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This paper investigates the competition between pay-
ment card network platforms in an artificial payment
card market. In the market, we model the interactions
between consumers, merchants, and competing card
schemes and obtain their optimal pricing structure.
We allow platform operators to charge consumers and
merchants with fixed fees, provide net benefits from
card usage/acceptance, and engage in marketing ac-
tivities. We assume that the consumer side exhibits
lower demand elasticity. With these settings, we es-
tablish that consumers benefit from a reduction of the
numbers of competing payment cards through lower
fees and higher net benefits, while merchants remain
largely unaffected. The two-sided nature of the mar-
ket leads to the result that having more competitors
actually reduces prosperity for customers.

Keywords: two-sided markets, network externalities,
agent-based modeling, competition

1. Introduction

In many countries, debit and credit cards – as payment
cards are more commonly referred to – are replacing cash
and cheque payments at a rapid rate and are competing
strongly with alternative new payment methods. In terms
of relative importance, in Canada and the USA, payment
cards are the most commonly used instruments, account-
ing for 67.41% and 56.67%, respectively, of all registered
transactions made in 2008 (see [1]). According to [2]
in the European Union, their market share is reported to
be 37.68%, which is the highest of all payment methods
available, well ahead of direct credits, direct debits, and
cheques. Given the prominent growth in the usage of
payments cards, the line of research dedicated to study
the competitive nature of the payment card market has at-
tracted considerable attention from policy makers [3–5].
We have witnessed recently several regulatory initiatives
such as the code of conduct for the credit and debit card

industry in Canada. The aim of the code is to ensure that
merchants are fully aware of the costs associated with ac-
cepting credit and debit card payments. Furthermore, in
order to encourage consumers to choose the lowest-cost
payment option, merchants are provided with increased
pricing flexibility and are able to freely choose which pay-
ment options they will accept.

Another prominent example is the USA financial re-
form, which, among other regulatory provisions, is aimed
at setting up a new bureau in the Federal Reserve to reg-
ulate mortgages and credit cards. In addition, the bill
also includes a reduction in the fees charged on debit
card transactions. Similar efforts to reduce fees charged
on debit card transactions are also made from the gov-
ernments of Australia and Mexico. See [6, 7], for an
overview.

The payment card market consists mainly of 6 competi-
tors – Mastercard, Visa, American Express, Discovery,
JCB, and Diners Club – where Mastercard and Visa dom-
inate in terms of market share. The competition between
these card issuers is not well understood in the academic
literature. In this paper, we develop a model of this com-
petition by using an agent-based approach allowing us to
introduce complex interactions between the various mar-
ket participants, which is not easily possible using other
modeling approaches. We are able to derive the optimal
pricing strategies for payment card issuers and compare
them between scenarios with 2, 5, and 9 competing pay-
ment cards.

What distinguishes the market for payment cards from
most other markets is that it is a two-sided market, i.e.,
both partners in the transaction – consumers and mer-
chants – using a payment card need a subscription to
this specific payment card. Modeling such markets is
challenging, as the behavior of market participants is de-
termined by a set of complex interactions between con-
sumers and merchants as well as within the group of con-
sumers and the group of merchants. Consumers and mer-
chants will face network externalities as a larger number
of merchants and consumers using a certain card makes
the subscription more valuable, and card issuers will also

188 Journal of Advanced Computational Intelligence Vol.15 No.2, 2011
and Intelligent Informatics

edwardtsang
Typewritten Text
Journal of Advanced Computational Intelligence and Intelligent Informatics (JACIII), Fuji Technology Press, Vol.15, No.2, March 2011, 188-196

edwardtsang
Typewritten Text
http://www.fujipress.jp/JACIII/index.html

edwardtsang
Cross-Out

edwardtsang
Typewritten Text
Centre for Computational Finance and Economic Agents



Analysis of an Artificial Payment Card Market

affect behavior by changing subscription fees and benefits
associated with cards. Most models of the payment card
market only give cursory consideration to these complex
interactions and how they affect competition: the liter-
ature focuses on a peculiarity of the payment card mar-
ket, the so-called interchange fee (see [8–14]). This fee
arises as follows: card issuers do not directly issue pay-
ment cards to customers but rather allow banks to dis-
tribute them in their own name; card issuers only provide
a service in form of administering the payments made us-
ing these cards. Similarly, merchants have a contract with
a bank that allows them to accept payments made using a
specific payment card. In the majority of cases, the con-
sumer will have been given his card by one bank, with
the merchant having a contract with another bank. In this
case, the bank of the merchant will have to pay the bank
of the consumer a fee, which is called the interchange fee,
for making the payment. Not only is much of the aca-
demic literature focus on the interchange fee, it is also the
focus of regulators (see [4, 15, 16]).

