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Abstract. To address the big data discriminatory pricing problem of two takeout platforms with
different attribution behaviors of platform users, the equilibrium pricing of the two platforms under
different attribution behaviors is analyzed and compared based on the Hotelling model, and the
effects of switching costs and network effects on pricing strategies are examined. The results show
that: in the single-attribution-single-attribution model, the network effect affects the user scale of the
platform, and then the pricing of the platform is affected by the switching costs and the network effect,
and the pricing of the platform in the first stage affects the pricing decision in the second stage; in
the single-attribution-partial-multi-attribution model, the pricing of the platform is affected not only by
the switching cost and the network effect but also by the switching costs and the network effect of
the user base. In the single-attribution-partial-multi-attribution model, platform pricing is not only
affected by switching costs and network effects but also by users' base utility, and the platform's
pricing in the first stage partially affects the pricing decision in the second stage.
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1. Introduction

In recent years, with the rapid development of the Internet, takeaway platforms represented by
Meituan, Eleme, etc. surround everyone's life. Price discrimination based on purchasing behavior has
gradually emerged with the enhancement of enterprises' information data collection and processing
capabilities', For example, takeaway platforms have begun to use big data to locate and categorize
platform users, and then implement different pricing strategies, a behavior that has been referred to
by the media as “big data kills maturity”. After users who use these APPs leave traces of their use or
purchase on the Internet, the platforms implement big data discriminatory pricing by relying on the
huge scale of users and data to find differences in the huge amount of data and make more accurate
pricing?. This discriminatory pricing behavior with respect to the frequency of users' usage may make
users choose to shift their use of the platform, and the switching costs incurred in the process may
affect users' willingness to shift their use of the platform. User-to-user network effects will make the
platform's pricing strategy more complex and difficult to implement®.

Currently, research on platform pricing has received extensive attention from scholars. Since
switching cost is an important consideration for users in choosing whether to switch to a platform or
not, switching cost has an important impact on users' decision to switch*. Some firms use switching
costs as their competitive strategy, viewing them as a factor in targeting consumers®, The magnitude
of switching costs in a market also affects the entry strategy of late entrants ®. A summary of the
existing literature shows that price discrimination based on purchasing behavior is worthwhile in
markets with switching costs, and that both consumers and firms can benefit from it’. The strategy of
categorizing pricing between new and old users will not only lose its appeal to new users but also
turn off old users and lose both new and old user group®.

Existing literature examining firms' pricing strategies often assumes that the relationship between
users and platforms is single-attribution, ignoring the impact of consumers or users with different
attribution relationships on the platform's profitability. In general, attributional behavior affects firms'
decision making’, It also affects the pricing order of the firm '°, Different attribution behaviors can
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also have an impact on service quality!!. Under the influence of network effects, attributional
behavior influences the utility of bilateral users'?, and their incentives to enter the market'>. Thus, In
discriminatory big data pricing of platform users, takeaway platforms should consider both whether
to impose switching costs and the attribution of users to ensure that they are able to make higher
profits. Therefore, it is of great significance to study the pricing decisions of takeout platforms by
considering the impact of switching cost and network effect strengths in the context of different
attribution behaviors of users.

2. Model Description

Consider a market in which there are two takeout platforms with competitive behaviors, referred
to as Platform A and Platform B. The sender (merchant) and the receiver (rider) are bilateral users of
the two platforms. For the sender, it can directly join only one platform (single attribution) or both
platforms (multiple attributions) for daily takeaway orders, while for the receiver (rider), it usually
joins only one platform (single attribution) in order to make better use of the app for route planning
and order coordination. In this paper, a two-stage dynamic game model is constructed on the basis of
the hotelling model. In the first stage, the two platforms simultaneously provide uniform pricing to
the users, and the users choose whether to continue to use the old platform or to transfer to the new
platform according to their own interests in the second stage after the first stage of the experience is
over. The superscripts n and o are used in the model to denote the difference between new and old
customers.

