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Abstract: Motivated by Google’s technology specifications on Android devices, we consider firms’
decisions on production timing in a co-opetitive supply chain comprising a manufacturer and an original
equipment manufacturer (OEM), where the manufacturer acts as the OEM’s upstream contract
manufacturer and downstream competitor. We consider the market acceptance uncertainty of key product
designs. If a firm decides to implement ex post production strategy (PS), it can delay the production until
the market acceptance uncertainty of its product is resolved. Otherwise, ex-ante production strategy (AS)
is implemented. We find that, due to the co-opetition, PS does not always benefit either the manufacturer
or the OEM, because the value of delayed production is diminished as the competitor may commit a
production quantity earlier under AS. Further, firms’ decisions on production timing are dependent on the
degree of market acceptance uncertainty of their products and competition intensity. We find that both
firms choose PS when uncertainty is high, while only one of them chooses PS when uncertainty is
moderate or low. Interestingly, when the competition is intense, the manufacturer tends to choose PS,
which can benefit from both the resolved market acceptance uncertainty and OEM’s early commitment of
production quantity.

Keywords: Co-opetition, Market acceptance, Production timing, Technology specifications
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1 Introduction

In recent years, many cell phone companies have outsourced their production to other manufacturers that
also sell self-branded phones. For example, Google outsourced the production of its phone, Pixel, to HTC
(Wired 2016). Meanwhile, HTC produced its self-branded phone and competed with Google in the
consumer market. In this case, the manufacturer becomes both Google’s upstream partner and
downstream competitor. This “co-opetition” relationship (Brandenburger and Nalebuff 1996) has been
observed among Google and Google’s other upstream manufacturers.

The competition and cooperation among original equipment manufacturers (OEMs)! and their
competitive manufacturers have received attention in the operations management field. Previous studies
have examined the supply chain parties’ strategic decisions and their incentives (e.g., selling or not selling
self-branded products) in different industries. For example, Lim and Tan (2010) and Wang et al. (2013)
study electronics products. Chen et al. (2012) focus on the computer industry. Hsu et al. (2017) is
motivated by the examples in retailing and logistics industries. In this study, we focus on the cell phone
industry, particularly those phones with the Android operating system.

Since Android is open source, if firms customize their Android phones arbitrarily, it may expose Android
to the risk of fragmented user experience. Therefore, Google tries to control hardware and software
specifications to avoid such a risk by providing Android’s Compatibility Definition Document

(CDD).2 For example, the CDD requires the aspect ratio of a phone screen to be between 4:3 and 16:9.
With these specifications, Google is able to ensure the “reliability and consistency” of the user experience
on Android phones (Wired 2016). Furthermore, this CDD plays a significant role in the supply chain
structure and manufacturers’ operational decisions.

Although Google provides the CDD, it is up to cell phone firms to decide whether they will follow the
CDD. If a manufacturer decides not to follow the CDD, the firm may suffer from significant uncertainty
in market acceptance because Android’s CDD is designed according to mainstream preference and is well
known among enthusiastic Android fans. For example, in 2014 Amazon launched its Fire Phone running
on a heavily customized Android operating system. This system is against many CDD specifications (e.g.,
it introduced a 3D display that is not part of the CDD). Two months after its release, Amazon was
reported to have $83 million worth of unsold Fire Phones in its inventory (Time 2014). Having said that,
not following the CDD is not necessarily a bad thing, because possible innovations could bring significant
profits. For example, in 2016 Xiaomi launched Mix, an Android-based phone with a bezel-less and fillet-
cutting design as well as a screen aspect ratio of 17:9, which are all against the CDD specifications. This
phone made “full screen” a hot trend in 2017 (Wired 2017). Therefore, it is a manufacturer’s strategic
decision on whether or not to follow the CDD, especially in a co-opetitive setting. In the example of
HTC, Pixel was made exactly according to Google’s specifications (Wired 2016), whereas HTC saw non-
compliance in designing its self-branded phone, e.g., HTC Ul1+ with a full screen (Gsmarena 2017).

Further, manufacturers’ decisions on whether to follow the CDD can also affect their production timing,
which is closely related to market acceptance uncertainty. Companies can make their production quantity
decisions either before or after they learn the market acceptance of a certain product design. Some
companies choose to postpone the production decisions until they are fully aware of the uncertainty of
market acceptance, which is referred to in this study as ex post production strategy (PS). For example,
HTC released its “full screen” phone U11+ in late 2017 after “full screen” became a trend

(Gsmarena 2017). Similar strategies were observed in Huawei’s launch of its first “full screen” phone,

L OEMs in this study are referred to as firms that specialize in their core competencies such as product design,
development,and marketing, but outsource production to contract manufacturers. This definition is widely adopted
in literature. See Plambeck and Taylor (2005), Ulku et al. (2007), Chen et al. (2012), Kayis et al. (2013), Wang et
al. (2013), Hu and Qi (2018) for more references. In our study, e.g., Google is an OEM that relies on HTC for contract
manufacturing.

2 See https://source.android.com/compatibility/cdd



Maimang 6 (China Daily 2017), and in its development of the related technology in 2018

(LetsGoDigital 2018). By contrast, some companies, such as LG and Xiaomi, choose to produce early and
face the market acceptance uncertainty (BBC 2017, Wired 2017), which is referred to in this study as ex-
ante production strategy (AS). Table 1 displays the main features from the motivating examples.

Table 1. Main Features from Practice

Features Corresponding motivating cases

Co-opetition Google relies on upstream competitors (that sell self-branded phones) for
relationship manufacturing, e.g., HTC (Pixel), Huawei (Nexus 6P), LG (Nexus 5X)

Technology Specifications in Android’s CDD: developed by Google to control phone design and
specifications ensure user experience

Market acceptance Uncertainty in consumers’ acceptance of Android-based phone design

uncertainty

Specifications (non- Amazon Fire Phone and Xiaomi Mix: justify the upside- and downside-effects of
)compliance significant uncertainty due to non-compliance; HTC Ul1+: shows non-compliance
practice in Google’s supply chain

Production timing HTC Ul11+ (PS), Huawei Maimang 6 (PS), Xiaomi Mix (AS), LG (AS)

With a co-opetitive supply chain comprising an OEM and a manufacturer, we investigate: (i) how the
difference in market acceptance uncertainty affects co-opetition between the OEM and manufacturer as
well as their production timing decisions; and (ii) the manufacturer’s incentive to follow the OEM’s
specifications in the co-opetitive setting and the resulting effect.

We find that, both market acceptance uncertainty and competition intensity play critical roles in firms’
strategic choices between AS and PS. In the presence of competition, adopting PS does not always benefit
a firm. This is because the firm that makes production decision first enjoys the first-mover advantage
(referred to as “commitment value” in the literature (Cvsa and Gilbert 2002, Roller and Tombak 1993,
Spencer and Brander 1992, Wang et al. 2014a)). Intuitively, when a firm faces low market acceptance
uncertainty, the commitment value may offset the value of information from PS (referred to as
“information value”). However, with the co-opetition between the OEM and manufacturer, we further
find the following:

1. When both firms face low uncertainty, one firm chooses AS and the other chooses PS in equilibrium
(i.e., a sequential equilibrium). The underlying reason is that both firms’ early commitment values
disappear if they choose AS simultaneously (i.e., a simultaneous equilibrium), and their differences in
market acceptance uncertainty and source of profits result in a sequential equilibrium. In contrast,
both firms choose PS when they face high uncertainty. This implies that market acceptance
uncertainty determines the nature of competition and cooperation between the OEM and the



manufacturer. In a simultaneous equilibrium, the manufacturer and the OEM choose the same
strategy, and thus competition is intensified. Alternately, in a sequential equilibrium in which one
firm chooses AS to seize early commitment value and the other firm chooses PS to obtain information
value, the competition between two firms is softened. Overall, low uncertainty results in less
competition in a sequential equilibrium.

2. When uncertainty of the two firms is moderate, their preference over AS/PS is determined by
competition intensity. Intuitively, the OEM is more likely to choose AS due to its lower uncertainty
(i.e., lower information value under PS). Consistent with this intuition, we find that the OEM chooses
AS when competition is sufficiently intense. Interestingly, although firms’ information values from
PS is significantly reduced by intense competition, the manufacturer still chooses PS in this case. This
is because, in the co-opetitive relationship, the manufacturer benefits from the spillover value of the
OEM’s early commitment. When competition is not very intense, however, the opposite holds true
(i.e., the OEM chooses PS and the manufacturer chooses AS). This occurs also due to the co-opetitive
relationship. The OEM’s commitment value, from AS in this case, is significantly reduced by a high
wholesale price paid to the manufacturer for contract manufacturing. Conversely, for the
manufacturer, adopting AS leads to significant commitment value because high profit is achieved
through both contract manufacturing and selling self-branded products.

With regard to the manufacturer’s incentives to follow the OEM’s CDD, we obtain the following
findings. First, the manufacturer has no incentives to follow the OEM’s CDD when they both have high
market acceptance uncertainty and the competition is not very intense. The manufacturer’s market
acceptance uncertainty is decreased by following the CDD, and this can result in a sequential equilibrium
in which the manufacturer chooses AS and the OEM chooses PS. However, when the market acceptance
uncertainty is high, the early commitment value from AS cannot offset the loss of information value from
PS for the manufacturer. Second, the manufacturer may have incentives to follow the OEM’s CDD when
the OEM’s uncertainty is moderate, the manufacturer’s uncertainty is high, and the competition is
sufficiently intense. In this case, by following the CDD, the OEM chooses AS, and the manufacturer may
benefit from high information value in a sequential equilibrium as well as the spillover value from the
OEM’s early commitment.

The remainder of this study is organized as follows. We briefly review the related literature in section 2.
In section 3, we describe the model setup. In section 4, we analyze firms’ strategic choices between AS
and PS for the case in which the manufacturer does not follow the CDD, and in section 5, we analyze the
case in which the manufacturer follows the CDD. The manufacturer’s decision on the CDD is
investigated in section 6. Sections 7 and 8provide extensions and conclusions.

2 Literature Review

Our work is related to the research that studies the value of waiting under demand uncertainty. Cachon
(2004) investigates how order/production timing influences the allocation of inventory risk and hence
supply chain efficiency. In his model, an early (a late) order is allowed before (after) demand is observed
under a push (pull) contract, and inventory risk is born by the retailer (supplier). He also designs an
advance-purchase discount contract that better allocates the value of waiting under demand uncertainty,
wherein the inventory risk is shared by the retailer and supplier. Similarly, Dong and Zhu (2007) study
the impact of pull, push and advance-purchase discount contracts on supply chain performance and
identity Pareto improvement opportunities for the supply chain parties. Swinney et al. (2011) formulate
the competition between an established firm and a start-up by assuming the former is concerned with
profit gains while the latter is concerned with the probability of survival. If firms produce late until
demand uncertainty is resolved, they can benefit from the value of information. They identify equilibrium
where the start-up produces early while the established firm produces late. Chen and Xiao (2012)
investigate the value of forecasting accuracy improvement in a three-tier supply chain, and they find that



the reseller’s improved accuracy is beneficial to both the manufacturer and the reseller under a wholesale
price contract. Wang et al. (2014a) study two identical quantity competitors and their efficient-responsive
choices. An efficient firm produces early while a responsive firm produces late. Wang et al. (2014b)
analyze firms’ decisions on timing of order (before or after demand is realized) in a three-tier supply
chain comprising an OEM, a contract manufacturer, and a supplier, by using two procurement
outsourcing structures: control and delegation. Choi (2018) considers a fashion supply chain comprising
an upstream make-to-order manufacturer and a downstream risk-averse retailer. By comparing the slow-
response (early production) case with the quick-response (late but responsive production) case, he
investigates the impact of risk aversion on the quick-response system and finds that the retailer benefits
from later production due to a better demand forecast. Choi et al. (2018) and Choi (2017) further explore
the value of quick-response by considering a stochastically risk sensitive retailer (i.e., the retailer’s risk
preference may vary from time to time) and a boundedly rational retailer, respectively. The forgoing
works are mainly based on newsvendor-typed models, which emphasize production quantity decisions
under demand uncertainty, but lack the supply chain parties’ cross interactions when they make decisions.
The only exception is Wang et al. (2014a), where symmetric competition models and the value of
production timing are investigated. Our work is therefore mostly close to Wang et al. (2014a), but we
consider a co-opetition structure between the OEM and the manufacturer as well as their differences in
market acceptance. We find that the firms> AS/PS choices are fundamentally determined by their co-
opetitive relationships and market acceptance uncertainty.