With the focus on the interchange fee, the literature
makes a number of very simplifying assumptions on the
behavior of consumers and merchants. In contrast, [17]
with extensions in [18, 19], developed a multiagent-based
model to study the competition among several payment
cards. Following this approach, our paper will explicitly
model the behavior of consumers and merchants and con-
centrate on the competition between payment cards to at-
tract subscribers and transactions. We abstract from the
interchange fee by implicitly assuming that payment cards
are directly issued by card issuers, i.e., neglecting the role
of banks in the market. This approach allows us to ana-
lyze all of the fees paid by consumers and merchants using
payments cards rather than only the interchange fee. This
will enable us to gain an understanding of the competitive
forces in the payment card market and how the competi-
tion between different payment cards affects consumers,
merchants, and the payment card issuers themselves. So
far, no other paper has been able, to our knowledge, to
investigate this issue adequately.

The remainder of this paper is organized as follows:
the coming section introduces the artificial payment card
market with its elements and interactions, Section 3 then
briefly introduces the learning algorithm used to optimize
card issuers’ strategies and discusses the parameter con-
stellation used in computer experiments. The results of
computer experiments are presented in Section 4, where
we focus on the optimal pricing structure by card issuers
and how they differ for the case of 2, 5, and 9 compet-
ing payment cards. Finally, Section 5 concludes with the
findings of this paper.

2. The Artificial Market

2.1. Model Elements

In this subsection, we formally introduce the three key
elements of the model – merchants, consumers, and pay-
ment cards – with their attributes.

Fig. 1. Sample of a lattice with consumers (c) and mer-
chants (m).

2.1.1. Merchants
Suppose we have a set of merchants M with |M | =

NM , who are offering a homogeneous good at a common
price and face marginal cost of production lower than this
price. With the elimination of price competition among
merchants, we can concentrate on the competition among
payment card providers and how the card choice affects
merchants. The merchants are located at random inter-
sections of a N ×N lattice, where N2 � NM , see Fig 1.
Let the top and bottom edges as well as the right and left
edges of this lattice be connected into a torus.

2.1.2. Consumers
Consumers occupy all the remaining intersections of

the above lattice. The set of consumers is denoted C with
|C | = NC , where NC � NM and N2 = NC +NM . Each
consumer has a budget constraint that allows him in each
time period to buy exactly one unit of the good offered by
the merchants in a single interaction with one merchant.
By making this transaction the utility of the consumer in-
creases. In order to obtain the good any consumer c ∈ C
has to travel to a merchant m ∈ M . The distance imposes
travel costs on consumers, which reduces the attractive-
ness of visiting a merchant. We have explored the case
where the connections among consumers and merchants
are local and the distance travelled by a consumer c to a
merchant m, is measured by the “Manhattandistance” dc,m
between the intersections on the lattice. The distance be-
tween two neighboring nodes has been normalized to one.
We further restrict the consumer to visit only the nearest
mc merchants and denote by Mc the set of merchants a
consumer considers going to.

2.1.3. Payment Cards
We consider a set of payment methods P with |P| =

NP + 1 and NP � NM . The first payment method is
the benchmark and can be interpreted as a cash payment,
whereas all other payment forms are card payments. Cash
is available to all consumers and accepted by all mer-
chants. For a card payment to occur, the consumer as well
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as the merchant must have a subscription to the card in
question. We assume that card payments, where possible,
are preferred to cash payments by both consumers and
merchants. In each time period, a fixed subscription fee
of Fp ≥ 0 is charged to the consumer and Γp ≥ 0 to the
merchant.1 Cash payments do not require any fees.

For each unit of goods sold using a payment card p ∈
P , a merchant m ∈ M receives net benefits of βp ∈ R.
Such benefits may include reduced costs from cash han-
dling, and could differ across payment cards, and are as-
sumed to be identical for all merchants for any given card.
Note that the benefits βp could have a negative value. This
means that the variable fees paid by the merchant to the
card issuer are bigger than the benefits he receives from
the same payment card, in which case they can be inter-
preted as a transaction fee. Cash payments do not provide
any net benefits.

Consumers also receive net benefits from paying by
card, bp ∈ R, but no net benefits from cash payments.
Here, benefits may arise from delayed payment, insurance
coverage, or cash-back options. As with benefits to mer-
chants, benefits to consumers can also be negative and,
again, represent a transaction fee.

