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Abstract—Many mobile applications (abbrev. apps) reward the
users who physically visit some locations tagged as POIs (places-
of-interest) by the apps. In this paper, we study the POI-based
collaboration between apps and venues (e.g., restaurants and
cafes). On the one hand, an app charges a venue and tags the
venue as a POI, which attracts users to visit the venue and
potentially increases the venue’s sales. On the other hand, the
venue can invest in the app-related infrastructure (e.g., Wi-
Fi networks and smartphone chargers), which enhances the
users’ experience of using the app. However, the existing POI
pricing schemes of the apps (e.g., Pokemon Go and Snapchat)
cannot incentivize the venue’s infrastructure investment, and
hence cannot achieve the most effective app-venue collaboration.
We model the interactions among an app, a venue, and users by
a three-stage Stackelberg game, and design an optimal two-part
pricing scheme for the app. This scheme has a charge-with-subsidy
structure: the app first charges the venue for becoming a POI,
and then subsidizes the venue every time a user interacts with
the POI. Compared with the existing pricing schemes, our two-
part pricing better incentivizes the venue’s investment, attracts
more users to interact with the POI, and achieves a much larger
app revenue. We analyze the impacts of the app’s and venue’s
characteristics on the app’s optimal revenue, and show that the
apps with small and large congestion effects should collaborate
with opposite types of venues.

I. INTRODUCTION
A. Motivations

Many popular mobile applications (abbrev. apps), especially
the augmented reality apps, have tried to integrate users’
digital experience with the physical world. For example,
Pokemon Go (one of the most popular mobile games in 2016)
tags some physical locations as ‘“PokeStops” and “Gyms”, and
users can collect game items or participate in battles in the
game when physically visiting these locations [1]. Snapchat
(a popular image messaging app) provides users with various
image filters, including “Geofilters”, which can be used only
when the users visit the specified physical locations [2]. Many
other apps, such as Snatch [3] and Ingress [4], integrate
users’ digital experience and physical activities using similar
approaches. We use POIls (places-of-interest) to refer to the
physical locations where users can obtain rewards or unlock
some features of the apps.

When the locations are some store or restaurant venues,
the POI tags will benefit both the apps and the venues. On
the one hand, the infrastructure at the venues enhances the
users’ experience of using the apps, which benefits the apps’
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Fig. 1: An example of POI-based collaboration, where all users use the app.

businesses. For example, many apps (especially the augmented
reality apps like Pokemon Go [5]) drain the smartphones’
batteries quickly, which makes the smartphone chargers at the
venues attractive to users. On the other hand, the POI tags
significantly increase the customer traffic to the venues, which
benefits the venues’ businesses. This explains the increasing
number of collaborations between apps (online businesses)
and venues (offline businesses). For example, Pokemon Go
collaborated with Sprint and McDonald’s, tagging 10,500
Sprint stores in the U.S. and 3,000 McDonald’s restaurants in
Japan as POIs [6], [1]. In particular, Sprint stores provided
smartphone charging stations for Pokemon Go players [6].
It was estimated that each of the McDonald’s restaurants
attracted up to 2,000 game players per day [1]. Furthermore,
Wendy’s (a restaurant chain) made its “Geofilters” in Snapchat,
which drove 42,000 additional visitors within a week [2], and
over 5,000 KFC restaurants in China were tagged as POIs by
Yinyangshi [7].

We illustrate the collaboration between an app and a venue
in Fig. 1 and discuss the key challenge of designing an
effective business model to realize the full potential of the
collaboration. As shown in the abovementioned examples, an
app usually collaborates with a store/restaurant chain (e.g.,
Sprint, McDonald’s, and KFC). Since the venues in a chain
are typically located far from each other to avoid internal
competitions, we can approximate the collaboration between
the app and the chain by the collaboration between the app
and a representative venue of the chain. In Fig. 1, before the
venue becomes a POI, only the nearby users who are interested
in the venue’s products (e.g., user 1) will visit the venue.



After the venue pays the app and becomes a POI, more users
(including those without interests in the venue’s products) visit
the venue to interact with the POI (e.g., participate in the
battles held at the POI). The number of these visitors depends
on the venue’s investment in the app-related infrastructure. The
app can also show location-dependent in-app advertisements
to these visitors to obtain additional advertising revenue.

As Fig. 1 shows, the app and venue may not have fully
aligned interests in attracting the users. The app delivers the
advertisements to all users interacting with the POI (e.g.,
users 1 ~ 3), and hence benefits from a high investment in
the app-related infrastructure. The venue only gains profits
from the users with interests in its products (e.g., users 1
and 2), and hence may not choose a high investment level.
Therefore, the key challenge is to design the app’s optimal
pricing scheme, which (i) charges the venue for becoming a
POI, and (ii) incentivizes the venue’s investment in the app-
related infrastructure.

Two pricing schemes commonly used by the apps today
are the per-player-only pricing and lump-sum-only pricing. In
the per-player-only pricing scheme, the apps charge a venue
based on the number of users playing the apps at the venue.
For example, Pokemon Go charged a venue up to $0.50 per
game player [1]. In the lump-sum-only pricing scheme, the
apps (e.g., Snapchat) charge a venue a lump-sum fee, which
is independent of the number of players at the venue. In
this work, we will show that these existing pricing schemes
cannot effectively incentivize the venues’ investments. This
motivates us to design a novel pricing scheme that induces
the maximum infrastructure investments at the venues and
increases the numbers of users interacting with the POlIs.

B. Surveys

As the POI-based collaboration between apps and venues is
relatively new, it is very important to obtain actual market
data to understand the reality. There are several existing
market surveys (e.g., Slant Marketing’s [8] and ClickZ’s [9])
about Pokemon Go players’ engagements with the venues like
restaurants, cafes, and bars. For example, in Slant Marketing’s
survey [8], 71% of the 500 respondents had visited these
venues because of the POI features, and 51% of the respon-
dents had visited at least one venue for the first time because of
Pokemon Go. These data reveal the venues’ potential benefits
from becoming POls.