3. Model Analysis and Calculation

3.1. Single Attribution-Single Attribution Big Data Discriminatory Pricing Models

In this part, we will analyze the equilibrium results of the two platforms adopting big data
discriminatory pricing for regular customers at the same time in the second period. Assume that the
subgame refined Nash equilibrium of the two-period dynamic game is {Pi". PiS. PA". P35,
P (x) P(y)s PR (x) P2°(y) ~ P\ P} . P§". Pg®}.As shown in Fig. l,in the first
period,the prices of the two platforms for receivers and senders are respectivelyPi". PiS. PAT.
P3°,And there existx*(0 < x* < 1). y*(0 < x* < 1),such that x € [0,x*] riders choose to use
platform A for order taking while other receivers choose platform B for order taking; y € [0, y*]
sender chooses to use platform A for its business activities, while other senders choose platform B
for their business activities.
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Figure 1. Single-attribution-single-attribution symmetric model Phase I diagrams

In the second period, as shown in Figures 2 and 3, platform A sets the price P{" (x) for receivers
with x € [0, x*], while setting a uniform price P;" for receivers with x € [x*, 1]; similarly, it sets
the price P7°(y) for senders with y € [0, y*], while setting a uniform priceP;* for senders with
y € [y*, 1].In the second period, as shown in Figures 2a and 2b, platform A sets the price P{"(x)
for receivers with x € [0,x*], while setting a uniform price P;" for receivers with x € [x*, 1];
similarly, it sets the price Pg°(y) for senders with y € [0, y*], while setting a uniform price P;**
for senders with y € [y*, 1].The new and old users owned by platform B and A are exactly
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symmetrically distributed, and platform B will set a uniform price P§" for receivers distributed in
the range of x € [0,x*] and P§"(x) for receivers in the range of x € [x*, 1], and a uniform price
Pg® for senders in the range of y € [0, y*], while setting a price P§°(y) for receivers in the range
of y € [y* 1]. There exists X;(X; € [0,x*]) such that the receiver with x € [0,X;] continues to
choose platform A in the second period, while the receiver with x € [X;, x*] moves to platform B.
There exists X,(X, € [x", 1]) such that the receiver with x € [X,, 1] continues to choose platform B
in the second period, while the receiver with x € [x*,X,] receivers move to Platform A. Similarly,
there exists y;(J; € [0, y"]) such that senders with y € [0, ;] continue to choose Platform A in the
second period, while senders with y € [J;,y*] move to Platform B. There exists y,(¥, € [y, 1])
such that senders with x € [§,, 1] continue to choose Platform B in the second period and senders
with y € [y*,J,] move to platform A.
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Figure 2. a Sender Single Attribution Symmetric Model Phase II Diagrams
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Figure 3. b Receiver Single Attribution Symmetric Model Phase II Diagrams

Draw on the logic of inverse induction to solve the above subgame-refined Nash equilibrium of
this two-phase dynamic game: given{P;". Pi5. PA". P15 and x*. y*}, consider the platform's
choices in the second period. The range of Nash equilibria for the second period subgame is first
determined analytically. First, when x* € (0,1), PF"(x) = max{c, P§" + a(nj —ng) + f(n} —
ng) + t(1 — 2x) + s}for any x € [0, x*].The platform will not reduce the price below the marginal
cost ¢, so the platform's pricing minimum is c. Also, because according to the utility constancy
equation yields P{"(x) = Pg" + a(n; —ng) + f(n) —np) + t(1 —2x) +s . Secondly, when
0<x*< §+S+a(ni—n§)+ﬁ(n2—n£),if prr

> c,according to the analysis above it is easy to get

2t
Py (x) = P} + a(nj —ni) + B(ny —nk) + t(1 — 2x) + s > ¢, Platform B cannot make a profit
on the new user group unless it lowers its price to the same level as its marginal cost, otherwise,
according to the optimal pricing of platform A, P§" can always achieve an increase in its own profit
by lowering its price. In this case, Py =c, P{"(x) =c+anj —ng) +L(n) —np) +t(1 —

2x) + s ; Finally, when x*> 1, s+a(nj-ng)+p(nj—ng)
’ ¥ T2 2t

s+a(ng-ng)+B(nj-np)
2t

, Platform B will not give up E+

, x*] part of the market when it is profitable to do so. This suggests that there

S _.S T _ a7
must exist ¥; € E 4 sralna nBz):ﬁ(nA nB),x*] such thatPf" = a(nj — n3) + B(n} — ng) +t(1 —

2x) +s, PJ"(%;) = c. Similarly a range of values regarding the platform's pricing to senders can be
obtained. First, wheny* € (0,1), P2°(y) = max{c, P§° + a(ny —nj) + t(1 — 2y) + s} for any
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s+a(njy—ng)
2t
s+a(nj-ng)

t(1 — 2y) + s. Finally, when y* > % + o

that P} = ¢ — [a(n} —n}) +t(1 —2y) +s], and P°(9,) = c.

