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Abstract. Speedy development of the large-sized retail outlets empow-
ers the emergence of dominant retailers, as a result of power transforma-
tion from suppliers to retailers. In this paper, we model a market com-
prised of a dominant entrant retailer, a weaker incumbent counterpart,
and a common supplier from which both retailers source products. The
retailers are quantity-competing, and the dominant retailer is entitled to
determine the wholesale price it purchases, while the incumbent retailer
accepts the price offered by the supplier. Besides, the incumbent retailer
is assumed to hold private information about market demand. We inves-
tigate the collaboration strategy for the supplier which either cooperates
with the dominant entrant retailer or with the vulnerable incumbent
counterpart. Our result reveals that the supplier’s strategy depends on
subtle considerations of multiple factors such as terminal market demand
state, the demand fluctuation, the expected market demand and the
dominant retailer’s wholesale price.
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1 Introduction

With popularization and application of big data and the cloud, enterprises in
supply chains are confronted with a complicated environment where unprece-
dented progress and enormous challenges co-exist. Competition between retail-
ers for original resources is updated to the fight for information. More accu-
rate information brings the advantage of significant profit potential and helps
win competitiveness. From another front, rapidly growing dominance of large
retailers has relocated the traditional power between supply and demand. The
consumer demand-oriented market entitles the retailers more governance in sup-
ply chain structures. Despite that information dissemination in the presence of
dominant retailers captures increasing attention, relative studies are still sparse.
This motivates our study to fill in the research gap.

2 Problem Description

Following the above-mentioned reality, we consider a supply chain consisting of
one common upstream supplier (he) and two differentiated downstream retailers.
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One retailer is considered to be a dominant entrant retailer (she), while the other
is a weak incumbent retailer (it). Specifically, there are two significant differences
between retailers: first, the incumbent has exact acquaintance with the market
demand due to his long-term immediate and continuous contact with consumers,
whereas the entrant only knows the distribution of the demand information as
her common knowledge (and so does the supplier), see [1,2]. Second, despite
being a new comer in the supply chain, the entrant is endowed with the ability
to dictate the wholesale price to the supplier, however, the incumbent’s wholesale
price is formulated by the supplier, see [3]. All participants are profit-maximizers.

Taking into consideration the factors influencing the terminal market, we
reasonably model the market price to follow the inverse demand function [4],
which is linear and downward sloping such that P = A — B(q; + ¢e), where P
represents the market’s clearing price. The intercept A is assumed to be random,
and takes two possible values of Ay or A, (Ag > Ar > 0): the high type Ay
occurs with probability p € (0,1), and the low one A, with the probability 1 —p.
We define § as the difference between the two of market demand realizations
so that 6 = Ay — Ar; —B is the demand function’s slope. Without loss of
generation, we assume B = 1. We denote ¢; and ¢, as the incumbent’s and
entrant’s order quantities, respectively. Also, the expected market demand is
defined as p = pAy+(1—p)Ar. The supplier provides the incumbent a wholesale
price w;, whereas the entrant has the power to set the wholesale price w,. by
herself. For simplicity, the entrant’s wholesale price is assumed to be exogenous.
We also normalize the marginal supply cost and other fixed costs to zero, which
will not change our results qualitatively.

Initially, the accurate terminal market demand state is the incumbent’s pri-
vate information. The supplier merely has a sense of the demand’s distribution
and offers the incumbent a wholesale price contract. Once the incumbent places
its order quantity, the private information about the actual market demand is
faithfully leaked to the supplier. In presence of the two differentiated retailers,
the supplier is confronted with collaboration choices about its cooperation part-
ner. Specifically, the potential advantages when collaborating with the dominant
entrant may prompt the supplier to choose “hug her close” policy. Under such con-
dition, the supplier would leak the incumbent’s demand state to the entrant volun-
tarily. Consequently, the terminal market demand information of this supply chain
is completely transparent to all participants. From another front, the entrant’s
governance superiority on bargaining power may provide incentive for the sup-
plier to stand in line with the weak incumbent, i.e., collaboration with the vulner-
able incumbent retailer. Accordingly, supplier would conceal the actual market
demand state to the entrant. Without information leaked from the supplier, the
entrant has to place her order on the basis of her estimated market demand.