Because there is no prior survey about the dependence of
users’ experience on the POIs’ infrastructure, we conducted
a new survey involving 103 Pokemon Go players in North
America, Europe, and Asia. We find that the infrastructure
(including Wi-Fi networks, smartphone chargers, and air con-
ditioners) at the POIs could enhance the game experience of
81% of the players.

In particular, our survey shows both the network effect
and congestion effect among the players. The network effect
means that when many players interact with the POI, each
player’s experience might increase, as the players can share the
app’s information and play the app together. The congestion

effect means that the players need to compete for the limited
infrastructure (e.g., Wi-Fi network access) at the POI, which
might decrease each player’s experience. In our survey, 64%
of the players stated that their game experience could be
improved if there are nearby players playing the game (i.e.,
network effect), and 59% of the players thought that the Wi-
Fi speeds at the POIs affected their game experience (i.e.,
congestion effect).

C. Our Contributions

In this work, we analyze the intricate interactions among
an app, a venue, and users. We design a two-part pricing,
under which the app charges the venue based on a combination
of a lump-sum fee and a per-player charge. We model the
problem by a three-stage Stackelberg game: in Stage I, the
app announces the two-part pricing; in Stage II, the venue
decides whether to be a POI and how much to invest in the
infrastructure; in Stage III, the users decide whether to visit
the venue and whether to interact with the POI. The game’s
analysis is very challenging because of the coexistence of the
network effect and congestion effect.

Our analysis provides the following practical insights.

1) Insight 1: charge with subsidy: The app’s optimal two-
part pricing scheme includes a positive lump-sum fee and
a negative per-player charge, which implies that the app
should first charge the venue for becoming a POI, and then
subsidize the venue every time a user interacts with the POI.
Furthermore, the amount of the per-player subsidy should
equal the app’s unit advertising revenue, which is the app’s
revenue from showing the in-app advertisements to one user.!

2) Insight 2: ideal POIs vary across apps: We investigate
the impacts of the app’s and venue’s characteristics on the
app’s revenue, and show that different apps achieve their
largest revenues when collaborating with different venues. If
the app’s congestion effect is large,> we prove that the app
maximizes its revenue by collaborating with a venue whose
offline products generate small utilities to the users (e.g., an
ordinary cafe). If the app’s congestion effect is small, the
app should collaborate with a venue whose offline products
generate large utilities to the users (e.g., a top-rated restaurant).

We summarize our major contributions as follows:

o Survey of Users’ Experience at POIs: We conduct the
first survey about the impact of POIs’ infrastructure on
the users’ game experience and the externalities (network
effect and congestion effect) among the users at POlIs.

e Theoretical Study of POI-Based Marketing: Motivated by
our survey, we model the interactions among the app,
venue, and users as a three-stage game, and characterize

"Many apps, such as Snapchat [10], display advertisements to the apps’
users and receive payments from the corresponding advertisers. For an app that
does not show any in-app advertisement, the corresponding unit advertising
revenue is 0 in our model.

2For example, if the app is bandwidth-consuming, it has a large congestion
effect. This is because the users will easily experience the network congestion
when the venue’s Wi-Fi network is not fast enough.



their equilibrium strategies. To the best of our knowl-
edge, this is the first theoretical study on the POI-based
collaboration between online and offline businesses.

e Design of Optimal Two-Part Pricing: We design the
optimal two-part pricing for the app, and show its charge-
with-subsidy structure. In particular, the amount of the
per-player subsidy equals the unit advertising revenue.

o Analysis of Parameters’ Influences: We study the impacts
of the app’s and venue’s characteristics on the app’s
revenue, and show that the ideal POIs’ features could vary
across apps. Our results provide the app with guidelines
for selecting venues to collaborate with.

o Comparison with State-of-the-Art Schemes: We compare
our two-part pricing scheme with the existing lump-sum-
only pricing and per-player-only pricing, and show that
our scheme achieves the largest app’s revenue. In partic-
ular, (i) if the congestion effect is medium, our scheme
significantly outperforms the lump-sum-only pricing; (ii)
if the network effect is large, our scheme significantly
outperforms the per-player-only pricing; (iii) if the unit
advertising revenue is large, our scheme has an obvious
improvement over both the state-of-the-art schemes.

The rest of the paper is organized as follows. In Section
II, we introduce the model. In Sections III-V, we analyze the
equilibrium strategies of the users, venue, and app. In Section
VI, we provide the numerical results. We discuss the related
work in Section VII, and conclude the paper in Section VIII.

II. MODEL

In this section, we introduce the strategies of the app, the
representative venue of a chain, and the users, and formulate
their interactions as a three-stage game.

A. App’s Pricing

Since most popular apps (e.g., Pokemon Go and Snapchat)
are free to users, we assume that the app does not charge
the users. In our model, the app only decides the two-part
pricing. We use p € R to denote the lump-sum fee and w € R
to denote the per-player charge. When the venue becomes a
POI, its payment to the app contains: (i) the lump-sum fee
p, and (ii) the product between the per-player charge w and
the number of users interacting with the POI. Note that both
p and w can be negative, in which case the venue receives a
payment from the app. The app’s revenue has two components:
(i) the venue’s payment, and (ii) the advertising revenue from
the in-app advertisements.

B. Venue’s POI and Investment Choices

We use r € {0, 1} to denote the venue’s choice to become a
POI (r = 1) or not (r = 0). Moreover, we use I > 0 to denote
the venue’s investment level on the app-related infrastructure,
such as smartphone chargers and Wi-Fi networks.?