In the second period of the model, there is v —tx; — PY"(x) + anj + fnj =v —t(1 —X;) —
P —s+ang + png,v—ty; —PE(y)+any =v—-t(1—-9,) —Pg* —s+
ant, which follows: £, = —c+Pg +t+a(nA;ZlB)+B(nA—nB)+s; $, = —c+Pg +a(2ntA—nB)+t+s.

Suppose that in the second period the platform obtains a profit of nij on class j users, then nij =
)+, (i=A, B; j=r,s):

Maxmg" = (Pg" — c)(x™ — %), Maxng® = (Pg° — ) (y" — 91)

Platform B derives its profit from the profit in the new and existing user base of the receivers and

senders:

y € [0,y*]. Second, when 0 < y* < % + , P#* =c and, PY°(y) =c+a(n; —n3) +
sta(nl-ng)

, there exists a y; € E + ” Y ] such

*

nh, =g+ = g () — cldx + (B — ) x" — £,)
x
Mgy = Mp° +Tp° = fl[Pé’s(y) —cldy + (Pg° — o) (y* = 51)
Platform A's profit in the second peri(i]d is: )
wh =g 4wy = [ 1) - el
0371
ny =g+l = [ 1PEO) - cldy
It is not difficult to find that platform A and platoform B in the second period about the profits of

both receivers and senders are a function of x*. y*, and the value of x*. y* to be determined by
the price of the first period, The utility constant equation is obtained:
—Pi"+Pi"+ (di —di)a+(dy —dp)B+t

X =
2t
—P5 +P3° + (djy —dp)a+t
2t
Platforms A and B made profits in the first period, respectively:
mhy = (PA" — o)x™s mpy = (P57 — ) (1 —x7)
mh = (P2 — )y™s mgy = (P5° — )1 — ")
Maxm) = mh, + 14, = (P47 — c)x* + 1),
Maxml =y + mhy, = (PE" — ) (1 — x*) + 1},
3s | (5nj—5ng+4dy—4di)a n (5nj—5np+4dj—4dp)B | 19t
34t 34t 34t 34t °

xt=— if and only if s<

(Zdi—ZdﬁzgnSB—enZ)a n (Zdz—zdgzzng—enzw N % . and satisfy x* > S+a(ni—nizz)t+ﬁ(n2—nz§) n %’Which
S _54S S _gzaS T _ ol T _ T
means, The Nash equilibrium exists only if s < &24=2% ;(6)713 Sna)e | (2da-2dp ’;2”3 Snab 1_t0’ at
which point the subgame Nash equilibrium for the second period is:
P =c
Por () = (2dS — 2d5 + 1115 — 11n3)a s (2d5 — 2d% + 110} — 11n})RB L (18-340¢ 75
4 17 17 17 17
pnr _ (25— 2d5 + 11n5 — 11n)a . (2d; —2df + 11n; — 11nf)B  7s .
5 17 17 17 17

P (x) =c+ang —n3)+Bnp—ny) +t(2x—1) +s
Similarly:
. (4dj —4dp +3ny — 3np)a — 55 + 15¢
Y= 26
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 dy—dp+4n) —4Anpa+2s+ 7t
1 =
Y 13
—2dp+8n)—8np+13ng—13n3 )a 4t £ _ (4dj—4dp+3nj—3np)a | 15t 55
9 9’ 26 26 26

And when s < (2d4 and

s+a(nf—ng)

satisfy y* > % + ,at which point the subgame Nash equilibrium for the second period is:

( P =

(2d) — 2dp + 21n} — 21ng)a (27 = 52y)t 17s

POs(v) = + + 24
] ) 26 26 26 €
(2d) — 2dp +5np —5nj)a t 9s
ns __ —_— . ——
Ps™ = 26 T2 267 ¢