Our work is also related to the literature on product design innovation. This stream of literature is
comprehensively reviewed in Krishnan and Ulrich (2001). Most of the papers in this stream focus on
cost-reduction effect of production process innovation within a single firm. There has been recent growth
in the literature considering the vertical interactions among supply chain parties. For example, by
focusing on new product development, Bhattacharya et al. (1998) study firms’ product definition timing
decisions (i.e., early definition to take advantage of low costs, or delayed definition to ensure a better fit
to consumer preferences) in highly dynamic environments. Gilbert and Cvsa (2003) study product
innovation interactions between a supplier and a buyer in a supply chain, where the supplier can
strategically pre-commit pricing decisions to stimulate downstream innovation, or postpone decisions
until demand uncertainty is resolved. Uk et al. (2005) investigate firms’ optimal timing decisions on
technological innovation adoption, which is dependent upon competition intensity, cost structure, and
forecast improvement. Wang and Shin (2015) consider a downstream manufacturer and an upstream
supplier that invests in innovation, which improves the product quality, thus, increasing the consumers’
assessment of the product value. They study the impact of contract types and upstream competition on the
supplier’s investment in innovation. Wang et al. (2018) explore an upstream technology supplier’s
licensing decision in two different supply chain structures: (i) the supplier separately licenses its
technology to a design firm and a manufacturer firm in a network supply chain, and (ii) the supplier
licenses to a firm with both design and manufacturing capacities in a traditional integrated supply chain.
Different from these papers’ cost considerations, our work focuses on the effect of product innovations on
the degree of market acceptance in a co-opetitive setting, and study how it influences firms’ production
timing decisions.

There is a growing amount of literature on co-opetitive supply chains. Spiegel (1993) shows that
outsourcing production to a potential rival can reduce its incentives to develop self-branded business.
Arya et al. (2007) study a single-OEM, single-supplier Cournot competition model, demonstrating that
supplier encroachment can achieve better performance of both itself and the OEM by reducing wholesale
price and increasing downstream competition. Lim and Tan (2010) investigate the interactions between an
OEM and its upstream contract manufacturer (CM), finding that the OEM’s high degree of brand equity
can prevent the CM from entering the market. Chen et al. (2012) examine the OEM’s sourcing decisions
in the presence of a competing CM. Wang et al. (2013) consider a co-opetitive supply chain comprising
an OEM along with a competitive CM acting as the OEM’s upstream partner and downstream competitor,
and they examine the impact of quantity competition on their preference over leadership and
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followership. Niu et al. (2015) conduct a similar study under price competition. Compared with the
forgoing works, differences of our work exist on both practical and theoretical sides. We note that
previous works study problems such as supplier encroachment, entry deterrence methods, and cooperation
incentives issues. Our study is motivated by specific observations from the practice in Android phone
industries. We characterize the manufacturers’ strategies regarding the specifications compliance. This
links the study of market acceptance uncertainty and production timing in a natural way. We also note
that, previous works on co-opetition focus on the profit comparison with and without co-opetition.
Differently, we study the players’ incentives toward demand uncertainty, production timing, and
operational decisions under an existing co-opetition framework.

3 Model Settings
3.1 The Structures of the Supply Chain and Market

Consider a co-opetitive supply chain comprising an OEM (denoted as 0, e.g., Google in our motivating
example) and a manufacturer (denoted as m), who acts as both the OEM’s upstream partner and
downstream competitor. The OEM outsources its production to the manufacturer who also sells self-
branded products. The OEM’s products and the manufacturer’s products are partially substitutable as we
explain below. Let w denote the wholesale price (for per unit of product) that the manufacturer charges
the OEM.

The OEM and the manufacturer engage in quantity competition with market acceptance uncertainty. The
inverse demand function for firm i is given by

p=a+e—qgi—bg;, i,j=0,m i#], 1)

where Fi is firm i’s market clearance price, a and £: are the deterministic and random parts of the market
potential, respectively, 4i and 4/ are the quantities supplied by the two firms, and b € (0, 1) denotes the
substitutability between the two firms’ products. This form of inverse demand function is a standard
assumption in the economics and marketing literature (Christen et al. 2009, Singh and Vives 1984,
Vives 2000, to name a few).2 The parameter b measures the intensity of market competition: The market
becomes more competitive as b increases. We assume that the random variabJe £i, which represents the

market acceptance uncertainty faced by firm i, has zero mean and variance @i . We further impose the
following two assumptions on &,

Assumption 1.£s and £ are statistically independent of each other, and
3 i
Assumption 2. 7o = T,

Assumption 1 states that the OEM and the manufacturer conduct product design independently and

have exclusive access to a market acceptance signal (relaxing this assumption will not change our main
intuitions; see section 7.3 for the analysis). Assumption 1 captures the difference in market acceptance
uncertainty faced by the OEM and the manufacturer. As explained in the Introduction, the OEM’s CDD is
based on mainstream preference. Hence, the products designed according to the CDD have low market
acceptance uncertainty. This assumption is consistent with industrial practice. For example, International
Data Corporation (IDC) reports that, the top two Android-based phone manufacturers in China, Xiaomi

3 We assume a linear demand function here, which could be partially justified by empirical studies (Galetovic et al. ,
Green and Newbery ). For example, Green and Newbery () believe linear demand competition widely exists and
works well in parameter estimations. Galetovic et al. () assume a linear demand function and use data from the
smartphone industry. We admit the limitations of linear demand functions and discuss alternative models as future
research directions in section 8.



and Huawei, face significant variations in market share performance (IDC 2017a,b). In contrast, Google’s
sales growth in Pixel family was steady (VentureBeat 2018).

3.2 Three-Stage Game

We consider that market acceptance uncertainty can be resolved after a certain time spot. Specifically,
firms can make quantity decisions either at time O (i.e., adopting AS), or at time 1 (i.e., adopting PS). At
time 0, the market condition noise £: is unknown, whereas at time 1, the realization of £ can be observed.
The sequence of events is as follows:

1. The OEM and the manufacturer observe their valuation of market acceptance uncertainty. The
manufacturer decides whether or not to follow the CDD.

2. The OEM and the manufacturer simultaneously choose whether to implement AS (denoted as A)
or PS (denoted as P); that is, they choose to make quantity decisions at time 0 or time 1.

The manufacturer sets the wholesale price w.

4. According to their choices on production timing, the OEM and the manufacturer set their quantity
levels.

We formulate this problem as a three-stage game. Figure 1 shows the sequence of events.
Stapge 1 i Stage 2 i Stapme 3

Market scceptance signals are
observed. The manufacturer i
decides whether or not w | H
h

1 ]

follow the OEMs CDD biis isiictisr deckisgi

i
1 |
! = = }
1 1
i T i T
1 i
| |
i The OEM and the manufacturer i The OEM and the manufacturer
i simultancously make their choices | decide g, and g respectively
]
|

E between AS and s

Figure 1 Sequence of Events

If the manufacturer does not follow the CDD, it designs the product and faces high uncertainty. The
expected profit functions of the OEM and the manufacturer are, respectively,

[, =Elia+ s — go — bgm) g — 11'q‘,]~(2)
[, =E[(a+ em— Gm — bgo)gm + 11'q‘,].(3)

Here, we normalize the production cost to zero. Using a non-zero production cost will only generate
results that differ by a constant (see section 7.4 for details). If the manufacturer follows the CDD, it shares
the same uncertainty with the OEM. The expected profit of the manufacturer is

nm = E[{a + &y — dm — b@rﬂqu + “'gﬁ]‘(4)

We solve this game backwards. We first solve the third-stage subgame (wholesale price and quantity
decisions) for any given production timing choices in stage 2 and decision on the CDD of the
manufacturer in stage 1. We then solve the timing decisions, and finally we solve the manufacturer’s
decision on the CDD. To do so, in section 4, we solve the problems in stages 2 and 3 for the case in which
the manufacturer does not follow the CDD, and in section 5, we analyze the case in which the

7


https://wol-prod-cdn.literatumonline.com/cms/attachment/fac6df48-6eab-44ae-bb73-0f42171838df/poms13031-fig-0001-m.jpg

manufacturer follows the CDD. In section 6, we compare the manufacturer’s profits in these two cases
and obtain the manufacturer’s optimal decision on the CDD in equilibrium.

Since the OEM and the manufacturer engage in a simultaneous game if both of them implement AS or
PS, and they engage in a sequential game otherwise, there are potentially four Cournot competition
subgames in stage 3: a simultaneous game with uncertainty, a simultaneous game without uncertainty, a
sequential game with the OEM as the Stackelberg leader, and a sequential game with the manufacturer as
the Stackelberg leader. It is worth noting that, in a sequential game where one player enters early and the
other waits, the early mover’s quantity is public information. For notational convenience, we

let® = (%,. %,)denote the joint actions between the OEM and the manufacturer,

where a € {(A, A), (P, P), (A, P), (P, A)}. The notation in this study takes a general form of Xi‘r'ﬂ,
where Xis the quantity of interest that can be profit(IT), quantity(q) or wholesale price(w). The
superscript {2 represents the joint actions (a) between the two players under the status of technology
specifications (non-)compliance (I € (N, F)), where N(F) indicates that the manufacturer does not (does,
respectively) follow the CDD when it designs the product. The subscript i can be o(m) for the OEM
(manufacturer).

4 Not Following the CDD (N)

In this section, we analyze our model in the case where the manufacturer does not follow the OEM’s
CDD. By backward induction, we first focus on Stage 3 and derive firms’ operational decisions on the
wholesale price and production quantities in the four possible subgames: (A, A), (P, P), (A, P), (P, A). We
then investigate firms’ strategic decisions on production timing in stage 2.

4.1 Stage 3: Firms’ Decisions on W o Gm

The equilibrium outcomes of the four subgames are summarized in Table 2. Lemma 1 shows the
comparisons of equilibrium decisions among these four scenarios.

Lemma 1. (Comparison of w and q)
1w NAPE N Adw WV PPE N PAx.

N _Adw _ N _PPx N _Pdx _ _N_APx
2. q:! - - q:! - = q.::l - = q.::l - ,
N Pix _ N APx _ N _Adx _ N _PPx
3. q - = fﬂI-m_ - '51" B — q."?‘i‘_ .

By setting a proper wholesale price, the manufacturer is able to (i) increase its business opportunity
(through Wdo); and (ii) suppress the OEM’s market share. However, Lemma 1shows that the
manufacturer’s incentives on wholesale pricing are totally different in the scenarios of (P, A) and (A, P).
In the case of (P, A) where the manufacturer is a leader, the manufacturer aggressively sets a high
wholesale price (" F4% s 1arge), while it shows less aggression in occupying a large market share (

N_Pdx . . . . . .
Gw s small , 1o make it a balance between its manufacturing business and its erosion of the OEM’s
N_ P, . -
market share (9o ~ "is moderate). In contrast, in the case of (A, P) where the OEM is a leader, one may

conjecture that the manufacturer would set a high wholesale price to weaken the OEM’s leadership.

However, the manufacturer marks down the wholesale price (w"~*"* is small) to encourage the OEM

N_APx | .. .
order more (4o~ is large). The manufacturer may benefit from such a low-pricing strategy, since the
OEM’s extra gains from its early commitment will spill over to the manufacturer through "o,



Table 2. The Equilibrium Outcomes of Four Scenarios

Scenario
(A A)

Scenario (P, P)

Scenario (A, P)

Scenario (P, A)

WV (B—db+bYa

(B— 45"+ Fa

(B — 65 + 5

208 — 36T 208 — 36T 2(8 — 367
q_-'v'_xnlc 201 — Ba 20l — bBa 201 — Ba
a 8 — 357 8 — 3p7 8 — 557
N _on (2= B)(4+ bla (2— b4+ bla (8 — 26— 3b")a
m 2(8— 37 2(% — 37 2(8— 55
N =% 1 _ g2, 2 f1 _ g2, 2 ey p2e el gl plsy 2
G e o
[l [ (4—5) 7 (B—5b-)°
N =% oy _ 2 i _ 2 3 _ g2y . _ g2y, 2
1" - (2—56— hla (2— 86— ha 22—671 2 (12—Rbh—hTa 1 2
m 48 — 367 48 — 367 (4—p2)2 Tm 48 — 3557 + 4T

Lemma 2. (Impact of b on w, g, and IT)

1. w"-**is first decreasing and then increasing in b;

Nk ..
2. Ha - is decreasing in b;

3w s first decreasing and then increasing in b;

l—[."'-'-_:r::-l-: l—[."'-'-_:r:* A A
4. "o and*'m  are both decreasing in b; where o € {AA, PP, AP, PA}.

