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Abstract: Business practices have demonstrated that a conmmanufacturer (CM) can
introduce an own-label product and thus competé W& original equipment manufacturer
(OEM), i.e., factory encroachment, which has narbebtained much attention in literature.
Considering a three-level outsourced supply chansisting of a CM, an OEM, and a retailer,
this paper analyzes the impact of factory encro&etinon players' gains. We show that
factory encroachment could implement Pareto imprem, i.e., all supply-chain players'
gains increase under encroachment. We also deratmsltrat factory encroachment always
offers more surplus to the entire supply chain #mel consumer. In addition, the most
preferred channel for the supply-chain players, ¢mtire supply-chain system, and the
consumer are investigated. We find that an encroaoh strategy could be simultaneously
favored by all involved parties, provided therens integration between the OEM and the
retailer. However, if the OEM and the retailer asta single entity, only the no-encroachment
strategy could be favored by all parties simultarsgo

Key words: Outsourcing; encroachment; offline and online; irchannel strategy; channel

selection; game theory

1. Introduction

As outsourcing becomes more persuasive in busprassices, many contract manufacturers
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(CMs) start to encroach on original equipment maaufrers' (OEMS) territories and produce
and sell its own-label products that compete wishcustomer OEMs' brand. Recently, for
example, a project titled 'China Quality Manufactgr(CQM)', which is developed by the
giant electronic retailer TAOBAO, aims to push tehsusands of Chinese CMs (factories)
onto online platforms for selling its own-label duwts (Alibaba, 2016). Thus, in the
following years, the involved factories (CMs) wskerve both offline customer firms (OEMSs)
and online consumers. It indicates that CMs' eratnoeent could emerge as an important
business model in O20 outsourcing practices.

CMs' managers may face two strategic decisions reitfard to producing and selling
own-label products. The first one is the stratetgcision on introducing own-label products;
and the other one is which market a CM should efiteo markets that a CM can encroach
on are obvious: the wholesale market vs. the retaiket. For example, some CMs involved
in the CQM project sell their products through anlire wholesale market (see
http://www.1688.com); while the other enterprisestablish web shops on a
direct-to-consumer platform (see http://q.tacbam)colThese practices imply that the CMs
should simultaneously satisfy the offline demancumed by its customer firms (OEMs) and
the online demand incurred by consumer or onlitalegs. Thus, traditional CMs with single
offline channel are involved in strategic decisiafignulti-channel operations. To the best of
our knowledge, however, the extant literature htearetical gap in the decisions of factory
encroachment. Moreover, the effects of a CM's eaatrment on downstream firms are also
ignored in the literature. Observing the managepiactices and the theoretic gaps, we
propose the following research questiob supply-chain players benefit or suffer from
factory encroachment? How does factory encroachmafiféct channel selections of
supply-chain players?

To address these questions, this paper investigate®e-level outsourced supply chain
consisting of a CM (supplier), an OEM (manufactyrand a retailer. Under the outsourcing
mode, the OEM designs a national brand (NB) andoawtes the manufacturing to the CM.
Moreover, the OEM delegates the selling to thellextdMany giant manufacturers in practice
employ or partially employ this kind of supply-chastructure, e.g., Nike, Addidas, Calvin

Klein, HUGO BOSS, Apple, Xiaomi, etc.



According to the aforementioned practical casescavesider the CM with the capability
of developing a factory brand (FB) product for e@aahing either on the wholesale market or
on the retail market. Therefore, three common eawiment settings are investigated. The
first one is Scenario ED, in which the CM opensraadi-to-consumer channel for selling the
FB product. The second one is Scenario EC, whidltétes that the CM produces and sells
the FB product to the retailer that also sellsNeproduct. The last one is Scenario EE, in
which the CM develops an exclusive retailer fotisglthe NB product. Hence, in Scenario
ED, the CM encroaches on the retail market; whileScenarios EC and EE, the CM
encroaches on the wholesale market.

Note that managers in industries believe that wdrethctories introduce its own-label
products is mainly determined by the demand ofa&d/s' branded products. For example,

Twigg (2016) stated that "In recent years, Chingsufacturing sector has taken

a hit due to a slowdown in global demand and thgraion to cheaper sourcing

centers across South East Asia. With a highly eskillvorkforce and not enough

work, some factory owners that supply major luxcoympanies have decided that

the solution now lies in creating brands of theint. *
We thus mainly model the effects of the base demamid the two products on the
supply-chain players' incentives of factory enchmaent. Moreover, we consider both the NB
and the FB products are imperfect substitutes, lwlica common assumption in the related
literature (Arya et al., 2007; Cai, 2010; Chenlet2017; Ha et al., 2016; Yoon, 2016).

We summarize our major findings as follows.

e Given no integration between the OEM and the metaile show that the CM can
gain more from encroachment, regardless of theoacbment setting. Moreover,
both the OEM and the retailer could benefit frone t8M's encroachment in
Scenarios ED and EE. In Scenario EC, we show ttaleeis always better off
under encroachment; while the OEM is always hurtthyy CM's encroachment.

Therefore, Pareto gains could be obtained in Sasn&D and EE; while cannot be

! In fashion industry, one may consider that a sepgLM manufacturing products and competing
with its customer OEM could be uncommon. Practazaes show that it may because the factory can
obtain more gains from encroachment, especiallyrmite customer firms' orders diminish. Esquel
Group Inc., for example, a CM for Calvin Klein, Hugoss, etc., began its own label 'PYE' since 2000
(see finance.china.com.cn for details: http:/ficeashina.com.cn/roll/20160720/3820150.shtml).
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achieved in Scenario EC. We also show that Sceligiaould be favored by all
supply-chain players simultaneously, as well asethire supply-chain system and
the consumer.

* Given vertical integration between the OEM and tetailer (labeled as the
integrated OEM), we demonstrate that the CM is wgdwvbetter off under the
encroachment, regardless of the encroachment geflime integrated OEM can
benefit from the CM's encroachment in Scenario ERllenis always hurt in
Scenarios ED and EE. Thus, Pareto gains can onlgbbsned in Scenario EC;
while cannot be achieved in Scenarios ED and EErél'ts no encroachment setting
favored by the two supply-chain players simultarsiou

* We also demonstrate that the CM's encroachmenbféammore gains for the entire
supply-chain system and the consumer, regardleshieofencroachment setting.
Moreover, Scenarios ED, EE, and NE could be theidmm strategies for the
whole supply-chain system and the consumer.

The reminder of this paper is organized as folloBexction 2 briefly reviews the related
literatures, and Section 3 details our models. Gine-integration between the CM and the
retailer, Sections 4 analyzes the effects of thesGiicroachment on supply-chain players'
gains and the channel selection decisions. Seétiorakes similar analyses, providing the
OEM and the retailer act as a single entity. Cattiolgi remarks and future directions are

presented in Section 6.

2. Literaturereview

This paper relates to the studies of dual-charuggbly chains, which have drawn widespread
attention in the literature. The main stream of litexature on this topic primarily studied
whether and when manufacturer's encroachment doenefit for its retailer (Arya et al.,
2007; Boyaci, 2005; Chiang et al., 2003; Li et aD15a; Li et al., 2013, 2015b; Tsay and
Agrawal, 2004; Yao et al., 2009; Yoon, 2016). The#eratures considered both
supply-players set a unique decision variable: epriquantity, or inventory. Realizing

non-price features could play an important roleciinsumer's channel selection, other



literatures studied decisions of price and qudl@fen et al., 2016), price and service (Chen
et al., 2008; Dumrongsiri et al., 2008; Mukhopadhgaal., 2008), price and lead time (Hua
et al., 2010), price and advertisement (Chen, 2¥&h;et al., 2006), quantity and quality (Ha
et al., 2016). Still other literatures investigagetting strategies (Bernstein et al., 2009; Cai et
al., 2009; Cattani et al., 2006; Huang and Swarharat 2009), channel selection and (or)
channel coordination in a dual-channel supply cl{Bioyaci, 2005; Cai, 2010; Chen et al.,
2012a). Most of these literatures considered a faatwrer-retailer channel in which the
manufacturer introduces a direct online channeliaveistigated the impact of manufacturer's
encroachment on supply-chain players' profits. H@kenone of these articles considered the
case of a CM's encroachment in a three-level outsdusupply chain. Moreover, the CM's
encroachment strategies were also ignored. CaDj281alyzed three different encroachment
settings in a manufacturer-retailer channel, wiscsimilar to this paper. However, our works
show that several results established in Cai (2@4@not be extended into the case of the
CM's encroachment.

Because we investigate the factory encroachmeilgaroin an outsourced supply chain,
this paper relates to the stream of the literaturstrategic outsourcing. Most of the literature
on this topic studied the make-or-buy problem frtme perspective of cost accounting
methods, which is beyond the scope of this paperréfér to Balakrishnan and Cheng (2005)
for a comprehensive review. Several extant liteetanalyzed players' strategic interactions
in an outsourced supply chain under the environraeénbmpetition (e.g., Arya et al. (2008),
Arya et al. (2013), Benjaafar et al. (2007), Chemle(2015), Fang and Shou (2015), Feng
and Lu (2012), Jin et al. (2014), Kaya and OzeO@0Kaya (2011), Ma & Mallik (2016);
Tang and Kouvelis (2011), Wu and Zhang (2014), Xtal. (2014), etc.). However, none of
these researches considered the competition beave®EM and its CM.

This paper also relates to the literature of theset supply chains. Observing supply
chains in reality always contain multiple echelomsny literatures investigated a variety of
coordination mechanisms that can coordinate a {leregt supply chains. Examples include
Ding and Chen (2008), Jaber and Goyal (2008), Jabal. (2010), Moussawi-Haidar et al.
(2014), Munson and Rosenblatt (2001), Lee (20at),le addition, other literatures analyzed
some traditional operations problems in a threellsupply chain, e.g., the location-inventory

5



problem (Tancrez et al., 2012), the network desimyoblem (Park et al.,, 2010), the
information-sharing problem (Sosic, 2010), the @b&iring problem (Leng and Parlar, 2009).
However, none of these literatures considered umgplegr (contract manufacturer) can
produce a similar product and compete with itsaustr firm.

Furthermore, this paper closely relates to theofdlhg papers. Lim and Tan (2010)
investigated OEM’s make, buy, and make-and-buy si@as, provided its CM has
opportunity to be as a direct competitor. Chenlef2012b) considered a CM-OEM supply
chain, in which the CM produces products for theMD&nd an external small OEM. The
main research question that the authors investigatevhether the incumbent OEM retains
procurement from the CM. Wang et al. (2013) inggged strategic interactions in a
CM-OEM supply chain, in which the CM acts as botistteam partner and downstream
competitor to the OEM. Niu et al. (2015) considesedimilar supply chain structure and
investigated how pricing structure affects the Eoium outcomes. They mainly focused on
the quantity and pricing leadership. Our worksetifivith these papers in: (i) we consider a
CM can encroach on an OEM's wholesale or a retailetail markets through three specified
channels in a three-level outsourced supply cl{ajrwe highlight channel preference of each

supply-chain player, as well as the whole supplgitisystem and the consumer.