3Cellular technologies (e.g., LTE technology) suffer from building penetra-
tion loss [11] and may have poor indoor performance. Hence, it is necessary
for the venue to offer high-quality Wi-Fi service, which guarantees users’
wireless connection and enhances users’ game experience.

Before the venue chooses r and I, some app-related in-
frastructure might be initially available at the venue. We use
parameter Iy > 0 to denote the initial investment level. Hence,
Iy + I is the total investment level.

C. Users’ Types, Decisions, and Payoffs

We consider a continuum of users who use the app and seek
to interact with a POL. We denote the mass of users by N.*

1) User’s type: Each user is characterized by attributes
[ and c. The first attribute { € {0,1} indicates whether
the user has an intrinsic interest in consuming the venue’s
offline products. We assume that n/N users have [ = 1 (will
consume the offline products when visiting the venue), and
the remaining (1 — ) N users have [ = 0. Hence, parameter
n € [0,1] represents the popularity of the venue’s offline
products.

The second attribute ¢ denotes the user’s transportation cost
for visiting the venue, and we assume that ¢ is uniformly
distributed in [0, ¢pmax] [12]-[14].

2) User’s decision and payoff: We denote a user’s decision
by d, which has three possible values: d=0 (do not visit the
venue), d = 1 (visit the venue but do not interact with the
POI), and d =2 (visit the venue and interact with the POI).
Under the venue’s choices r and I, a type-(I, ¢) user’s payoff
is

e (1, ¢, d,r, I) =

0, if d=0,
Ul —c, ifd=1, (1)
Ul—c+ V405 (r, )N — 225 (r, ) N, if d = 2.

When d = 0, the user’s payoff is 0.> When d = 1, the user’s
payoff is the difference between Ul and the transportation cost
c. Recall that the user consumes the offline products during
its visit if and only if [ = 1. Here, U > 0 denotes the user’s
utility of consuming the offline products.

Compared with d = 1, the user’s payoff under d = 2
contains additional terms because of the interaction with the
POI. We use V' > 0 to denote a user’s base utility of interacting
with the POL The term 6% (r, I) N corresponds to the network
effect, which increases with the number of users interacting
with the POI [13], [14]. Here, parameter 6 > 0 is the network
effect factor, describing the strength of the network effect. We
use function 7 (r,I) € [0,1] to denote the fraction of users
choosing d = 2 (i.e., interacting with the POI), given the
venue’s choices r and I. The 3 (r,I) depends on all users’
equilibrium decisions, and will be computed in Section III.

4We assume that the number of users using the app is relatively small,
compared with the number of users who do not use the app. In this case, the
users who do not use the app are not affected by whether the venue is a POI,
and these users are not considered in our model.

SEven if the users do not interact with the POI (i.e., d = 0 or 1), they might
still use the app. However, in this case, the app’s usage will be much smaller
than that when the users interact with the POI. Furthermore, the users who do
not interact with the POI might use the app at different locations. Therefore,
we do not consider the congestion effect and network effect among these
users. Without loss of generality, we normalize these users’ utilities of using
the app to O in (1).



Stage 1
The app announces (p,w) € R x R.

|
Stage 11
The venue chooses r € {0,1} and I > 0.

Stage 111
Each type-(I, ¢) user decides d € {0,1,2}.

Fig. 2: Three-Stage Game.

The term — ﬁgj (r,I) N corresponds to the congestion effect
of sharing the app-related infrastructure, where parameter
60 > 0 is the congestion effect factor. The congestion level
ﬁg (r,I) N increases with the number of users interacting
with the POI, and decreases with the total investment level
I+1,.% As we can see in Section III, when I+, approximates
0, we have g (r, I) = 0. This implies that no user will interact
with the POI at the equilibrium when there is no app-related
infrastructure (e.g., no wireless network).

3) Fractions T (r,I) and §(r,I): We use function
Z(r,I) € [0,1] to denote the fraction of users that have
Il = 1 and visit the venue (i.e., choose d = 1 or 2), given
the venue’s choices r and I. Function Z (r, I) corresponds to
the fraction of users consuming the venue’s offline products,
hence the venue wants to increase Z (r, I). Recall that g (r, I)
is the fraction of users interacting with the POI (i.e., choosing
d = 2) at the equilibrium, hence the app wants to increase
g (r,I). The difference between Z (r,I) and 7 (r,I) reveals
that the venue and app have overlapping but not fully aligned
interests in attracting the users.

D. Three-Stage Stackelberg Game

We formulate the interactions among the app, venue, and
users by a three-stage Stackelberg game, as illustrated in Fig.
2. Since the app has the market power and decides whether to
tag the venue as a POI, we assume that the app is the leader
and first-mover in the game.

We analyze the three-stage game by backward induction.
We assume that the users’ maximum transportation cost Cpax
is large so that cpax > U+ V +60N [13], [14]. This captures a
general case where some users are located far from the venue
and will not visit it even if it becomes a POI.

IITI. STAGE III: USERS’ DECISIONS

Given the app’s pricing (p,w) in Stage I and the venue’s
choices of r and I in Stage II, each type-(, ¢) user solves the
following problem in Stage III.

Problem 1. A type-(l, ¢) user decides d* by solving

max 1% (I, ¢,d,r, I) 2)
{0,1}, if r=0,
Vm“de{ (0,1,2}, ifr=1, @)

6References [15] and [16] used similar congestion effect models. The model
captures the fact that the marginal reduction in the congestion level decreases
with the investment, and also makes the three-stage game’s analysis tractable.