Lemma 2 shows that the manufacturer’s wholesale price is determined by competition intensity. More
precisely, the manufacturer sets a high wholesale price when competition intensity is either high or low,
whereas it sets a low wholesale price otherwise. We first highlight several essences: (i) as analyzed in
Lemma 1, the manufacturer’s pricing power might suppress the OEM’s market share; and (ii) the
interaction between the OEM and the manufacturer is closely related to the product substitutability (i.e.,
positively correlated). Keeping these in mind, we next elaborate the manufacturer’s wholesale price
decisions (see Figure 2 for illustrations).

g



low moderate high

Figure 2 Effect of Wholesale Price on Firms’ Quantities

When competition intensity is low, there is little interaction between the two firms’ actions because of
low product substitutability. The OEM can still determine a high order size in spite of a high wholesale
price. In spite of the OEM’s large quantity, the manufacturer can still choose a high quantity because it
can still occupy a large market share due to the low competition intensity. This motivates the
manufacturer to charge a high wholesale price to generate profits in both self-branded business and
manufacturing business.

In contrast, when competition is fierce, the interaction between the OEM and the manufacturer is strong,
which enhances the manufacturer’s pricing power. The manufacturer thus charges a higher wholesale
price to suppress the OEM’s market share. A high wholesale price and a high market share compensate
for the reduced order size in the manufacturing business. In particular, however, when the manufacturer’s
self-branded products are improved to be perfectly substitutable to the OEM’s (i.e., b = 1), the OEM will
withdraw the wholesale order and stop manufacturing business. This implies that, it is necessary for the
manufacturer to take the OEM’s threat into account when developing self-branded business.

When competition intensity is moderate, the manufacturer determines a low wholesale price. Because the
OEM’s order decreases rapidly as competition intensity increases, a low wholesale price is used to
incentivize the OEM to purchase more.

4.2 Stage 2: Firms’ Decisions on AS and PS

As Table 2 shows, profits are different in the four scenarios, but the profits have a similar structure in

2
oy, = 0,

which they are comprised of two parts. The first part is Lndependent of M (referred to as

i = o,

riskless profits), while the second part is a function of 7 * M (referred to as risk profits). We

define the commitment value and the information value as follows.
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Definition 1. Player i’s early commitment value (C Vi) is defined as the difference between the riskless
profits of adopting AS and those of adopting PS if player j adopts PS; that

N 2a B —F:lj:[Ifj—'-jIh:] N a b1 — Bt
iS,CI" C (64— 64E 1 1SE) ,andlfji"“r T M2 b8 - 367,

Definition 2. Player i’s information value ({¥7) is defined as the difference between gvhe risI|< profits of
adopting PS and those of adopting AS if player j adopts either AS or PS; that i, Vi = 307 if

| (AR
player j adopts AS, and ¢ -2 player j adopts PS.

If a firm chooses AS to take advantage of early commitment, it faces operational risk, that is, over- or
under-production due to choosing production quantity before market acceptance is realized. Alternately, if
it chooses PS, it can postpone the quantity decision until market acceptance uncertainty is resolved to take
advantage of information. The choice depends on the trade-off between the commitment value and the
information value.

Based on Table 2, the OEM’s and manufacturer’s preferences over AS and PS can be deduced by
comparing their profits. Table 3 shows the profit matrix of the OEM and the manufacturer.

Table 3. Profit Matrix of the OEM and the Manufacturer

OEM\Manufacturer AS PS
AS [TV-A4 VA4 [[V-AP VAP

N _PAd (N P4 N_PP N_PFP
PS I'_[:J - y I'_[."?‘?_ I'_[:J - y I'_[."?‘?_

With the definitions in the profit matrix, we derive the following results.
oV = a B 1 — B — b7 (16 — 95T
Lemma 3. For the OEM, there exists a threshold (2—b7)i64 —64b° + 15507 gych that

N_Ads _ pyN_Pdx
[T, < 11, : and
N_APx N_PPx - N
[T, = 1, ifand only if 7% =

e,

Lemma 3 shows that, if the manufacturer chooses AS, it is better for the OEM to choose PS than AS,
because there is no early commitment value when they both choose AS and play a simultaneous game;
while there is information value when the OEM chooses PS.

However, if the manufacturer indeed chooses PS, the OEM’s preference over AS and PS depends on
market acceptance uncertainty. When uncertainty is low, the OEM chooses AS because the early
commitment value of AS dominates the information value of PS. In contrast, when uncertainty is high,
the OEM chooses PS instead of AS. Although AS brings commitment value, it also puts the OEM in a
position with high operational risk due to large uncertainty; that is, the information value from PS
dominates the commitment value of AS. Lemma 1 indicates that, to make better production timing
decisions, firms should evaluate the market acceptance of their products, and effects of early/delayed
commitment. We find that the equilibrium outcomes of the manufacturer are similar to those of the OEM,
which are captured in the following lemma.
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Lemma 4. For the manufacturer, there exists a threshold ™ B2 —E7)7(8 =381 such that
N Ads _ yN_4Ps
1. < L, ; and
N_Pdx _ N_PPx R
[T, = I, ifand only if @m = @,

. R N _ Ar .
Based on Lemmas 3 and 4, we derive a threshold 5* that uniquely solves ®a = @, and obtain firms’
strategic decisions on production timing in Proposition 1.

Proposition 1 There exists a unique threshold A*, where we have 7 l" = ::f when b € (0, b%)
and 7o > o, Whenf" e 1)
N

. Os < |fl] = bh < b
1. 1f% < ) and%m < %, then (A, P) and (P, A) are the two NE;
2. If 55 = f*_:f and f*" = ”‘ , then (A, P) is the unique pure NE;
3. Ifff_:f = ff:': = :and T = m,then (P, A) is the unique pure NE;
4, If ff'i = f*j and f*'gf = ff:f then (P, P) is the unique pure NE.

. 08 = Onifh* = b < 1
3 N L
If% = *‘_ and*" = Tm, then (A, P) and (P, A) are the two NE;

105 < Omand T = O, then (A, P) is the unique pure NE;

w N

N .
Ifm = f’: = ”‘ , then (A, P) is the unique pure NE;
2 N
4, If9; = rTo,then (P, P) is the unique pure NE.

a 1
Figure 3 illustrates firms’ strategic choices in equilibrium on the two-dimensional 7= — @m plane. The
solid lines partition the upper left region of Figure 3a and b) into four (three) parts that correspond to four
(three) outcomes in Proposition 1(1) (Proposition 1(11)).# It shows that the market acceptance uncertainty
determines the outcome of competition between the OEM and the manufacturer. Intuitively, AS should be
a dominant strategy for the firm with low uncertainty because the operational risk under AS is low and the
information value from PS is small. Conversely, PS should be a dominant strategy for the firm with high
uncertainty. Finally, we note that (A, A) is not an equilibrium because firms neither receive the
commitment value nor the information value.

4 Because , that is, the manufacturer’s market acceptance uncertainty is larger than the OEM’s, no equilibrium
occurs in the lower right region.
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Figure 3 Firms’ Production Timing in the Not-Following Case

2 2
When both firms face low uncertainty (with small = and @), the equilibrium is that one firm chooses AS
and the other chooses PS (The lower left region of Figure 3a and b). In this sequential game, they choose
different strategies and obtain the early commitment value and information value, respectively. The
different strategies result in less competition.

a a
When both firms have high uncertainty (with large @= and @x), a simultaneous game occurs in which both
the OEM and the manufacturer choose PS, resulting in more intense competition (the upper right region
of Figure 3a and b). This diminishes the information value. The underlying implication is that, a firm is
suggested to choose PS when market uncertainty is large. This intuition can be widely applied, in spite of
the supply chain structure (competition/co-opetition),® and in spite of the specification compliance
(following/not following).® Evidence is that in the Indian smartphone market with large variability,
Huawei launched its smartphone before Xiaomi and Vivo (Financial Times 2012, Forbes 2017).
However, according to a recent report by Counterpoint, the latter two’s strategic benefits from PS are
more significant (Counterpoint 2018).

When the manufacturer’s uncertainty is much larger than the OEM’s, the equilibrium is that the OEM
chooses AS to take advantage of the commitment value, and the manufacturer chooses PS to benefit from
the information value (the upper left region of Figure 3a and b).

When market acceptance uncertainty of both firms is moderate, we find that the preferences over AS and
PS of the OEM and the manufacturer are determined by the competition intensity (the lower right region
of Figure 3a and the middle region of Figure 3b). The OEM chooses AS while the manufacturer chooses
PS when the competition is sufficiently intense (b* = b = 1), and the OEM chooses PS while the
manufacturer chooses AS when the competition is not intense (0 < b» < A*). To explain this result, let
us first examine how the information value changes with the competition intensity.

5 Wang et al. () shows similar intuition in a setting without co-opetition.
6 As we will show in section 5, this intuition holds when the manufacturer follows the CDD.
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Figure 4 illustrates how the information value changes in the competition intensity. One can see that, the
information value decreases in b and decreases significantly when b is large; that is, the information value
is significantly reduced when competition is sufficiently intense.” Thus, the OEM chooses AS to preempt
the initiative and to obtain the early commitment value. However, the manufacturer chooses PS. Although
the information value of the manufacturer is also reduced by intense competition, larger

]
uncertainty @= makes it worthwhile to wait until uncertainty is resolved. Moreover, PS enables the
manufacturer to benefit from the spillover value from the OEM’s early commitment value. Note that the
manufacturer’s profits come from two channels: self-branded business by selling its own products and
contract manufacturing business by producing for the OEM. By choosing PS, the manufacturer can
mitigate the competition between the two firms. It also lowers the wholesale price to stimulate the OEM’s
order. Thus, the OEM will choose a larger order quantity, resulting in more profits for the manufacturer
from his contract manufacturing business. The information value and the spillover value from the OEM’s
early commitment make it attractive for the manufacturer to choose PS. This finding explains the
observations in Google’s supply chain, e.g., HTC’s late product launch in “full screen” phone design.
However, Google’s late launch might be a blunder (Forbes 2018).

. 202-8Y) , |
— wy =22
(4-b7)
L]
=3
T 0.25
=
2
g
E 0.24
=
Lh]
=
'—
0.23
0.22 -
0.0 0.2 0.4 0.6 0.3 1.0
Competition intensity b
A ]
Figure 4 The Effect of b on Information Value (7= = L, o, = 1-':’2)

Interestingly, in the case with moderate uncertainty and less intense competition (i.e., 0 < b < &%), we
find that the OEM chooses PS even though OEM’s uncertainty is moderate and its information value is
not high. The reason is that, if the OEM chooses AS, its early commitment value is reduced by a
significant cost increment paid to the manufacturer for the contract manufacturing service. The gain from
information value, although not high, still dominates the commitment value; thus, the OEM chooses PS.
In anticipation of the OEM’s choice, the manufacturer chooses AS with low production quantity and high

" This intuition can be practical. For example, Mobile World Congress (MWC) is the world’s largest exhibition,
attracting many mobile device manufacturers to release their products. According to a most recent report by Gartner,
however, these years Samsung and LG have launched new Android smartphones ahead of MWC (Gartner). Anshul
Gupta, Research Director at Gartner, attributes this phenomenon to the “unabated competition” (Gartner ),
suggesting that waiting until the market becomes clear becomes less attractive as competition heats up.
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price for its own product. We find that the positive effect of the increase in price compensates for the
decrease in quantity, resulting in a higher profit in self-branded business for the manufacturer than when
choosing PS. Further, the manufacturer determines a higher wholesale price, resulting in a higher profit in
contract manufacturing business. Higher profits in both channels incentivize the manufacturer to choose
AS. Figure 5 shows how the manufacturer’s commitment value changes in competition intensity.

0.0012
0.0010

0.0008

0.0006

a’b’(1-b)
V =
" 42-b )8 -3k

0.0004

0.0002

Manufacturer's commitment value

0.0000

0.0 0.2 0.4 0.6 0.8 1.0
Competition intensity b

Figure 5 The Effect of b on the Manufacturer’s Commitment Value (a = 1)

5 Following the CDD (F)

Consider that the manufacturer follows the OEM’s CDD to conduct product design. In this case, there is
no difference between the two firms’ market acceptance (i.e., they both have uncertainty ). We derive
firms’ equilibrium decisions on w and g in Stage 3 (see Table Al in Appendix A), as well as their
strategic choices between AS and PS in Stage 2. Firms’ commitment value and mformatlon value in this

N ~pF _ N F_ lg2 [VF =
case are as follows: CI:: Ch Chy = OV and vy = 4“ » ( (2+5)° ﬂ", respectively)
if firm j adopts AS (PS, respectively).
Similar to Lemma 1 and 1, we derive two
F o 2at B2 — b — BT (16 — 957 Fo_ & b1 — B2+ B
thresholds i6d — 647 + 15547 and " 42—bE =367 and we have: (i) for the

F_APx _ pF_PP F_Pix _ F_PPx
OEM, [T, =" = T, if and only |f=" = "'F and (ii) for the manufacturer, I, = I, if

and only if "_u = "’_pi We find that, however, if the manufacturer follows the CDD, firms’ strategic
choices between AS and PS are fundamentally different from those in the case where the manufacturer
does not follow the CDD, as shown in Figure 6. By comparing the equilibrium outcomes of these two

cases, we derive a threshold 5* (5**) that uniquely solves 7o = Tm (7o = m) based on which we
obtain the following results.
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Figure 6 Firms’ Production Timing in the Following Case

Proposition 2. (Impact of the Manufacturer Following the CDD)
1. a¥ < of,fr,':,": < al.