3. Mod€

We consider a three-level outsourced supply chamsisting of a CM, an OEM, and a retailer.
The OEM outsources the manufacturing of a natibreahd (NB) product to the CM, and then
sells it to the retailer, who will resell the pratuio the consumer market. In addition, we
consider the CM may have an opportunity to intredacFB product to sell it directly to a
retailer or consumer. The former implies that tHhd €ncroaches on the OEM's wholesale
market; while the latter means that the CM encreaan the territory of the retailer.

Let @, and @ denote the demands of the NB and the FB prodiegpgectively. Sales
price of the NB product is denoted pg and the FB product's price is representecppyTo
characterize each product's demand function, wdagnapultility function of a representative

consumer introduced by Ingene and Parry (2004)chwvhias been applied extensively in the



field of marketing and operations management (2@10; Chen et al., 2016; Hackner, 2000;
Hsiao and Chen, 2013; Liu et al., 2014; Singh aived/ 1984; Symeonidis, 2003; Wu et al.,
2015). The representative consumer utilify (s given as

_ QA +0Qf
U= anQn+anf_ 2 _anQf_ann_prfa (1)

where a, > 0 and ar > 0 denote the NB and the FB products' base demaspecgvely;
parameterk (0 < k < 1) measures product substitution. Whenapproaches one, both
products become perfect substitutes; while the deinfiar each product become independent
when k = 0.

If the CM does not introduce an own-label prodiiet, Qf =0, then maximizingU
with respect toQ,, yields

QN = @y —pl and @} = 0. @)

Where the superscrigt denotes the case of no-encroachment. If the Chdotes a FB
product, then maximizind/ with respect toQ,, and Q@ yields

an—-pE—k af—pf af—pE—k(a —pE)
QE _ In"Pn ( ) and Q]lj = fl_kzn n . (3)

1-k?
Where the superscrigf denotes the encroachment setting.

We consider four channel scenarios, as Figure Wsha(a) is the no-encroachment
scenario; while 1(b), (c), and (d) present the emchment scenarios. 1(b) shows that the CM
introduces a direct channel for selling the FB picidi.e., Scenario ED; 1(c) shows that the
CM sells the FB product through a common retailéhwhe OEM, i.e., Scenario EC; 1(d)

shows that the CM develops an exclusive retailetafler E) to sell the FB product, i.e.,

Scenario EE.

FB product

[
‘ CM H OEM H Retailer NB product ‘ CM H OEM H Retailer NB product

(b) Encroaching through

(a) No-encroachment

adirect channel
> o d >
| * | V‘ Retailer ._1 FB product
CMm OEM Retailer FEprodig CMm OEM
NB product Retailer
P NB product
(c) Encroaching through (d) Encroaching through
acommon retailer an exclusiveretailer

Figure 1. Channel scenarios

The product-related costs are normalized to be getbat we can focus on the effects of



the market bases. Given Scenario NE, the sales price of the NB peogy) can be
reformulated apl = wl +mll + n¥. Where,w) is the wholesale price charged by the
CM; mY denotes the markup set by the OEM; agd represents the markup set by the
retailer. > Thus, if the CM does not encroach on the marke, grofits of supply-chain
players are
md® =wifQy, mp® =miFQy, and nf® = rnY¥F QY. (4)

Where the subscript€, 0, and R represent the CM, the OEM, and the retailer, retbpey.
For Scenario ED, we present the profits as:

mE = wiPQE + pfPQf, mP = mEPQE, and nEP = P QF. (5)
Where the superscrigiD denotes the case of Scenario ED. For Scenaridgherofits are
given as

met = wyCQn + witQf, mg¢ =mgQr, and mg¢ = r7°Q7 + (pfC —wfC)Qf.  (6)
Where, the superscrigiC denotes the case of Scenario E,Q}E,C is the wholesale price of
the FB product charged by the CM. For ScenariotB& profits are

net = wrQn + wiPQF, mgt =miFQf, ngf =nriFQr, and g = (pft — wiF)Qf.
(7)
Where the superscriiE denotes the case of Scenario EE; the subsBiipineans the
exclusive retailer.

For the supply chain of the NB product, we consither OEM act as the Stackelberg
leader; while the CM and the retailer are the foos. In the outsourcing mode, it is natural
for allowing the OEM to move first and the timingttng is commonly observed in many
related literatures, as well as many businessipescf(see Wang et al. 2013 and the references
therein). Moreover, the encroachment of the FB pcbds assumed to be set after the

configuration of the NB product, which is entitled sequential encroachment and drawn

2 Note that we can integrate the product-relatedsc(@sg., the production cost, the selling cost) in
the model analysis by introducing the indices o timaximal product profitability. Denote the
product-related costs of the NB and the FB prodasts, and c, respectively. Thus, the following
analysis can be extended to the case of nonzedugtroelated cost by using the maximal profitapilit
of producti (i =n,f) a; — c; to substitute the parametes.

% Similar setting of the NB product can be appliedhe three encroachment scenarios.



much attention in the literature (Arya et al., 20Ba et al., 2016; Li et al., 2013; Yoon, 2016).
Under the timing setting, we solve the game bylthekward induction approach and aim to

find the subgame perfect Nash equilibrium (SPNE).
4. Analysis

In this section, we will analyze the equilibriumtoomes of the above cases. Moreover, the
effects of the CM's encroachment on the supplyrchdayers' profits and the consumer

surplus are also investigated.
4.1. Scenario NE

Scenario NE implies that the supply chain only jdes the NB product and the CM does not
introduce an own-label product, as Figure 1(a) shdwor the no-encroachment case, the
decision sequence is formulated as: (i) the OEM e markupmXE; (i) the CM and the
retailer simultaneously set the wholesale pniggf and the markup;ME; (iii) the consumer
demand is satisfied by the NB product at the giggoe. Given the decision sequence, we
calculate the equilibrium outcomes (as Lemma 1 shas follows.

Lemma 1. For the no-encroachment setting, the equilibriwwtutons are

miYE = %, YE = S, g ®
All proofs are presented in Appendix A. Substitgtifg. (8) into Egs. (1)-(4), we can

establish all other equilibrium outcomes of ScamalE. See Appendix B for details.
4.2. Scenario ED

Given Scenario ED, the sequence of events is fatmdlas: (i) The OEM sets the markup
mED; (ii) the CM and the retailer simultaneously ské twholesale pricavE? and the
markup r;EP; (iii) The CM sets the sales priq#”. (iv) the consumer demands of both
products are satisfied. Under the timing setting have the following.

Lemma 2. For the ED setting, the equilibrium solutions are



N/A  ifA € (0,4,] N/A  ifA € (0,4,]

n—k . an—ka .
ng = % ifA € (AllAZ) y TrfD = 2(3—’(2]; ifA€e (AllAZ) ’ (9)
mNE  ifA € [A,, +0) rNE if A € [A, +0)
N/A if A € (0,4,4] u
12\ —Je(d—k2 £ i
WED _ (2 k )(ln k(24 k )af ifA € (AIJAZ) , prD — {2 ifA € (O;AZ) (10)
4(G-12) N/A if A € [Ay, +o)
= %n — _ 6-6k?+kt
Where,A = a_f’ Al - k1 and AZ - k(Z—kz) *

Note that parameteA can be explained as the base demand ratio ofhgrtoducts,
which also can measure the difference between @réanhbases of the NB product and the
FB product. Threshold values; and 4, are derived by settin@” >0 and Qf” >0,
respectively. Using equilibrium solutions showedBgs. (9) and (10) can yield all other
equilibrium outcomes, as Appendix B shows.

Lemma 2 implies that the CM will encroach on thitemarket if and only ifA < A4,
is established. Otherwise, the relatively large alednbase of the NB product enables the FB
product not to derive a positive demand quantibys] under this circumstance, Scenario ED
will degenerate to the NE problem. However, if B product's base demand has a sufficient
advantage over that of the NB product, i£&.< A, the NB product will withdraw from the
market after the encroachment of the FB product.tmis determine that if the two brands'
respective base demands are sufficiently diffesertth thatA € (0,4;] or A € [A,, +0),

the supply chain could only provide a single pradadche consumer. Moreover, we can show

da
- >0 and =

< 0, which imply that the more substitute the two prctd become, the
smaller the region(4,,4,) is, the more (less) possible the market is setwed single
product (two branded products). Similar resultthefimpact of parameter on the width of
the interval (4;,4,) can also be established in the other three enonoaitt scenarios.
Proposition 1. For Scenario ED, giveM € (44,4;), we have

() me® > "

(i) when 0 < k < 0.860, if A; <A < Ty, thennEP < ¥ otherwise if T; < A < A,,

then 5P > n)E; while when0.860 < k < 1, &P < n}E;

(i) when 0 < k < 0.948, if 4; <A<T,, thennE? < nlE; otherwise ifT, < A <

Ay, then EP > nNE; while when0.948 < k < 1, nEP < n}E.

10



Where, T, and T, are defined as

T =6—3k2+\/6(6—11k2+6k4—k6) T = 18—9k?+3(3—k?)y/2(2—3k2+k*) 11
1= k(5—2k2) U k(21-14k2+2k%) : (11)

Given Scenarios NE and ED, Proposition 1 reporspieferences of the supply-chain
players when the market is served by two competitixoducts, i.e.A € (4;,4,). * From
Proposition 1, we see that the CM is always beiffewnder Scenario NE than under Scenario
NE. After the encroachment, the CM does not uniguely on the NB product's distribution
channel. Her own brand product also has demanddabgields profit. As a result, she will

raise the wholesale price of the NB product. See

6—6k%+k*
k(2—k2)

k(3(4-k?)as—kay)
ED _ ,,,NE _ fXan
= wy, Wy 262 > 0.

k=A<A<A4, =

Moreover, encroachment could also increase the nembathe NB product (Notice from the
difference of QZP and Q)%). Thus, besides selling the FB product, the C\d alsn garner
more profit from the increment of the wholesalecerof the NB product. Therefore, she is
always better off under encroachment. The resuitiglg contradicts the case of the
dual-channel setting in which a manufacturer (Seppintroduces a direct channel. Arya et al.
(2007), Cai (2010), and Chiang et al. (2003) preddabtat a manufacturer could decrease the
wholesale price after opening a direct channeh three-echelon supply chain, however, we
find that the CM will increase the wholesale prafeer introducing her own-brand product
and selling through a direct channel.

Because of the competition effect induced by thepk@®luct, the OEM and the retailer
will decrease its markups to secure the NB proslut¢mand (Notice from the values of
mED —mNE and P — V). Hence, the unit sales price will decrease untles

encroachment, which enables the NB product to gémenore demand. Indeed, if the base

3(2—k?)

£y <A <4y then QED > QNE: otherwise

demand ratio is sufficiently large such t

3(2—-k?)
k(5-2k2)’

if 4, <A< then QEP < QNE. Hence, when the NB product owns a relativelydarg

demand base, the OEM and the retailer could berbeft under the CM's encroachment.

