gamer type for which X%(q(p),p) = T and
XH(q(p), p) =T, all gamers with p greater than these will opt for fixed fee plan and the rest will opt

for usage based plan. These concludes part(c) of Proposition 2. O

Proof of part (d). Proof by Contradiction: Lets assume that pg < ,05.
From the definition of pg ,

U™ (q(p}), pll) — 7(ptf) = 0 (25)

Using the property of the utility functions for the limiting cases, e.g. U (q(p), p) = U (q(p), p),
we can write from Equation 25 that:

U(alpt)), pif) = 7(pif) 2 0 (26)

From the definition of pﬁ it follows that:

U (alplr): p6) = 7(pG) = 0 (27)
As pH < pk and FL(q(p),p) is strictly increasing with p, Equations 26 and 27 contradicts each
other. Hence by contradiction it is proved that pg > ,05. O

Proof of part (e). Lets assume that pg < pg. From the property of pg,

VE(p§) =T > U(a(p§). p§) — m(a(p§)) (28)
VE(p§) = U (a(p§), p§) = T — 7(a(p§)) (29)
As Uiz(q(p, o), p,0) < 0, Equation 29 can be expressed as:
VA (p§) = U™ (a(p§): p§) < T = 7(a(p§)) (30)
As pd < p§,
V() = U (a(pd). p§) < T —(a(p)) (31)
Equation 31 contradicts the definition of pg , hence pg > pé. O



2 Optimal Usage Based Pricing Plan by Cloud Gaming Providers

Proposition 3. The optimal quantity (¢*(p,o)) and corresponding price (t(q*(p,0))) is determined
by the following set of expressions:

q*(p,0) =0V p<py (32)

¢ (p,o)=0Y0o >o0p (33)

pu s the value of gamer type below which the quantity of games consumed, q is zero, irrespective of
the value of o. Similarly, oy s the value of broadband non-uniformity above which the quantity of
games consumed q is zero, irrespective of the value of p.

Optimal quantity of games consumed is calculated by solving the following unconstrained optimiza-
tion problem:

lax fU h(p) f;H [U(Q(pa J)v P U) - C(Q(P, U))]g(O’)dO'dp +

q(.,-)
f”H [Ur2(a(@,y), 2, y)-q1(x, y)ldydadp +
G(”) " h(p) [ 2" Uss(g(x,y), =, y)dydzdp —
foHG fp Ui2(q(z,0),2,0).q1(z,0)|drdodp —
ng G(o) ,f)U Uss(q(z,0), 2z, 0)dxdodp

G(a) [ h(p) [’

pU pU

Optimal pricing plan for optimal quantity of games consumed (q*(p,0)) is defined by the following
exPTession:

P OH
*(0,0) = U(g"(p.0), pr ) — / / Unald* (2 9), 2, 9)-a1 (2, y) + Uns(a° (2, ), 2, y))dyde (34)

pu Jo

Density functions of gamer type and broadband non-uniformity for different gamers are characterized
as h(p) and g(o). Individual rationality condition is satisfied in following ranges of p and o: p € [py, p)
and o € [o,0H].

Proof. Optimality conditions for incentive compatibility:
Incentive Compatibility [IC] condition is satisfied when p, o are solutions to the following maximization
problem:

IElaX _ U(q(ﬂf,y),p, U) _T(xvy) (35)
z€lp,pliy€la,a]

From the first order conditions:
Ul(Q(xay)7p7o-)Q1(I7y) —Tl(f,y) =0 (36)

Ur(q(,y), p,0)q2(w,y) — T2(x,y) =0 (37)

Every gamer with p € [p,p] and o € [g,7] will follow the above two expressions and it leads to the
following set of equations:

Ul(Q(pa U)apv U)ql(pag) _Tl(p70) =0 (38)
Ui(a(p, ), p,0)a2(p, ) — T2(p,0) = 0 (39)

From the second order conditions, H,, < 0, Hy, < 0 and determinant of Hessian matrix should be
non-negative. H., and H,, are determined by differentiating equations 36 and 37 with respect to x
and y.

