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Abstract

A major result in the two-sided platform literature identifies interdependence be-
tween the two sides served by the same platform; the policy implication is that a
platform may maximize total profits by subsidizing one side.

In this paper we develop a model for platform competition in a differentiated set-
ting (a Hoteling line), which is similar to other models in the literature. However we
focus on the case where at least some agents on each side multihome, and we show that
in that case the strategic interdependence between the two sides of the same platform
may be of lesser importance, or even not be present at all, compared to models that
assume single-homing on at least one side of the market. The implication is that when
multihoming may be present on both sides of the market, the benefit of subsidizing
one side (typically the one with higher price elasticity) is diminished or may not be

present at all.

Keywords: network effects. two-sided markets, platforms, platform subsidies, multi-

homing
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1 Introduction

The literature on competition between two-sided platforms, going back to Armstrong (2006),
mostly ignores the case of multihoming agents on both sides. Most analyses either consider
single homing by participants on both sides of a platform, or allow multihoming by partici-
pants on one side of the platform while they impose single homing on the other side. These
models also typically assume full coverage on both sides, i.e. that all agents participate on
at least one platform. The few analyses allowing for multihoming on both sides tend to
apply in specialized settings, like Caillaud and Jullien (2003) who consider multihoming in
a matching setting, where multihoming agents get additional chances at being matched.

The argument in favor of not considering multihoming on both sides of the market is
that if one side of the market fully multihomes, there is no benefit to allowing the other side
of the market to also multihome; as all possible pairs of agents could already connect with
each other. This assumption is limiting, however, if each side of the market only partially
multihomes, in which case multihoming on the other side does generate new potential inter-
actions between agents on the two sides of the market. It is also limiting if the platforms
are differentiated, in which case two agents meeting on one platform would create different
surplus than the same agents meeting on a different platform.

A major result in the two-sided platform literature is that there is interdependence be-
tween the two sides served by the same platform; meaning that lowering the price on one side
can make the platform more competitive on the other side (without lowering its price there).
The policy implication is that a platform may maximize its total profits by subsidizing one
side, a typical example being that it may be optimal for Adobe to offer Acrobat Reader to
consumers at a zero, or even a negative, price, in order to maximize its profits from the sale
of the corresponding authoring tools.

In this paper we develop a model for platform competition in a differentiated setting (a
Hoteling line), which is similar to other models in the literature. However we focus on the
case where at least some agents on each side multihome, and we show that in that case
the strategic interdependence between the two sides of the same platform may be of lesser
importance, or even not be present at all, compared to models that assume single-homing on
at least one side of the market. The implication is that when multihoming may be present
on both sides of the market, the benefit of subsidizing one side (typically the one with higher

price elasticity) is diminished or may not be present at all.



2 Model

We are analyzing following model:
e two-sided Hoteling competition
e side X, z ~ UJ0, 1]
: >
e sideY,y~Ul0,Y], Y =1
e two platforms, A and B, located at 0 and 1 (V)

e platforms charge p;, i = A, B on side X and 7; on side Y

e user located at = on side X (resp. y on Y) receives following utility from joining
platform i = A, B

u(x; A) =Ay + aya —pa — 2x (1)
uw(z; B) =B, + a(Y —yp) —pp — 2(1 — z)

u(y; A) =Ay + Bra—ra—qy

u(y; B) =By + B(1 — xp) —rpq(Y —y)

where 34 etc is the number of agents on side Y that participate in platform A.

o A,, A, — stand-alone values of platform A for X and Y users
e «, B — “network effect” of the other side on side X and Y

e 2, g — “transportation cost”: loss of utility due to preference mis-match, or set-up

costs

The setup of this model is shown in Figure 1.

3 Single-homing benchmark

We begin by analyzing as a benchmark the case with full coverage and single-homing, as is

typical in most of the literature on platform competition.
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Figure 1: Setup

e imposing single-homing and full coverage: x4 = zp = 7 s.t. u(Z; A) = w(Z; B) and

Yya=yp =y
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e 7 depends on py,pg and 4,75

e interdependence for each platform between its prices on the two sides

4 Allowing for multihoming on both sides

We now allow for multihoming on both sides of a platform.