4 We omit the results of the cases of the markét wisingle product. One can easily verify that whea (0, 4,],
the CM and the consumer obtain more from ScenarighHab from Scenario NE; while the OEM and the tetai
are hurt by the CM's encroachment; while whee [4,, +), all supply-chain players and the consumer are

indifferent between the Scenario ED and the ScenNis.
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However, when both two products become more substg becomes larger), the CM and
the OEM will be hurt by the CM's encroachment regas of how large the demand base

they have. Nevertheless, the equilibrium profithef CM is increasing in substitute parameter

ED
k when A4 € (A4,4,), i.e., ag}i >0 for A € (44,4,). Thus, the channel conflict could be

arisen when both products become more substitoteeample, many Chinese factories are
producing own-label products that bear a strongmisance with the products they make for
global luxury companies, many of which struggleaiast the factory brands (Twigg, 2016).

The result implies that developing a sufficientlffetent product could be better for the CM's

encroachment.
A
1 Tz‘ G L
Pareto zone
4 -
3 -
2 |
TR
NN
| Wt
1 e
1F 1 _J-
——————— i)
__________ 0860 | | 0948
AL I 1
0 - " " \ i S
0.0 0.2 04 0.6 0.8 1.0

Figure 2. Pareto zone of Scenario ED
Proposition 1 also indicates that all three chanm&mnbers could simultaneously benefit
from the CM's encroachment, which means that Pamgboovement due to the introduction
of the FB product could be realized. Note thiat< T, < T; < 4, for 0 < k < 0.860. We
thus derive the Pareto zone, see the shaded riegiégure 2.
From T, < T, (see Figure 2), we determine that the retailendse inclined to benefit
from the CM's encroachment than the OEM becaus®HEM should decrease more markup

for securing the NB product's demand than thelegtdoes. Formally, from Lemmas 1 and 2,

ka k(3ar—ka .
we havemE — mED = Tf > ﬁ =1NE _rED As a result, the OEM requires larger

demand base to keep the profit increase under Sodba. Moreover, we can infer that the

OEM will suffer more than the retailer when theg &urt by the CM's encroachment. Figure

12



3 illustrates the result. We vary,, for changing the parameter; and the default values of
parametersay and k are setting toay = 100, k = 0.8. These results demonstrate that
owning the Stackelberg leadership could incur nunafits for the OEM under the CM's

encroachment.

0.8

0.6

0.4

0.2

0.0 f=s - = : : : —
100 120 140 160 180 200 220

Figure 3 Profit differences of the OEM and theretailer
4.3. Scenario EC

In Scenario EC, the retailer who sells the OEMdpct also distributes the CM's brand. It
may be uncommonly seen that a contract manufacemeroaches the market through its
OEM's retailer. However, it is a real case in basmpractices. For example, a customer can
either purchase an iphone or a Sharp Al from JD,.edich simultaneously sells cellphones
of the Apple and its CM Sharp. Given Scenario B&,dequence of events is formulated as: (i)
The OEM sets the markumZ¢; (i) the CM and the retailer simultaneously $et wholesale
price wi¢ and the markup;=¢; (iii) The CM sets the wholesale priaef¢; (iv) the retailer
determines the sales priﬁc; (v) the consumer demands of both products arefisat
Under the timing setting, we have the following:

Lemma 3. For the EC setting, the equilibrium outcomes are

N/A if 4 € (0, 43] N/A if 4 € (0, 43]
1 3k . 1 3k .

mﬁc = E(a’n - _4_i£) lfA € (A3,A4) , T-rf:c == g(an + 4_i£) 1fA € (A3JA4-) ’
mNE ifA € [Ayg, +00) r.NE if A € [Ay, +0)
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N/A if A € (0,A45] . if A € (0,A5]

1 3ka )
wEC =32 (o + L) ifAE€ (A3, 4) , wf€ = 6-3kar _kaw o (4o Ay) -

\ _ 4(4-k2) 12
w) if A € [Ay, +0) U\J/A if A € [Ay, +0)
( iﬂ if A € (0,45]
EC _ ) (24-7k%)a;  kayp . ) 17
\N/A if A € [Ay, +o0)
3k 8—5k?
Where A; = ;=5 and 4, = 7= 5

All other equilibrium results are included in Appkx B. Comparing supply-chain
players' profits under Scenario EC with that ofrfec® NE, we have the following:
Proposition 2. For Scenario EC, giver € (43, 4,), we haverE¢ > e, nE¢ < 7}, and

wEC¢ > nlE,

Comparing with the no-encroachment case, Propasitieveals that the retailer will be
better off under Scenario EC. However, the OEM oabenefit from the CM's encroachment.
Because the FB product also contributes to théeesagains, the OEM will deeply decrease
the markup for arming against the CM-brand prodocglse the retailer has no incentives to
decrease the NB product's markup. ConsequentlyOtM's gains will decrease due to the
competition with the FB product. Moreover, the CMdathe consumer will derive more

surplus under Scenario EC than under the no-enunoaat scenario.
4.4. Scenario EE

Given Scenario EE, the sequence of events is fateailas: (i) The OEM sets the markup
mEE; (i) the CM and the retailer simultaneously ské twholesale pricevE and the
markup r;EE; (iii) The CM sets the wholesale prio@FE; (iv) the exclusive retailer (retailer E,
see Figure 1) determines the sales pp’ﬁé; (v) the consumer demands of both products are
satisfied. Under the timing setting, we have tHowang:

Lemma 4. For the EE setting, the equilibrium outcomes are

N/A ifA € (0,4s] N/A ifA € (0,4s]
1 kag . 2-k?)ap—kas

ng = E(O,’n —m) ifA € (A5,A6) y TnEE = (H)—Tf ifA € (AS'A6) ’
mNE if A € [Ag, +0) r,NE if A € [Ag, +0)
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N/A if A € (0,A4s]
EE _ ) (8-10k?+3k")an+k(8-5k?)ay

Y 8(6—7k2+2k*) ifA € (45, 46) ; (21)

wy't if A € [Ag, +0)

(Zf .
WEE _ {7 if A € (0,44)
T 7 AN/A ifA € [Ag +o0)

(3% if A € (0, As]
EE _ [ (72-92k?+29k*)ap—k(8-10k?+3k*)a, . _ 29
1 { T ifA € (45, Ag) (22)

\N/A if A € [Ag, +0)

24-36k%+13k*

Where 45 = k(8—10k2+3k%)’

# and Aq =
One can find all other equilibrium outcomes of ST&@MEE in Appendix B. Comparing with
the equilibrium profits of players of the no-enabment case yields the following results.
Proposition 3. For Scenario EE, give € (45, Ag), we have:
(i) mEE > nlE,
(i) when 0 < k < 0.922, if A5 < A < Ty, thenm5E < ) otherwise ifT; < A < A,
then 5€ > )E; while when0.922 < k < 1, nf < n)E;
(i) when 0 <k < 0.973, if A5 <A <T,, thenmEE < ndE; otherwise ifT, < A <
Ag, then rEE > 7E: while when0.973 < k < 1, nEEf < n}E.

WhereT; and T, are defined as

24-30k%+9k*+2,/6(24—70k2+75k*~35k6+6k8)
20k—24Kk3+7k5 !

T3 =

T, = 722 —90k2+27k*+12(3-2k?2)\/(4- 7k2+3k4
4 —

84k—112k3+37k5

(23)
When the CM decides to introduce the FB produdugh an exclusive retailer, both the
OEM and the retailer could be better off undergheroachment. However, if the FB product
shows strong substitute with the NB product, thevakiream firms are always hurt by the
CM's encroachment, regardless of how large markse the NB product owns. Note that the
CM always obtains more from Scenario EE than framan@rio NE. Hence, the Pareto zone
could also be observed under Scenario EE, seehdded region in Figure 4. The result is
inconsistent with Cai (2010). In a two-echelon dypghain, the author demonstrated that a
manufacturer favors to introduce a new retail clegrwhich definitely hurt the incumbent

retailer. Therefore, the manufacturer's encroachifterough a new retail channel) cannot be
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a win-win strategy for a dual-channel supply ch&élowever, we show that all supply-chain
players' profits could be improved when the CMadtices its own brand and sells through

an exclusive retail channel.
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Figure 4. Pareto zone of Scenario EE

Note that the whole supply chain profit equalsme+ 7, + 7z and the consumer
surplus could be derived by substituting the efuiim outcomes of each scenario into Eq.
(1). ° Thus, we have the following result.

Proposition 4. Given A € (4,,4,), the CM's encroachment always increases the whole
supply chain profit and the consumer surplus, retgss of the encroaching manner.

Note that the assumptioM € (4,,4,) implies that both products can obtain
nonnegative demands under each encroachment scelflhd competition incurred by the
introduction of the FB product could bring the NByguct's price reductions, which in turn
increases the demand quantity of the NB produageffer with the direct contributions of
introducing a new brand product, the whole supphait will benefit from CM's
encroachment. Moreover, the improvement of the woes surplus is realized from the
competition effect.

Combing Propositions 1-4 reveal the following ifdiy with regard to the CM's

encroachment:

® For Scenario EE, we also calculate the whole supphin profit asnZf + n5% + nEF and the retailer that
exclusively sells the FB product is not includedha supply chain. The assumption enables the gagecus the
effect of the encroachment on the outsourced sugmdyn selling the NB product. If retailer E is ndkd in the
supply chain system, we additionally require a mestéon value for characterizing the profit difface between
the no-encroachment case and Scenario EE.

16



* As long as the CM does not introduce the FB protluctugh the retailer that also
sells the NB product, encroachment could be a wimstrategy, i.e., a strategy that
improves each player's profit, especially whenrttagket base of the NB product is
sufficiently pronounced and both two products aetao strong substitutes.

* In the outsourced supply chain, the two downstré@ams could be hurt by the
CM's encroachment. Moreover, the Stackelberg Ishierenables the OEM to
endure more losses than the retailer under enanwauth As a result, the retailer is
more inclined to favor the CM's encroachment theen@EM does.

e The CM's encroachment can contribute to improve wiele supply chain

performance, as well as the consumer surplus.

4.5, Channel sdlection

So far we have investigated three encroachmenadgosrand analyzed the effect of the CM's
encroachment on supply-players' profits, the ergupply-chain's profit and the consumer
surplus. We now begin the analysis of channel peefies of the supply-chain players.
Define Q = {(k,A)|[0 < k< 1,0 < A< +x} as the universal set. Thus, we have the
following proposition.
Proposition 5. Given (k, A) € Q, we have:
(i) For the CM, if (k,A) € R;, then Scenario ED is the dominant strategy; if
(k,A) € R,, then Scenario EE is the dominant strategy; otiswScenario NE is the
dominant strategy.
(i) For the OEM, if (k,A) € R;, then Scenario ED is the dominant strategy; if
(k,A) € R,, then Scenario EE is the dominant strategy; otile@wScenario NE is the
dominant strategy.
(iii) For the retailer, if (k,A) € Rs, then Scenario EC is the dominant strategy; if
(k,A) € Rg, then Scenario EE is the dominant strategy; otlisawScenario NE is the
dominant strategy.
Where,

Ri={k,AI0<k<1,0<A<A4}, Ry={(k,AI0<k<1,A, <A<Ag;
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R; = {(k,A)]|0 < k < 0.860,T; < A < A,},

Ry = {(k,A)|0 < k < 0.733,4, < A < Ag}U{(k, A)|0.733 < k < 0.922,T; < A < Ag};

R: ={(k,A)|0 <k <1,A; < A< A},

Rg ={(k,A)|0 <k < 0.649,4, < A < Ag}U{(k,A)|0.649 < k < 0.973,T, < A < A¢}.