Case A Case B Case C
(no POI) (POI, insuff. total investment) (POI, suff. total investment)
0 U Cmax 0 U cnax 0 U cnax
> >
0 cmax 0 Cmax O cmax

[ d=0:do not visit the venue
[ d=1: visit the venue, do not interact with the POI
Bl d=2: visit the venue, interact with the POI

Fig. 3: Users’ equilibrium decisions in Stage III. Since there are infinitely
many C satisfying Proposition 2, users have infinitely many equilibriums in
Case B, and we show one example here.

where the payoff function TI"** (I, ¢,d,r,I) is given in (I).

Here, (3) implies that the user can interact with the POI if
and only if the venue is a POI. Based on the venue’s choices of
r and I, we show the users’ optimal decisions in the following
three propositions, and illustrate them in Fig. 3.

Proposition 1 (Case A: No POI). When r = 0, the unique
equilibrium at Stage III is

N 1, ifecefo,Ul),
d* (e ) = { 0, if c€[Ul, cmax], @)
where | € {0,1} and ¢ € [0, cmax].” Moreover, & (r,I) =
N rix and y (r,I) = 0.

C.

When the venue is not a POI, only the users with intrinsic
interests on the offline products (i.e., [ = 1) and small
transportation costs (i.e., ¢ < U) will visit the venue.

We define Iy, £ Wj as the threshold investment level.
We say the total invest;r[l]e];t is sufficient if I + Iy > Iy, and
it is insufficient otherwise. In Propositions 2 and 3, we show
that after becoming a POI, the venue attracts new visitors if
and only if the total investment is sufficient.

Proposition 2 (Case B: POI with insufficient total investment).
When r =1 and I + Iy < Iy, the unique form of equilibrium
at Stage Il is

2, ifceCandl=1,
d*(l,e,r, 1) =< 1, if c€[0,Ul)\C, &)
0, if c€[Ul,emax),
where 1 € {0,1}, ¢ € [0, cmax), and C C [0,U) can be any set
that satisfies nfOU %]l{ceé}dc = %.8 Moreover,
U o 1% A
z(r,I)= and y (r,I) = —————.
( ) T]Cmax Yy ( ) (ﬁ—@)]\]

7At the equilibrium, the user whose ! and c satisfy ¢ = Ul has the same
payoff under choices d = 0 and d = 1. This user’s decision does not affect
the computation of Z (r, I) (and the analysis of Stage II and Stage I). This is
because c follows a continuous distribution, and the probability for a user to
have ¢ = Ul is zero. Without affecting the analysis, we assume that such a
user always chooses d = 0 to simplify the presentation. Similar assumptions
are made in Proposition 2 and Proposition 3.

8Here, ]1{4} is the indicator function, which equals 1 if the event in the
braces is true, and equals O if the event is false.
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When the venue becomes a POI and the total investment Problem 2. The venue makes the POI choice r* and invest-

is insufficient, the app-related infrastructure at the venue does
not allow many users to interact with the POL. In this case, a
user’s net payoff of interacting with the POI at the equilibrium
is zero V+0y (r,I) N — I_S—IUQ (r,I) N = 0) because of the
congestion. Compared with Case A, the venue whose r and
I satisfy Case B does not attract any new visitors. In Case
B, the app-related infrastructure simply enables some of the
initial visitors (i.e., the visitors when the venue is not a POI)
to interact with the POI. We use C to denote the set of these
visitors’ transportation costs in (5), and C need not be an
interval. In Fig. 3’s example, the set of transportation costs
of the initial visitors who interact with the POI consists of
three intervals (i.e., the three purple intervals).

Proposition 3 (Case C: POI with sufficient total investment).
When r = 1 and I+ Iy > Iy, the unique equilibrium at Stage
Il is

d* (l7 C7 T? I) =

. Vemax (I+10)—mUNS+nUNO(I+1o)
27 if ce 0,Ul+ Cmax(I+10)+NS—NO(I+1o) ) )

nUNGS+nUNO(I+1o)

: Vemax(I+1o)—
0, if ce | Ul+ == o FNa=No(T+1y) ’CmaX}’
(6)
where | € {0,1} and ¢ € [0, cmaxg Moreover, T(r,I) =
U chx(I+Io) nUNO+nUNO(I+1o) _ _
Mo T N (T o)+ o O N0 11y 914§ (1) =
U Ve (14 1o) - nl No+nUN8(I+1o)

Crax (T+10) +Cmax NO—Cmax NO(I+10) "

Cmax

When the venue becomes a POI and the total investment is
sufficient, the infrastructure enables all of the venue’s visitors
to interact with the POI and obtain positive net payoffs of
interacting with the POI at the equilibrium (V403 (r,I) N —
T+ + 7Y g (r,I) N > 0). Compared with Case A and Case B, the
venue whose r and I satisfy Case C attracts new visitors, in-
cluding users without intrinsic interests on the offline products.

IV. STAGE II: VENUE’S POI AND INVESTMENT CHOICES

In Stage II, the venue solves the following problem by re-
sponding to the app’s pricing (p, w) in Stage I and anticipating
the users’ decisions d* (I, ¢,r, I) in Stage IIL

ment choice I* by solving

max I1V" (7, I, p,w) £ bNZ (r,I)— kI —r (p+wNy (r,1))
(10)
var. r € {0,1},1 > 0. (11)

Here, b > 0 is the venue’s profit due to one user’s consumption
of the offline products, and k > 0 denotes the unit investment
cost.

In (10), IV e(r, I, p,w) is the venue’s payoff, the term
bNZ (r,I) is the venue’s aggregate profit due to its offline
products’ sales,” the term kI is the investment cost [15],
and the term r (p +wNg (r,I)) is the payment to the app
under the two-part pricing. Recall that Z (r,I) and 5 (r,I)
are the fractions of users consuming the offline products and
interacting with the POI, respectively, and they are given in
Propositions 1, 2, and 3 in Section III.