In the following, Sect.3 analyzes the scenario of information leakage, where
the supplier collaborates with the dominant entrant retailer. The alternative
choice of cooperating with the vulnerable incumbent retailer is investigated in
Sect. 4. Section 5 compares these two modalities of cooperation and derives all
participants’ equilibrium strategies. Section 6 gives the conclusion to close this

paper.
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3 Information Leakage

In this section, we derive equilibrium strategies for all the supply chain members
under the information leakage scenario where the supplier chooses to collaborate
with the dominant entrant retailer.

At the outset, the incumbent observes the actual terminal market demand
information, which takes either the high type Ay or the low one Ay. The sup-
plier provides the wholesale price contract w}; or w}); to the incumbent, where
the superscript “Y” expresses the scenario that the supplier says “Yes” to infor-
mation leakage. Afterwards, the incumbent responds by appointing its order
quantity ¢} or ¢);. In this way, the supplier acquires the demand information
from the incumbent, and then leaks to the entrant. Sequentially, the entrant
places her order quantity ¢ or ¢} on account of this information. Finally, two
retailers sell products to end consumers when demand uncertainty is resolved
and market gets clear.

Note that the analysis processes are similarly formulated under the scenarios
of high and low market uncertainty realizations, we thereafter elaborate on the
circumstance when the incumbent observes a high market potential. Under such
case, the supplier offers wholesale price w};; to the incumbent, and the incumbent
places order quantity qB;I with the supplier. Signing a deal with the entrant, the
supplier may leak the actual demand information to its partner. As a result, the
market demand state is no longer the incumbent’s private information but rather
a piece of transparent information to all participants. Afterwards, the entrant
determines her order ¢Y;; according to this accurate information. Therefore, when
the supplier’s choice is collaboration with the dominant entrant retailer under
that the terminal market demand state is high, the profit of the incumbent and
the entrant is respectively given by

= (An — 4y — an) Cn — windH (1)
ﬂ'Ea/H = (AH - QZH - QZH) QZH - wquH' (2)

The Cournot competition between two retailers with complete information for
the demand system is described as

Y
max T
9 3
Y (3)
max g
den

Apart from providing products to both retailers, the supplier plays a dual role in
the supply chain, that is, he serves as the wholesale price setter for the incumbent
and also a information transmitter for the entrant. Therefore, his profit consists

of two sources:
Y

Y Y Y
i = Wipdin T Wedep - (4)
On account of the sequential moves between the supplier and incumbent, they
play a standard Stackelberg game with complete information, where the supplier
is the leader and the incumbent is the follower.
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The following proposition demonstrates the unique pure strategy equilibrium
and the corresponding participants’ profits for the scenario of collaboration with
the dominant entrant retailer.

Proposition 1. When the market demand state is high and the supplier chooses
to cooperate with the dominant entrant:

A 2w,
(i) The supplier offers the incumbent the wholesale price wf}; = #

A
*xY H . ) . .
iH =5 The incumbent’s corresponding profit is

(ii) The incumbent orders q

2
= (AH) .
g 6

5Apm —6
(iii) The entrant orders q:}; = HTwe The entrant’s corresponding profit
5Ay — 6w 2
. Y _ e
s Ty = <12 ) .

4 Information Concealment

In this section, we look for equilibrium strategies under the information con-
cealment scenario where the supplier chooses to collaborate with the vulnerable
incumbent retailer.

Unlike collaboration with the dominant entrant retailer, when the supplier
chooses to align with the weak incumbent, he should conceal the incumbent’s
private information, i.e., the terminal market demand state from the entrant.
Thus, the entrant only places her order quantity according to her expected mar-
ket demand.