For the CM, Proposition 5 says that only if theebdemand ratid is neither too large
nor too small, then Scenario ED outperforms alleotthree strategies; while wheh is
larger than the threshold valuk,, the FB product cannot obtain the positive demand,
provided the CM encroaches on the retail markedutin a direct channel or the common
retailer. As a result, Scenari®E could be the dominant strategy for the CM. Howgifed
is larger than the threshold valug, all three encroachment strategies will be degdadrto
ScenarioNE (see Table Al in Appendix A for details). Hendee CM is indifferent among
the four strategies. We illustrate the CM's champmeferences in Figure 5(a).

For the OEM, the encroachment strategies cannotindten the no-encroachment
strategy, except when the NB product owns a sefiity large demand base. If the base
demand ratioA becomes larger, Scenarios ED or EE could domitia¢e other three
strategies. However, if both products are highlgssitutable, the OEM will never favor the
encroachment strategies. See Figure 5(b) for linstriation.

The channel preferences of the OEM also imply sdvasights with regard to OEM's
strategic sourcing decisions. First, owning a redlif large demand base could enable the
OEM to source from an external CM that has an aatrel produce, especially when the CM
sells its own-label product through a direct chaimnen exclusive retailer; Second, an OEM
will never outsource the manufacturing to a CM thedduces an own-label product with
strong substitutability.

The retailer may welcome the CM's encroachment u8denario EC if the FB product
could derive positive demand, because the FB ptochrt also offer profit. However, if the
base demand ratid is sufficiently large, Scenario EE or Scenario &ables the retailer to
obtain more profits. Specifically, giveA € (A,4,4¢), if A is smaller than the threshold

value T,, Scenario NE offers the most profit for the retgil otherwise, Scenario EE

% In Figure 5(a), for simplicity, we denote ScenaN& as the dominant strategy for the CM whare (4, +0).
It because all the three encroachment strategéedegenerated to Scenario NE at this circumstdfigares 5(b)
and (c) can be similarly explained.
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outperforms all other three strategies. See Fi§(gkfor illustration.

A A
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ED NE
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0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

(@) The CM (b) The OEM

EC

NE

0.0 02 04 06 08 1.0
(c) The retailer
Figure 5. The dominant strategies of supply-chain players

We also investigate the effects of channel seleatio the whole supply chain profit and
the consumer surplus. The most preferred channedtstes of the supply chain system and
the consumer are summarized in Proposition 6.

Proposition 6. For the supply-chain system and the consume(ik,ifd) € R, then Scenario
ED is the dominant strategy; ifk,A) € R,, then Scenario EE is the dominant strategy;
otherwise, Scenario NE is the dominant strategy.

Combining the above results, we know that only &denEE could realize the Pareto
improvement for the supply chain including the aomer. The result counters the
dual-channel case studied by Cai (2010). Consigexidual channel supply chain, the author
showed that developing a new retail channel cootddominate the dual channel strategy, as
well as the single retail channel strategy. Howewee demonstrate that developing an
exclusively retailer for selling the FB product tbibe the most preferred encroachment
strategy for all supply-chain players. We furthkow that Scenario EE also can improve the
whole supply chain's profit and the consumer ssrgformally, we propose Corollary 1.
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Corollary 1. Given (k, A) € R,, Scenario EE simultaneously improves the profithe CM,
the OEM, the (incumbent) retailer, the whole suggigin system, and the consumer surplus.

For the exclusive retailer, if her reservation eais lower thanrZE, then Scenario EE
also can improve her profit. Combining with theuleshowed in Corollary 1, we know that
Scenario EE is the unique encroachment strategy ¢bald benefit each party, the
supply-chain system, and the consumer.

Note that the real case 'CQM' shows that many CMeroach markets through
web-based stores (see the Introduction sectionjleJthis circumstance, the CMs should
combine the offline business and the online businesoperate multiple channels after
encroachment. Thus, given the decentralization éatvthe OEM and the retailer, the above
results also imply the following insights with reddo CM's offline and online integration.

e Both the OEM and the retailer could welcome the <Mffline and online

integration, which will increase the CM's gains.

e \When the CM combine the offline OEM's market argl dnline wholesale market,

all supply-chain players' profits could be simuétansly improved, as well as the

whole supply-chain system's profit and the consusueplus.

5. Integrated downstream firms

Many branded manufacturers, especially those itileésx leather goods, sporting goods, and
luxury goods, seek vertical integrations for punguicompetition advantages and profits
(Hauptkorn et al., 2005). In practice, an OEM cdulégrate its retailers to distribute her own
branded product. For example, Zara integrates tmerfgan Apparel (a giant retailer) for
selling the branded products through its own refaéinnels (Lin et al., 2014). In this section,
we thus investigate the impact of the CM's encroesit when the OEM and the retailer
integrate as a single entity.

We also consider three encroachment scenariosestuiSection 4 and aim to analyze
the effects of the CM's encroachment on supplyrcipéayers' performances, as well as the
channel selection of each member of the supplyncisimilar to the decentralized supply

chain, we consider the integrated downstream f{tatseled as the integrated OEM, hereafter)

20



play as the Stackelberg leader; while the CM isfatlewer. Given the downstream firms'
integration, the supply chain dynamics are sinigathe manufacturer's encroachment studied
by Arya et al. (2007), Ha et al. (2016), Li et@013) and Yoon (2016). However, this paper
considers that the CM encroaches on the markentogducing a new brand product; while
the extant literature assumed that a single pradutistributed through either a retail channel
or a direct channel. Moreover, many of these extéitgratures established a
manufacturer-Stackelberg; whereas we consider diastream firms act as the Stackelberg
leader, which shows more consistencies in the ssstieutsourced supply chains (Chen et al.,
2015; Chen et al., 2012b).

Employing the backward induction approach, we stimnvequilibrium outcomes of each
case in Appendix C. Using the equilibrium outconves derive the following:

Proposition 7. Comparing with the case of no-encroachment,
(i) givenA e (k, %) Scenario ED increases the CM's and the wholelgugmin's
profits, as well as the consumer surplus; whileréases the integrated OEM's profit;
(i) given A € (k, %) Scenario EC increases the CM's, the integratedM®@Eand the

whole supply chain's profits, as well as the coreusarplus;

k  4-3k2
2—k2’ k(2-k?2)

(i) given A € ( ) Scenario EE increases the CM's and the whole lgupp
chain's profits, and the consumer surplus; whilerdases the integrated OEM's profit.
Under a similar supply-chain structure setting, aArgt al. (2007) and Cai (2010)

employed manufacturer (supplier) Stackelberg motielshow that a manufacturer could

improve its retailer's profit by encroaching on tieail market through a direct channel.

However, given both products can obtain positivenaled quantities, Proposition 7 shows

that the integrated OEM's profit cannot be improwéten the CM encroaches on the market

either through a direct channel or through an estetu retailer. However, the CM's

performance is improved under each encroachmemt ddss is caused by the increased
competition due to the introduction of the FB proluvhich enables the CM to increase the
wholesale price and the OEM to decrease the markugrefore, Pareto improvement cannot
be achieved under Scenarios ED or EE. Neverthele#®e CM encroaches on the market

through the integrated OEM, then both the CM arel @EM are better off under the
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encroachment. One may think Scenario EC cannotripbemented in practice because an
integrated OEM would not sell its CM's own brandduct. Thus, the CM's encroachment
could hurt the integrated OEM, and the Pareto iwgm@ent could not be realized under the
downstream firms' integration. In addition, eachtisg of the CM's encroachment can
improve the wholesale supply chain's gains anddnsumer welfare.
We also show the channel preferences of the sug@Ein players, the whole
supply-chain system, and the consumer, as Propogtshows.
Proposition 8. Given (k, A) € Q, we have:
(i) For the CM, if (k,A) € R;, then Scenario ED is the dominant strategy; if
(k,A) € R,, then Scenario EE is the dominant strategy; otiswScenario NE is the
dominant strategy.
(i) For the integrated OEM, if(k, A) € R, then Scenario EC is the dominant strategy;
otherwise, then Scenario NE is the dominant stsgteg
(iii) For the whole supply-chain system and thestamer, if (k, A) € R, then Scenario
ED is the dominant strategy; ifk, A) € R,, then Scenario EE is the dominant strategy;
otherwise, Scenario NE is the dominant strategy.

Where,

ﬁlz{(k,A)|0sk<1,0<A<2_k—k2}, AZE{(k;A)|OSk<1,2_k—k2<A< 4-3k2 };

k(2-k?)

R, = {(k,A)|o <k<lk<A< %}

When the OEM and the retailer act as a singleyetiie CM could prefer to encroach on
the market through a direct channel or through»atusive retailer; whereas the integrated
OEM could favor encroachment only under Scenario(§€e Figure 6 for the illustration).
Consequently, none of the encroachment scenarigsl d® simultaneously favored by the
CM and the integrated OEM. It indicates that the '€Mncroachment could hardly be
implemented when the two downstream firms are natiegl as a single firm. Under this
circumstance, adopting some useful contracts, ¥ample the revenue-sharing contract (Cai,
2010) or the rebate contract (Taylor and Xiao, 2006uld be helpful for incentivizing the
integrated OEM to adopt the CM's encroachment, lwthen can improve the whole supply

chain's profit and the consumer surplus.
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Figure 6. The dominant strategies of the players of the supply chain with integrated OEM

The above results also present several managesajhis towards OEM's strategic
sourcing decisions. Given the integration withreéailer, we see that an OEM may source
from a CM with own-label product when she ownslatieely large demand base and the CM
uses its retailer to sell the product; if not, aBMOwill never source from a CM who also
provides an own-brand product.

Consider the CM encroaches on markets through erdhiops, as the CQM project
showed, Proposition 6 indicates that the integr@BM will not benefit from its CM's offline
and online combination. However, the CM has ins@stifor participating in multi-channel

operations, regardless of which market it encroscime

6. Concluding remarks

We consider an outsourced supply chain consisting oontract manufacturer (CM), an

original equipment manufacturer (OEM) and a retailéhne OEM outsources the production
of a national brand (NB) product to the CM, andritailer is in charge of selling the product.
Considering the CM can introduce a factory brar) (product, this paper investigates the
effects of the factory encroachment on the dowasiréirms' (the OEM and the retailer)

profits, the entire supply-chain profit and the semer surplus under different supply chain
structure setting. NamelyCM can distribute its own product either through a
direct-to-consumer channel (Scenario ED), the idmmh retail-channel (Scenario EC), or
through an exclusive retail-channel (Scenario EEyen the OEM and the retailer act as

self-profit maximizers, we employ an OEM Stacketpgame model to demonstrate that
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Pareto improvement could be realized in ScenarlDsoEEE, i.e., the CM's encroachment
could improve all supply-chain players' profits.Mdgheless, Pareto improvement cannot be
implemented under Scenario EC. We further conglieeOEM and the retailer act as a single
entity, which is titled as downstream firms' int&gon, and show that only Scenario EC could
bring Pareto gains for supply-chain players. Additlly, we analyze the channel selections
of the supply-chain players, the entire supplyschand the consumer with and without
downstream firms' integration. It shows that SceenBE could simultaneously improve each
supply-chain player's profit for the case of negration; while for the case of integration,
none of encroachment scenarios could be the dotrstrategy for all supply-chain players.