We define the threshold congestion effect factor dy, as

s (Vemax +0nUN) (bn (Vemax + 0nUN) — Olgcmaxk )
- kcmaxnU (Cmax — ON)

Oth

In the following, we analyze three situations with different I
and ¢, and derive the venue’s corresponding optimal choices.

A. Situation I: Small Initial Investment (1o < Iiy) and Large
Congestion Effect (6 > dtn)

In order to facilitate the presentatlon we deﬁne wy =

Ve +077UN < 0and wy £ by — (chax""enUN)Q With

6 > O, we can show that wy > wi. Based on wg, wy, and
function H; (w) defined in (7), we derive Proposition 4 and
illustrate it in Fig. 4 (the illustrations of Propositions 5 and 6
are omitted because of the space limit).

9To simplify the model, we assume that each user makes the visiting
decision once. In practice, a user may visit the venue (e.g., a cafe) regularly.
In this case, we use b to represent the venue’s overall profit due to one user’s
regular consumption of the offline products within a certain time period.



p=H,(w)

lump-sum fee p

w, w, per-player charge w

Fig. 4: Situation I of Venue’s POI Decision r* and Investment /* in Stage II.

Proposition 4. When Iy < Iy, and § > by, the venue’s
optimal choices are

(r* (p,w) , I" (p,w)) =
(0,0), if p> Hy (w),

(17 cmaiv—NQ V E(VM]Ulc)(bniw) _6cn,aiV—N6 _I(>> if p<Hy (w), w<wi,

(1, In — o), if p< Hq(w), w1 <w < wo,
(1,0, if p< Hy (w), w>wo.

First, we see that the venue will become a POI (i.e.,
r* (p,w)=1) if and only if p and w satisfy p< H; (w) (i.e.,
the orange, blue, and purple parts in Fig. 4). This means that
H; (w) is the maximum lump-sum fee under which the venue
will be a POI in Situation I, given the per-player charge w.

Second, we discuss the venue’s investment I* (p, w). When
p > Hj(w), the venue does not become a POI, and
hence chooses I* (p,w) = 0. When p < H; (w), I* (p,w)
is independent of p, and is decreasing in w. Specifically,
I* (p,w) has three different expressions based on the value
of w: (a) when w < wy, the venue chooses I* (p,w) =

ijv_Ne 6(V+nUk)(bn7w) _ 6Cma)fV_N0 —Iy > Iy — Io. Ac-
cording to Proposition 3 and our analysis in Stage III, the
venue achieves a sufficient total investment, which attracts
new visitors; (b) when w; < w < wg, the venue chooses
I* (p,w) = Ity — Ip. According to Proposition 2 and our anal-
ysis in Stage III, the venue’s total investment is insufficient.
The investment enables all the initial visitors to interact with
the POI but cannot attract new visitors; (c) when w > wy, the

per-player charge is large, and the venue does not invest.

B. Situation II: Small Initial Investment (1y < I;y,) and Small
Congestion Effect (§ < di1)

We define wy as the w € [wg,wq] (since § < by, it
can be easily shown that wy < w;) that satisfies the equa-

2
tion 2 (/(V 550 (bn — w) = Vok) = 2ot?U+
kly + %_aw = 0. We can prove that wy is unique. Based

1

on wy and Ho (w) defined in (8), we have the following
proposition.

Proposition 5. When Iy < Iy, and § < &, the venue’s
optimal choices are

(" (p,w), I" (p,w)) =

(070)7 ifp>H2(w),
1’cma]j—1\l€ 6(V+nUk)(bn7w) _5cmajj—N€ —1Io), if p< Hay(w), w < wa,

(170)7 ifngQ(w)7w2w2~

First, the venue becomes a POI if and only if p < Hy (w).
Second, when p < Hs(w), the venue’s optimal invest-
ment level T* (p,w) has two different expressions: (a) when
w < way, the venue achieves a sufficient total investment and
attracts new visitors; (b) when w > ws, the venue does not
invest because of the large per-player charge. In Situation II,
whenever I* (p,w) > 0, the total investment I* (p,w) + Iy is
always sufficient, which is different from Situation I. This is
because the congestion effect factor § in Situation II is smaller
than that in Situation I, which makes it easier for the venue
to attract new visitors.

C. Situation IlI: Large Initial Investment (Iy > Iiy)

We define wz = bn— k((c":s"‘("‘;fﬁj))lﬁ’vtwv)z and define H3 (w)

in (9), based on which we have the following proposition.

Proposition 6. When Iy >1;1, the venue’s optimal choices are

(r" (p,w), I" (p,w)) =
(0,0), if p> Hs(w),

(17 cma],:]—NG /5(V+nUk)(bn7w) —5cma]:—N9 —I(>, if p< Hi(w), w <ws,

(1,0), if p<Hs(w),w>ws.

First, the venue becomes a POI if and only if p < Hj (w).
Second, the venue chooses a positive investment level if and
only if p < Hj3(w) and w < ws. In Situation III, the initial
investment level Iy is above I}, so the total investment is
always sufficient, regardless of w. Therefore, as long as the
venue becomes a POI, it attracts new visitors.

D. Summary of Three Situations

We summarize the three situations’ main features as follows.

o In Situation I (small initial investment and large conges-
tion effect), even if the venue’s equilibrium investment
level I* (p, w) is positive, it may not attract new visitors.

« In Situation II (small initial investment and small conges-
tion effect), the venue attracts new visitors if and only if
its equilibrium investment level is positive.

o In Situation IIT (large initial investment), the venue al-
ways attracts new visitors after becoming a POI, regard-
less of its equilibrium investment level.

V. STAGE I: APP’S PRICING

A. Problem Formulation

In Stage I, the app solves Problem 3, anticipating the
venue’s and users’ decisions in Stages II and III, respectively.