At first, the incumbent observes the actual terminal market demand informa-
tion, either to be high or low. The supplier provides the wholesale price contract
wh; or wly to the incumbent, where the superscript “N” expresses the scenario
that the supplier says “No” to information leakage. Afterwards, the incumbent
responds by appointing its order quantity qf}’{ or q%. In this way, the supplier
acquires the demand information from the incumbent, and keep this information
secret. Sequentially, the entrant places her order quantity qéVH or qé\i on account
of the expected market demand. Finally, both retailers sell their products to the
terminal market where demand uncertainty is realized.

We follow the similar assumption as in Sect. 3 that the demand uncertainty
is realized to be high. Therefore, when the supplier’s choice is to collaborate
with the vulnerable incumbent retailer and the terminal market demand state
is high, the incumbent and entrant seek to maximize the respective profit

max 7l = (An — afyy — a) @Yy — wihah (5)
1 H

mex Y =[p(Au — )y —al) + (1 —p) (AL —af} — )] @) —weal. (6)
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Different from the analysis in Sect. 3, the supplier acts as a price setter and
a secret keeper for the incumbent in the no leakage case. His profit is thus

formulated as

WéVH = U)ﬁq(]lj}[{ +weQéV~ (7)

The following proposition demonstrates the unique pure strategy equilibrium
and the corresponding participants’ profits for the scenario that collaboration
with the dominant entrant retailer.

Proposition 2. When the market demand state is high and the supplier chooses
to cooperate with the vulnerable incumbent:

(i) The supplier offers the incumbent the wholesale price
wif) = [(48Ay — 204, + 24w,) — (24Ay — 21AL, — 30w, )p — (A + 6w, )p?
+ (A — AL)p*] /6(16 + p — p?).
(ii) The incumbent orders

WN (12AH — HAL + 6w@) - (SAH —4A; + 310@)}7 - (AH —Ar + 3we)p2
Gin = 3(16 +p —p?) '

The incumbent’s corresponding profit is

N (12A5 —5AL +6w.)— (3Ax —4 AL +3w.)p— (Ag — AL+ 3w, )p? 2

il = 3(16 + p — p?)

(iii) The entrant orders
a:N = [(40AL — 48w.)+(42Ay — 3TAL — 18w.)p—(Ay + 4AL, — 18w, )p?
— (Ag — AL)p’] /6(16 + p — p°).
The entrant’s corresponding profit is
T = [(40A — 48w.) + (424 — 3TAL — 18w.)p — (A + 4AL — 18w, )p?
— (A — AL)p*]” [36(16 +p - p*)*.

5 The Supplier’s Equilibrium Strategy

This section, we calculate the supplier’s profits under the above two mechanisms
and show the supplier’s equilibrium strategy.

Corollary 1. Comparing the supplier’ profit under the collaboration scenario
with the wvulnerable incumbent retailer and that with the dominant entrant
retailer, there is a threshold dy such that

a) if 6 < &g, then wl¥, < ¥, ;
( ) f ) sH sH’
(b) if 6 > 6p, then 7T£VH > ’/T;/H;
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Corollary 1 reveals that the supplier’s cooperation choice strategically alters
due to different terminal market demand state. Specifically, when the market is
prosperous, the information is less valuable so that the supplier prefers to col-
laborate with the entrant to gain greater revenue. Conversely, when the market
tolerates great fluctuations, the actual demand information becomes much valu-
able, and hence the supplier is willing to align with the incumbent to keep the
information away from the entrant.

6 Conclusions

With the tremendous development of information technology and widespread
application of big data, information dissemination has attracted attention from
a growing number of experts and scholars. When the dominant retailer takes over
the leadership of setting wholesale price, the supplier loses his governance in the
supply chain management and needs to respond strategically in terms of choosing
its supply chain partner. Our work contributes to give such managerial hints to
the supplier. If the market demand is upbeat, to work with the dominant retailer
could bring the supplier more profit. On the contrary, when the terminal market
demand is fluctuating greatly, the supplier is suggested to huddle together with
the vulnerable retailer for warmth.
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