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Abstract

Our work investigates the adoption of Al technology by firms in a duopoly com-
petitive environment with multiple products, particularly focusing on the optimal pric-
ing strategy for Al companies when their technology could significantly impact the
downstream market. Al technology enhances product quality, influencing consumer
willingness to pay, but also increases unit costs for users and affects competitive dy-
namics across market segments. We explore a scenario where a technological leader
and follower engage in multi-product duopolistic competition, analyzing the effects of
Al adoption on market shares and competitive behavior in segmented markets. The
study reveals that Al adoption can either increase or decrease baseline consumption,
depending on the Al usage fee, and that a single company’s adoption of Al can lead
to a competitive advantage. The optimal pricing strategy for Al services is examined
in the context of downstream firms’ adoption and production strategies, highlighting a
trade-off between high Al service prices and widespread adoption among downstream
companies. This research contributes to the Al adoption literature by offering a nu-
anced understanding of how Al technology intersects with multi-product competition
and pricing strategies.

1 Introduction

Al technology revolutionized traditional equipment and facilities, enhancing their functionality in
unprecedented ways. Take, for instance, the burgeoning Driver Assistance System (DAS), which
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assists drivers in mundane tasks, thus significantly lightening the load of routine navigation. This
trend is gaining momentum as more auto manufacturers are incorporating DAS into their vehi-
cles, making these upgraded systems increasingly appealing to customers who once prioritized
conventional vehicles for their robust engines, superior handling, and luxurious interiors.

However, despite the transformative potential of Al, not all companies take prompt actions to
embrace this evolution. One notable reason is that breakthroughs in Al often stems from companies
soly dedicated to its development rather than its application. This means that for Al technology to
penetrate traditional industries, these development-focused companies must successfully advocate
their services to firms operating in those sectors — an endeavor that doesn’t always yield positive
returns. As a result, many traditional companies are hesitant to adopt Al-driven improvements,
and even companies with advanced technology sometimes exhibit reluctance in integrating Al into
their product design.

With these considerations in mind, we aim to explore the following question: What pricing
strategy should Al company adopt when their innovative technology has the potential to profoundly
influence the downstream market?

Al technology has a profound impact on the downstream market, manifesting in three key
aspects. First, it elevates the quality of products or services when integrated, enhancing consumers’
willingness to pay for them. Second, it increases the unit cost for manufacturers, reflecting the
charges imposed by the Al company for its services. Third, it indirectly affects competition among
downstream firms operating in segmented markets. Companies with diverse product lines aimed
at different segments may leverage Al to bolster their market shares.

In our scenario, we have a traditional industry where two players, a technological leader and
a follower, engage in multi-product duopolistic competition. This competition is framed within a
context of consumer behavior where consumers initially opt for baseline products from suppliers
and may later choose to upgrade to higher tier offerings. When both companies adopt Al technol-
ogy, the enhancements it brings cancel out in the upgrade markets. Consequently, the consumer
segments purchasing high-end products remain stable, while baseline consumption may fluctuate
based on the Al usage fee. However, if only one company adopts Al, its technological edge in
Al leads to increased competitiveness in the upgrade market due to lower upgrading costs. This
Al-adopting company will display more aggressive behavior compared to its competitors in these
specific market segments.

When considering the optimal pricing strategy for its Al service, the Al company must care-
fully evaluate the adoption and production strategies of downstream firms. A low usage price
suggests that adopting Al becomes the prevailing equilibrium strategy. Any company failing to
keep pace with Al adoption finds itself at a distinct disadvantage. However, as the usage price
rises, the equilibrium shifts to a scenario where at most one company adopts Al. In such cases, a
company may choose to sacrifice market shares rather than incur the additional cost of using Al.
It is noteworthy that, in such an asymmetric situation, the profit for the Al user (non-user) is neg-
atively (positively) related to the Al usage fee. Ultimately, if the price becomes excessively high,
both companies may opt out of using Al altogether. The Al company would never set a price that
drives away all customers. The primary trade-off lies between setting a high price for Al service
and encouraging more downstream companies to adopt Al service and increase their production



volume.

The remainder of the paper is organized as follows. In Section 2, we briefly discuss related
literature in multi-product duopolistic market and in Al development. In Section 3, we lay out
the theoretical framework for subsequent analyses. In Section 4, we present basic results that
include characterization of firms’ profits and competition strategies in the downstream market. In
Section 5, we propose a numerical example to illustrate the possibility that at Al company’s optimal
pricing, it is the technological follower in the traditional industry that would definitely adopt Al,
whereas the technological leader randomizes.

2 Literature Review

The literature on multi-product competition and its implications for pricing, product quality, and
market structure is rich and multifaceted, with contributions from a range of scholars who examine
these issues from various theoretical and empirical perspectives, which provides a comprehensive
overview of the dynamics of multi-product firms in competitive markets.

Champsaur and Rochet (1989) delve into the strategic behavior of multi-product duopolists,
this body of literature expands to encompass the complexities of multi-product pricing (Armstrong
and Vickers, 2018), the role of flexible manufacturing in global economy (Eckel and Neary, 2010),
and the optimization of multi-product pricing under differentiated price sensitivities (Gallego and
Wang, 2014). These studies lay the groundwork for understanding how multi-product firms navi-
gate and shape the competitive landscapes in which they operate.