\ PP(y)=c+any—ny)+tQRy—1)+s

Proposition 1: In the bilateral platform single-attributed users there is a transfer cost and consider
the network effect between them, platforms A and B in the first period of uniform pricing, in the
second period of the second period according to the first period of the user classification of the second
period of the old users of the big data discriminatory pricing, for the new users are still uniformly

priced, this two-period dynamic game there are three sets of subgame Nash equilibrium, respectively:
_ (ng—nj+6dj—6dp)a | (ng-nj+6d—6dp)f  13s | 10

. 1r t nr _ or _
Group 1: P;" = ” + ” T TP =Py (x) =
(2d5-2dg+11n5-11n})a n (2d}—-2dp+11nY—-11ng)p n (18—34x)t n E_l_ c pir — —£+E Lo+
17 17 17 17 ’ B 34 17
(9n3—9ng—20d3+20d3)a n (9nl-9ng—-20d,+20d}5) B pnr — (2dg—2d3+11ng—11n3)a n
34 34 BT 17
(2d}-2d5+11nY-11n})B  7s

t
17 AR P"(x) =ctalnpg —ny)+pnp—ny) +t2x—1)+s ;
_ (np—nQ+3d}—3dp)a _

1s 7s | 8t ns _ 0s _ (2d)-2dp+21n)-21ng)a | (27-52y)t
P = §+E+C,PA =c P (y) = v + e +
17s 2nj—2np+6dp—6dj)a  12s | 10t 2dj—2dp+5ng—5nj)a , t 9s
E_I_C : Pé.S:( A 3133 A) _E+1_3+C,P§IS:( A 3263 A) +%_%+
o, PP(y)=c+anp—n,)+tQRy—1)+s.
(9n5-9ng—20d5+20dy)a | (9nh—9nk-20d,+20d5)B  19s 12t
Group 2: Pjr: A H 34A L + 4 B 34A u —3—4+?+C,P£r=
(2dy-2d5+11ng-11n)a = (2d4-2dp+11n,—-11ng)B 7s t
B —A B —— A 4B A4 B —4P"(x)=c+ani —n))+
17 17 17 17
B(nh—nl) + t(1 — 2x) + 5 ; pir — (9n5—9ng—20d5+20d3)a n (9n)—9np—20d;+20dp)B 195 n 12t n
B~ Ny 3 B =
4 4 4 17
nr or (2d5-2dg+11nf-11ng)a (2di—2d£+11n2—11n§)ﬁ (163+34x)t 7s ’ 1s
¢, P8 =c,Pg"(x) = T + T + T +E+C; Py° =
(2n}—2np+6dp-6dy)a 12s , 10t ns _ (2d3-2dp+5np—5ny)a  t 95 0s
——+—+c P = ———+4+c,PPy)=c+
13 13 13 26 26 26

1s _ (ng—nj+3dj-3dp)a

a(ng —ny) +t(1—2y)+s,Pg

7s | 8t ns _ 0s —
ST tobPe =cPg(y)

13
(2d}—2dp+21n}y—-21ng)a n (25+52y)t +£ L
2 n3 —225 +2d5 —22?15 Ya . (ng-nh+2dh-2dR)p
Group 3: Pjr=~5-4 et A A s L P = o PP () = o+
S _ .S S _ S T _,T T _ T
a(ng —ng) + B(nf —np) + t(1 — 2x) + s, pyy = PATEI20E200)0 | (Manp RO RAAR g 4
t+c, P =c,PS"(x)=c+any —n3) +Bng—ny) +tRx—1)+s ; Pis =

(ng-nly+2d}—2d})a
5
(nA_nB+25dB_2dA)a —s+t+c, PP =c¢P¥@y)=c+any—ny) +t2y—1) +s,

Proposition 1 shows that switching cost is an important internal cause of the big data killing of
platform users by Internet platforms, and after adding the switching cost in the model, the user size
of the platforms shifts, which makes the network effect among users start to play a role, and the
network effect among the platform users pulls the users between the two platforms continuously.