Problem 3. The app determines (p*,w*) by solving

max R*PP (p,w) = r* (p,w) (p +wNy (r* (p,w), I* (p, w)))

+ Ny (r* (p,w) . I" (p,w)) (12)
13)

var. p,w € R.

Here, ¢ > 0 is the unit advertising revenue, representing the
app’s advertising revenue when a user interacts with the POL

R?PP (p,w) is the app’s revenue, which has two compo-
nents: the venue’s payment based on the two-part pricing, and



the app’s advertising revenue. Function % (r,I) is given in
Propositions 1, 2, and 3. Functions 7* (p,w) and I* (p,w)
are given in Propositions 4, 5, and 6.

B. Optimal Two-Part Pricing

We show the app’s optimal two-part pricing in Theorem 1.

Theorem 1. The app’s optimal two-part pricing is

w* = _¢7 p* = I;((—qzﬁ), (14)
where function H (w),w € R, is defined as
~ Hy (w), if Iy §Ithand5>5th,
H(w)={ Hy (w), if Ip < Iy and § < iy, (15)

Hs (U}), if Iy > Iip.
The per-player charge w* < 0 and the lump-sum fee p* > 0.

From Propositions 4, 5, and 6, H (w) is the maximum lump-
sum fee under which the venue will be a POI, given the w.

We first discuss the intuitions behind Theorem 1. With
w* < 0, the app pays the venue based on the number of
users interacting with the POIL. This incentivizes the venue
to invest in the app-related infrastructure, which attracts more
users to interact with the POI. When w* = —¢, the venue will
be incentivized to choose an investment level that maximizes
the summation of the app’s revenue and the venue’s payoff.
Meanwhile, the app sets p* = H (—¢), which is the maximum
lump-sum fee the venue will accept under w* = —¢. With
p* = H (—¢), the app extracts all the venue’s surplus. Hence,
we can see that w* and p* maximize the app’s revenue.

Theorem 1 brings the following practical insights. The app
should announce a charge-with-subsidy scheme to the venue:
(1) in order to become a POI, the venue needs to pay the app
H (—¢); (ii) every time a user interacts with the POI, the app
pays the venue ¢ (unit advertising revenue).

C. App’s Revenue and Venue’s Payoff

Under the prices p* and w*, the app’s revenue and the
venue’s payoff are given in the following corollary.

Corollary 1. Under p* and w*, we have
R (p*,w*) = H (=¢) >0,

* * * * * * * * U
(p*,w*) , I (p*,w™),p*,w") = bNn

Cmax

(16)

Tpvenue (T’ . (17)

Based on (12) and w* = —¢, the app’s payment to the venue
due to the negative per-player charge cancels out the app’s total
advertising revenue. Hence, the app’s optimal revenue equals
its lump-sum fee, i.e., R*P (p*, w*) = p* = H (—qzﬁ).

From (17), the venue’s payoff under the app’s optimal
pricing is an—, which equals the venue’s payoff when
it does not becomexa POL. This is because we assume that the
app has the market power. In this case, the app can extract all
the venue’s surplus via pricing. We can also consider a more
general bargaining-based negotiation model between the app
and venue in Stage I. The bargaining formulation only changes
the profit split between the app and venue, and does not affect

the venue’s choices in Stage II and the users’ decisions in
Stage III. Under the bargaining model, the venue’s payoff
increases with its bargaining power and could be much larger
than bNn——

Cmax

D. Parameters’ Influences on App’s Revenue

In this section, we analyze the influence of U (i.e., the
user’s utility of consuming the offline products) on the app’s
optimal revenue R*PP (p*, w*), which provides guidelines for
the app regarding which type of venues to collaborate with.
The influences of many other parameters, such as V, 6, and
0, are intuitive, and hence the results are omitted here.

The influence of U is summarized as follows.

Proposition 7. When § < %%")I“, R2PP (p* w™)
increases with U € (0, 00).

Proposition 8. When § > W;#")IO, R?PP (p* w*) de-
; Sk(bn+¢) V. ;
creases with U for U € (O7 S ET LI } and increases

. k(b
with U for U € [M‘;,oo

Cmax

To better illustrate the above propositions, we discuss the
following three types of impacts when U increases. (i) (pos-
itive impact) The venue attracts more users with intrinsic
interests on the offline products, which increases the number
of users interacting with the POI. This enables the app to
obtain more advertising revenue. (ii) (positive impact) More
users visit the venue before it becomes a POI. After the venue
becomes a POI and makes sufficient investment, all of these
initial visitors interact with the POI, which generates a large
network effect and attracts more visitors. This potentially in-
creases the venue’s payment to the app. (iii) (negative impact)

The threshold investment level I;, = T Vo increases, and

the venue should invest more to achieve a sufficient total
investment, which overcomes the congestion and attracts new
visitors. This potentially reduces the venue’s payment to the
app.

In Proposition 7, the congestion effect § 7
In this case, the third impact (related to the congestion effect)
is dominated by the first two impacts. Hence, the increase of
U always improves R?*PP (p*, w*).

In Proposition 8, different impacts dominate in different
regions of U, and hence lead to more complicated and in-
teresting results. Based on our assumption in Section II-D,
U is upper-bounded by cpax — V — ON. If § is very

(5nNO+emax)lo
< bnN

large, the threshold %ﬂgf — % will exceed the upper
n cmax
bound, and R®PP (p*,w*3 will decrease with U for U €

(0, cmax — V — 6N).

Based on the above discussions, we obtain the following
practical insights. First, if the congestion effect is small,
the app achieves a large revenue when collaborating with a
venue with a large U (e.g., a top-rated restaurant). Second, if
the congestion effect is very large, the app achieves a large
revenue when collaborating with a venue with a small U
(e.g., an ordinary cafe). Hence, the apps with small and large
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Fig. 5: Pricings’ Comparison Under Different 0.

congestion effects should collaborate with opposite types of
venues, i.e., the ideal POIs’ features vary across apps.