2. there exists a unique threshold #** satisfying 0 = A** < bh* < 1such that:

_ N N _ _F
i o <0, < o < Ghwhen0 < b < b**,

. N N . F
. F5 = Ty = "’_f = T when b** = h = b¥,
N N 3 .

Il Om = 05 = Oy = 0, whenb® = b = 1,

Proposition 2 is derived by comparing the thresholds in the cases where the manufacturer follows and
does not follow the CDD. We show that G'F (f?Fm) is always larger than 0—'“ (ff_:f), which indicates that,
following the CDD expands the region for the equilibrium in which one firm chooses AS and the other
chooses PS, and shrinks the region in which both firms choose PS. Therefore, the manufacturer’s
following the CDD increases the possibility of a sequential equilibrium while it reduces that of a
simultaneous equilibrium. This highlights that following the CDD contributes to the mitigation of supply

chain competition.

6 Incentives of Following the CDD (Stage 1)

In this section, we compare the manufacturer’s profits when following and not following the OEM’s
CDD and derive its decision in Stage 1. To do so, we first derive two lemmas that investigate the
information value and the commitment value in different scenarios.

i r 2
Recall that firm i’s information value, V7. I efN, F}, is a function of ?i (see Table 4). The

) ) o . { =z 2 {_a . ) )
information value IV, can be written as %~ @i, where i~ is the coefficient of the information value

and a = sim for simultaneous games and « = seq for sequential games.
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Table 4. Firm i’s Information Values

Case\Firm J’s strategy AS PS
N wy = 1g? N 22-F)
I .I.-'; III = I\-I-—f'.l-'J:I:T
sF _ 1.2 oF 1 2
F v = 3o IV = 5
N_seq _  F_seq _ N _sim _ _sim N _seq _  F_seg ]
Lemma 5. s = @ = P = @i where ¥ = 9 =3
N_sim 22— B F_sim ]
P; = o rTaa iy = 5=
(4—b=rand "¢ (2+5)7,

We have the following observations. First, the coefﬂuent of mformatlon value ina sequentlal game is

always larger than that in a simultaneous game (i.e., f-’ > ‘p - ) Thus, given %i, a firm’s
information value is larger in a sequential game than that in a simultaneous game. The explanatlon is that,
the competition between the two firms is intensified when they choose PS simultaneously, which
diminishes the value of PS. On the contrary, the competition is softened by strategic deviation from PS in
a sequential game, and this results in larger information value. We name it as the cooperation effect on
information value. Second, the coefﬁuent of mformatlon value in a simultaneous game is smaller with

CDD than that without (i.e., '-’F' = fﬁ' - ). This indicates that the manufacturer following the CDD
reduces the value of mformatlon which is named as transparency effect. Note that the OEM and the
manufacturer conduct product design independently. Therefore, if the manufacturer does not follow the
CDD, they do not know each other’s market acceptance, and have to make decisions based on
expectations. However, if the manufacturer follows the CDD, market acceptance becomes common
knowledge between the two firms. This change in information transparency results in the difference
between the coefficients with and without the CDD. Further, the manufacturer following the CDD bas

another negative effect on information value, by directly reducing market acceptance uncertainty i,
which is named as accuracy effect. Accuracy effect has an impact on the manufacturer while transparency
effect has an impact on both firms. For the convenience of reference, the three effects are summarized as
follows.

5
1. Cooperation effect: given ?i, a firm’s information value is larger in a sequential game than that in

a simultaneous game.
2. Accuracy effect: the negative effect of following the CDD on information value by directly
reducing uncertainty 7.

3. Transparency effect: the negative effect of following the CDD on information value in a
simultaneous game by reducing the coefficient of information value due to the change of
information transparency.

We then present the lemma that characterizes the effect of competition intensity on the commitment
value.
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Lemma 6. The commitment value of the manufacturer is larger than that of the OEM if and only
if0 < b = b

Using these two lemmas, we can analyze how following the CDD affects the equilibrium. When the
manufacturer follows the OEM’s CDD, both accuracy effect and transparency effect reduce the two
firms’ information value (or the firms’ operational risk), resulting in an intermediate state, where both
firms have the same information values and make their AS/PS choices based on the trade-off between the
commitment value and the information value. When 0 = £ = k¥ the commitment value of the
manufacturer is larger than that of the OEM. Therefore, when the information value of the manufacturer
reduces to a level lower than its commitment value, the information value of the OEM still dominates the
commitment value. In this case, following the CDD changes the equilibrium from (P, P) to (P, A); that is,
the manufacturer changes his decision to AS while the OEM remains on PS. When 5* = b = 1,
following the CDD changes the equilibrium from (P, P) to (A, P); that is, the OEM changes his decision
to AS while the manufacturer remains on PS. See Figure 7 for an illustration, which summarizes the most
interesting results in the shadow region.? We analyze the results of Figure 7aand b in

Proposition 1 and 7c in Proposition 1.

L i} irJr

4.

(@) Dcbah™ B " chah e} &<kl

Figure 7 Equilibrium Changes if Following the CDD

. . . 2 F
Proposition 3,;_ In Ehe case where0 = b = H** (h* = b = b* respectively), if o < ay < oy,
and Tm = O (Tm = fff , respectively), the manufacturer following the CDD results in the outcome that
the equilibrium moves from (P, P) to (P, A), that is, the OEM remains on PS while the manufacturer
changes to AS. The expected profits of the OEM and the manufacturer have the following properties:

l'[::_—P"’* )

g ”?l: = h, that is, the OEM is better off if the manufacturer follows the CDD;
l—[F_R-‘!* = l—[.'"n"_PPh ) A L
m m , that is, the manufacturer is worse off if it follows the CDD.
Proposition 3 indicates that, in the case where there is less competition, the OEM benefits from the
manufacturer’s following the CDD if the manufacturer faces high market acceptance uncertainty and the
OEM’s uncertainty is moderate. This will change a simultaneous equilibrium with direct competition on
postponement strategy (i.e., PS) into a sequential equilibrium with deviation from PS. The mitigation of
competition results in two positive effects on the OEM’s profit. First, cooperation effect endows the OEM
with a larger information value in a sequential game. Second, the OEM has a larger market share because
it can determine a higher production quantity in the market with less competition.

- i

iy

2 2
8 If the manufacturer follows the OEM’s CDD, we have o = Zm _ Then, the equilibrium lies on the line To
as shown in Figure 7.
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However, it is interesting that more accurate information hurts rather than benefits the manufacturer. By
following the OEM’s CDD, the manufacturer tries to reduce the operational risk of AS so that it can
benefit from early commitment. However, this is not a wise decision. Note that the manufacturer has high
market acceptance uncertainty if it does not follow the OEM’s CDD to design products. Although
following the CDD can reduce the manufacturer’s uncertainty risk, it significantly reduces the
information value from PS. Thus, the manufacturer suffers from following the CDD.

Proposition 4. In the case where b* = b = 1, iffTFm = @, = 5 the manufacturer following the CDD

results in the outcome that the equilibrium moves from (P, P) to (A, P), that is, the OEM changes to AS
a1l — B2 — B2 B (96 4 32k — 44l — 206 — 55T

. . Br = : I = :
while the manufacturer remains on PS. Let 3202 — BN (64 — BB 4 155 ,
By = a B (1 — B2 — B (24 B1T256 — 19267 + 6460 + 4057 — 3667 — 9b™)
and 42— B iBd — 6dbt + 15607 _and then we have 81 = By

.The expected profits of the OEM and the manufacturer have the following properties:

l—[:':‘l__.‘!F* = ]_.I:: PP

1. , that is, the OEM is worse off if the manufacturer follows the CDD;

F_APs N_FPx F_APx N_PPx
I'_[."?‘i' - ]_'I."?‘i‘ I'_[."?‘i‘ < ]_'I."?‘i‘

R R .

ifom = Br and 1If Om = BH thatis, the ]
manufacturer is better off by following the OEM’s CDD if @ is small and it is worse off if 7w is
large.

2.

This proposition indicates that, given tense competition, when both the OEM and the manufacturer face
high demand uncertainty, the OEM will be hurt by the manufacturer’s following the CDD. Note that the
OEM is more sensitive to the reduction of information value when 5* = b = 1 (see

Lemma 1). Transparency effect reduces the OEM’s information value to a level lower than the early
commitment value, and thus the OEM changes to AS. However, the benefit of early commitment cannot
offset the loss of information value and hence, the OEM is worse off. This provides managerial
implications in practice. Taking a co-opetition relationship into consideration, it might not be good for
Google to simply require the Android-based phone makers to follow the CDD, especially when
competition is intense and Google’s CDD does not fit consumer expectation well.

Note that, even if the manufacturer fails to change to AS by following the OEM’s CDD, there may be
benefits. Overall, following the CDD has both negative and positive effects on the manufacturer; that
is, accuracy effect reduces the information value while cooperation effect increases the benefits from
information in a sequential game. Conversely, remaining on PS endows the manufacturer with spillover
value from the OEM’s early commitment. It is worth noting that, when the manufacturer faces low

«
uncertainty (i.e., with small @), accuracy effect becomes insignificant, which is dominated
by cooperation effect and spillover value. Therefore, the manufacturer is better off. However, the

K
manufacturer is worse off with high uncertainty. A large @= induces accuracy effect to be significant,
which enlarges the loss of information value. In this case, following the CDD makes both the OEM and
the manufacturer worse off, resulting in a lose-lose dilemma.

7 Extensions

In this section, we have four extensions: (i) revenue-sharing contract, (ii) the manufacturer’s
postponement of wholesale pricing, (iii) correlation of two firms’ market acceptance uncertainty, and (iv)
non-zero production cost. We use the following subscripts, r, w, d, and c, to represent the corresponding
extensions, if necessary.

7.1 Revenue-Sharing Contract

We have assumed the manufacturer signs a wholesale price contract with the OEM, following previous
literature on contract manufacturing. In practice, the manufacturer and the OEM are possible to sign a
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revenue-sharing contract with two parameters (w, ¢) (Cachon 2003), where w is the wholesale price,
and ¢ € [0, 1] is the OEM’s share of revenue. The manufacturer’s share is 1 — ¢. Following Cachon and
Lariviere (2005), ¢ is exogenous. Firms’ expected profits are, respectively,

I._[() - E[q[.:'[ﬂ + En — q,;:l - hqm_]q::l e 'quﬂ]\
[T = Ela+ tm — gm — bgo)gm
+(1 — P)a+ g0 — go — Dgm)go +wgo).

The following proposition shows how ¢ affects the equilibrium.

Proposition 5. For any given ¢ € [0, 1], there exists a threshold £r() € [0, 11 where &,.(1) = 0 sych
that; When P € (0, '?’r"trf."!’]']', without (with)ﬁ follow,i'.pg thg CDD, PS is the OEM’s dominant strategy. In
this case, (P, A) is the unique pure NE if Om = Omyp (To = ‘*—Fm.a-), while (P, P) is the unique pure NE

Ift’.T;H = e (t’.-'_; = "m,.l')_

When ¢ = 1, the revenue sharing model is the same as the base model. In this case, br(d) = Uand the
equilibrium is exactly the same as shown in Propositions 1 and 2. When ¢ < 1, the equilibrium has
different structures for three regions of b: (0s br () [Be(dh), B*(d)) and [B* (). 1), The equilibrium
structures for # € [br(d). B (b)) and b € [6"(). 1) are similar to those

forb € (0, b™)and b € [5™, 1) in the base model. The equilibrium structure for # € (0. () s
specified in Proposition 1.

Proposition 5 shows that under a revenue-sharing contract, (A, P) cannot be an equilibrium in a less
competitive market. This is because the manufacturer has an additional source of income from revenue-
sharing, which encourages the manufacturer to lower the wholesale price and to attract a larger order size
from the OEM. This incentive of the manufacturer is strong, especially when competition is mild (b is
small). In this case, a larger production quantity of the OEM does not have much of a negative impact on
the manufacturer’s profit through competition, but has a positive impact on the manufacturer’s profit
through revenue sharing. Recall that in the base model, the manufacturer adopts a low-pricing strategy in
the scenario (A, P) to spur the OEM to purchase more (see Lemma 1). Under the revenue-sharing
contract, the further adoption of a low-pricing strategy in (A, P) with a small b is not necessary, because
over-stimulation of the OEM’s order (4=) might cut down Pshurting the shared revenue (ﬁbﬂuffo). Thus,
the manufacturer raises w"~*F* to make a balance between the profits from contract manufacturing and
revenue sharing. This reduces the OEM’s early commitment value in (A, P), and induces PS to be the
OEM’s dominant strategy.