In addition, the issuer of the payment card has to decide
how much he should spend on marketing effort lp ≥ 0 in
order to increase awareness by consumers and merchants
of the payment card that he is providing.

The strategy employed by a payment card issuer is
defined as the set of variables controlled by him: S ={

Fp,Γp,βp,bp, lp
}

. It is this set of variables that we will
be optimizing for payment cards in Section 4.

2.2. Decision-Making by Market Participants
Decisions by market participants are arrived at through

interactions with each other. This section sets out how
these interactions drive decisions by consumers and mer-
chants. Decisions on strategies chosen by card issuers are
considered in Sections 3 and 4.

2.2.1. Decisions by Consumers
Consumers face three important decisions: which mer-

chant to choose, which payment card to use in the transac-
tion with the merchant, and which payment cards to sub-
scribe to. This section addresses each of these decisions
in turn.
The consumers’ choice of a merchant: We assume that
when deciding which merchant to visit, the consumer has
not yet decided which of the cards he holds will be used.
Suppose Pc,m is the set of cards consumer c∈C and mer-
chant m ∈ M have in common and let |Pc,m| = NPc,m .
The more payment cards the merchant and the consumer
have in common, the more attractive a merchant becomes,
as the consumer always carries all of his cards with him.
Additionally, the smaller the distance dc,m between the

1. Fixed fees represent the annual fees that consumers/merchants pay in
order to have access to the payment card network. In some countries
those fees are not charged.

consumer and the merchant, the more attractive this mer-
chant will be to the consumer. From these deliberations,
we propose using a preference function for the consumer
to visit the merchant as follows:

vc,m =

NPc,m

dc,m

∑m′∈Mc

NPc,m′

dc,m′

. . . . . . . . . (1)

Each consumer c ∈ C chooses a merchant m ∈ M with
probability vc,m as defined in Eq. (1). Consumers will
continuously update their beliefs on the number of com-
mon payments they share with a particular merchant by
observing the number of common payments to all shops
they can visit – i.e., not only those actually visited – as
subscriptions change over time in the way introduced be-
low.
The consumers’ choice of a payment card: The consumer
decides which payment card he wants to use with the mer-
chant he has selected. We assume a preferred card choice
in which he chooses the card with the highest benefits bp
from the set Pc,m; if there are multiple cards with the
highest net benefits, the card is chosen randomly from
them. In cases where the merchant does not accept any
of the consumer’s cards, the transaction is settled using
cash payment.2

Consumer subscriptions: Initially, consumers are allo-
cated payment cards such that each consumer is given
a random number of randomly assigned payment cards.
Consumers have to decide periodically whether to cancel
a subscription to a card they hold and whether to subscribe
to new cards. The frequency with which consumers make
these decisions is defined by a Poisson distribution with a
mean of λ time periods between decisions. For that rea-
son, every consumer c ∈ C keeps track of whether the
cards he owns, Pc, are accepted by a merchant or not. If
a card p ∈ Pc is accepted by the merchant m ∈ Mc he is
visiting, the consumer increases the score of the card w−

c,p

by one.3
Let Pc be the set of consumer payment cards with

|Pc| = NPc . Assume that the consumer cancels his sub-
scription to a card with probability4

π−
c,p =

x−c k

x−c k+ e
ω−

c,p
ωc

. . . . . . . . . . . (2)

where ωc denotes the number of merchants visited and
x−c k accounts for the propensity of the consumer to can-
cel his subscription to the payment card. We define
k = 1+Fp +NPc +

ε
κ+bp

, ε and x−c are constants and κ

2. Please note that even for a negative bp consumers prefer to use payment
cards. Without changing the argument we also could associate a large
transaction fee with cash payments to justify our previous assumption
that card payments are preferred.

3. Please note that here consumers only take into account the merchant he
actually visits. This is in contrast to the decision which merchant he
visits where he is aware of the number of common cards for potential
merchants.

4. The probabilities defined in Eqs. (2) and (3) are also affected by the mar-
keting effort of each payment card provider. Its role is explained in Sec-
tion 2.2.3.
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is another constant with the restriction that κ + bp > 0.
A larger value for x−c k implies that for a given number of
merchants accepting the card, the consumer is more likely
to cancel his subscription. As long as x−c k < 1, we can in-
terpret the influence of this term as the inertia to cancel
a subscription. The parameter constellation used below
ensures that, with optimized strategies, we find x−c k < 1
and obtain the realistic case of inertia in consumers with
respect to their changing status quo.