VI. NUMERICAL RESULTS

In this section, we compare our proposed two-part pricing
scheme with two state-of-the-art pricing schemes: the per-
player-only pricing (e.g., used by Pokemon Go), where the
app charges the venue only based on the per-player charge
wyyy, = argmax,,cg R*PP(0,w); the lump-sum-only pricing
(e.g., used by Snapchat), where the app charges the venue only
based on the lump-sum fee p7,, = arg max,cg R*"P (p,0).

1) Impact of congestion effect: In Fig. 5, we compare the
three schemes under different congestion effect factor §. We
choose N =200, cphax =24, U=3, V=5, I, =0.6, k=3,
b=1,71n=0.2, 0=0.05, and ¢ =0.4. We change ¢ from 0.1 to
0.5, and plot the app’s total revenues R*PP (solid curves) and
advertising revenues (dash curves) under different schemes.

First, we observe that the two-part pricing always achieves
the largest app’s total revenue (solid blue curve). For example,
the two-part pricing improves the app’s total revenue over
the per-player-only pricing by at least 55% for all d’s values
shown in Fig. 5. Second, the two-part pricing always achieves
the largest app’s advertising revenue (dash blue curve), which
implies that it also achieves the highest number of users
interacting with the POI. This is because the two-part pricing
has the lowest per-player charge, and can best incentivize the
venue to invest in the app-related infrastructure and relieve the
congestion.

When ¢ is medium (e.g., 0.2 < § < 0.35), the two-
part pricing significantly improves the app’s total revenue
compared with the lump-sum-only pricing. To understand this,
note that the solid blue curve could be below the dash blue
curve under the two-part pricing. This means that the app pays
the venue to incentivize the investment. Under the lump-sum-
only pricing, however, the app cannot incentivize investment
by paying the venue. Hence, when ¢ is medium, the two-part
pricing relieves the congestion, and significantly outperforms
the lump-sum-only pricing. When § further increases (e.g.,
0 > 0.35), the congestion cannot be efficiently relieved even
with the venue’s investment, and the gap between the app’s
total revenues under the two-part pricing and lump-sum-only
pricing decreases.

Network Effect Factor ¢

Fig. 6: Pricings’ Comparison Under Different 6.
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Fig. 7: Pricings’ Comparison Under Different ¢.

2) Impact of network effect: In Fig. 6, we compare the
three pricing schemes under different network effect 6. We let
0 = 0.1, and change 6 from 0 to 0.05. The other parameters
are the same as in Fig. 5. When 6 is large, the two-part
pricing significantly outperforms the per-player-only pricing
(the performance gap increases with 6). This is because a large
network effect enables the POI to attract many visitors, and the
venue is willing to pay the app for becoming a POI. Under
the two-part pricing, the app can set a large lump-sum fee
to obtain a large venue’s payment. Under the per-player-only
pricing, the app cannot set a large per-player charge to obtain
a large venue’s payment, since a large per-player charge will
reduce the venue’s investment, the number of users interacting
with the POI, and the app’s advertising revenue.

3) Impact of advertising revenue: In Fig. 7, we compare the
three pricing schemes under different unit advertising revenue
¢. We let § = 0.1, and change ¢ from 0.3 to 1.7. The other
parameters are the same as in Fig. 5. When ¢ is large, the two-
part pricing significantly outperforms the other two schemes.
This is because the two-part pricing best incentivizes the
venue’s investment, and hence results in the highest number
of users interacting with the POL. When ¢ is large, the two-
part pricing achieves a much larger app’s total revenue than
the other two schemes.

VII. RELATED WORK
A. Interaction between online and offline businesses

First, there have been many references studying the on-
line/offline competitions. For example, Forman et al. in [17]
investigated the competition between online and offline re-
tailers of the same products, considering the consumers’
heterogeneous physical locations. Viswanathan et al. in [18]
analyzed the impacts of the network effect and consumers’
switching costs on the competition between the online and
offline firms. Balasubramanian in [19] investigated how the
online retailers selectively inform the consumers about the
online channel when competing with the offline retailers.

Second, there are few references focusing on the on-
line/offline collaborations. Yu et al. in [20] studied a situation
where the online advertisers sponsor the venues’ public Wi-
Fi services, and deliver mobile advertisements to the venues’
visitors. Yu et al. in [21] considered the mobile network



operators and venues’ collaborations in deploying public Wi-Fi
hotspots, which offload the cellular networks’ traffic and attract
visitors to the venues. References [22] and [23] are related
to the empirical studies of Pokemon Go’s impacts on the
offline businesses. For example, Pamuru et al. in [22] collected
consumers’ reviews of 2,032 restaurants in Houston, and in-
vestigated the correlation between the reviews and whether the
restaurants are covered by the POIs (“PokeStops”). Different
from [22] and [23], our work provides the first analytical
modeling and analysis for the collaboration between online
apps and offline businesses.

B. Two-Part Pricing

Since the studies in [24] and [25], there have been many
references analyzing the two-part pricing and its applications.
In this pricing scheme, a seller can use the per-unit charge
to induce the buyer’s efficient (e.g., welfare-maximizing) con-
sumption, and use the lump-sum fee to extract the buyer’s
surplus. The two-part pricing is particularly useful in the POI-
based collaboration, where the app (seller) induces the venue’s
(buyer’s) investment via the per-player charge. Different from
the pricing schemes in the references that include positive per-
unit charges (e.g., [24]-[27]), our optimal two-part pricing
includes a negative per-player charge. This is because the
investment cost is paid by the venue rather than the app,
and the app needs to subsidize the venue’s investment via a
negative per-player charge.