To focus on the effects of the base demand difteremwe assume that both the NB
product and the FB product are equally cost-effectind the related costs are normalized to
zero. One may anticipate that the NB product ha$ advantages over the FB product from
the perspectives of the manufacturing and (or)stiling, as several articles suggested (Arya
et al., 2007; Chen etal., 2016; Ha et al., 201&nY®016). This is indeed a case because the
OEM may possess expertise on product developmehtlaannel management than the CM
does. To illustrate the cost disadvantage of thefeBluct, we can denote that the FB product
has a positive cost while the NB product's is z€pe can verify that our findings can be
easily extended to the case with asymmetric costgsing a similar approach (see the first
footnote in Section 3). The main insights still dhdf we consider the cost asymmetry. To
guarantee demand of its own brand product, the @iirgg an own-label brand but with cost
disadvantage will increase the wholesale pricdnefNB product greatly, especially when the
NB product owns a relatively small demand baseaAssult, the downstream firm(s) will
decrease more markup for securing the NB produtdsket share. Therefore, the CM can
benefit from the encroachment. Nevertheless, whékimedownstream firm(s) could be better
off under the CM's encroachment may be dependenh®rcost asymmetry, base demand
ratio, and the substitution degree.

Extension could be made on the leadership of theoouced supply chain. Though
business practices always demonstrate that the dSMinore power in the outsourced supply
chain (e.g., Apple, Nike, Xiaomi, etc.), other ld@tures considered alternative supply-chain
power structures, e.g., the CM-Stackelberg gamerfGH al., 2015; Choi and Fredj, 2013;
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Kaya and Ozer, 2009; Wang et al., 2013), the CM-Oavain game (Feng and Lu, 2012,
2013), etc. It is believed that channel leadersloipsid incur sales and wholesale prices'
variations (Choi, 1991; Choi, 1996; Jeuland andg@hy 1983) while not essentially change
the impacts of the supplier's encroachment, whicdeamonstrated in dual-channel supply
chains (Arya et al., 2007; Yoon, 2016). We thusenttat our major findings of the
OEM-Stackelberg model can be extended to the altisn cases in which the CM is more
powerful.

Future work could consider more general demaneépettand examine the impact of the
CM's encroachment. Moreover, the CM may not obséinee FB product's base demand
before she makes encroachment decisions. Thugratitey the demand uncertainty could be
worth studying. Finally, designing some efficiemhemes for coordinating the outsourced

supply chain with the NB and the FB products cobé&l helpful for mitigating channel

conflicts due to the CM's encroachment.
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Appendix A. Proofs

Proof of Lemma 1. By the backward induction, we first formulate tie¢ailer's and the CM's

problems as
a”gE _ a,-miE
max,, ne Te - 5wE = 0 wlE(mNE) = %
max ;E nNE = 07T§E = NE (,,,NE an=-my* (AL)
—_ n n
T TR - NE — 0 T (my°) = 3
n

Thus, the OEM's problem can be formulated as

max,,ne 5" = myFQy = myE (an, — Wa'E + miF +nVE)), (A2)
_ .. NE _NE
s.t. wVE(mNE) = % 7 VE (mNE) = an 3mn (A3)

Substituting Egs. (A3) into (A2) and differentiagint}? w.rt. m¥t twice, we have

2 -NE
0°mg

7 = -2 Thus, using the first order condition (FOC), wanalerive the equilibrium
a(my*) 3

mNE as showed in Eq. (7). Then, substituting the ldgsim mZ into Eq. (A3), we have
the other two equilibrium outcomas.

ED
Proof of Lemma 2. Given the profitmZ? showed in Eq. (5), we havd "< 2
2

by

Becausel < k < 1, thus ZP is strictly concave irp}”’. Using the FOC yields

ED .. ED _ED~ _ 2kwEP+ap+k(mEP+rfP—ay)

PEP (wgP, mEP, 1 - (Ad)
Substituting Eq. (A4) intarZ? and mEP, we have;z:g;z = -2 and aii;;gl))z = —i:i;
Thus, we derive the following by using the FOCs.
wiD (i) = CHN DY o (o — Eno Ty (A5)
Using Eq. (A5), we havca(’(j;gl;z =— 3_;2‘;4. Setting% = 0 vyields
mED = &Y (A6)

2

Substituting Egs. (A6) into (A5) yields the equilim wEP and rEP. Moreover, the
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equilibrium p£® can be derived by substituting Eq. (A6) and theilémium w,” and rEP

into Eq. (A4). Substituting the equilibrium;?, #f? and pf® into Eq. (3) yields

ED _ (Z—kz)(an—kaf)’ Q}’?D _ (6—6k?+k*)ar—k(2-k*)ay (A7)

nT 4(3-4k2+kY) 4(3—4k2+k*)

To ensure the existence of the interior point sohs, we needZ? > 0 and Q}?D > 0. Thus,

6—6k2+k*

takn = Az If A <Ay, then QEP < 0, which

we haved=">k=4, andA =2 <
a a

means that the NB product cannot obtain the pesdemand after the encroachment of the
FB product. Therefore, the CM become the monopafypBer that only provides her own

brand product to the market. The demand of the RRiyxt is QF” = ay —pf® and the
profit of the CM ismé” = pfPQfP. Using the FOC, we haveg” =%. Moreover, if

A > A,, then the FB product cannot obtain the positivealed. Therefore, Scenario ED will
be degenerate to the case of no-encroachment, winéeims that the solutions are identical

with the solutions of Scenario Ni.

Proof of Proposition 1. Subtractingm}® from nZP vyields

2
ED _ oNE — _ li@kag
¢ ¢ 144(3-k2)2(1-k2)'

Where, L;(4 k) = k2(24 — 19k? + 4k*)A? — 18k(2 — k2)2A + 9(36 — 56k?2 + 24k* —

(A8)

3k®). Given A € (A1,4,) and 0 < k < 1, we have

2
TLQl) — 48k2 — 38k* + 8Kk > 0, Z149)|  =gk(1- kD)3 - k22 <0,
a4 04 la=4
AL, (A k) _ _ 2 4_ o6 __2
and =025 = 4k (19— 28Kk + 13k* — 2k° = —2-) > 0.

Thus, using the FOC yields the minimal value of clion L,(4,k). The solution is

characterized as

2
dL1(Ak) 0 9(2-k?)
_— =1 =
0A 0 A k(24—19k2+4k*)

Substituting A° into L,(4,k) yields

36(3-k2)"(20-35k2+18k*~3k®)
24—19k? +4k*

Ly(A k)| g=n0 = >0 for 0<k<1.

Hence, L;(4,k) > 0 when A € (4;,4,) and 0 < k < 1, which implies thatrZP > nYE

is established. Therefore, Part (i) of Propositioholds. For the OEM's profit, subtracting
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)E from 5P yields

2
7ED _ pNE _ karl,(Ak)
0 0 24(3-4k2+k2)’

Where, L,(4,k) = 3k(2 —k?) —6(2 —k?)A+ k(5 — 2k?)A%?. Given A € (4,,4;,) and

(A9)

32L,(Ak) _

0<k<1, we have >
0A

4k?> +k?) <0 ; while if 0<k<0.860 : then

2(1-k?)(3-k?)(6—-12k2+6k*—k®)

PONDE > (0 ; otherwise if 0.860<k <1, then

Ly(A k)| a=a, =
Ly(A k)|a=a, < 0. Thus, for0 < k < 0.860, solving the equatiori., (4, k) = 0 yields two

roots:

6—3k2+/6(6—11k2+6k*—
k(5—2k?)

6-3k2—/6(6—11k2+6k*— k6)
k(5-2k?)

T, = k) T =
T, is omitted becaus&; < A,. Therefore, wherd < k < 0.860, if 4; <A <T;, then
L, (A, k) < 0, which implies thatr P < m); otherwise, ifT; < A < 4,, then L,(4,k) > 0,
which implies thatzmZP > nJE. However, if 0.860 <k <1, L,(4,k)<0 for A€

(A;,4;), which indicates thatt5P? < w)E. We can use the similar approach to prove the

nNE and nEP. Therefore, Parts 2 and 3 of Proposition 1 held.

EC

EC
showed in Eq. (6), we havdrE, = — 2

Proof of Lemma 3. Given the profitry a(p}gc)z T

Using the FOC yields

kwEC +wf Crap+k(mEC+2rEC-ay)

EC(Wn ,m,’fc,rfc,wf )= . (A10)
EC EC
Substituting Eq. (A10) intarZ¢, we have aZ’ZCC = — Settmg —c =0 yields
6(Wf ) Wy
EC EC _
C(Wn ’mgc’ TFC) _ 2kwp +km2n +ar kan. (All)
EC
Given Egs. (A11) and (A10), we hav?E—C) —2 and aa(z 2% = —2. Thus, we derive the
Tn
following by using the FOCs.
—_mEC _mEC
WEC (mEC) = ST BC (gnECY) = BT (A12)
4-K? onEC

Given Egs. (A12), (A11), and (A10), we have( EC) T s(1-k2)

<0. Settlng(,j T = =0
yields

1 3ka
mEC =2 (@ — 2L). (A13)




Substituting Egs. (A13) into (A12) yields the eduium wfi¢ and r,E¢. Substituting the
results into Eq. (All) yields the equilibriumﬁc. Moreover, the equilibriurrpﬁc can be
established by substituting the equilibriusf®, ¢ and wf¢ into Eq. (A10). From these

outcomes, we have:

e _ (4—k®)an—3kay

= _Jn 77 Q}EC

_ (8-5k?)ap—k(4—k?)ay
n 24(1-k?2) -

8(4—5k2+k%)

(A14)

To ensure the existence of the interior point sohg, we neeoQEC >0 and Q}fc > 0. Thus,

5,2
we have4 > % =A; and A < :24—322) = A,. If A< A3, the CM becomes the monopoly

supplier that only provides her own brand productthe market through the incumbent

retailer. The demand of the FB product@$® = a; — p/¢ and the profits of the retailer and

the CM aremf® = (pf® —wf¢)Qf¢ and mf® = wf¢Qf¢. Using the FOC, we have

w)fc =% and pﬁc =%. Moreover, if A > A,, then the FB product cannot obtain the

positive demand. Therefore, Scenario EC will beetiegate to the case of no-encroachment,

which means that the solutions are identical tostilations of Scenario Nm

Proof of Proposition 2. Subtractingm ¥t from nE¢ yields

2
EC _ . NE _ _ %Ls(Ak)
U e~ = 96(4—k2)2(1-k2)" (A15)

Where, L;(A k) =3(64 —72k? + 17k*) — 2Ak(64 — 44k? + 7k*) + 3k?(4 — k?)%2A% .
Thus, we can employ the method used in the Pro®froposition 1 to demonstrate; (4, k)
for A€ (4,4;,) and 0<k<1, which implied that 7E¢ > n)E is established.