The decision to cancel a subscription is also affected by
the fees and benefits associated with a payment card. A
card becomes more attractive to subscribe to and existing
subscriptions are less likely to be cancelled if the fixed fee
charged is low and the net benefits from each transaction
are high. Furthermore, the more cards a consumer holds,
the less attractive it becomes to maintain a subscription as
the consumer has many alternative payment cards to use
with merchants.

Let P−
c =P \Pc denote the set of cards the consumer

does not subscribe to, with |P−
c |= NP−

c
. If the merchant

and the consumers have no payment card in common, i.e.,
Pc,m = /0, and the merchant accepts at least one payment
card, i.e., Pm �= /0, the consumer increases the score ω+

c,p
by one for all p ∈ Pm ∩P−

c .
With x+c a constant, the probability of subscribing to

a card not currently held by the consumer is then deter-
mined by

π+
c,p =

e
ω+

c,p
ωc

x+c k+ e
ω+

c,p
ωc

. . . . . . . . . . . (3)

This probability uses the inertia of consumers to subscribe
to new cards through the use of x+c k. A large value for this
term implies that consumers are less likely to subscribe to
new cards for a given number of merchants accepting the
payment card.

2.2.2. Decisions by Merchants
Decisions by merchants are limited to the choice of

card subscriptions. Similar to consumers, the frequency
with which merchants review their subscriptions is gov-
erned by a Poisson distribution specific to each individual
with a common mean of λ time periods, the same as for
subscription decisions by consumers. As with consumers,
initial subscriptions of merchants are a random number of
randomly selected payment cards.

Merchants keep track of all cards presented to them by
consumers. Every time a card p ∈ P is presented to the
merchant m ∈ M and he has a subscription to this card,
i.e., p ∈ Pm, he increases the score of θ−

m,p by one. With
|Pm| = NPm the probability of cancelling this subscrip-
tion5 is given by

π−
m,p =

x−mq

x−mq+ e
θ−m,p
θm

, . . . . . . . . . . (4)

5. The probabilities defined in Eqs. (4) and (5) are also affected by the mar-
keting effort of each payment card provider. Its role is explained in Sec-
tion 2.2.3.

where µm denotes the number of cards presented and x−mq
represents the propensity to cancel the subscription sim-
ilar to that of consumers, with x−m being a constant and
q = 1+Γp +NPm + ε

κ+βp
. κ takes the same value as for

consumers and has to fulfill the additional restriction that
κ+βp > 0. The interpretation of the term x−mq follows the
same lines as for consumers and parameter setting ensures
inertia by merchants to cancel their subscriptions with op-
timized payment card strategies.

Similarly, if the merchant does not have a subscription
to the card, i.e., p ∈P−

m , the score of θ+
m,p is increased by

one and the probability of subscribing to a card is given
by

π+
m,p =

e
θ+m,p
θm

x+mq+ e
θ+m,p
θm

. . . . . . . . . . . (5)

where once again, x+m is a constant.

2.2.3. Decisions by Card Issuers
Card issuers have to decide on all variables in their

strategy space S, i.e., decide on the fees and net benefits of
consumers and merchants as well as marketing expenses.
While optimizing these variables will be the main subject
of the following sections, we want to determine the im-
pact that these variables have on the profits of card issuers
as well as the impact of the marketing effort on decisions
by consumers and merchants.

The total profit Φp of a card issuer is calculated apply-
ing the following equation:

Φp = ΦCp +ΦMp −Lp, . . . . . . . . . (6)

where ΦCp are the profits received from consumers and
ΦMp those from merchants. These profits are given by

ΦCp =
I

∑
t=1

Nt,Cp Fp −
I

∑
t=1

Nt,Tp bp, . . . . . . (7)

ΦMp =
I

∑
t=1

Nt,Mp Γp−
I

∑
t=1

Nt,Tp βp, . . . . . (8)

where the additional index t denotes the time period, I
the number of time periods considered by the card issuer,
and NTp

the number of transactions using card p. Fees and
net benefits set by card issuers will affect the number of
subscriptions and transactions using a card, which then
determine the profits for card issuers. We have thus es-
tablished a feedback link between the behavior of card
issuers on the one hand and consumers and merchants on
the other hand.

The sum of all publicity cost is denoted Lp and is cal-
culated as

Lp =
I

∑
t=1

lp = Ilp, . . . . . . . . . . . (9)

where lp denotes the publicity costs for each time period,
which we assume to be constant.