7.2 Postponement of Wholesale Pricing

In our main body, we assumed that the wholesale price w is determined before uncertainty resolves,
regardless of the OEM’s timing decisions (AS or PS). In this subsection, we investigate a case in which
the manufacturer postpones the wholesale price decisions until the market uncertainty is resolved if the
OEM adopts the PS strategy to take advantage of the information value. There are two possible scenarios
in this case: (P, A) and (P, P). In (P, A), the sequence of events is as follows: (i) the manufacturer
determines 4= before demand is realized; (ii) after uncertainty is resolved, the manufacturer

decides w and then the OEM determines &=, Regarding (P, P), the sequence of events is the same as in the
base model, except that the decision of w is postponed until demand realizes.

Our main results qualitatively hold, except that two slight differences arise. First, in the case where the
manufacturer does not follow the CDD, when firms’ uncertainty is moderate, (P, A) is an equilibrium
Vb € (0, 1). Recall that in the base model, as b increases, the equilibrium changes from (P, A) to (A, P).
As b becomes larger, the OEM suffers from a higher wholesale price. In addition, the information value
also decreases with b. Therefore, the OEM shifts from PS to AS. In response to this change, the
manufacturer shifts from AS to PS to take advantage of the spillover value from the OEM’s early
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commitment. However, in the case in which the wholesale price decisions are postponed, the OEM
benefits from this postponement because it learns £ through w and uses it as additional information to
determine 4o, This extra information compensates the OEM and hence, it remains to choose PS even
if bis large.

Second, the impact of the manufacturer’s following the CDD is slightly different when the competition
intensity b is small. Recall that in Proposition 1, if the manufacturer follows the CDD, the equilibrium
might change from (P, P) to (P, A). This change makes the manufacturer worse off and the OEM better
off. However, if the wholesale price is determined after uncertainty is resolved, we can show that this

y
change of equilibrium makes the manufacturer worse off only if @ is sufficiently large, and it makes the

a
OEM better off only if = is sufficiently small. This is because the manufacturer still has information
benefits (from the postponement of wholesale pricing) even if it switches to AS, which compensates its
loss of information value from PS. However, since the manufacturer decides the wholesale price after
uncertainty is resolved, |t has more pricing power than in the base model. The impact of this larger pricing

power is greater when f'o is large. As a result, the OEM is better off only if f'a is sufficiently small.
7.3 Market Acceptance Uncertainty Correlation

In this subsection, we extend our base model by considering market acceptance uncertalnty correlation:
the manufacturer faces &= = & if he follows the CDD, and he sees ém = &, + t if he does not follow
the CDD. The random term & is independent of &, with zero mean and variance a~. Here, & captures the
extra uncertainty because of the non-compliance with the OEM’s CDD. It is a measure of the degree of
the manufacturer’s non-compliance. A & with a larger &= represents a manufacturer with less compliance
with the CDD. If the manufacturer does not follow the CDD, the mean andjthe va;riance of &m are as
follows: Elem] = Ele, + 6] = 0 andVarlem] = Varles + 0] = o, + 0~ The correlation
- Covle,, gy Ty

. = Tarlealarlea]l — o4 2 e
between £a and £m is as follows: viarlza]Varlen] vt Whena® = 0, thatis, 6 is 0, we
have p = 1.

Our main results qualitatively hold, except that the manufacturer’s following the CDD does not bene%ﬁt

itself any more. Recall that in Proposition 1, the manufacturer benefits from following the CDD if @ is
relatlvely small. However, if the manufacturer’ s uncertainty 1s correlated Wlth the OEM’s uncertainty, a

small @ indicates that & is small for a given f'o (note thatf' = '-'Fc:- + I-'_) and thus the

= 2

. o e ) .
correlation ~/ 7517 js large. Given the large correlation, the manufacturer already captures some
benefit of following the CDD, and it does not see much benefit from actually following it.

7.4 Non-Zero Production Cost

If the manufacturer incurs a marginal production cost ¢ with ¢ < a, firms” expected profits are,
respectively,

[, =Ella+ to— go— bgm)gs — Wda),
[T, =Ella+em — gm — bgo — C)gm + (W — C)gs].

By comparing the above two expressions with the expressions in 2 and 3 of the main body, one can see
that the expressions of LL; are the exactly the same, and the expressions of LLndiffer by a single

term ¢(@m —+ do). Actually by simply replacing a with a — ¢, we can get the new equilibrium outcomes
and threshold values (except w, which is a weighted average of aand c). As a result, the main results in

the main body still hold with slightly different threshold values.
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8 Conclusion

Technology specifications such as Android’s CDD are often viewed as Google’s important strategy to
improve the user experience of Android devices, and they are closely linked with production timing
decisions due to the market acceptance uncertainty. In this study, we develop a model to study the
production timing decisions in a co-opetitive supply chain, which comprises an OEM (e.g., Google in our
motivating example) and a competitive manufacturer, which acts both as the OEM’s upstream partner and
downstream competitor. The two firms sell partially substitutable products in a market with market
acceptance uncertainty, which can be resolved after a certain time spot. As the CDD is based on
mainstream preference, the OEM has lower uncertainty, resulting in more stable demand. They can
choose either AS or PS, depending on the relative magnitude of the commitment value and the
information value.

We find that, both market acceptance uncertainty and competition intensity have a significant impact on
firms’ strategic choices between AS and PS. Both firms choose PS when they are at the risk of high
uncertainty, while only one firm chooses PS when the uncertainty is low/moderate. This implies that,
market acceptance uncertainty determines the nature of competition and cooperation between the OEM
and the manufacturer. A simultaneous equilibrium occurs when both firms face high uncertainty and a
sequential equilibrium occurs otherwise. When market acceptance uncertainty of the two firms varies in a
moderate range, their strategic choices between AS and PS are affected by competition intensity in an
interesting way. When competition is fierce, intuitively both firms have strong incentives to choose AS.
However, we find that the OEM chooses AS but the manufacturer chooses PS in spite of his low
information value. In this way, it can benefit from the OEM’s early commitment, which is named

as spillover value because of the co-opetition relationships between the two firms. When competition is
not very intense, a completely different outcome occurs. By intuition, the OEM is likely to choose AS
because of low uncertainty and, thus, low operational risk. However, the OEM chooses PS, because
choosing AS incurs a significant cost increment for production outsourcing. The manufacturer chooses
AS because of high wholesale price and self-branded price, resulting in better performances in both
manufacturing business and self-branded business.

We further investigate the impact of following the CDD on firms’ choices between AS and PS. We show
that information value is influenced by three effects including cooperation effect, accuracy effect

and transparency effect, the scales of which are respectively modulated by strategic deviation from PS,
signal accuracy and information transparency. These effects change the trade-off between the
commitment value and the information value, and correspondingly determine the profit performance of
the two firms. They also influence the manufacturer’s incentives of following the OEM’s CDD. Based on
the analysis, we identify the conditions under which following the CDD benefits the manufacturer.

These findings provide the following managerial implications to operation managers, especially those in
Google, HTC, and LG. Note that they have co-opetition relationships bilaterally but HTC (LG) chose PS
(AS) strategy when “full screen” phone design was launched. Specifically, we suggest that

1. the competitive manufacturer chooses PS when market uncertainty is large. Our suggestion can
be consistent with practice because we observe that, in the Indian smartphone market with large
variability, the followers gain prominent benefits from PS.

2. the competitive manufacturer implements AS in a market with small variability and intense
competition, because the information benefits from PS are limited. This result is consistent with
the observation that these years LG has launched new Android smartphones ahead of MWC due
to the “unabated competition”.

3. ina market with moderate uncertainty and intense competition, the OEM is better to choose AS
while the manufacturer chooses PS. This finding explains HTC’s late product launch in “full
screen” phone design. However, we find that Google’s late launch practice might be a blunder.
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4. the OEM might either benefit from or be hurt by the manufacturer’s following the CDD,
depending on competition intensity. In reality, as competition intensifies, Google has been
witnessed to take an increasingly strict control over specifications on Android phone designs.
Google might gain, if competition is not that intense, from such tightening which ensures the user
experience on Android phones. However, Google has to be cautious if competition continues to
intensify, because it might be exposed to the threat from its rivals.

Regarding the future research directions, we recommend to study newsvendor models under push
(ordering before demand realization) and pull (ordering after demand realization) contracts, although the
analysis can be challenging. In practice, it is also possible that firms only obtain an updated signal of the
market rather than the full information. However, that requires new models based on Bayesian updating,
and hence, is beyond the scope of our study.
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Appendix A

In this Appendix, we provide the derivation of Table 2 with regard to how to solve the four subgames for
the case in which the manufacturer does not follow the CDD. Proofs for results in the main body and
extensions are available in the online Appendices.

A.1. Derivation of Table 2

(A, A) Simultaneous Game: Given wholesale price w, the OEM and the manufacturer maximize their
expected profits by, respectively,

[L(qo, gm, w) = (a+ E[t] — g0 — PE[gm])go — Wqo,

[Lolgo, gm. w) = (@ + E[em] — gm — bE[go])gm + wE[g,].

A = bgm —w _ a—bga ) )
Then we have the best responses 9o (@m: W) = 3 and 9m(da) = == resulting in the
o ga(w) = 2— .ﬁ]:r: 2w q (w) = (2— f'.l'fl"l' bw o )
quantities ** 4—F  and ™ 4—#* . The manufacturer maximizes his expected
wo— = 45° +b%1a
profit by setting the wholesale price as 2i8—=3F7) | The equilibrium outcomes are as
N ddx _ (B—aF +b%a 1 —Fla N ddsx _ 2—Eid+ha
N — Bodb tbha  w g4x _ 2 g~ — 2=bid+bja
follows: 28367 o = g_ap im 2(8 — 367
N_Adw _ 40 =Bl rN_Ads _ (2= B)6— bla”
L, I R LT, T 4B -3

(P, P) Simultaneous Game: Note that, market acceptance is uncertain at time 0 while the uncertainty is
resolved at time 1. Thus, a firm maximizes its expected profit if choosing AS while it solves a
deterministic problem if choosing PS. Given the wholesale price w and the market acceptance condition £
, the OEM and the manufacturer maximize their expected profits by, respectively

]_-I:J[.Eﬂrn:h q.'?‘i'-n W, -L',;;.::' - [I'J + En — q;:l — F].E [qm]]f_fo — H'q:“
[Llgo. gm. W, tm) = (a+ 2 — gm — PE[ga])gm + wE[ga].
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. . _ a+tE— lr'-'Ell!_f.-.uI — W . _ dtEm— IIJ.El ql'.!..l
Then the best responses are 9o 'dm: W. £a) = 3 and Imldos Bm) = —"5—
(2 —B)la— 2w+ 26 (2 — Bla+ bw+ 2em
L .. W, L) = 5 W, Em) = =
resulting in the quantities dol o) 4— B and dm( m) 4—p

Anticipating the quantities above, the manufacturer maximizes the expected profit by setting wholesale

_ (B4 +ba WV PP (B— 46" + 5 a
price as 2(8— 367 The equilibrium outcomes are: 2(8 —3b7)
N PPy _ 2—bla (N PPx _ Q-bidtbla N PPy _ 40-bla” | 20-b) 0
o = T§—a? 208 — 367 o (8 —367)° e
N PPy _ (2—Bii6—bB)a” el e o N
LT = T aE-3h (-2 Tm

(A, P) Sequential Game: This scenario begins with the event that the manufacturer sets the wholesale
price. Then we have a Stackelberg setting where the OEM decides quantity 4= at time 0, and the
manufacturer makes the quantity decision at time 1 after observing 4= and the market acceptance
condition £m. At time 1, given 9o and £, the manufacturer maximizes the profit by solving a deterministic
problem:

[Ln(go. Gm. W, &m) = (@ + &m — G — BGo)gm + Wgo,

. d+ cm— bgs
and produces Im(dos Em) ) . Anticipating the response of the manufacturer, the OEM makes

a quantity decision to maximize the expected profit by

[lo(go, w) = (a + Eles] — 4o — PE[gm{Go. £m)])go — Wa.
go(w) = E-Dla—2w
It can be verified that the OEM’s quantity is 22-87)

Loy (=26 Ea+ 2w+ (4 — 25 )em
isqm{ﬂ‘ B ) = TRm=

. Then the manufacturer’s quantity

. According to the quantities, the manufacturer
maximizes the expected profit

[I(w) = Elia+ em — gm(w, &m) — Bgolw))gm(w, g5) + wgs(w)],

2 3
. (B—6b +b'a
by setting the wholesale price as 28 =367 The equilibrium outcomes
W APx _ B—6b"+bha y gpx _ 2l—bla N _APx _ (8—2b—3ba
are: 28 —567) o = H_Sﬁg’t?m 208 — 550
N APy _ 21 —bP2—Fa® (N _APx _ (12—-86—ba | 1 2
T, = sose M = T dm-sen T A%

(P, A) Sequential Game: In this scenario, the manufacturer first sets the wholesale price and then decides
the quantity level 4= at time 0. After observing 4= and the market acceptance condition £z, the OEM
makes a quantity decision at time 1. Given 4= and 4, the OEM maximizes the profit by solving a
deterministic problem

[o(ga. gm. w.e2s) = a4+ 0 — go — bgulgs — Wy,.