Utility when multihoming. We first characterize the utilities agents get when multi-
homing, u(z; A&B) and u(y; A&B).
The market coverage of platform A is given by x4, and 1 — xg is the market coverage

of platform B. Multihoming on side X occurs when x4 > z. Multihoming on both sides



occurs when x4 > xp and y4 > yp. In such a case, an x agent who is multihoming may
meet the same y agents on both platforms, as y agents are multihoming as well; and vice
versa.

There are many possibilities for the functional form of u(z; A&B) and u(y; A&B). When
two agents meet on two different platforms, they could receive the network benefit twice
(once on each platform). We call that case “double-counting” of the network effects from
the overlapping agents. At the other extreme, the agents may get the benefit only from
meeting once, and no additional benefit from meeting again — “no double counting.” In
the intermediate case, meeting for the second time may yield partial additional network
advantage — “partial double counting.” Similarly we need to consider the benefit from
intrinsic values of the two platforms when an agent is multihoming.

For the base case of our analysis, we assume double counting of intrinsic values, but no
double counting of the network effect from overlapping agents. Even though X side users
may meet some Y side users on both platforms, they only get the network benefit once.

Therefore, joining both platforms when y4 > yp yields
u(z; A&B) = A, + B, +aY —ps—pp — 2

Utility of an agent joining A only, without having joined the other platform, is given by
u(z; A). Note that
u(z; A&B) < u(z; A) +u(z; B) if ya > yp

Similarly for u(y; A&B).

Decision to participate in both platforms. An agent will multihome when multihom-
ing yields higher utility than joining only platform A, only platform B, or not joining either
of the platforms.

Utility of an agent joining A without having joined the other platform is given by u(z; A)
as in (1). Therefore, the agent indifferent between joining platform A only and not joining
any platform at all, Z,4, is characterized by u(z4; A) =0, i.e.,

_ Ay +ays—pa
VA

(2)

Ta

Users © < 4 would prefer to join A while users x > 4 would prefer not to join at all (see

Figure 2a). l.e., T4 would be the market captured by platform A if it was the only platform.



Similarly, given only the choice of platform B or no platform, all users x > zp would

prefer to join B, while z < Z would not join (see Figure 2b), where

_ _Bx+a(y_yB)_pB

Irp — 1
z
Side X
A, +ays — pa /
Ta= M _ B, +« (Y — !/]g) —PB T4 = A+ Ya — Pa
z IZp=1— : Tn=—_—
X A
Platform A Platform B Platform A & Platform B
YA yB
Side Y Side Y
(a) (b)
Figure 2

With multihoming, agents will consider joining A while they already participate in B.

In such a case, user x’s utility from joining A in addition to B is given by
u(z; A|B) = u(z; A&B) — u(z; B) . (3)

Note that if there is multihoming on side Y, this incremental utility u(x; A|B) must be
less than u(z; A).! That means that some agents who might have joined A if no other
platform was available, would not have joined A as the second platform. I.e., for some =,
u(z; A|B) < 0 < u(z; A). Thus, the actual market captured by platform A in the case of
multihoming on both sides is smaller than Z 4.

To characterize the size of the market captured by platform A in the case of multihoming
on both sides, we need to identify the agent who is indifferent between joining A in addition to
B, and just staying with B only. This agent, denoted by Z 4, is characterized by u(z4; A|B) =
0 <= u(@a; A&B) = u(za; B).

. Ay +ayp —pa
A=

(4)

! Another thing to note is that (3) is valid no matter what we take for u(z; A&B), i.e., whether we double

z

count intrinsic values and the network effect from overlapping platform members.



In the case of multihoming on both sides, platform A captures market of size 4 on side X.

It is straightforward to note that since y4 > ypg, then T4 < Z 4.
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Figure 3: Market coverage of platform A when multihoming on both sides occurs, 4

Notice the difference between formulas (2) and (4). The threshold z4 depends on the
number of opposite-side agents available on the same platform, y4. That is, it depends on
pricing decision of the same platform A. But Z4 depends on yp, which depends on the
pricing decision of the other platform.