Furthermore, we can show the relatioh® > 7% by using the similar approach. For the

relation of 7}t and w5¢, we have
ka?L,(Ak)
B¢ — g = L= (A16)

T 16(4-5kZ+k®)’
Where, L, (A, k) = 3k — 24(4 — k?) + k(4 — k?)A%. Employing the method used in the
Proof of Proposition 1, we determine thatdf< T, or A >T,, thenL,(4,k) >0, i.e.,
nE¢ > n)E; otherwise ifT, < A < Tj, thenL,(4,k) <0, i.e., nE¢ < n))E. Parameterd,

and T, are the two solutions of the equatiap(4, k) = 0, which are showed as:

= _ 4—k?-2V4-5k2+k* =,  4-kZ+2V4-5k2+k*
T = 4k—k3 » T2 = 4k—k3 '

34



Note thatT, < A; < A, < T, for 0 < k < 1. Therefore,n5¢ < n}¥ is establishecs

Proof of Lemma 4. Given the profitrZ? showed in Eq. (7), we havé?ﬂ 2

o)

Because0l < k < 1, thus n£E is strictly concave irpﬁE. Using the FOC yields

kwhE+wEE +ar+k(mEE+rEE-ay)
pfE(WhE, mEE, nFE wEE) = L . (A17)
2_EE
Substituting Eq. (A17) intatZE, we havca‘z 7;'61:5')2 =— Settmga 7 = 0 yields
w
f
EE EE EE _
Wf E(wEE, mEE rFEY — 2kwE +af+k(2mn +7E an). (A18)
. 92mEE nEE 4-3k?
Given Egs. (Al18) and (A17), we hav%E—E) —2 and 2 pra EE) = Thus, we
derive the following by using the FOCs.
E (4—3k2)an—(4—3k2)m£E+kaf EE (2-k?)an—(2-k?)mEE —kaf
(m ) 12-8k2 (m ) 6—4k?2
(A19)
SF 8—10k2+3Kk* .
Given Egs. (Al19), (Al18), and (Al7), we haw( £Ey? ——12_20k2+8k4<0. Setting
SH%E =0 yields
1 ka
miE =2 (@ = 2-%). (A20)

Substituting Egs. (A20) into (A19) vields the eduium wE¢ and r,FE. Substituting the
results into Eq. (A18) yields the equilibrium/°. Moreover, the equmbrlunp can be
established by substituting the equilibriueg, =% and wf® into Eq. (A17). From these

outcomes, we have:

g _ (4-3k2)((2-Kk?)an—kay) QFF = (24-36k2+13k*)a;—k(8—10k?+3k*)ay
no- 16(3—-5k2+2k*) - 16(6—13k2+9k*—2kS)

To ensure the existence of the interior point sohs, we needQZt > 0 and Q}?E > 0. Thus,

(24-36K%+13k*)

we haveA> —A5 andA<m

Ag. If A< Ag, the CM become the

monopoly supplier that only provides her own brgrdduct to the market through an
exclusive retailer (retailer E). The demand of B product isQf* = ay — pf® and the

profits of the retailer and the CM argif = (pf® — wf®)QF" and nff = wfFQfF. Using
the FOC, we hav&v ?f andp 3%. Moreover, if A > As, then the FB product

cannot obtain the positive demand. Therefore, Saeld will be degenerate to the case of
no-encroachment, which means that the solutiongdargical with the solutions of Scenario
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NE. m

Proof of Proposition 3. Using the similar approach showed in the prodPadposition 2, we
can verify the relationt2% > 7¥E. For the relation ofr}? and nZE, we have

kaZLs(Ak)
ﬂgE _ ﬂgE _ f

T 96(2-k2)(3-5k2+2k%)

Where,  Ls(4,k) = 3k(4 — 3k%) — 6(8 — 10k? + 3kH)A + k(20 — 24k? + 7Tk*) A2

Employing the method used in the proof of Propositl, we determine that il < T3 or
A >T;, thenLg(4,k) > 0, i.e., mEE > n)E; otherwise if T3 < A < T3, then Ls(4,k) < 0,
i.e., mEE < w)E. Parameterd,; and T3 are the two solutions of the equatidr(4, k) = 0,

which are showed as:

_ 24-30k?+9k*-2./6(24—70k2+75k*—35k5+6k8)
- 20k—24k3+7kS ’

T3

_ 24-30k?+9k*+2./6(24—70k2+75k*—35k6+6k8)
- 20k—24k3+7kS )

T3
Note thatT; < As for 0 < k < 1. Thus, T3 is omitted. Moreover, whe0.922 < k < 1,
Ag < T4, which implies thatLs(4,k) < 0 is established. Thust5E < n)E. While when
0<k<0922, if As<A<T,, then Ls(4,k) <0, ie., nEf <ndf; otherwise if
T, < A< Ag, thenLs(4,k) > 0, i.e., tEE > n)E. Therefore, Part (ii) follows. Furthermore,

we can show Part (iii) by using the similar apptoac

Proof of Proposition 4. Note thatA; < A; < A; < Ay, < A, < Ag for 0 < k < 1. We thus
determine that both products can obtain nonnegdtweands in each encroachment scenario,
provided A € (A,,4,). Thus, using the equilibrium outcomes showed ipexmix B, we can
show the relationd/E? > UNE| UEC > UNE and UEE > UNE. Similarly, we can prove the
relations of wEP + P + nEP > nllE + n)E + ndE |, wEC + nEC + nEC > nlNE + nE +

nNE, and nEE + n5E + nEE > alf + n)E + nhE. m
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LemmaAl. Given 0 < A < +oo, the equilibrium profits are summarized in TalAdsA3.

Table Al. The equilibrium profit of the CM when 0 < A < +o0

Iltem Scenario NE| Scenario ED Scenario EC Scenario EE
0<A<As a a af %
36 4 8 8
(288-656k2+488k*—199k®)a%-2k(4—3k?)?(4—k?)a,a
2 P a2 ( f n4f
As <A< A; :—Z £ £ +(8-10k2+3k%)2a?
4 8 128(3-2k2)2(2—3Kk2+k*)
A< A< A 2 o 9(64-72k?+17k*)af—6k(64—44k?+ 7k ayar (288-656k*+488k*~199k®)af—2k(4—3k?)? (4—k?)anar
3 1 3_2 Tf +(4—k?)2(8+k?)a? +(8-10k?+3k*)%a2
288(4—k2)2(1-k?2) 128(3-2k2)2(2—3k2+k*)
A< A<d 2 ((36—56k2+24k4—3k")a%+2k(2—k2)2a.,,af) <9(64—72k2+17k4)a%—6k(64—44k2+7k4)anaf) ((zss—esskz+4ssk4—199k6)a%—2k(4—3k2)2(4—k2)anaf>
! * i —(2-k?)?a} +(4-k?)?*(8+kHad +(8-10k2+3k%)2a2
16(1-k2)(3-k2)? 288(4—k2)2(1-k2) 128(3-2k2)2(2-3k2+k*)
A <A<A 2 ((36—56k2+24k4—3k")a%+2k(2—k2)2a.,,af) a2 ((zss—esskz+4ssk4—199k6)a%—2k(4—3k2)2(4—k2)anaf>
4 2 i -(2-k»?a} ﬁ +(8-10k?+3k*)%ad
16(1-k2)(3-k2)? 128(3-2k2)2(2-3k2+k*)
A <A<A 2 2 a2 ((zss—esskz+4ssk4—199k6)a%—2k(4—3k2)2(4—k2)anaf>
2 6 i i ﬁ +(8-10k?+3k*)%ad
128(3-2k2)2(2-3k2+k*)
Ag <A<+ | af ah ah ah
36 36 36 36
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Table A2. The equilibrium profit of the OEM when 0 < A < 4+

Item Scenario NE Scenario ED Scenario EC Scendtio E
0<A<Ag g 0 0 0
12
A <A< As i 0 0 (4—3k2)((2—k2)an—kaf)z
12 32(2-k?2)(3—5k2+2k*)
A3 <A< Ay i 0 ((4—k2)an—3kaf)2 (4—3k2)((2—k2)an—kaf)2
12 48(4—5k2+k%) 32(2-k2)(3—-5k2+2k%)
A <A<A, a4 -k (an—kay)® ((4-I*)an-3kay)” (4-3k2)((2~kD)an—kay)’
12 8(3—-4k%+k*) 48(4—5k2+k*%) 32(2-k2)(3—5k2+2k*%)
Ay <A<A, i -k (an—kay)® a (4—31«2)((2—k2)an—1mzf)2
12 8(3—-4k%+k*) 12 32(2-k2)(3—-5k2+2k*)
Ay <A< Ag a a a (4—3k2)((2—k2)an—kaf)2
12z 12z 12 32(2-k?2)(3-5k2+2k*)
Ag <A<+ a G i i
12 12 12 12
Table A3. The equilibrium profit of theretailer when 0 < A < +o0
Item Scenario NE| Scenario ED Scenario EC Scendtio E
0<A<Ag ag 0 0 0
36
As<A<A; | & 0 0 (4-3k2)((@-kD)an—ka)
36 64(1-k?)(3-2k?)?
. 9(64—64k2+9k4)a}—6k(32—4k2+k4)anaf) (o an . 2
A3 <A< A Z_g 0 < kD (16-TkD)a? (4-3k )((22 kDay, Zk_zaf)
576(4—k2)2(1—k2) 64(1—k?)(3—2k?2)
9(64—64k2+9k*)a%-6k(32—4k2+kY)ay,
Ay <A<Ay |4 -k (an-kay)’ < +(4—k§()j;(16—7k2)a2 ) af) (4-3K") (k") an—kay)
36 8(3-k2)2(1-k?2) 576(2—k2)2(1-k2) 64(1-k2)(3-2k?2)?
A, <A<A, |4 @-k3)(an—kas)" | o} (4—3k2)((2—k2)an—kaf)z
36 8(3-k?)2(1-k2) | 36 64(1-k2)(3—2k2)?
A, <A<As | @ a a? (4-3k2)((@-kD)an—kay)
36 36 36 64(1-k2)(3-2k2)?
Ag <A< oo | i G o G
36 36 36 36