- T _ dtee— bgm—w L .
The best response is %o (4o ¥+ &) = 3 . In anticipation of the response above, the

manufacturer makes a quantity decision to maximize the expected profit by
[Lo(Gm, w) = (@ 4+ E[em] — gm — DE[go(gm, W, €a))gm + WE[go(gm, w, £a)].

(2= bk
The manufacturer’s quantity can be derived as Im = 3p-% !, and that of the OEM
golw, £,) = f—l—?-’;—.’:']:r.—lif_‘.— B 1w — s ) ) N
is HI-8F) . Conjecturing on the gquantities, the manufacturer sets the

wholesale price to maximize the expected profit by
[T, (w) = E[{a+ e — gm — bgalw, £:))gm + wga(w, £5)].
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The wholesale price is "
N_Box _

s

(L —Bla
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~ 2. We have the equilibrium outcomes as f0||0WS' W
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Table Al. Equilibrium Outcomes of the Case with Following the CDD

Scenario (A, A)

Scenario (P, P)

Scenario (A, P)

N_Pdw _

i
=

(3 — 2B
H2—57)

Scenario (P, A)

p 3 L
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A. Proofs

Proof of Lemma 1.

Lemma 1 can be easily derived by comparing the difference of w™-**, ¢N¥-** and ¢

a € {AA, PP, AP, PA}, respectively. We omit the proof here.

N _ax

Y

Proof of Lemma 2.

N_AAx

Here we prove the monotonicity of ¢, regarding b. Proofs of the others are similar.

AAx
The first derivative of ¢-44* with respect to b is anab = “(7(8;132(;;31’2) By solving the
equation 8(1,%: - = 0, we have an extreme point b = 20-v10) ¢ € (0,1). The second deriva-
_AAx
tive of ¢Y-44* with respect to b, which is evaluated at b — 2 ?:ﬁ)’ is 82(’&2 T
- 3
:45((5% >0. Sob= ‘ﬁ) is a minimum point. Therefore, ¢¥-44* is decreasing in b

when b € (0, MTH), and is increasing in b when b € (M—T\ﬁ)’ 1).

Proof of Lemma 3.
N_AAx N_PAx _ 4(1-b)%a® (1=b)2a2 | 1 2] _ a2(=14b)2b2(—16+7b2)—(16—14b2+3b%)202

(1) 1L, -1 = (3=307)2 [(4(2 2z 4‘70} = 4(8—3b%)2(—2+b2)? <0.
N_APx N_PPx __ 2(1-b)%(2—b2)a? 4(1-b)%2a® | 2(2-b%) o

(2) 1L, — 11, = T (35p2)2 |:(8—3b2)2 (4—b2)2‘70]

2 [a2b4(—16+9b2)(4—4b—b2+b3)2+(2—b2)(64—64b2+15b4)203]

(—24b)2(21b)2(3—5b2)2 (3—3b2)2 :
[[N-PPx

. N _ a?b*(1-b)2(4—b2)2(16—9b%)
= 0, we have 0" = G mnr - 1

2 N N_APx N_PPx. :f -2 N N_APx N_PPx
o, <o, , then II] > 11 ;if 0 > o0y, then II] < II .

By solving the equation ITY-AF* —

N __ a?b?(1-b)2(4—b3)2

Proof of Lemma 4 is similar to that of lemma 3. In lemma 4 we have 0,,, = 35 2552 -

Proof of Proposition 1.

(A, A) cannot be an equilibrium because ITY-44* < TIV-PA* and TIN-A4* < [IV-APx,

(A, P) is an equilibrium if it satisfies ITIY-A7* > TINV-PP* and TIN-AP* > [IN-AA e o2 < o
(P, A) is an equilibrium if it satisfies ITIV-F4* > TIN-A4 and [IV-PA* > TIN-PP e 02 < o
(P, P)

. P) is an equilibrium if it satisfies [IY-PP* > TIV-AP* and TIN-PP* > TIN-PA* e 02 > o



and o2, > 0. So we preliminarily obtain the following equilibrium conditions

(A, P), ifo2 <ol
(P, A), ifo? <ol
(P,P), ifo2> oY and 02 > ol

The equilibrium conditions for further derivation depend on the relative sizes of oY and o
N N _ a®(=2+b)2(=1+b)?b?(2+b)?(—512+1088b%—712b* +14755)

o, —0,, = R (5502 (5= 3FD) 2 (—2 1 172 . By solving the equation aév—a% =0,
we have a unique threshold b* = 0.9565. If 0 < b < b*, then ¥ < o: if b* < b < 1, then

ol > o Consider case I where 0 < b < b*,02 < o). We have

(1) when o2 < ok,
if 02, < o then (A, P) and (P, A) are the two NE;
if oV <02 <ol then (A, P) and (P, A) are the two NE;
if 02, > o, then (4, P) is the unique pure NE.

(2) when o <02 <ol
if 02 < o then (P, A) is the unique pure NE;
if 02, > o then (P, P) is the unique pure NE.

(3) when 02 > oV,

if 02, > o then (P, P) is the unique pure NE.
Then we arrive at the results as follows:

(1) If 02 < o and 02, < 0¥, then (A, P) and (P, A) are the two NE;

(2) If 02 < oY and 02, > 0¥ then (A, P) is the unique pure NE;

(3) If oY < 02 < o and 02, < oY, then (P, A) is the unique pure NE;

(4) If 02 > o and 02, > o, then (P, P) is the unique pure NE.
Proof of case II where b* < b < 1,0 > o is similar to that of case 1.
Proof of Proposition 2.
Before we give the proof of Proposition 2, we first derive the equilibrium outcomes of the

case where the manufacturer follows the OEM’s CDD. Similar to the case without following

the CDD, we study four basic games and draw the equilibrium outcomes listed in Table 5.



Comparing the equilibrium outcomes in Table 5 with those in Table 2, we find that the
manufacturer’s following the CDD has no effect on the equilibrium wholesale prices and
quantities, but makes a difference in the equilibrium profits. For convenience of explanation,
we adopt a unified expression format of the equilibrium wholesale prices (quantities) in the

case with and without following the CDD as follows:

w™ = wN,a* — UJF,Opk7 qia* — qiN,oz* —_ ti,a*.
The OEM and the manufacturer make their AS/PS choices by comparing the profits in
profit matrix. With an analysis on the matrix, we draw the following results. For the OEM,

. 2pd(_ b b2 2 _ b2 % «
there exists a threshold ¢f = 22 béﬁ&;ﬁ&% 97 where (1) IIF-A4 < [IF-PA* and (2)

[E-AP+ > TIF-PP+ if and only if 02 < of. For the manufacturer, there exists a threshold

ob = iiit;;;i’fégggj, where (1) TIE-A4 < TIF-AP*and (2) TIE-PA* > T1E2-PP* if and only

if 02 < oF. The format of the results is similar to that of Lemma 3 and 4. The detailed
explanation is ignored here for its robustness regardless whether the manufacturer follows
the OEM’s CDD or not.

The equilibrium outcomes of the extended timing game in the case with following the
CDD can be derived and summarized as follows. Similar to the proofs of Proposition 1,
one can easily derive that there exists a unique threshold b*, where we have 0" < &’ when

be (0,b%), and of > oF when b € (b*,1). Then,

L 0<b<b* ol <of
(1) If 02 < o then (A, P) and (P, A) are the two NE;
(2) If oF < 02 < o} then (P, A) is the unique pure NE;
(3) If 02 > ok | then (P, P) is the unique pure NE.

I b*<b< 1,0 >ok
(1) If 02 < o then (A, P) and (P, A) are the two NE;
(2) If of < 02 < oF then (A, P) is the unique pure NE;
(4) If 02 > ol then (P, P) is the unique pure NE.

One can see the equilibrium structure is similar as in Proposition 1. Detailed explanation

is ignored here. With the results above, we prove Proposition 2 as follows.



(1) N _F _ a®b*(=164+96%)(4—4b—b2+b%)2  2a2b*(—24+b+b%)2(16—9b%) _ a?b®(443b)(4—3b)%(—2+b+b2)? <0
90 — 0 (—2+02)(64—64b21 156%)2 (64—64b2+ 156%)2 = T (—2+b2)(64—64b2+1567)2 ;
N _ _F _ a®b?(4—4b—b24b3)2  a?b3(=14b)2(2+4b)2 _ ab3(4—3b)(—24+b+b%)? <0
Om o T B(—24b2)2(8—3b2)  A(—2+b2)(—8+3b%) 8(2—b%)%(—8+3b) :
N F_ a?b2(4—40—b%4b%)2  2a2b*(—2+b+b%)2(16—9b%) . . N_ _F _
(2) o, —0, = FE R TG By solving the equation o,, — o, =0,
we have a unique threshold b** = 0.808675, where 0¥ > 0" when 0 < b < b**, and o < ¥

e " N _F _ a®b*(—16+962)(4—4b—b*4b3)2  aZb (=1+b)2(2+4b)2 __
when 0™ < b < 1. In addition, o, Om = (- 275%) (61— G6IZ 1 15012 2 (B3] —

2b2(1—b)2(24b)?(—51241088b% —256b3 —520b* 4144b° 43956 - .
b (1-6)7(2+b) £(23b2§(873b2)2(875b2)2 A3 . Combining the above comparison, we

arrive at the following results:

i) ol <ol <ol <of when 0 < b < b*,
ii) o <ol <ol <o when b < b < b*,

iii) ol <ol <ol <ol when b* <b< 1.

Proof of Table 6 and Table 7.

Table 6: Changes of Equilibria in the Case where 0 < b < b*

o <ol <ol <ol when 0 < b< b
Equilibrium without Condition of equilibrium Equilibrium with
following the CDD | without following the CDD | following the CDD
{(A,P),(P,A)} 02 <o) and 02, < ol {(A,P),(P,A)}
(A, P) o2 <o and 02, > o {(A,P),(P,A)}
(P, A) oV <o <ol and 0?2 <ol | {(A P),(PA)}
’ ol <02 <ol and 02, < ol (P, A)
oV <o <ol and o? >0l | {(A P),(PA)}
(P, P) ol <o? <ol and 02, > o (P, A)
o2 > ol (P, P)
o <o <o, <oy when b < b < b*
{(A,P),(P,A)} o2 <o and 02, <ol {(A4,P),(P,A)}
(A, P) o2 <o and 02, > ol {(A,P),(P,A)}
(P, A) o <02 <ol and 02 <ol | {(A4,P),(P A}
oV <o <ol and 02, >0l | {(A P),(PA)}
(P, P) ol < o2 <ol (P, A)
o2 > ol (P, P)

Table 6 states the changes of equilibria in the case where 0 < b < b*, including two

subcases where 0 < b < 0™ and b** < b < b*. The results in the two subcases are basically
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Table 7: Changes of Equilibria in the Case where b* < b < 1

o <o) <or <ol when b* <b<1
Equilibrium without | Condition of equilibrium Equilibrium with
following the CDD | without following the CDD | following the CDD
{(A, P), (P, A)} 0, <o, and 0, <0, {(A,P), (P, A)}
2 N 2 N
(4, P) TS In I {(A,P),(PA)}
0, <0, <0y, {(A, P),(PA)}
(P, P) Oy <05 <04y (4, P)
o2 >l (P, P)

the same, except for the equilibrium (P, A). Note that the manufacturer following the CDD
either makes no change or makes it move toward {(A4, P), (P, A)} when 0 < b < b**,while
only the latter occurs when 0™ < b < b*. As illustrated in Figure 8, the two red lines
partition the upper-left region into four parts, corresponding to the four equilibrium outcomes
without following the CDD; the curve o2 = o2, is divided into three sections with different
colors, corresponding to the three equilibrium outcomes with following the CDD. After the
manufacturer follows the OEM’s CDD, equilibria in the part with a certain color of the upper-
left region will move toward equilibria in the section with the corresponding color of the curve
02 = g2,. For example, equilibria in the yellow part will move toward {(A, P), (P, A)}.
Generally, three situations can be observed, including remaining unchanged, moving
towards the equilibrium with two NE, and moving towards the equilibrium with a pure NE.
This can be explained as follows. Following the OEM’s CDD endows the manufacturer with
more stable market acceptance, which increases the incentives to choose AS but reduces
the incentives to choose PS (i.e., affecting the trade-off between the commitment value and
the information value). Specifically, the second situation indicates that following the CDD
increases the possibility of a sequential game. For example, when the equilibrium moves from
(A, P) to {(A, P), (P, A)}, following the CDD increases the possibility of another equilibrium
of sequential game (P, A). When the equilibrium moves from (P, P) to {(A, P),(P,A)},
following the CDD changes a simultaneous game into a sequential game, altering the main
properties of competition between the OEM and the manufacturer. In the third situation, we
observe that one and only one case occurs where the equilibrium moves from (P, P) to (P, A).
Following the CDD diminishes the manufacturer’s operational risk of AS and information

benefits from PS, thus reducing the incentives to choose PS. Therefore, the manufacturer

5
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Figure 8: Comparison of Equilibria with and without following the CDD when 0 < b < b*

chooses AS after acquiring stable market acceptance by following the OEM’s CDD.