Interestingly, platform A cannot make itself more appealing to agents on side X by
increasing the number of Y agents it attracts. In fact, the attractiveness of platform A to
agents on side X depends on side Y agents attracted by the other platform; this is because
yp represents the number of side Y agents that are exclusive to platform A. As platform B
becomes more attractive to side Y agents, the number of such agents joining A exclusively
decreases—even if A can increase its overall coverage of side Y. This lowers the attractiveness
of joining A for the marginal side X agent, because the marginal side X agent is deciding
whether to join A in addition to B, not whether to join either A or no platform at all; and

the marginal side X agent already has access to these side Y agents on platform B.



More formally, the profit maximizing % depends on ps and ry4, the two prices set by
platform A. The profit maximizing 2%, however, depends on p4 and rp, but not on r4. Thus
2%, which is the relevant profit maximizing price on side X, does not depend on the price
set by platform A on the Y side.

5 Equilibria with multihoming on both sides

The focus of our analysis in this section is to characterize equilibria where agents on both
sides multihome, and especially equilibria where only some agents on both sides multihome,

while others singlehome. We call it partial multi-homing.
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Figure 4: Participation decision with multihoming on both sides

Partial multihoming on both sides occurs in equilibrium when 4 > Zg and 4§41 > yp.

Note also that in such a case: x4 = T4, xp = Tp, ya = Y4 and yg = Y. Using the derivation



of the previous section, we obtain

L Ay +alip — pa

TA
z
B, Y — —
iy—1_ BetalY —9a) —ps
z
N _Ay—}—ﬁ{i’B—TA (5)
q
N By—i_ﬁ(l_xA)_TB
Yyp =Y — 7

Note the interaction between 4 and yp (and therefore between ps and rp), but NOT
between 74 and 4. That is, there is no strategic interaction between pricing on the two

sides of the same platform.

Proposition 1 If both sides multihome and there is no double counting of the network ben-
efits from meeting the same other side agent on both platforms, there is no interdependence
of prices on the two sides of the sane platform when mazimizing profit. ILe., the profit

mazximizing p; does not depend on r;.

Proof. This follows directly from FOC for profit maximization. Technically, r; does not

enter the FOC for maximizing profit with respect to p;.

Corollary 1 In the environment described in Proposition 1, it is never profitable for a plat-

form to subsidize one side of the market, i.e., charge a negative price.

The strategic interaction between 4 and ypg is fueled by the strength of the network
effects). When network effects are strong, i.e., a8 > ¢z, then no pure strategy equilibrium
with partial multihoming exists. However, there may exist equilibria with multihoming on
both sides where thresholds are outside of the interval, even for strong network effects.

In the rest of the paper we focus on the case where network effects are weaker than

transportation costs, i.e., aff < q z.

For af < ¢z, equilibrium with partial multihoming on both sides is characterized by



o _ U(As(202 — aff) — a(Byz — 2qY 2 + 26 + Yap))
4 (qz — aB)(4gz — ap)
o 2(Ay(2g9z — aB) = B(Beg — 2¢2 + ¢Ya + af))

i (42 — af)(4qz — af)

o 2¢°2(2z — Ya) + o8 + B.q(—2qz + aff) + qa(Ayz — 428 + Yap)
v (¢z — af)(4qz — ap)

o APY 24 qz(Ay — 22 =AY )B4 oz + Ya) B2 4+ Byz(—2qz + aff)

v (4 — aB)(dqz — af)

And

. Ay (—2qz+ af) + a(Byz —2¢Yz + 2z + Yap

Pa=—
49z — aff

o Ay(=%s + aB) + 8(Beqg — 2= + qVa + af)

A 4qgz — aff

. (Be(2qz —af) —a(Ayz — 2qYz + 28+ Yap)
Pp = 49z — aff
- By(2qz — af) — B(Axq — 292 + ¢Y o + af)

4q9z — af

Proposition 2 For an appropriate range of parameters, there exists a pure strateqy equilib-

rium with multthoming on both sides .

Proof. For now, we prove the existence by providing a set of parameters for which such
an equilibrium exists. We plan to derive soon an analytical formulation for the applicable
range of parameters.