Hep = Uni(g(z, ), p,0) (a1 (2,9))* + Ui(a(z, y), p,0)qui (z,y) — m1(2, y) (40)

Hyy = Ull(Q($, y)v P U)(q2($,y))2 + Ul(q(‘ra y)’ P U)q22(x’y) - 7—22(‘7;7y) (41)



ny - Hym - Ull(Q(fUa y)7 P, U)Ql ($7 9)92(% y) + Ul (Q(% y)) P, U)QlZ(‘r7 y) - TlQ(xa y) (42)
Substituting p and o as solutions in Equation 40,
Ur1(4(p, 0), p,0)(61(p, 0))* + Ui (a(p, 0), p,o)aui(p o) — 11 (p,0) < 0 (43)

Differentiating Equation 38 with respect to p and substituting the expression of 711(p, o) into Equa-
tion 43 gives:
_U12(q(:0a O-))pvo-)(h(pv U) <0 (44)

As Uia(q(p,0), p,0) > 0, Equation 44 gives q1(p, o) > 0, which is established in Lemma 1. Substituting
p and o as solutions in Equation 41,

Ui1(q(p, o), p.0)(a2(p,0))* + Ur(q(p, o), p.0)q22(p, o) — T22(p,0) < 0 (45)

Differentiating Equation 39 with respect to o and substituting the expression of 793(p, o) into Equa-
tion 45 gives:
—Uis(a(p, ), p,0)q2(p,0) <0 (46)

As Uis(q(p,0), p,0) < 0, Equation 45 gives ¢a2(p, o) < 0, which is established in the Lemma 1.

We substitute p and ¢ while calculating the determinant of the Hessian matrix. 712(p, o) and
T91(p, o) are calculated by differentiating Equation 38 with respect to o and by differentiating Equa-
tion 39 with respect to p and corresponding expressions are substituted in Hessian matrix. The
determinant of the Hessian matrix comes to zero. Equating 712(p, o) and 721(p, o), we get the follow-
ing condition of optimality,

UlQ(Q(p, 0)7 P 0')6]2 (p7 0) = U13(Q(p7 0)7 P U)Q1 (p7 U) (47)

Redefining the objective function of cloud gaming provider:
Informational rent of a gamer with p and o is defined as:

s(p,a) =Ul(q(p,0),p,0) = 7(p,0) (48)

Differentiating Equation 48 with respect to p,
s1(p, o) = Ui(q(p,0), p,0)q1(p,0) + Ua(q(p,0), p,0) — 11(p, 0) (49)

Using Equation 38, Equation 49 is rewritten as,

s1(p,0) = Ua(q(p, 0), p,0) (50)

Differentiating Equation 48 with respect to o,
s2(p,0) = Ur(q(p, o), p,0)q2(p, o) + Us(a(p, 0), p, o) — 72(p, 0) (51)

Using Equation 39, Equation 51 is rewritten as,

s2(p,0) = Us(q(p, o), p, 0) (52)

Differentiating Equation 50 with respect to o and Equation 52 with respect to p yields:

812(107 U) = 521(107 U) = Um(q(p, U)7p7 U)(h(pv U) + U23<q(p7 O'),/),O') (53)
= U13<q(p, U)7p7 O')QQ(,O, U) + U23(Q(p7 U)7p70) (54)

The second equation follows from the optimality condition given in equation 47 We take the individual
rationality [IR] satisfied for p € [py, p] and o € [g, op]. Using this condition,

stp.) = [ ’ / " Uiala(e, ), 2 y)as (@, ) + Uss(ala, ), @, y))dyde (55)

pu Jo



From Equation 48,

P OH
w(00) = Ulalp.0).p.0) = [ [ Wnalaw ). o0) + Unslatan).mnyldyds— (50)

pu Jo

Objective function of cloud gaming provider:
Objective function of cloud gaming provider to maximize profit,

(.T'I)liﬁ)/p /JH[T(P,U)—c(q(p,a))]f(pﬁ)dpda 57)