When the first set of equilibrium is established,x™ = %,, y* = J,; when the second set of equilibrium

—s+t+c, P} =cP(y) =c+an—nk)+t(l—2y)+s,P =
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is establishedx™ = %1, y* = J,,from the first and the second set of equilibrium price, platforms in the
second period by the network effect is higher than the first period of the third set of equilibrium is
established, the equilibrium point is located in the middle point of the model, the user size of the

platforms A and B are equal, i.e.x* =%; =X, = ;,y* =y, =9, = %, at this time the platform's
pricing to users is not affected by the network effect.
3.2. Single Attribution-Partial Multi-Attribution Big Data Discriminatory Pricing Models

This section will consider the case where the receiver is single-attributed while the sender is multi-
attributed. As shown in Figure 4, for senders, in the first period, there exist y;. y5 € [0,1] such that
[0, y1] senders choose to use platform A only, [y;, 1] senders choose to use platform B only, and
v1,Y5] senders choose to use platforms A and B simultaneously.

1s
Pa

A

* —
2
Ny

0 :
A Y1\ J B

1s
PB

Figure 4. Sender partially multi-attributed symmetric model Phase I diagrams

In the second period, there exists y; € [0,y;] such that senders of ¥; € [0,y;] choose to
continue to use Platform A, while senders of [J;,y;] choose to switch to using Platform B. There
exists ¥,, V3 € [y1,y,]such that senders of [y7,7,] choose to sender use of Platform B and change
from multi-attribution to single attribution to Platform A, the sender of [y3,y5] chooses to give up
the use of Platform A and change from multi-attribution to single attribution to Platform B, and the
sender of [§,, 93] continues to choose to multi-attribute with the two platforms; and there exists a
Y4 € [y, 1], such that the sender of [J,, 1] chooses to continue to use Platform B, while the sender
of [y5,¥.4] senders choose to switch to using Platform A

poS (y Pi"
“a ) )
) 1
( lly. |
>
A. . B
0 V1 9
\ ) ) .
f
.D,’,” Pi;:( )
¥ Y2 Vs Ps

Figure 5. Sender partially multi-attributed symmetric model Phase II diagrams

given {P1",P3S,PAT . PA5 y; y3), consider the platform's choices in the second period. The analysis
of the range of values for each price in Model 1 still applies in this model.

POS( )_ . . c 'y € [ylfy;)
AT ZPE + a(n) —np) + t(L - 2y) + 5,y € [0,9)] 0 ¥, 3]
P¥ =c
-A .
P (y) =c+ a'(ng - ny)+tRy—1+s
P =c— [a(nf1 - ng) +t(1-29,) + s]
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Based on v—ty; —PP(yY)+an,=v—t(1—9)—PF —s+any . v—t(1—7;)—
—c+P§5+a(n§—n‘§)+t+s

P (y) + anly + s = 2v — t — PZ5(y) — P{*(y) + a which gives: §; = ” .
~ v—c+an£+s
V3 =—_

t
At this point, Platform A owns senders with a market share of [0, $,] N [y1,y3] for old users, and

a market share of [, y;]for new customers of Platform B's users Platform B will choose P§° to
maximize its profit in the new user market:
Maxmg® = (Pg° — c)(y1 — J1)

The profit of platform B comes from the profits of new and old user groups of receivers and senders:
1

why =7+l = [ 1PE0) - clay + (g - i - 90)
yi
Platform A's profit in the second period is:
: : : 1 Vs
wh =+ = [P O) —cldy + [ 1PPO) — clay
0 yi
At this point platform A, B in the second period about the sender's profit is a function of about
y1,V5, and y1,y; by the price of the first period. In the first period, The utility constant equation is
P —adh-v+t ,  v-PiS-ad)

obtained: y; = — = .

Platforms A and B receive a profit on the sender side for the first period:
3y = (P — ©)yss mhy = (PF — (1 — )
Platform A chooses price P{° to maximize the sum of its profits:

Maxmj = 1y, + 1, = (P3° — ©)y; + mh,
Platform B chooses price PA® to maximize the sum of its profits:

Maxmg = gy + g, = (Pg° — o)(1 — y1) + 1,
At this point, the equilibrium prices are:

—di+nt—nh)a B-4y)t ¢ s v
P,fs(y)=( A A B) +( y) n

2 2 2 2 2
P =

Pgs(y) =c+ 0{(71; - rifl) +t(2y—1)+s
—dy—nj+np)a 3t 3c s v
(=dj —nj +np) gt e s v
) 2 , 2 2 2 2

When y; =9, =9, = 3’ Vo =V3 =9, = 3 according to the value range, we can obtain:
PP =P =c, P¥F@)=c+s+amny—ng)+t(l-2y) , Py)=c+alng—n))+
t(2y — 1) + s. At this time, platforms A and B cannot obtain any benefits in the new user market,
only in the old user market. The profit obtained from platform A and B in the second period is: 3, =
g = [y [P () — cldy + [[P°(v) — cldy

1
nhe =g = | 1PE0) - cldy
Y1

Demand is y,, 1—y;, determined by the prices of platforms A and B in the first period.