Consider the following parameter values: o« = = 0.1; ¢ = 2 = 0.2; A, = A, =
B, = By = 0.26; Y = 1. These values result in the following pure strategy equilibrium:
pa=1ra=pg=rg=0.12;24 =y4 =0.8;25 =y = 0.2 and profits 14 =75 =0.192. W

Note that for other parameter values, different pure strategy equilibria are possible. For

instance, equilibria may arise where the market on one or both sides is not fully covered, or

where singlehoming arises endogenously.
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6 Meeting the same agent on additional platforms yields

incremental network benefit

So far, we have assumed that participants that overlap on multiple networks do not derive
additional benefit from being able to meet on more than one platform; in other words
there is no double counting of overlapping network members and no double counting of
the corresponding network effects. Under this assumption, we have arrived at equilibrium
conditions (5), which indicate that there is no interdependence between pricing decisions on
the two sides by the same platform. It is a striking result, especially when compared with
the single homing benchmark.

As we have noted in Section 4, there are many possibilities for how utility of multihomers
is specified. Different specifications may be more suitable for different markets.

In this section, we generalize the analysis, by allowing partial double counting of the
network effects in the utility of multihomers. That is, meeting the same agent on the second
platform yields some incremental network benefit above the network benefit from meeting
him on the first platform. As we will see, when the partial double counting is allowed, the
interdependence in pricing of two sides by the same platform is present again. However, the
strength of this interaction directly depends on the size of the double-counting. With very
little double-counting, the interdependence is negligibly small.

Our aim in this analysis is to point out that while the interdependence plays primary role
in environments with assumed single-homing, the interdependence is of lesser importance,
and may disappear completely, when the platforms are competing in an environment where

multihoming on both sides is possible.

Set up of the generalized problem. The measure of the multihoming agents on side Y

is y4 — yp. The utility of a multihoming agent x is
u(z; A&B,w) = A, + B, + oY +w(ya —ys)| — pa — pB — =,

where w € [0, 1] is the size of the double-counting. For w = 0, there is no double counting.
In the special case of w = 1, u(z; A&B,w = 1) = u(x, A) + u(x, B). That is, the agent gets
full double benefit from meeting a Y agent twice on the two platforms. In a way, it means
that the two platforms provide different benefits, and there isn’t much competition between

them.
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Now, even with w, formula (3) is still valid
u(z; A|B,w) = u(x; A&B,w) — u(x; B) = Ay + afwya + (1 —w)yp] —pa — 2.

And thus

) A, +alwys + (1 —w —
LL'A(CL)) _ O‘[ Ya (Z )yB] pa

Based on the discussion at the end of Section 4, w measures the interdependence between
the price platform A sets on side Y, and how attractive it is to agents on side X. This
interdependence ranges with the value of w, and for small w is close to negligible. With
small w, the price set by the other platform on side Y is much more important to determining
Ta.

Note also that for w =1, Z4(w = 1) = T4, while for w < 1, Ta(w) < T 4.

Proposition 3 If there is some incremental network benefit of meeting the same other-side
agent on both networks (”double counting” of common agents), the strength of the interde-
pendence between the prices charged on the two sides by the same platform is determined by

the strength of the above double counting.

7 Empirical testing with data from credit card use by

Canadian consumers and merchants

e Credit cards offer a well known example of two sided platforms, the two sides being

the merchants and the consumers.

e Merchants typically accept several credit cards, thus multihoming is common in the

merchant side of the platform.

e Most consumers also use several credit cards, and thus also multihome (in different
degrees). While there is a clear benefit to a consumer of having a credit card accepted
by a merchant they desire to do business with, there is typically little incremental
benefit in possessing more than one credit card accepted by the merchant; thus the
benefit of a consumer and a merchant “meeting” on multiple platforms is limited after
the ability to transact is established (in our terminology, there is no “double counting”

of the interaction benefit).

12



To empirically test the predictions of our analysis, we draw on a unique data set from
a surveys of Canadian consumers and merchants conducted by Bank of Canada in
2014 and 2017. Participants to the consumer survey were asked to report all credit
cards they hold, and to identify all purchases they made over the course of three
days, including which credit card they used for the credit card purchases. This data
will allow us to estimate the extend of multihoming on the users side. The merchant
survey asked participants whether they accept different credit cards and what are the
fees they pay for each credit card they accept. The appendix shows examples of the
information collected from participating consumers, including the diary entry for a
typical transaction, and participating merchants. We are in the process of analyzing
the data to determine whether credit cards that face higher multihoming on both sides

are less likely to offer subsidies, as predicted by our theoretical results.