Substituting the expression of 7(p, o) from Equation 56,

s / / o) — / ’ / " Us(a(ay), 2, 9)ar (. ) + Uss(a(w, ), @, y)]dyda
puJa pu Jo
—c(q(p,0))f(p,o)dpde  (58)

Assuming independence of density functions, i.e. f(p,0) = h(p)g(o), objective function becomes,

max/ / 0, 0) = /p /UH [Ur2(q(z,y), x,y)q1(x, y) + Uss(q(x, y), z,y)|dydx
pu Ja pu Jo
] - —cla(p,a))lh(p)g(a)dpdo  (59)
ppom 5 rom
:{j(laf/pUL [U(q(p,0),p,0) — cla(p, 0))]h(p)9(0)dpd0/pU A E(p,0)h(p)g(c)dpds  (60)
with E(p, o) is defined as:
4 OH
E(p,0) = / / [U12(q(z, y), z,y)q1 (2, y) + Uas(q(, y), 2, y)]dydx (61)
pu Jo
Hence,
dEc(ZZU)'dU =dE(p,0) = ] ,fU L7 Un(q(z,y), 2, y)q1(x, y) + Uas(q(z, ), x,y)]dydz]do

=[- ppU [U12(q(z,0),z,0)q (z,0)dx — ;U Uss(q(x,0),z,0)|dx]do (62)

Expanding the second part of the integral defined in Equation 60 and using integration by parts,
[ udv =wv — [vdu, with u = E(p,o) and v = G(0),

/p " B(p,0)h(p)g(0)dpdo = I8 {[E(p, 0).G(o))37 — f;H G(0)dE(p, o) }h(p)dp
pPU YO
= [ {[-E(p, ) — J7" G(0)dE(p,0)}h(p)dp  (63)

Substituting expression of dE(p, o) from Equation 62, Equation 63 can be rewritten as:

" _E(p.0)Co)h(p)dp—

G Ui2(q(z,0),z,0)q1(z,0)dx — pU x,0),x,0)dz|doh(p)d 64
/ - [ vt ) a0l - [ Unatw,0) ¢, 0)ieldon(r)ile) (6

pU

- /’3 ~B(p.0) Gle)h(p)ip + / o [ o) [ vitate.o)..0)0 e )iy
/ / Glo /Ugg(q(x,a),x,a)d:cdadp (65)



Inserting the expression of integral into Equation 60, objective function becomes:

p OH
wax [ i) [ Uap.0).p.0) - clalp.o)lglo)dadp+

a(.) J oy 5

6o) [ 1) [ [ Wilate vy ) o )ldydndps

G(o) /p h(p) p/GH Uas(q(x, y), z,y)dydxdp—

p on p

[ wto) [ 60) [ Wrstatw.0).2,0) 0o 0)dedodp-
P pU
)

/p o) [ Gl / Ussla(w, 0), 2, 0)dzdodp (66)

3 Optimal Pricing Structure in the Presence of Fixed Fee

Proposition 5. For a gamer with broadband non-uniformity oy, if we assume that the gamer shifts
to fized fee plan from the usage based plan at a gamer type ppr, where pys € [pé, pg], then the optimal
combination of usage based fee and fixed fee can be determined as follows.

(@) Ur(q"(p,onr), p,0) = er(q*(p, o) + 5052 Ura(g* (p, o)

(b) P = argmaz i [25 [T(p.oar) — e(q* (0, o)) (p)dp + [1 — F (o))
[V(pg/la UM) - U(Q(pg/lv JM)? pg/[7 UM) + T(Pf‘an UM)]

(c) T* =V (p§"™*,om) =U(d" (5", om), p&™*s oar) +7(p§*,om) Here q*(p, 0) is the optimal quantity
and 7(q*(p, o)) is the corresponding price (Proposition 3).