These publicity costs now affect the probabilities with
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which consumers and merchants maintain their subscrip-
tions and subscribe to new cards. The probabilities, as
defined in Eq. (2)–(5), are adjusted due to these publicity
costs as follows:

ξ = τπ(1−π) . . . . . . . . . . . . . (10)

where π represents π+
c,pπ−

c,p, π+
m,p, or π−

m,p, as appropriate,
and τ = α(ϕ − e−lp).

Constants α and ϕ are chosen such that the constraint
0 ≤ π + ξ ≤ 1 is satisfied. Revised probabilities used by
consumers and merchants are then given by π ′ = π +ξ .

Card issuers now seek to maximize their market share
as measured through the number of transactions con-
ducted by optimally choosing their strategies. The way
this optimization is accomplished by card issuers is dis-
cussed in the coming section.

3. Set-Up of Computer Experiments

The above model is implemented computationally and
the optimization of strategies chosen by card issuers is
conducted using machine learning techniques.

3.1. The Optimization Procedure of Card Issuers

Card issuers determine their optimal strategies us-
ing a Generalized Population-Based Incremental Learn-
ing algorithm (GPBIL) as introduced in [20] and ex-
tended by [21]. This algorithm divides the domain
of a variable x[a;b] into n subdomains a ≤ a1 < a2 <
· · · < an−1 < an ≤ b. We can now define subinter-

vals as
[
a; a1+a2

2 ),
[

a1+a2
2 ; a2+a3

2 ), . . . ,
[

ai−1+ai
2 ; ai+ai+1

2 ,

. . . ,
[

an−1+an
2 ;b

]
.

Each subinterval is equally likely to be selected, i.e.,
with probability 1/n. The algorithm changes the location
of the parameters ai such that subintervals with the best
performance are selected with a higher likelihood. This
learning is achieved through a positive and negative feed-
back mechanism. Suppose we have a value of x in [a;b];
we can then determine the new value of ai with the help of
a j , the value closest to x. If the outcome associated with
x is positive, we then determine the updated âi as follows:

âi = ai +ζ vxhδ (i, j)(x−ai), . . . . . . . (11)

where ξ denotes the learning rate, the role of vx is ex-
plained below, and

hδ (i, j) =
{

1 if |i− j| ≤ δ
0 if |i− j|> δ . . . . . . (12)

denotes the neighborhood in which learning occurs,
where δ denotes the cylinder size of the kernel. This en-
sures that values close to x get chosen more frequently. In
the case of a negative outcome, we want values on either
side of x to be chosen less frequently and therefore use the

Table 1. Domains of the strategy variables.
Description Symbol Value range
Consumer fixed fee Fp [0;10]
Merchant fixed fee Γp [0;10]
Net benefits of consumers bp [−1;1]
Net benefits of merchants βp [−1;1]
Publicity costs lp [0;20]
Number of subintervals n 5
Learning rate ζ 0.1
Kernel size for positive outcomes δ 2
Kernel size for negative outcomes δ ′ 1

Table 2. Parameter settings.
Description Symbol Value
Network size N 35
Number of consumers NC 1100
Number of merchants NM 125
Number of payment cards NP 2, 5 and 9
Number of merchants considered by each consumer NMC

5
Inertia/propensity with respect to net benefits ε 1
Inertia/propensity with respect to net benefits κ 1.1
Propensity of consumers to cancel their subscriptions x−c 0.05
Inertia with respect to consumers making new x+c 2subscriptions
Propensity of consumers to cancel their subscriptions x−m 0.05
Inertia with respect to merchants making new x+m 9subscriptions
Size of the probability adjustment due to marketing α 0.1effort
Size of the probability adjustment due to marketing ϕ 0.05effort
Expected time between subscription decisions λ 20
Number of time steps I 20000

following rule on updating the values of ai:

âi =

{
ai +ζ vxhδ ′(i, j)(ai−δ ′ −ai) if ai ≤ x
ai +ζ vxhδ ′(i, j)(ai+δ ′ −ai) if ai > x (13)

If ai−δ ′ and ai+δ ′ are not defined, we set them as a and b,
respectively. In our model, a positive outcome is achieved
if the market share of the payment card as determined
by the number of transactions using the payment card is
higher than the average market share, i.e., 1/NP ; other-
wise, it is regarded as a negative outcome.

Once it has been determined whether an outcome is
positive or negative from its market share, positive and
negative outcomes are put in ascending order according
to profits achieved from the strategy. The position of a
strategy x determines its weight in the updating of values
through νx. If we denote by φ the number of positive or
negative outcomes, respectively, and by 1 ≤ ρ(x)≤ φ the
position, we define νx = ρ(x)/φ .