8 Conclusion

We analyze platform competition when agents multihome on both sides.

e Literature mostly ignores this case — and derives results where the pricing interdepen-

dence between the sides is central

e Once we allow for multihoming on both sides, it is important to specify what is the
utility of the multihoming users, who can also meet multihoming users on the other
side — that is, they meet each other twice on the two platforms. Do they obtain the

benefit of interaction twice, or only once?

e In the base model, we decide we look at the case where they obtain the benefit only
once (no-double counting). For this specification, we show:
— under certain conditions, equilibria exist with multihoming on both sides

— when we have multihoming on both sides, the interdependence between the two

sides plays out differently than under single-homing
— specifically, there is no interdependence between the two sides of the same platform

— optimal pricing for a platform on one side depends on the prices of the other

platform only

13



— thus, it is never optimal to subsidize the other side (no divide-and-conquer strat-
egy)

— that is very different from analyses imposing single-homing on one or both sides

While we start with the extreme specification where meeting the same agent for the second
time brings no benefit, we also extend our analysis to more general formulation, where the

agents can gain partial benefit from meeting each other the second time.

e In this case, the interdependence is present again. However, it strongly depends on
the size of the benefit from the second meeting. If the partial benefit is very small, the
interdependence is also negligible. At the same time, pricing of the other platform is

a much more important factor.

In conclusion, we need to be wary of overstating the importance of the interdependence
even when it does exist, or we risk missing the important drivers of the market equilibrium,
and give wrong strategic advice.

Finally, we test the validity of our theoretical predictions by analyzing a large data set
of credit card use by Canadian consumers, with significant multihoming present on both the

merchant and the consumer side of the market.
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Appendix

Selected questions from surveys

In this appendix we show examples of the questions in the consumer and merchant surveys.
While the complete instruments remain the property of the Bank of Canada and Ipsos, we

have been granted access to the questions needed to test our theoretical predictions.

Version 15 (SepLZs, 201/7) - Clean

METHODS-OF-PAYMENT SURVEY

This survey is designed to collect information on how Canadians make purchases. By filling out
this survey accurately, you are providing valuable information that will help the Bank of Canada to
promote the economic well-being of all Canadians. We thank you for participating.

Disclaimer of privacy: The results of this survey will be kept strictly anonymous and used for
statistical purposes only. Demographic information collected at the end of the survey iIs solely for
the purposes of analyzing the results.

Instructions:

1. This survey is 16 pages long, and should take 20-30 minutes to complete.

2. Please refer to your most recent bank and credit card statements to help accurately fill
out the survey.

3. When completing the survey, please keep in mind that we are most interested in how
you use cash and other methods of payment for:

« The purchase of goods and services,
« The transfer of funds between yourself and other individuals.

Please do not include payments made for the purposes of running a business or pre-
authorized payments that are set up before-hand and come out of your account
automatically (e.g., utilities, insurance, etc.).

4. Please read the useful definitions provided on pages 15-16 and refer to them when
completing the survey.

5. Please record the time you began the survey:

. AM/PM

15



Examples: Purchase Transactions

Visited the Chiropractor; no tap function on debit/credit card machine

Time: O AM Amount spent: Type Reasons
512 B PM s L0 . oo T R ol R Sk
Name of business: ine? Yes [ 2
SPINAL HEALTH AN WELLANESS Online? Yes No 5
Used tap- | Payment made to a
Payment Method Unedt and-go? Person ] Business &,
Cash [ O Coins T Paper )ee e, O Buginess only accepts cash? i
Db s o by, 1 O Ves[J No %
e L i u | Have you visited this business before?
(B visa O MC O Amex O Other) Yes X No OJ
Interac eTransfer. .. e issne s aseares O # of cash registers / payment terminals:
Other: P ] B 00 1-44a® 590 10«0
CODE-LISTS
Type of purchase Reasons for choosing payment method
T1 Groceries/Drugs Rl  Speed /to complete the purchase quickly
T2 Gasoline R2 Habit — this is the method | always use
3 Personal Attire R3  They didn't accept the payment method
| wanted
T4 Health care R4 | use cash for smaller transactions
. R5 | get rewards points for using this
15 Hobby/Sport d
obby/Sporting goods method
TG Professional/Personal Services R6 | did not have enough cash
T7 Travel/Parking R7 Discount offered
T8 Entertainment/Meals R8  To get cash back or make change
T9 Durable Goods R9  To avoid using coins
T10 Other R10 Other
Other payment methods
P1 Prepaid card issued by Visa / ps  Online payment account (e.g. PayPal
MasterCard / Amex accessed from a computer)
P2 Store branded prepaid card PE Personal cheque
P3 Apple Pay P7 Bitcoin or other digital currency
P4 Other Mobile payment app P8 Redeemed coupon or store points
P9  Other