Platforms A and B choose P1S. P35 to maximize their profits in the two periods:
Maxmi = miy +mi, = (Pa° — ©)ys + i
Maxmg = mpy + w3, = (P5° — )(1 = y1) + s

Proposition 2: In the case of multiple sender attribution, platforms A and B still have three sets of

equilibrium prices, respectively:

ns _—_
Pg” =
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+n'f4—n'g)a

Group 1: Pjs=—azﬂ+§+§, 'P£S=c, Pj’s(y)=(_d.:1 ; +(3_:y)t+§+§—§,
P§S=azig+§+§, Pg,‘s=—(_d‘q_nz‘r“+nr3)a+§+%—§—g, PES(y) = c + a(nfy —n}) + t(2y —
1) + s,

Group 2: Pj5=a;£+§+§, P}S=M+%+%—§—g, Pjs(y)=c+a(1ig—
ﬁ£)+t(1—2y)+s, Pész—ﬁﬁ-}-g.}.g, P =c, pé)S(y):(—d£+nzlz—n'§)a+(4y2—1)t+§+
T o

Group 3: PI‘%S:M_F%_%_E-}_%’ P¥=c, PP(y)=c+s+an, —ngp)+

t(1—2y), P = Q;L’g+§+§, nS =¢, PE(W)=c+an—ny) +tRy—1) +s.

Proposition 2 shows that three sets of Nash equilibria still exist in the case where the platform
allows users to be multi-attributed. Unlike Model 1, in Model 2, platforms A and B change their
pricing strategies for single-attributed receivers only due to changes in the receiver's user size, while
the platforms' pricing for partially multi-attributed senders will be completely different. This implies
that partial multi-attribution behavior can bring additional benefits to senders while also reducing
some of their expenses there.

In addition, in Model 2, the size of users affecting each price is no longer the same as in Model 1,
and the platform's pricing to sender in the first period is no longer affected by platform B when the
sender is multi-attributed, nor is it related to the size of users in the second period. The extent to which
transfer costs affect platform pricing increases under the assumption that users incur transfer costs
when switching from multi-attribution to single-attribution.

4. Conclusion

This paper investigates the optimal pricing decision of the platform considering the user transfer
cost under the single-attribution-single-attribution and single-attribution-partial-multi-attribution
scenarios by establishing a hotelling model, and compares the differences in the user size and the
changes in the influence of the network effect in the two scenarios. The main findings are as follows:

(1) In the single-attribution-single-attribution case, the model has two symmetric equilibrium
prices and one equilibrium price at a special point. At the non-special point, the different pricing of
the platform for new and old users makes the users transfer their willingness to use the platform, and
the existence of the transfer cost will change the original transfer willingness of the users, so that the
change in user scale occurs, and then the network effect between the users occurs, which has an
impact on the optimal pricing of the platform. Therefore, when pricing users, platforms should not
only consider how to adjust the transfer cost of users, but also consider how the user scale will change
under the influence of the network effect after adjusting the transfer cost, in order to obtain better
profits.

(2) In the single-attribution-partial-multi-attribution case, the optimal pricing is not only affected
by the transfer cost and network effect, but also by the user's base utility. When a user chooses to
belong to two platforms, he will get the basic utility of the two platforms at the same time, which
makes the user not only consider the transfer cost, but also consider whether to give up the part of the
basic utility when giving up the use of the platform, and at this time, the transfer cost will jointly
influence the transfer willingness of the platform users in terms of the basic utility provided by the
platform to the users. Therefore, when pricing for users with different attribution behaviors, platforms
should fully consider the base utility obtained by users, and this part of the base utility provided to
users also affects the platform's own profit.
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