Similarly, Table 7 states the changes of equilibria in the case where b* < b < 1. In line
with the results shown in Table 6, there also exist three situations in Table 7. The major
difference is that in the third situation, the equilibrium moves from (P, P) to (A, P), rather
than (P, A). See Figure 9 for an illustration.

Proof of Lemma 5.

From Table 4, we have ] * = ¢} 1 = 1 (oN-sim — ?4(2__123;) , pF-sim = ﬁ One can easily
prove that @) *1 = F = > pN=sim ~ pFsim by comparing the relative sizes of the four

coeflicients.

Proof of Lemma 6.
Based on Definition 1, the commitment value of the OEM (CV}) is the difference between

the riskless profits of IIZ-AP and IIE-FP e, CV, = 2a(26b2£16152)i(11§;;?22)- Similarly, the com-

mitment value of the manufacturer (C'V},) is the difference between the riskless profits of

F_AP F_PP _a?b(1-b)? . _ a?b?(1-b)2(—5124+1088b% —712b*+147b0
IL, 7 and 1L, de., OV = gy CVo — OV = 1(2-02)(5—3b2)2(8—5b2)2

One can easily derive that there exists a unique threshold b*, where we have CV, < CV,,

when 0 < b < b*, and CV, > C'V,, when b* < b < 1. That is, the commitment value of the
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Figure 9: Comparison of Equilibria with and without following the CDD when b* < b < 1

manufacturer is larger (smaller) than that of the OEM if 0 < b < b*(b* < b < 1).

Proof of Proposition 3.

Table 6 shows that, in the case where 0 < b < b*™*(b™ < b < b*,resp.), if oI’ < 02 < oF
and o2, > o (02 > ol resp.), the manufacturer following the CDD results in the outcome
that the equilibrium moves from (P, P) to (P, A), i.e., the OEM remains on PS while the
manufacturer changes to AS. We then compare the profits of the OEM (manufacturer) with
and without the manufacturer following the CDD.

F_PAx N_PP« __ a>(1-b)2% | 1 9 4a?(1-b)? 2(2—b%) 2\ _ a?b?(1-b%)(16—7b%) bio2

1L —1I, = 12-)? Zao_< EEETIEE (47b2)200) = Tz T apsnziez > 0
F_PAx N_PPx __ a?(3—2b) a?(6—b)(2—b) 22—b%) 2\ _ a?b?(1-b?) 2(2—b%) 2

1L, — 10, = 12 ( T (47b2)20-m) = 230 @622%m

In the case where 02, > ¥ (02, > ol resp.), IIL-PA* — TIN-PPx <),

Proof of Proposition 4.

Table 7 shows that, in the case where b* < b < 1, if of < 02 < ¢f the manufacturer
following the CDD results in the outcome that the equilibrium moves from (P, P) to (A, P),
i.e., the OEM changes to AS while the manufacturer remains on PS. We then compare the

profits of the OEM (manufacturer) with and without the manufacturer following the CDD.
[[F-AP+ _ [IN-PPx _ 2a°(1=b)?(2—b?) (4112(149)2 4 22-0%) 2)

R 3622 T (a—2)2%



2(a2b* (—16495%) (4—4b—b2+b%)2+(2—b2) (64—64b%+15b1) 202 )
(—24b)2(2+b)2(8—5b%)2(8—3b2)2
F_APx N_PPx
, 117 — 1 < 0.

In the case where o’ < 02 < o
F_APx N_PPx _ [ a*(12—8b—b?) 2(2-b)(6=b) | 2(2-b*) 2

1L, - 10, = ( TR Zgo> - (a pTEETE) I e Um)

(8a2b2(4—4b—b2+b%)2+(64—64b2+15b%) ) ((4—b2)202—8(2—b?)02, )

4(4—b2)2(64—64b%+15b%)
F_APx N_PPx
Hm - Hm

o _8(2-b%) 9 8a2b? (4—4b—b24b3)2
=0, we have 05 = =220 — @er e 5

By solving the equation

8(2—b? 8a2b? (4—4b—b2+b3)2 . . * *
Let t = (i b2)2) O'?n - abQ)((M 64b2:15)b4). The relative sizes of H%AP and HTJX*PP depend on

those of 0’ and ¢. Consider 0 < a < a . Then we have:

I it satisfies t < 02, and then we have I1Z-AP* > [IN-FP* By solving the

. 8(2—b%) 2 8a2b?(4—4b—b2+b%)? a?b?(—1+b)2(2+b)?
inequality t < o,,, i.e., 4—0229m T [4—02)2(64—6407 1 1567) — 4(—2+02)(—8+3b2)°
a?b?(1-b)2(2—b)2(2+b)2 (96+32b—44b%—20b% —5b%) B,

32(2—b2)2(64—64b2+15b6%) - PLs

(1) if t < ok

we have 02, <

(2) if t > oF, it satisfies t > 02, and then we have I1Z-AP* < TIN-PP* By solving the
. 8(2—b2) 9 8a2b?(4—4b—b%+b%)? 2a2b* (—24-b+b2)2(16—9b2)
inequality t > o', i, @—22%m — [d_62)2(64—64b2 1 1567) = (6a—6ap21 15602 WE have

a?b?(1-b)%(2—b)2(2+b)%(256—192b%+64b3+-40b* —36° —9b6) B
= By.

2
Om 2 1(2—6%)(64—64b2 1 15642

B. Revenue-sharing Contract

Following the same procedure as in the main body, we derive the equilibrium outcomes for

the case in which the manufacturer does not follow the CDD. The following summarizes the

results.

Scenario (A, A):
(b3(2—¢)p—b2 (20 +2¢+4)+4b(1—¢)+86)
8(p+1)—20%(4—¢?) g

ag
,wN,AA* —

N_AAx _ 2a(1-b) N_AAx _ a(b*(¢—2)¢+2b(¢—2)+4(¢+1)) .
o T Ay Imt T 8(6+1)202(1-¢7)
[IN-AAx _ 4a2(1 b)%¢ [[V-AAx _ a?(bP¢?— 8b+4¢>+8)
o (4(p+1)—b%(4—92))2° 4(4(p+1)—b%(4—92)) "
Scenario (P, P):
N.Ppe _ 00(b3(2—0)p—b2(—202+20+4)+4b(1—$)+8¢)
w = 8(6+1)—262(4—9?) )
N_PPs _ 2a(1-b) N_PPx _ a(b?(¢—2)¢+2b(¢—2)+4(¢+1))
o RGN AL Im 8(o+1)—262(d—¢2)
[N-PPx — (1 b)?2¢ + 2¢(b%p—2b%42) o2 HN PP« __ a*(b®¢*— 86+4¢+8) + 2(b%¢— 2b2+2) 2
- (4(¢+1) 2(4—¢2))? (02¢—202+4)2 Too T 4(4(+1)—b2(4—92)) 2g—202+4)2 Im
2(1—9¢) (b%p—2b%+2)
02 p—2b214)2 ops
Scenario (A, P):
Noape _ a(b3(—(36%—8¢+4))—6b2 (2—¢)¢+4b(1—¢)+8¢)
= 2642 —8—8) 1 8(611) ;
N_AP+ _ 2a(1-b) Noape _ a(3b2(6—2)p+2b(¢—2)+4(g+1))
o T RBFE A At ImT T T 260 86 8)18(p )
[IN-APs _ 202(1-020(06—2°+2) |IN AP« _ a>(3P°—49—8b+46+8) | 1 o
T (30242—4b2p—Ab2+4p+4)27 T m T 130292 —4b2p—dbc+dgtd) | 4
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Scenario (P, A):

wN-PAx _ ag(=b’—b+b42¢).

2P HH)
N_PAx _ __a(1-b) N_PAx _ a(=b+¢+1)
G T awrery Im T arer))
N_PAx _ _a*(1-b)*¢ N_PAx _ a*(=2b+¢+2) —¢ 2
M4 = qrrarie + 500, T = S5t + 5000
For the case in which the manufacturer follows the CDD, the results are basically the same
N2
as those above, except for some minor changes in the profits as: ITZ-FP* = @ ¢f£(lb22 ¢¢2))2 +
(b—2)%¢ o2 TIF-PP+ — a? (b2 % —8b+4¢p+8) | b32—3b3p+2b3 —b2h2+3b2p—b%+4bp—8b—4h+8 2 N_APx __
IT;, ,and IT.) =

@o—27+4)2 %0 T 44+ b2 (4-97)) (B26—26°+4)2
a?(3b% % —4b p—8b+4¢+8) 4+ 152
4(3b2¢p2 —4b2 p—4b2+-4¢+4) 4% 0"

We next prove Proposition 5 for the case in which the manufacturer follows the CDD.

Similar proofs apply to the case without following the CDD, which we omit here.
For the OEM,

F_AAx F_PAx _ 4a’(1-b)*¢ a?(1-b)*¢
o= =17 = amrn-wa-ae — < T Erery +1 ) <0
[[F-APx _[F-PPx _ 2a%(1-b)2p(b2p—20°42) a?(1-b)2¢ + (b—2)2¢
0 0 = BT b2 221441 4)2 (4(¢+1)—b2(4—¢2))2 Zp—267+4
the equation I1E-AP* — TIF-FP* — (0 we derive a threshold
Fo_ 2a2(0-1)2(b*(9-2)+4)? ( b2(¢—2)+2
(%(

2
Tor = (b—2)? 3¢2—dg—4)+4(o+1))2 (b2(¢2—4)+4(¢+1))2>’

under which we have II-47* > TIF-"P* if and only if 07 < of.. Note that, there exists

B 2). By solving

a threshold b,(¢) € (0,1) satisfying o). = 0, under which we have ¢/, > 0 if and only if
b.(¢) < b < 1. Therefore, we have

[E-APx < TIE-PP+ 0 4f 0 < b < b,(0),
[I5-AP <TIF-PP* 0 if b(¢) < b < 1 and o2 > o},
[E-APs S TIE-PP+ - if b (¢) < b < 1 and 02 < Uo,r

For the manufacturer,
F_AAx F_ AP« _ a*(b’¢°—8b+4¢+8) a?(3b2¢* —4b%p—8b+4¢+8)
1L, -1, T 4(4(pF+1)—b2(4—92)) (4(3b2¢2—4b2¢—4b2+4¢+4) + 4‘70 <0.
a?(—2b+¢+2) 1_¢ 2 <a2(b2¢2—8b+4¢+8) + b3 % —3b3 $+2b% —b% % +3b% p—b% +4bp—8b—4¢+8 2)

F_PAx F_PPx __
Hm _Hm

T Ao+ T4 Yo\ 4(A(¢+1) b2 (4—47)) (b?6—2b7+4)?
_ a?(b—1)2b%¢? _ (bp—2042)? (b2¢> b2+4) o2, F_PA F_PPx _
-0 PP i)~ A(Pe—2b>+1)? By solving the equation II, -“* —II - =

. P a (b—1)2b2¢2(b2(¢—2)+4)
0, we derive a threshold 0y, = G PR HTICT—P PTG

[IF-PA* > TIE-PP+ if and only if 02 < o . That is,
m m y ) m,r

> 0, under which

we have

F_PA F_PP
{Hm < TIE-PPx - if o2 >amr,

[E-PA* S TIE-PPx - if 62 < amm

Combining the results for the OEM and the manufacturer, we derive a threshold b*(¢) €
(br(0),1) satisfying o). = o, ., under which we have . > o _if and only if b*(¢) < b < 1.

m,r)



Consequently, we have three regions of b: (0,b,.(¢)), [b.(¢),b"(¢)), and [b*(¢),1). When
¢ = 1, the revenue sharing model is the same as the base model. In this case, b,(¢) = 0 and
the equilibrium is exactly the same as in Propositions 1 and 2. When ¢ < 1, the equilibrium
structures for b € [b.(¢),b*(¢)) and b € [b*(¢),1) are similar to those for b € (0,b*) and
b € [b*,1) in the base model. The equilibrium structure for b € (0,b,(¢)) is specified in
Proposition 5. In this region, for the OEM, we have I1Z-A4* < [1F-PA* and TIF-AP* < TIF-PP+,
that is, PS is the OEM’s dominant strategy. For the manufacturer, we have I17-F4* > [1F-PP+

if and only if o} < o, .. Therefore, we reach the result in Proposition 5.