VIII. CONCLUSION

The economics of the online apps and offline venues’
collaboration is a fast-emerging research area, and we provided
the first modeling and analysis of the POI-based collaboration.
We designed a charge-with-subsidy pricing scheme, which
can significantly improve the apps’ revenues and the users’
engagements with the venues, compared with the state-of-the-
art pricing schemes. We showed that the ideal POIs’ features
could vary across apps, and we provided useful guidelines for
the apps to optimally select venues to collaborate with.

Our work opens up exciting directions for future works.
First, our work assumes that different users have the same
values of network effect factor and congestion effect factor.
It is more practical to consider the users with heteroge-
neous sensitivities to the network effect and congestion effect.
Second, our work focuses on the collaboration between an
app and a store/restaurant chain’s representative venue. For
future research, it is interesting to consider the collaboration
between an app and multiple venues of different owners in the
same area. However, this extension is very complicated and
challenging, since the users decide the visits by comparing
both the qualities of the venues’ offline products and the
venues’ investment levels on the app-related infrastructure
(related to the qualities of the online products).

ACKNOWLEDGMENT

The authors would like to thank Jinghan Hao, for helping
conduct the survey about Pokemon Go players’ game experi-
ence. This work is supported in part by the General Research

Funds Projects (CUHK 14219016 and CityU 11527316) es-
tablished under the University Grant Committee of the Hong
Kong Special Administrative Region, China, and in part by a
research grant from Science Foundation Ireland (SFI) under
Grant Number 17/CDA/4760.

REFERENCES

[1] https://techcrunch.com/2017/05/31/pokemon- go-sponsorship-price/.

[2] http://www.snipp.com/blog/2017-05-24/snapchat-adds-feature-to-help-
brands-track- geo-filter-performance/.

[3] http://www.thedrum.com/news/2017/05/15/how-the-augmented-reality-
app-emulates-pokemon- go-has-players-pilfering-prizes-now.

[4] https://www.wired.com/2014/01/a-year-of-google-ingress/.

[5] https://medium.com/smartphone-enerlytics/a-first-inside-look-at- pok %
C3%A9mon-go-battery-drain-ccfbb7ad381e.

[6] https://9toSmac.com/2016/12/07/pokemon- go-sprint-starbucks-new-
monsters.

[7] http://www.jaguaranalytics.com/home-post/yum-china-holdings-yumc-
digital-delivery-momentum.

[8] http://www.slantmarketing.com/pokemon- go-for-business/.

[9] https://www.clickz.com/pokestops-drive-footfall-and-nine-other-
augmented-reality-charts/106049/.

[10] https://forbusiness.snapchat.com/ad-products.

[11] J. B. Andersen et al., “Propagation measurements and models for
wireless communications channels,” IEEE Communications Magazine,
vol. 33, no. 1, pp. 4249, 1995.

[12] H. Hotelling, “Stability in competition,” The Economic Journal, vol. 39,
no. 153, pp. 41-57, 1929.

[13] A. Rasch and T. Wenzel, “Piracy in a two-sided software market,”
Journal of Economic Behavior & Organization, vol. 88, pp. 78-89, 2013.

[14] R. Dewenter et al., “On file sharing with indirect network effects
between concert ticket sales and music recordings,” Journal of Media
Economics, vol. 25, no. 3, pp. 168-178, 2012.

[15] C. Liu and R. A. Berry, “The impact of investment timing and uncer-
tainty on competition in unlicensed spectrum,” in Proc. of IEEE WiOpt,
Tempe, AZ, 2016.

[16] D. DiPalantino et al., “Competition and contracting in service indus-
tries,” Operations Research Letters, vol. 39, no. 5, pp. 390-396, 2011.

[17] C. Forman et al., “Competition between local and electronic markets:
How the benefit of buying online depends on where you live,” Manage-
ment Science, vol. 55, no. 1, pp. 47-57, 2009.

[18] S. Viswanathan, “Competing across technology-differentiated channels:
The impact of network externalities and switching costs,” Management
Science, vol. 51, no. 3, pp. 483-496, 2005.

[19] S. Balasubramanian, “Mail versus mall: A strategic analysis of compe-
tition between direct marketers and conventional retailers,” Marketing
Science, vol. 17, no. 3, pp. 181-195, 1998.

[20] H. Yu et al., “Public Wi-Fi monetization via advertising,” IEEE/ACM
Transactions on Networking, vol. 25, no. 4, pp. 2110-2121, 2017.

[21] H. Yu et al., “Cooperative Wi-Fi deployment: A one-to-many bargaining
framework,” IEEE Transactions on Mobile Computing, vol. 16, no. 6,
pp. 1559-1572, 2017.

[22] V. Pamuru et al., “The impact of an augmented reality game on local
businesses: A study of Pokemon Go on restaurants,” Working paper,
2017.

[23] A. Colley et al., “The geography of Pokémon GO: beneficial and
problematic effects on places and movement,” in Proc. of ACM CHI,
Denver, CO, 2017, pp. 1179-1192.

[24] W. Y. Oi, “A Disneyland dilemma: Two-part tariffs for a Mickey Mouse
monopoly,” The Quarterly Journal of Economics, vol. 85, no. 1, pp.
77-96, 1971.

[25] W. A. Lewis, “The two-part tariff,” Economica, vol. 8, no. 31, pp. 249—
270, 1941.

[26] B. Hayes, “Competition and two-part tariffs,” Journal of Business,
vol. 60, no. 1, pp. 41-54, 1987.

[27] 1. P. Png and H. Wang, “Buyer uncertainty and two-part pricing: theory
and applications,” Management Science, vol. 56, no. 2, pp. 334-342,
2010.