Proof of Proposition 5. Using the equilibrium profits showed in Tables A%; we can show

the dominant strategy of each player of the suppain.m

Lemma A2. Given 0 < A < +oo, the equilibrium supply-chain profit and the comsu

surplus are summarized in Tables A5 and A6.
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Table A4. The equilibrium profit of thewhole supply-chain system when 0 < 4 < 4o

ltem Scenario NE Scenario ED Scenario EC Scendio E
0<A<As sad a? aj %
36 4 8 8
2 2 (288-592k2+400k*—89k®)af—2k(2—k?)(4—3k?)(20-13k ) asay
As<A<A 5a7 a a f
5 3 3—6” £ £ +(2-k?)2(80-112k2+39k*)a?
* 8 128(3-2k9)? (2—3K7+k*)
A< A< A a2 o2 (9(64—64k2+9k4)a%—6k(32—4k2—k4)afan> <(288—592k2+400k4—89k6)a}2c—2k(2—kz)(4—3k2)(20—13k2)afan)
: ! 3; < +(16-7k?)(4—k*)*ad +(2-k2)2(80—112k%+39k*)a2
4 1152(1-k?)(3-2k?)? 128(3-2k?)2(2—-3k2+k*)
Ao<A<A g2 <(36—40k2+12k4—k5)a}—2k(20—16k2+3k4)afan) (9(64—64k2+9k4)a}—6k(32—4k2—k‘*)afan) <(288—592k2+400k4—89k6)a}%—2k(2—k2)(4—3k2)(20—13k2)afan)
1 4 36n +(20-16k2+3kY)a2 +(16-7k2)(4—k?)%a? +(2-k?)?(80-112k2+39k*)a}
16(1-k?)(3-k?)? 1152(1-k?2)(3-2k?)? 128(3-2k?)2(2—-3k2+k*)
A < A<A 2 <(36—40k2+12k4—k5)a}—2k(20—16k2+3k4)afan) g2 <(288—592k2+400k4—89k6)a}%—2k(2—k2)(4—3k2)(20—13k2)afan)
4 2 3—6" +(20-16k2+3k*)a2 3—6" +(2-k?2)2(80—112k%+39k*)a2
16(1-k?)(3-k?)? 128(3-2k?)2(2—-3k2+k*)
(288-592k2+400k* -89k %) a}—2k(2—k?)(4—3k?)(20-13k ) afay
5a3 5a3 5a2 ( U
A, <A< A 36n 36n _36n +(2-k?)2(80-112k%+39k*) a2
128(3-2k?)2(2—-3k2+k*)
Ag <A< +oo0 | 547 5a3 5a2 5a2
36 36 36 36
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Table A5. The equilibrium consumer surpluswhen 0 < A < +oo

Iltem Scenario NE| Scenario ED Scenario EC Scendio E
0<A<As a a aj L3
72 8 32 32
576—1472k?+1344k*~516k®+69k®)a?—2k(4—3k?)(2—k?)(8—16k2+7k*
A< A<A 2 o o (( af—2k( )( )( )anaf>
5 ’ 7 8 32 +(2-k?)?(4-3k?)3ad
8 32 512(1-k?)(6-7k?+2k*)?
A< A< A . 2 <9(64—64k2+9k4)a]%—6k(32—4k2+k4)anaf) ((576—1472k2+1344k4—516k6+69k8)a1%—2k(4—3k2)(2—k2)(8—16k2+7k4)anaf>
a
3 1 - < +(4-kD)?(16-7k)a} +(2-k?2(4-3kD)%ad
576(4—k2)2(1-k?2) 512(1—-k2)(6—7k2+2k*)?
Ao<A<d 2 ((36—56k2+24k4—3k")a%+2k(2—k2)2anaf) <9(64—64k2+9k4)a}2c—6k(32—4k2+k4)anaf) ((576—1472k2+1344k4—516k6+69k5)a,%—2k(4—3k2)(2—kz)(s—16k2+7k4)anaf>
! * 7_; —(2-k?)?af +(4-k?)*(16-7k*)ai +(2-k?)2(4—3k?)3a2
32(1-k2)(3-k?2)2 576(4—k2)2(1-k?2) 512(1—k2)(6—7k2+2k*)?
A <A<A 2 ((36—56k2+24k4—3k")a%+2k(2—k2)2anaf) 2 ((576—1472k2+1344k4—516k6+69k5)a,%—2k(4—3k2)(2—kz)(s—16k2+7k4)anaf>
4 2 7—;‘ —-(2-k?)2a2 7—;‘ +(2-k?)2(4—3k2)3a2
32(1-k2)(3—k2)? 512(1-k2)(6—7k2+2k*)?
576-1472k?+1344k*-516k®+69k®)a?—2k(4—3k?)(2—k?)(8—16k2+7k*)aya
A <A<A ) ) ) ( k? k*-516k6+69k®)af—2k(4—3k?)(2-k?)(8—-16k?+7kNanay
a Qa; a
2 6 by P by +(2-k?)?(4-3k?)3a}
512(1—k2)(6—7k2+2k*)?
Ag<A<+ow | dk 4 o i
72 72 72 72
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Proof of Proposition 6. Using the equilibrium profits showed in Tables add A5, we can

show the dominant strategies for the supply-chgstesn and the consumar.

Proof of Corollary 1. Follows directly from the results of Propositidhand 6=

Proof of Proposition 7. We here only provide the proof of Part (i). Theesttwo parts can be

proved by using the similar approach. Subtract&yf from #EP vyields #EP — #YE =

Zl(A,k)a%
16(1-k2)’

where L;(4,k) = (4 — 3k*) — 24k + k*A*. Note 0 <k < 1. Thus, L,(4,k) =

1— 24k + k*A* = (1 — kA)? = 0, which implies that?Z? > #YE. For the relation oftNE

and &P,

equationk — 24 + kA% = 0 yields two roots:T; =

92L,(Ak) _

0A?

we havew

ED

10 — Mo =

NE _ L2(Alka}
8(1-k2)’

1-V1-k?

L,(Ak)<0 for 0<k<1, which implies that@f? < aNE.

approach, we can also derive the relati@§é + P > #YE + alF

Part (i) follows.m

and T, =

1+V1-k?

where L, (4, k) = k — 24 + kA®. Solving the

. Note that

_ _ _ 12
k>0 and k<T, <T, < % when 0 <k <1. Therefore, we know that

Employing the similar

and UEP > UNE, Hence,

Lemma A3. Given 0 < A < 400, the equilibrium profits and the consumer surpius

summarized in Tables A6-A9.

Table A6. The equilibrium profit of theCM when 0 < 4 < +o0

Iltem Scenario NE Scenario ED Scenario EC Scendfio E
2 2 2
0<A<-=~ i i i I
2-k2 16 4 8 8
K o cack a a? a? (8-7k2)a?-2k(2-k2)apan+(2-k?)"a}
2-k2 16 4 8 32(2-3k2+k*)
2 2
k<A<l a (4—3k2)af—2ktzxfan+a,21 Zajzc—4kafan+(1+k )a,zl (8—7k2)a%—2k(2—k2)Otfan+(2—k2)2a,21
K 16 16(1—k ) 16(1—k2) 32(2-3kZ+k*)
2
1 <A< 2-k? ﬁ (4——3k2)txf—2kaffan+a,21 ﬁ (8—7k2)a%—2k(2—k2)afan+(2—k2)2a,21
k k 16 16(1—k2) 16 32(2-3k2+k%)
2-k?2 <A 4-3k2 | a} a a (8-7k?)a2-2k(2-k2)asan+(2-k2) o}
k k(2-k2) 16 16 16 32(2-3k2+k%)
4> A3 o o} ad ai
k(2—-k2) 16 16 16 16
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Table A7. The equilibrium profit of the integrated OEM when 0 < A < 40

Item Scenario NE Scenario ED Scenario EC Scendfio E
0<A<-E o 0 af 0
2—-k2 8 e
i ? 2-kXa,—ka 2
K <A<k i 0 @ ( nkas
e 8 16 16(2-3k+k*)
2
k<A<l a? (an—kay)® (an—kay)® ((Z_RZ)an_kaf)
=4 8 8(1-kY) 2 AN
‘ 8 8(1-k") 8(1-k%) 16(2-3k>+k*)
2
Lo ai M ai (2-k®an—kay)
8 8(1-k") 8 16(2-3k>+k*)
2
2-k? < 4-3k2 | af a? a? ((Z—RZ)an—kaf)
‘ ek | 8 8 8 16(2-3k"+k")
A 4-3K? o @i a2 G
k(2-k2) 8 ) 3 3

Table A8. The equilibrium profit of the whole supply-chain system when 0 < 4 < 4o

ltem Scenario NE| Scenario ED Scenario EC Scendtio E
2 2 2 2
0<A<—~ 3an “ 35 i
2-k2 16 4 16 8
2
kK A<k 3} a_% ﬁ (8-5k?)a}-6k(2-k?)aran+3(2-k?) af
2—k? 16 4 16 32(2-3k2+k%)
2\ 2 2 2 2
k<A< 1 3a2 (4-k )af—6kafan+3an 3af—-3karan+3an (8—5k2)a%—6k(2—k2)afan+3(2—](2)2a721
k 16 16(1-k") 16(1-k*) 32(2—3k2+ k)
2\ 2 2
L ogc 2—k? 3a2 (4-k*)ag—6karan+3an | 342 (8—51(2)a}—sk(z—kz)ozfan+3(2—k2)2oz,z1
2 San > San
16 16(1—k ) 16 32(2—3k2+k%)
2—-k? < 4-3K?2 30} 3a} 3a} (8—5k2)a}—sk(z—kz)ozfan+3(2—k2)2a,z1
k k(2-k?2) 16 16 16 32(2-3k2+k*)
A>3 3af 3af 3af 3af
k(2—-k?) 16 16 16 16
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Table A9. The equilibrium consumer surpluswhen 0 < 4 < 40

ltem Scenario NE| Scenario ED Scenario EC Scendtio E
2 2 2
0<A<—=~ n “ i i
2-k? 32 8 32 32
K cack i o} af (16-20k%+5k*)a?-2k3(2-k2)ayan+(2-k?)" (4-3k2)a}
2-k2 32 8 32 128(2-k2)2(1-k2)
k<A<t o} (a-3k?)a}-2karan+afy | a}-2kajan+af (16—20k2+5k4)a}—2k3(2—kz)afozn+(2—k2)2(4—3k2)a,21
k 32 32(1-k2) 32(1-k2) 128(2-k2)2(1-k?2)
loge 2-k2 o} (4-3k*)ajf-2karantai | af (16—201(2+5k4)a}—2k3(2—kz)afozn+(2—k2)2(4—3k2)a,21
k 32 32(1-k2) 32 128(2-k2)2(1-k?2)
2-k? <A 4-3K? a} af af (16—20k2+5k4)a}—2k3(2—kz)afozn+(2—k2)2(4—3k2)a,21
k k(2-k?) 32 32 32 128(2-k2)2(1-k2)
k(2-k2) 32 32 32 32

Proof of Proposition 8. Using the equilibrium outcomes showed in Lemmawa&,can show

the dominant strategies for the supply-chain piytre entire supply-chain system and the

consumers

Appendix B. Equilibrium outcomes of the decentralized supply chain

Scenario NE: Note thatpl)® = w)NE + mlE + rNE, Substituting Eq. (8) into the expressions

of sales price, demand quantity, profits, and coreswitility, we have

NE_San
pTl - 6 ' n

6 )

NE _ %n. _NE _ %

¢ EYURY

NE _ %

36’

2 2
= gE_ﬂ- UNE = %n
12’