Proof. Informational rent of gamers with p and o,/ is defined as:

s(p,om) =Ula(p,om), p,om) — 7(psomr) (67)
Differentiating with respect to p yields

si(p,on) = Ui(q(p, onn), psonr))ai(p, onr) + U2(q(p, onr), psonr)) — mi(p, onr) (68)

Using Equation 38, Equation 68 can be written as,

s1(p,on) = Ua(q(p,on), pyonr) (69)

We consider a type pJ‘UJ € [pﬁ, pg] at which the gamer adopts the usage based plan. Below p][\]/[ ,
the gamer would not be interested in adopting a usage based plan. Hence,

P
s(p.oar) = / " Usla(e,ou).z.ou)da (70)
PU
Hence,
p
(p,03) = Ulalpson). prowr) — [ Ualata,onn). . oar)da ()
PU

The objective function of the cloud gaming provider becomes

o
ma / \ [r0.00) = a0y (72)

— max / M (U(a(p, on1), pr onr) — / Us(a(@, on), 2,000z — clalp, o) f (o (73)



o) o el
Defining
o
G(o) = [ Uslata,on). . onr)da (75)
PU
Equation 74 can be written as,
s s’
—max [ [Ulalp.om). pom)) = clalp o) @do — [ Glo)f(o)dp (76)
a(.) pgf p][‘J/I

Using integration by parts, [udv = uv — [wvdu where u = G(p),v = F(p),dv = f(p)dp we get,

GO )dp = G — [ F(p)ac(p) (77
Pu Pu
del(Op).dp = CZ)[/{); Us(q(x,onr), @, 0pr)dz]dp (78)
Applying Leibnitz rule,
2 o = alalp. om0, prosep (19)
[ 6o =G FG) - [ FUalalp.on).p.onds (50)
PU Pu
/:[S G(p)f(p)dp = /:j Us(q(x,on), x, UM)F(pé\v/[)da: — /ZIS F(p).Us(q(p,om), pyonm)dp — (81)
Py Pu Pu
s p
/M G(p)f(p)dp = /M [F(ps") — F(p)U2(q(p, onn), ps oar)dp (82)
Therefore, the objective function becomes,
max /ps [U(a(p,om), pyom) — cla(ps o)) f(p)dp — /ps [F(p§") — F(p)]Ua(q(p,on), psoar)dp (83)
q(.) pg[ p][y
s My _
= [\ W0, p.n) et oan) = ST Ualatpuon) pe o) (5

Now, if we introduce fixed fee T, the objective function becomes,

s My _
= max [ Weatoronsp.000) —claponn) ~ 0T Uilatprn) peonlip)dps (55)
T(1 - F(pl)
subject to N
[ W0 ato.om0). porydo — 1V oY soar) = T = 0 (56)
Pu



The constrained optimization problem is represented as Lagrangian problem: L(q(.),T, )

/ps 08) =20 1,400, 001), prras)} (o) + T(1 = F(p))+
P

(87)

” [U(q(p;om), psom)) — c(q(p,onr)) — 0

A Ulalp.or)oponn)dp = V(e con) +T
p

FOC of the Lagrangian problem:

MY _ _
5o =0 [01(a(.0r). . a0) — ala(pr o) - Fles) f(j;(”) ) Uislalo. oa)) f(p) =0 (88)
[g:i:O]:(l—F(pg*M))—i-)\:O (89)
S5 =00: [ Ulalpon). pomdp — Vil sonn) + T =0 (90)
Pu
From Equation 89,
A= F(pM)) — 1 (91)
Substituting the value of A in Equation 88 gives
Us(a(p. oar). p.oar)) — ex(a(pronr)) — [WJ.Uu(qm o) f(p) = 0 (92)
Ur(a(p. o). pr ) = ex(a(p.onr)) + 1;5)@%@(/}, ou) (93)

This expression shows that optimal usage based quantity ¢*(p, or) in independent of p][‘f ,pg/[ and
T.
Corresponding pg/[ * value is

pA* = argmaz / o oa) — @ (o) (pdp + [L— OV (Y o)~ (94)
pU

U(q(pé'w> UM)a pgﬂa UM) + T(psMa UM)]

The optimal fixed fee T™ is given by

T = V(pSM*a UM) - U(q* (Pg‘h; UM)a pSM*v UM) + T* (pSM*v UM) (95)
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