The domain of strategy variables as well as parameters
of the learning algorithm are shown in Table 1.

3.2. Parameter Constellations Investigated
The model is characterized by a large number of free

parameters, which need to be externally fixed in experi-
ments. Table 2 provides an overview of the values chosen
for further analysis. In [22], a detailed study of a wide
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Table 3. Optimized payment card strategies in 10 experiments for the case of 9 competing payment cards. The results denote the
converged strategies of all payment cards during the last 100 time steps.

Experiment Consumer fixed fee Merchant fixed fee Consumer net benefits Merchant net benefits Marketing costs Total profits
1 7.57 0.00 -1.00 -1.00 11.11 6,048,995.23
2 5.33 0.00 -1.00 -1.00 7.66 5,275,214.86
3 3.51 0.00 1.00 -1.00 11.81 3,204,527.52
4 6.03 0.00 0.48 -1.00 11.82 4,356,514.63
5 5.46 0.00 -1.00 -1.00 10.49 5,333,885.81
6 6.03 0.00 -1.00 -1.00 13.85 5,562,761.79
7 5.98 0.00 -1.00 -1.00 8.39 5,551,276.47
8 6.48 0.00 -1.00 -1.00 9.97 5,738,453.78
9 5.38 0.00 -1.00 -1.00 10.24 5,299,438.88

10 5.66 0.00 -1.00 -1.00 10.82 5,423,793.36
Mean 5.75 0.00 -0.65 -1.00 10.62 5,179,486.23

Median 5.85 0.00 -1.00 -1.00 10.66 5,378,839.59

Table 4. Optimized payment card strategies in 10 experiments for the case of 5 competing payment cards. The results denote the
converged strategies of all payment cards during the last 100 time steps.

Experiment Consumer fixed fee Merchant fixed fee Consumer net benefits Merchant net benefits Marketing costs Total profits
1 0.07 0.00 1.00 -1.00 7.81 83,193.46
2 3.33 0.00 0.43 -1.00 9.52 4,030,092.77
3 4.21 0.00 0.53 -1.00 10.56 4,527,125.71
4 0.00 0.00 1.00 -1.00 2.23 -5,576.79
5 1.40 0.00 0.37 -1.00 8.74 2,202,551.73
6 3.82 0.00 0.78 -1.00 10.83 4,213,727.65
7 0.00 0.93 0.10 -1.00 8.75 561,356.43
8 3.71 0.00 0.61 -1.00 10.64 4,210,577.77
9 0.37 0.00 0.71 -1.00 8.64 706,220.40

10 0.00 0.00 0.57 -1.00 7.17 203,547.22
Mean 1.69 0.09 0.61 -1.00 8.49 2,073,281.64

Median 0.89 0.00 0.66 -1.00 8.75 1,454,386.07

range of parameter constellations has shown that the re-
sults related to the interaction among consumers and mer-
chants need not be set very sensitively to these values, and
we can thus treat them as qualitatively representative ex-
amples for the remainder of this discussion. In their study,
even with different nomenclature, the authors model the
decisions by consumers and merchants to add/cancel a
card subscription using the same functions that the one
used in the present model. In order to make a comparison
between these two models, we can say that parameters q
and k applied in our study, in [22] could be considered
as constants set to 1. Furthermore, consumers’ inertia pa-
rameters x−c and x+c are represented only by one parameter
denoted a1, which was tested with the integer values in the
interval [1;23]. In addition, merchants’ inertia parameters
x−m and x+m are denoted by only one parameter α1,which
was tested with the same integer values. We should ac-
knowledge that, at the current stage, we have not incorpo-
rated an empirical calibration of consumer and merchant
behavior.

It might be noted that the inertia resulting from net ben-
efits ε is relatively small compared to the fixed fee. We
can justify this choice by pointing out that consumers and
merchants will, in many cases, not be aware of the size
of these benefits because they are not commonly recog-
nized, e.g., small charges for overseas usage are hidden in
a less favorable exchange rate. Empirical evidence sug-
gests that such hidden charges and benefits are much less
relevant than fees directly charged to customers.

It is also for this reason that we limit the domain of net
benefits to [−1;1] such that we avoid having them become
too visible to consumers and merchants in relation to the

fixed fee. In doing so, we willingly accept a possible cor-
ner solution in the optimal pricing strategy.