16




3. MAIN CREDIT CARD

If you do notf have a credit card fo pay with (your answer to Question 3 was ‘0’), please skip this section.

This set of questions is about your main credit card, that is, the credit card that you use most offen for day-to-day
purchases. Please refer to your most recent credit card statement fo help answer the following questions.

11. What type is your main credit card?

Visa ... [l

MasterCard...___._._.____.._ O

American Express (AMEX) ... Ol

Retail store credit/charge card.... [l

Gas station credit/charge card.... R

Other type (PLEASE SPECIFY) ..o O
12. Which institution or company issued your main card to you?
RBC / Royal Bank of Canada ... H Desjardins Caisses Populaires ...
CIBC / Canadian Imperial Bank of Commerce ... O Laurentian Bank ............... -
TD Canada Trust / Toronto Dominion Canada Trust. [ MBM A
BMO / Bank of Montreal ... O National Bank of Canada..................._.._.
Scotiabank / Bank of Nova Scotia. . O PC Financial / President's Choice Financial . -
American EXpress ... O Other (PLEASE SPECIFY) e
Capital One (including Costco, HBC, etc ). [
Canadian Tire ... O

13. What is the spending limit on your main credit card?

$1,000-%1,999 ............
$2,000—%3,999 ...
$4,000 - 55,999 ...
$6,000 —$9,999 ...
$10,000 - $14,999.._____
515,000 or $19,999. ..
$20,000 or more__________

Oooo0oooo

14. What is the annual interest rate on your main credit card?

Less than 5%..................
5% —9.99%....
10% — 14.99%
15% —19.99%.... .
20% or higher................

ooooon

15. What is the annual fee on your main credit card?

17



16. What was the total amount you charged to your main credit card last month? PLEASE WRITE IN A DOLLAR AMOUNT BY
ROUNDING TO THE NEAREST DOLLAR.

17. Of the total balance owed on your main credit card statement last month, how much did you pay off? CHECK ONE BOX.

Balance was paidin full ... O
Paid off at least half, but not the full amount............. O
Made a payment, but less than half the full amount._. [
Made the minimum payment..._......._..........._...... O
Did not make a payment O
There was no amount owing last month ... (]

18. Which of the following types of rewards are currently available to you with your main credit card? CHECK ANY THAT APPLY.

Cash back rewards - usually applies as a statement Retail/store rewards — can be applied against

credit to your account or sent as a cheque ... [l purchases at specific stores/retailers.................... N
Gas rewards — can be applied against gasoline Travel rewards — used for travel (air and ground
purchases at specific gas companies ... O transportation, hotels, packages).................._...__. |
Gift card rewards — used to buy gift cards from a list of

retailers, restaurants, etc. ..o, O Other (PLEASE WRITE IN BELOW) ..o, |
Grocery rewards - can be applied against grocery

purchases at a specific grocery chains ... O

Merchandise rewards — used to buy merchandise from a Norewards.._.._.._....................... O
listicatalogue |

The following question asks about the fees that your business paid to your acquirer or payment processor to accept card
payments in 2014.

You can skip this question if you enclose a copy of one of your 2014 monthly acquirer statements. Any month is

fine, but preferably not December or January.

5.6 Please fill in the following table. (Put “0” if you did not pay any fees for that card type)

Total fees paid to acquirer or payment processor

1. Debit cards (Interac) 3 .__ for2014
2. Credit cards: s . for2014

- American Express s . for2014

- Visa (including prepaid Visa cards) S . for2014

- MasterCard (including prepaid MasterCard cards) s .___ for2014

- Other 1, please specify: S . for2014

- Other 2, please specify: S . for2014
3. Plastic prepaid gift cards (excluding prepaid

Visa/MasterCard cards) S . for2014
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