72"

Scenario ED: Note thatpE? = wEP + mEP + 1EP. Thus, we derive the equilibrium sales

prices, demand quantities, profits, and consumnikty s

if A € (0,4,]

N/A
gp _ ) (10=3k2)an—k(4-k*)ay
P = 4(3-k2)
pn®
0
ep _ ) (2-K*)(an—kay)
n 4(3—-4k2+k*%)

NE
n

ifA € (A]JAZ) ’

if A € [A;, +0)

if A € (0,4,]

ifA € (A]JAZ) ’
if A € [A4,, +0)
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(af
2

QED = { (6-6k’+k*)ar—k(2-K?)an :
! 4(3—4k2+k*) if A € (4;,42)

0 ifA € [A,, +)

if A € (0,4,]

a,Z
Tf if A € (0,4,]

ED — [ (36-56k2+24k*~3k®)a?—2k(2—k2) anas+(2-k2) a}

ch == . y
o) (k)2 if A e (A1,4,)
\NE if A € [A,, +o0)
JO ifA € (0,4,] 0 ifA € (0,4,]
D _ ) (2=k?)(an—kay)® ED _ J_(Z‘kz)(“n—k“f)z : :
To~ = 8(3—4k?+k*) ifA € (A,4,) » TR = 8(3—k2)2(1—k2) ifA€ (A, 47) ;
yE if A € [A,, +o0) nNE if A € [A,, +0)
az
(Z ifA € (0,4,]

UED = 4(36—56k2+24k4—3k6)a]2c—2k(2—k2)2anaf+(2—k2)2a,21 _ ,
2GR if A € (41,4,)

lUNE if A € [A, +0)

Scenario EC: Note thatpE¢ = wE¢ + mEC + nEC. Thus, we derive the equilibrium sales

prices, demand quantities, profits, and consumnikty s

N/A if A € (0,45]
5an kag .
pEC = T - 2(4—K2) ifA € (A3, A4) ¥
0 if A € (0,As] £ if A € (0,45]
ec _ ) (4=k?)an—3kas . EC _ ! 8-5k?)as—k(4—k?)a, . :
n = 1 24(1-k2) ifA € (A37A4) ) Qf - ( 8(26_(1;1(2_('_](4) )(X ifA € (A3,A4) !
\QNE if A € [Ay, +) lo if A € [Ay, +0)
2
ay if A € (0,A5]

8

k¢ = 9(64—72k2+17k4)a]2r—6k(64—44k2+7k4)anaf+(4—k2)z(8+k2)a121 ifA € (AgAy)
288(4—k2)2(1-k2) 3,474

\tNE if A € [A,, +0)
0 if A € (0,4;]

2
((4—k2)an—3kaf) .
48(4—5k2+k%) if A € (43,44) -

| VE if A € [Ay, +0)

EC

o .
- if A € (0,45]

mEC = { 9(64-64k?+9k*)a?-6k(32-ak +k*)anas+(4-k?)’ (16-7k%)a} FAE (Aa A)
1152(4—k?)2(1-k?) ifA € (A3, A44)

rNE if A € [A,, +)
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o2 _
(2 ifA € (0, As]

UEC = {9(64—64k2+9k4)a}2c—6k(32—4k2+k4)anaf+(4—k2)z(16—7k2)a,21 ) )
576(4—k2)2(1—k2) if A € (43, 44)

lUNE if A € [Ay, +0)

Scenario EE: Note thatpZf = wEE + mEE + 1-EE. Thus, we derive the equilibrium sales
prices, demand quantities, profits, and consumnikty s

N/A if A € (0,A45s]
(40-46k%+13k*)a,—k(8—5k?)ay

EE _ _ .
Pn” = 8(6—7k2+2k*) if A € (45, 4¢) ;
P’ if A € [Ag, +00)
0 if A € (0,4s]
gg _ ) (4=3k%)((2-K?)an—kay) .
n =) 16(3—5k2+2k%) ifA € (4s,46) ,
\Qr¢ if A € [Ag, +0)
6 if 4 € (0,As]

2 4 2 4
QEE = (24-36k2+13k*)a;—k(8-10k*+3k*)ay, . :
! 16(6-13k2+9k*—2k5) ifA € (45, 46)

0 if A € [Ag, +00)

2
(%1
8
mEE = { (288-656k%+488k*~119k®)a?~2k(4-3k2)" (2-k?)ana,+(8-10k>+3k*) a} A e (A A
128(3-2k2)2(2—-3k2+k*) ! (45, 46)

mNE if A € [Ag, +)
(0 ifA € (0,Ag]

pr _ | (4-3k2)((2-K?)an—kay)

if A € (0,Ac]

o 32(2—-k?%)(3—-5k2+2k*) ifAe (AS'AG) )
5" if A € [Ag, +0)
(0 if A € (0, 4s]
2
2 2
T[EE = (4_3k )((2_k )an—kaf) . ’
" 64(1-k?)(3-2k?)? if A € (A5, Aq)
mg" if A € [Ag, +00)
(o -
1_£ if A € (0, As]

wEE = { ((24-36K?+13k*)a;—k(8-10k2~3k*)ay) if A € (45, Ag) ’
256(1-k2)2(6—7k2+2k*)2 A€ (45, 4c)

0 if A € [Ag, +0)

(af
32
UEE = { (576-1472k?+1344k*~516k°+69k®)a;—2k(4—3k?)(2—k?)(8—-16k?+7k ana,+(2—k?)?(4-3k?)*ad ifA € (Ac,A) °
512(1-k2)(6-7k?+2k*)? ! 546

lUNE if A € [Ag, +)

if A € (0,As]

45



Appendix C. Equilibrium outcomes of the supply chain with the integrated

downstream firms

Note: In the following descriptions, we use the notasio to denote the equilibrium outcomes
of the case of the integrated downstream firms.edweer, the subscript0 denote the integrated

OEM.

Scenario NE: Denotew, and m, as the CM's wholesale price and the integrated ©EM

markup of the NB product, respectively. Thus, weehtihe equilibrium solutionsiYt = % and

N , e 3a, A .

ANE = % We further derive all other equilibrium outcomedy® = %, gNE = %, RNE = %
~NE _ % {INE _ %

7TIO - 8 [l U 32|

Scenario ED: The equilibrium outcomes are summarized as follows

N/A  ifA € (0,k] N/A  ifA € (0,k]
| o ke 2 | 2
@nkay 27k antkay 2-k?
mgp — 4 2 ifA € <k, 7 ) , erl;]_) — 4 " ifA € (k, A ) ,
I ~NE . 2—k2 | ~NE . Z—kz
| n ifA e [—k , +0) N\ ifA € [—k , +00)

N/A  ifA€(0k]

_ _ 1,2
ED _ ) —30571 kaf ifA € <k,2 k ) ~ED

_ 2
“Z ifae (o,ﬂ)
Pn k » Py =

k

2—k? ’
—K? N/A ifA e [—
pNE ifA € [%,+oo) JA i —,+00)

0 ifA € (0,k] [“" if A € (0,k]

2
_ _ 1,2
R _ an—kay ifAe (k,%) @?D _ (Z—kz)af_kan A € <k12_k2)

4(1-k) k

ONE ifae =K 4 2K
\ ¢ 1 € k ’ OO) 0 ifA € [T,+OO)
] 2
0 if A € (0, k] (% if A € (0, k]
(an—kaf)z . < 2—k2) —3k2) g2 2 2
~ ~2 7 ifA e k’_ R (4-3k )af 2kafaptag 2—k
RED =< 8(1_k2) k , RED = 4 16(1—k2) ifA e <k, T) ,
~NE . 2—k? | 2
10 ifA e [T +) & ifA € [—2 o)
2
(<1 ifA € (0,k]
N (4-3kP)aj-2kafan+ad ( 2—k2)
ED _ -
UEP =X 32(1_k2) ifA €[k, -
2
ONE ifA € [%,+oo)
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Scenario EC: The equilibrium outcomes are summarized as follows

N/A ifA € (0,k] N/A ifA € (0,k]
mec =2 ifae(ky) gre=]® ifae (k)
MNE ifAEE,+oo) WNE ifAE[%,+oo)
N/A ifA € (0,k] =L if A € (0,k]
. 3 1 . 20p—ka, . 1
o= {2 ine(d) | ape oo ac(d)
~ . 1
pnt ifAE [;.+°°) N/A  ifAe€ E,+oo)
AEC % ifA € (0’%)
p = 1
T INA ifae 5 +o0)
0 if A € (0,k] - if A € (0,k]
R an—kay . 1 ~ ap—ka, . 1
05 = a2y TAE CH QF° =qaw) A€ (k3)
P . 1
(ONF A e [;,+oo) Lo if A € [+, +00)
2 2
(2 if A € (0,k] o
REC — | af}—zkoefaf,ﬁ(z—kz)oe,Zl i 4 K 1 FEC 2a%—4kafan+(1+k2)a,21
o= 16(1—k2) rae ( ’E) 4 16(1—k2)
#NE ifA € [, +00) \ryE
o -
= ifA € (0,k]
SEC ozf«—zkocfoznﬂz,z1 . 1
U= =3 32(1—k2) ifA e (k‘ k)
Ve ifA€e [% +00)

Scenario EE: The equilibrium outcomes are summarized as follows

MEE =
WEE = ¢

(N/A ifA € (o,ﬁ]

myE ifA € [kg—ilzz),+oo)
N/A ifA € (o,#]
Hont28) itae (32
L\717712”3 ifA € [I:E;—EII?)'-}_OO)

47

if A € (0, k]
ifA € (k%) :

ifAe [%,+oo)



(N/ 1fAE(0,2_k2]

r )2 (3a, — XL L
pEE = [4 (Ban 2—k2) if4 e (m'k(z‘kz))

NE _ 4-3k*
pN ifA € [m,-i-oo)
3af . k
|{a if A€ <0 4-3K* ) (= itA e (O’W]
< i
_ 2 "k(2-K? 1(Q2-7k2ar - _k 43k
FE =4 (2 ) . PfE = 8( 2-k2 _ka") itA e (Z—kz'k(z—k2)>
o ifae |25 +oo)
k(2-K*)’ )
k
0 ifA€ (0,

R . kK 4-3K?
QFEE = ¢ s(1-K%) ifA € (m’k(Z—kz))

e[
ar . k
(i—3k2)af—k(2—k2)an e (0’:_71_3,(2
o = i e ()
0 ifA € [k‘g—fl’?) +00)
0 2 ifA € (o,ﬁ]
ANE ifA € [k‘zz‘—fl’i) +00)
o . Kk
o if A € (0, ﬁ]
REF = | (8_7k2)a%_zzé:§z)zif;’3+(Z_kz)za’z‘ if4 e (#,:E;—f,’j%)
i ifAe [klzz_—f:z),+oo)
‘f—i if A € (0, #]
i -l e (5 )
ANE ifA € [kg—ili),+oo)
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2
%
32
2
(16—20k2+5k4)a%—2k3(2—k2)afan+(2—k2) (4-3k%)aZ

128(2—k2)2(1—k2)

ﬁNE
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