4. Outcomes of Computer Experiments

Using the model of the payment card market as devel-
oped in the previous sections, we can now continue to an-
alyze the resulting properties of the market. Using the GP-
BIL algorithm as introduced above, we derive the optimal
pricing strategy of card issuers. The results of optimiza-
tion are presented in Tables 3–5. We also observe that
market shares of all competing payment cards are approx-
imately equal, providing evidence for the effectiveness of
the learning algorithm and the convergence of learning.

One striking characteristic of the pricing strategy is that
merchants are not charged fixed fees but rather negative
net benefits, which we can interpret as a transaction fee.
It has been established by [18] that subscriptions by mer-
chants are more sensitive to fixed fees but not much to
transaction fees; this observation gives rise to this specific
pricing structure for merchants. For consumers, we found
a similar result, but with them being less sensitive to the
fixed fees than merchants, they are charged a significant
fixed fee in order to generate sufficient revenue for pay-
ment card issuers. The negative impact of this fixed fee
on cancelling subscriptions and new subscriptions is par-
tially offset by a high marketing effort.

By comparing the cases of 5 and 9 payment cards, we
can clearly see that in the presence of only 5 cards, con-
sumer fixed fees are significantly lower and they receive
positive net benefits. For merchants, we do not observe
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Table 5. Optimized payment card strategies in 10 experiments for the case of 2 competing payment cards. The results denote the
converged strategies of all payment cards during the last 100 time steps.

Experiment Consumer fixed fee Merchant fixed fee Consumer net benefits Merchant net benefits Marketing costs Total profits
1 0.90 0.00 0.28 -1.00 7.64 2,564,890.41
2 0.18 0.00 0.10 0.03 8.13 202,368.56
3 0.00 0.00 0.12 -1.00 7.09 1,047,601.18
4 0.00 0.00 0.24 -1.00 9.40 896,259.56
5 0.00 0.00 0.12 -1.00 4.67 1,051,471.54
6 0.00 0.00 -0.18 -1.00 6.08 1,392,978.45
7 0.00 0.00 0.05 -1.00 5.22 1,140,280.84
8 0.00 0.00 -0.42 -1.00 6.06 1,585,689.79
9 0.00 0.00 1.00 -1.00 9.14 -22,840.06

10 0.00 0.00 0.04 -1.00 6.25 1,145,044.41
Mean 0.11 0.00 0.13 -0.90 6.97 1,100,374.47

Median 0.00 0.00 0.11 -1.00 6.67 1,095,876.19

any difference in the fees charged to them. Finally, mar-
keting costs are slightly lower in the case of 5 payment
cards and total profits made by card issuers are signif-
icantly lower. We can conclude from these results that
if there exist only 5 cards rather than 9 cards, consumers
will benefit through lower fees and higher net benefits and
payment card issuers will generate less profit.

We can see that the fixed fee for consumers is reduced
significantly more than the net benefits are increased. This
result is due to the property of the model established
by [18] that consumer subscriptions react more sensitively
to fixed fees than net benefits and therefore card issuers
change more for this part. The negative impact of the fixed
fee on consumer subscriptions is partially offset by mar-
keting efforts; with this fee now reduced, we also observe
marketing costs to be diminished.

When we further reduce the number of competing pay-
ment cards to only 2, we see that competition benefits con-
sumers even more by virtually eliminating the fixed fee.
The observed slight reduction in net benefits is less pro-
nounced than the reduction in the fixed fee. Once again,
merchants are not affected by the change in the number of
competitors.

Competition for consumers thus increases if we reduce
the number of competing payment cards. This result is
very surprising at first, as it is commonly assumed that the
presence of more competitors increases competition be-
tween providers and thus benefits their customers through
lower fees and higher benefits, and allows competitors to
generate less profit.

This result – counterintuitive on first sight – can be ex-
plained with the properties of two-sided markets. Given
the requirement that for a successful transaction using a
payment card, the consumer as well as the merchant have
to subscribe to this specific payment card, we need to
achieve a certain degree of coordination between all mar-
ket participants. If there are fewer payment cards avail-
able to consumers and merchants, this coordination of
subscriptions becomes easier, given the reduced possibil-
ities for subscriptions. Evidence for the improved coordi-
nation of consumers and merchants in their card subscrip-
tions is the observation that cash transactions observed in
the presence of 9 cards is about 35%, for 5 cards it is 18%,
and for 2 cards only 16%.