C. Postponement of Wholesale Pricing

In this section, we extend our base model to a setting in which the manufacturer postpones
the wholesale price decisions until the market uncertainty is resolved if the OEM adopts the
PS strategy to take advantage of the information value. There are two possible scenarios
in this case: (P, A) and (P, P). In (P, A), the sequence of events is: 1) the manufacturer
determines g, before demand is realized; 2) after uncertainty is resolved, the manufacturer
decides w and then the OEM determines ¢,. Regarding (P, P), the sequence of events is the
same as in the base model, except that the decision of w is postponed until demand realizes.
Following the same procedure as in the main body, we derive the equilibrium outcomes for
the case in which the manufacturer does not follow the CDD. The following summarizes the
results for (P, P) and (P, A). The results for (4, A) and (A, P) are the same as in the base

model.

= 339 1 Yo = T3z Im = T2_32)
4(1-b)2a? 2(2—b%) 2 (2—b)(6—b)a? 2(2—b?) b2 2
83692 T @22 % T G—52)58=3522m> i8-3%) T ((4—b2)2 + 4(8—3b2)) Om:

. 1-b 2-b 1-b)%a?
Scenario (P, A): wN-F4x = &; ¢N-PAx — U-ba o NPAs _ @Va, IN-PAx . (a2 | 152

: . . N_PPx _ (8=40°4b%)a. N PPx _ 2(1=bla _N_PPx _ (2=b)(4+bla. [TN_PPx _
Scenario (P, P): w =0 e N I b =

b2(20-76%) _ 2 [IN-PPx
m

= 2012y Im = 2022 = 1@—)2 T 1%
HNfPA* . (3721))0,2
m — i)
The corresponding thresholds are (in contrast with those in Proposition 1): a(]fw =

a?(2—b)2(1—b)2b2(2+b)?
(2—52)(128—96b2+16b%+b5) *

a?(1-b)2b*(4—b%)2(16-9b) b2(47b2)(2077b2)0_2 and oV —
(2—b2)(64—64b2+15b%)2 2(2—b2)(8—3b2)2 “m maw

Similarly, for the case in which the manufacturer follows the CDD, we have
Scenario (P, P): wf-PPr = EA%40a, (rppe _ 20-ba - Fpps . 2b(tbe, pprpPs

2(8—302) » do = 332 > Im = T2(8-32)
4(1-b)*a® 4(1=b)% o [yF.PPx _ (2-b)(6=b)a® | (2-b)(6=b) 2
=T T ol 1l = I T ap—s) Oo
. . FPAx _ a. FPAx _ (1=ba F PAx _ (2=ba . F.PAx _ (1-b)%* | 1 2
Scenario (P, A): w =% q = 257 I = sy 105 = {2 + 1500

F_PAx _ (3=2b)a®> | 1 _2
1L, = oy T §%:
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The corresponding thresholds are (in contrast with those in Proposition 2): of =

o,w
a’b*(16—9b2) 2a2(1-b)2b?
2(8—5b2)2 32—32b—6b2+16b3—5b%

Our main results qualitatively hold in this new setting, except that two slight differences

Foo_
and o,, , =

arise, as we present in the extension section. We provide proofs as follows.

Proof of the first difference. By calculating the intersection of aé\fw and o . we have that

m,aw?

a?(1—b)2b%(4—b%)?(6b% 43165 —248b* +528b2 —384)  a?(2—b)2(1—b)2b?(2+b)?

these two lines intersect at point (z,y) = (

where z(y)-axis represents c2(02,). By some simple calculation, we have 0 < z < y; that

is, there exists one and only one intersection point which falls in the region above the line

2 2

o; = o,,. Therefore, we have similar equilibrium structure as in Proposition 1(I). The

difference is that it holds for b € (0,1) in this new setting.

Proof of the second difference. For the OEM, [TF-PAx — [[N-PP+ — ©(=L2UG TN

4(8=3b2)2(p2—2)2
4 2 2 2
(_116?;4_1’ 4;48) 02— i 4(Eb(22)(28_—7§b)2))2 o2 . Following the same procedure as in the proof of Proposition

4, one can derive the following results: IIF-AP* > TIV-PP* if 62 < Op, and IF-AP* < TIV-PP~

if 02 > Op, i.e., the OEM is better off by the manufacturer’s following the CDD if o2 is small

. r 9 _ 4a?(b—1)2b%(4—b%)(21654+112b° —164b* — 70453 +704b%+1024b—1024)
and it is worse off if o7 is large, where O, = (8—302)2(b2—2)2 (502 16b--16) (b7 1 2462 —18) )

and Oy = (4a2b2(7b4_48b2+80) <(b—1)2(b2_4)(7b2—16) _ 2b4(9b2_16)>‘ Similarly, for the manufac-

8-302)2(b1 2462 —48) \ (b2—2)2(7b°—20) (8-507)2
2(p—1)2p2 o2 2 _p2
turer, T4 —TI7-P = m—l—f— (4(833172) + ?f_bz)3> 02,. Then we have: I1£-4P* >

4(b—1)2 16b279b4)

a2 2(
. . (b2—2)(3b2—-8) ' (8—5b2)2
[N-PPrif g2 < My, and HE-AP* < TIN-PP*if 62 > My, where My, =

b2 2(b2-2) ’
16(32—12b2 T (p2-4)2 )

o 2a2(6—b)(b—2)3(b—1)2b2(b+2)?2
and My = (62—2) (5b2—16b+16) (b5 + 1667 —96b2+128) °

D. Correlation between ¢, and ¢,,

We extend our base model by considering market acceptance uncertainty correlation: The

manufacturer faces ¢,, = ¢, if he follows the CDD, and he sees ¢,, = ¢, + ¢ if not. The

random term ¢ is independent of €,, with zero mean and variance o?. A § with a larger o2

represents a manufacturer with less compliance with the CDD. If the manufacturer does not

follow the CDD, the mean and the variance of ¢,, are: Ele,,] = Fle,+ 9] = 0, and Var[e,,| =

Covleo,em] o oo
\/Var[ag}Var[am] o \/ango'Q.
The expected profit functions of the OEM and the manufacturer are, respectively,

Varle, + 8] = 02 + 0. The correlation between ¢, and &, is: p =

1_Io E[(a + €0~ (4o — me)qo - qu]’
11, = F

[(a+e0+ 0 — qm — bGo)qm + WG]

11

2(8—5b2)2(2—b2)2 (8—3b2) (b5+ 1667 —96b2+128) * (2—b2)(bS+ 1662 —9662+128)

).



If the manufacturer follows the CDD, it shares the same uncertainty with the OEM; that is,
=0, and p = 1. The expected profit of the manufacturer is

Hm = E[(CL + €0 — qm — bQO)Qm + WQO]-

Following the same procedure as in the main body, we derive the equilibrium outcomes
for the case in which the manufacturer does not follow the CDD, which are summarized as
follows. The results for the case in which the manufacturer follows the CDD are the same

as in the base model.
N_AAs _ (8=4b4b%)a. N_AAx _ 2(1=bla N_AAx _ (2-b)(4+b)a. [N-AAx _
o

Scenario (A,A)! w = W, 4, = "2 s qm = W, =
4(1-b)2a? [IN-AAx _ (2—b)(6—b)a?
(8—3b2)2 7 ~Tm T 4(8-3b2)

. * 8—4b%+b3)a . PP« __ 2(1-b)a PP« __ (2=b)(4+b)a. _PPx __
Scenario (Pa P) wNJDP = (2(8—;;72)) ) qz)v PP = é_gb% ) q% PP = (2(8)—(32_2)) ) Hév PP =
4(1-b)2a? 1 2 TIN_PP+ __ (2—b)(6—b)a? 1 2, 2(2-b?) 9
(8—3b2)2 + (2+b)2‘7m Hm T 4(8-3b2) + (2+b)2‘70 + (4—b2)20 :

Scenario (A, P): w = Sm-mm o o 8502 7 Im = T2(s-502)

2(1-b)2(2—b%)a? N_APx _ (12—8b—b?)a? 1/ 2 2
w0 W = ey T alog +o0).

. 1-b 2-b 1-b)%a?
Scenario (P, A): wN-PA* = g; gN-PAx = LB gN-PAs — BobiL TIN-PA* = L2008 4 162

N_APx _ (8=6b>4+b%)a. N_APx _ 2(1=bla N_APx (8=2b=3b%)a. TN AP+ _
9 o -

2(2—b%) 2(2—b2) 4(2—2)2 0
[IN-PAx _ (3—2b)a?
m T4(2-02)
) . . . . N 2a*b*(2—b—b%)%(16—9b) N
We derive the thresholds in this new setting as: o,,; = GI602ii5b02 0 Omd =
a?b?(1-b)2(4—b%)2 | b(4—3b) 2 _F _ 2a%b*(2—-b—b2)2(16—9v%2) _F _ a?b?(1-b)2(2+b)? x
S T @20 Tod = G650 Omd = —dp—pa-ar) and b5 = 0.9565,
which correspond to, respectively, o, oV oI oI "and b* in the base model. Our main

results qualitatively hold, except that the manufacturer’s following the CDD does not benefit
itself anymore (recall that in Proposition 4 where b* < b < 1, the manufacturer benefits from
following the CDD if 02, is relatively small). We provide the proof of this difference as follows.
Proof. When b* < b < 1, we have o)) ; < o} ; < o)y = 0f;. Consider the region where
op g < 02 < by (which is similar to that in Proposition 4), the equilibrium is (A, P) despite
whether the manufacturer follows the CDD or not. Therefore, we only need to compare
the manufacturer’s profits in (A, P) in these two cases. The manufacturer is worse off by

following the OEM’s CDD, as demonstrated as follows.

* * 12—8b—b2)a? 12—8b—b2?)a?
AP — AP = (020806 4 152) — (UZRB 4 402 4 0%)) = —1o® < 0
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E. Non-zero Production Cost

If the manufacturer incurs a marginal production cost ¢ with ¢ < a, firms’ expected profits

are, respectively,

o

[(CL + €o — Qo — bgm)Qo - ,LUQO]’

[(a+em — @m — bgo — €)@ + (W — €)qo)-

m

We summarize as follows the equilibrium outcomes for the case in which the manufacturer
does not follow the CDD.

2(3_36%) s Qo = 753z 1 qm 2(8_3b2)
e — 4 s bt

Scenario (A, A): w

Scenario (P, P): wN-PP* = (8_41’2“’23()8‘1_4“3(52;2”2—”3)6; gV-PPr = %’ NPy _ %.
[P = e | Ao hor [P Gty 2

Scenario (4, P): wN-4* = (8_6b2+b;();j5(§2;4b2—b3)0; gV-AP* = %7 gN AP+ — %.
[IN-APs — 2(17b)(‘;(3gbbj))2(afc>2’ [IN-AP* — (127225_172%%)2 + 152,

Scenario (P,A): wN-PAr = e, (N-PA — %, gN-PAx = %; [IY-PAx —
(1;(172)2_(;;;)2 + 102, TIN-PA — (3;%12))_(2;)@2

The results for the case in which the manufacturer follows the CDD are basically the

same as the results above, except for some minor changes in firms’ profits as: ITI-FP* =
4(1-b)%(a—c)? 1 2 T7F_PPx __ (2—b)(6—b)(a—c)? 1 2 1TF.APx _ (12—8b—b?)(a—c)? 1 9
B3~ T 7227 I, = 4(3—3b2) + Gr22%0 5, = 1(8—5b2) + 105
214 2 2\2 2
The thresholds in this extended model are Uf,YC = (afc();b%a?bzl(:ibz) féfggb ), O'T]X’c =
(a—c)?b?(1-0)2(4—b%)2  _F _ 2(a—c)?b4(2—b-b%)2(16—-9b?) _F _ (a—c)?b?(1-b)?(2+b)? %
82-02)2(8—302) * Joc = (64—64b211567)2 1 Ome = 7 4(2-0%)(8-3b2) and b; = 0.9565,
which correspond to, respectively, 0¥, o o' I "and b* in the base model.

One can see that compared with the results in the base model, by simply replacing a
with a — ¢, we can get the new equilibrium outcomes and threshold values (except w, which
is a weighted average of a and ¢). Therefore, our main results still qualitatively hold when

non-zero production cost is incorporated.

13

N_AAx _ (8—4b>+b%)a+(8-20%—b%)c, quAA* _ 2(1=b)(a—c)  N_AAx __ (2=b)(4+b)(a—c) .

’

’
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