It has been shown by [22] that payment cards tend to
establish regional monopolies and, with fewer cards, re-
gions held by each card tend to be larger. If a payment
card offers more favorable conditions, the reduced num-
ber of competitors will then enable card issuers to attract
a significant number of new consumers and merchants.
The switching of subscriptions is facilitated by easier co-
ordination of consumers and merchants due to fewer cards
being available to choose from. It is thereby that compe-
tition increases. Most importantly, the number of con-
sumers and revenue generated from them by far exceeds
that of merchants and it is for this reason that competi-
tion affects the pricing structure for consumers rather than
merchants.

We have thus established that due to the two-sided na-
ture of the market for payment cards, a larger number of
competitors does not necessarily lead to more competi-
tion between them. It may actually be that particular con-
sumers would benefit from fewer competitors in the mar-
ket through lower fees and higher net benefits; merchants
do not seem to be affected by the degree of competition.
Optimally, the market should thus have a small number of
competitors – even as low as only 2 in the market investi-
gated here – to ensure the best outcome for consumers.

There does exist a small number of similar results in the
literature. The most commonly known result is in network
industries such as telecommunications. The origin of the
results in this class of models is, however, economies of
scale, and it is found that the presence of more competi-
tors increases prices. Another example from the literature
with the result that more competitors actually reduce com-
petition can be found for market entry games with costly
entry fees. More potential entrants might reduce competi-
tion among incumbents. See, e.g., [23–25] In our model,
however, we have neither economies of scale nor market
entries, so the result we obtained is not compatible with
those examples from the literature.

It is to be noted, however, that with only a small number
of competing payment card issuers, their potential market
power could be significant. It can easily be imagined that
competitors start to collude in determining their pricing
strategy in order to increase their profits at the expense of
consumers in particular; such collusion is becoming more
and more difficult to sustain as the number of competitors
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increases. Even with the possibility of collusion among
competitors – which we did not account for in our model
– we can conclude that for consumers, a small number of
competitors would be the preferred market structure. In
the presence of a large number of competitors, consumers
would face higher fees.

It would therefore not be in the interest of consumers
for market regulators to encourage the entry of additional
competitors into the payment card market. Ensuring that
no collusion is sustainable in the small number of com-
petitors would benefit consumers most.

We have also compared the performance of optimized
strategies in a market populated with otherwise random
strategies and found that optimized strategies achieve a
significantly higher market share and also outperform ran-
dom strategies in terms of profits generated. These results
provide evidence that the optimization of strategies has
indeed produced strategies that are performing superior
to randomly generated strategies.

5. Conclusions

We have developed an artificial payment card market in
which consumers and merchants interact with each other
through payment made for purchases. Based on the us-
age and acceptance of payment cards, merchants and con-
sumers continuously review their subscriptions to pay-
ment cards and card issuers seek to maximize their profits
by setting optimal fees and marketing efforts. Using the
Generalized Population-Based Incremental Learning al-
gorithm (GPBIL) we were able to determine the optimal
pricing strategy for card issuers.

Comparing the cases of 2, 5, and 9 competing payment
cards, we found most importantly that competition for
consumers between payment cards, as evidenced by the
fees charged, is highest in the case of 2 payment cards. It
was observed that in this case, consumers benefit from
lower fixed fees and higher net benefits of card usage,
while conditions for merchants remain largely unaffected
by the number of competitors and profits for card issuers
were significantly lower. Hence, increasing the number of
competitors does not necessarily benefit consumers. The
reason for this apparently counterintuitive result is the fact
that the market for payment cards is a two-sided market
and the easier coordination of subscriptions by consumers
and merchants in the presence of less choice increases
competitive force and generates the described outcome.
Our model therefore establishes that from the viewpoint
of consumers, it is optimal to have a relatively small num-
ber of competing payment card issuers.

We have established a model of the payment card mar-
ket that allows us to analyze the impact of competition on
consumers, merchants, and the card issuers themselves.
The model itself offers the possibility for exploring a wide
variety of extensions and modifications that would allow
further analysis of the competition between payment card
issuers, e.g., evaluating the impact that different social
network structure among merchants and consumers has

on the outcome, the introduction of interchange fees into
the model, or the evaluation of a particular aspect of reg-
ulatory initiatives in the market. This aspect could be of
particular importance given the interest of policy makers
in understanding the competitive nature of the payment
card market. Nevertheless, in order to perform a sensi-
tive analysis of the effect of any regulatory intervention
in the market, the interaction among consumers and mer-
chants needs to be calibrated with empirical studies. Ide-
ally, having data that gives insights into over-the-counter
consumer behavior related to the usage of payment meth-
ods could be of particular value in representing interac-
tions among consumers and merchants more realistically
at the point of sale.
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