The series works of Johnson, Myatt and Rhodes further enrich this field by exploring a variety
of dimensions related to multi-product firms. Johnson and Myatt (2003) present a model of multi-
product monopoly and duopoly using a general “upgrades” approach. The authors delve into the
strategic dimensions of quality competition among firms offering multiple products. Their study
provides a theoretical framework to understand how firms manage their product lines in competi-
tive markets, particularly focusing on the deployment of fighting brands and the decision to prune
product lines. They build upon the existing literature on product differentiation and competition
by introducing a model that captures the complexities of multi-product strategies in a competitive
environment. Their analysis highlights the conditions under which a firm might introduce lower-
quality, lower-priced products to fend off competitors, or conversely, reduce its product offerings to
concentrate on higher-quality, higher-margin products. Johnson and Myatt (2006a) delve into the
dynamics of multi-product Cournot oligopolies, offering insights into how firms in oligopolistic
markets manage and strategize their product lines when faced with competitive pressures. Johnson
and Myatt (2006b) explore the economics of advertising, marketing, and product design, empha-
sizing the strategic role of these elements in differentiating products and influencing consumer
preferences. Johnson and Myatt (2015) further contribute to the understanding of how pricing
strategies are employed across different product lines, incorporating the effects of competition,
cost structures, and market segmentation on pricing decisions. Johnson (2017) focus on consumer
behavior and retail strategies, highlighting how retail environments are designed to maximize con-
sumer spending and how this interacts with competitive dynamics in the retail sector. Johnson and



Myatt (2018) investigate the determinants of product lines. This work provides a deeper dive into
the strategic decisions behind the breadth and depth of product lines offered by firms, considering
cost asymmetries and the desire to soften competition. Johnson and Rhodes (2021) examine multi-
product mergers and quality competition. This research extends the discourse on how mergers be-
tween firms with multiple product lines affect market competition, product quality, and consumer
welfare, offering new perspectives on the implications of corporate consolidation in competitive
markets.

Manova and Yu (2017) contribute to the discussion by examining how multi-product firms
navigate product quality decisions within the international trade context, highlighting the strategic
considerations firms face when managing diverse product lines across different markets. Nocke and
Schutz (2018) introduce an aggregative games approach to the study of multi-product oligopoly,
providing a novel methodological framework to analyze market outcomes in multi-product set-
tings.

The literature on Al adoption delves into various aspects, including its potential disruptive im-
pacts on employment and industries. Agrawal et al. (2021) provide a foundational understanding
by discussing system-wide changes due to Al integration. Chatterjee et al. (2021) focus on manu-
facturing and production firms, employing an integrated TAM-TOE model to elucidate the factors
influencing Al adoption in these specific sectors, offering insights into the technological, organiza-
tional, and environmental determinants of Al integration. Gans (2022) explores the dynamics of Al
adoption in competitive markets, shedding light on how competition influences firms’ decisions to
adopt Al technologies. This work is complemented by Gans (2023), which contrasts Al adoption
in competitive markets with its adoption in monopolistic contexts, offering a nuanced view of how
market structures can shape the adoption of Al. McElheran et al. (2021) empirically analyze Al
adoption across America. Their study identifies the who, what, and where of Al adoption, provid-
ing a detailed landscape of how Al technologies are being integrated across different industries and
regions in the U.S. And many other scholars have explored the dynamics of algorithmic pricing,
competition, and their impacts, including research by Calvano et al. (2019, 2020); Sanchez-Cartas
and Katsamakas (2022); Brown and MacKay (2023); Normann and Sternberg (2023).

Our work mainly focus on the Al adoption by firms in a duopoly competitive environment
offering multiple products. The core framework of our study is adapted from Johnson and Myatt
(2003) on multi-product strategies. We analyze various Al adoption scenarios within a duopoly
setting and examine their interplay with the pricing of Al services. This work enriches the Al
adoption literature by providing insights from a multi-product perspective.

3 Model

In this section, we lay out a formal model that delineates the pricing strategy of an Al company
(AC) alongside the product line configurations of two rival firms in the downstream market. We ex-
plore a scenario in which AC achieved a significant breakthrough in Al technology and endeavors
to integrate it into a broader array of applications.



3.1 Supply

In the downstream market, suppose one firm (HC) has advantageous technological capabilities to
manufacture higher-end products, while the other firm (MC), operates within medium-end market
segments. However, it is important to note that there could exist overlap in the groups of their
targeted consumers, meaning HC also has the capacity to cater to lower tier markets.

Traditionally, the technology landscape in the downstream market, excluding Al, is depicted
as a quality ladder comprising n + 1 levels. The production technology srves as entry barriers for
market segments, with HC offering products with quality g € {n, - - ,n}, and MC offering products
g € {1,---,m}, where m < n." The use of Al effectively improves a product’s quality to the next
level, so that a product with quality g; is as attractive to the consumers as which was originally of
quality g;; 1. Notably, the scenario where HC produces the highest-tier product and implements
Al technology corresponds to g =n+ 1.

Now, let us outline the timeline. Initially, AC sets a universal usage fee, p,, for its service.
Subsequently, both HC and MC simultaneously decide whether to adopt Al technology, with these
decisions being public information. Following this, the two companies devise their production
plans and compete in the downstream market. Both firms may prune some product lines, focusing
only on a subset of vertically differentiated products. For firm i € {HC,MC}, we denote its active
product lines as {Qi, b +1,....b }+. The lowest quality products available in the market are denoted
by b = min{b" bM}. Also, we denote by b the quality of the relatively higher baseline product
provided by one of the firm max{b" bM}.

Throughout the remainder of the paper, we use subscripts to index “qualities” and superscripts
“companies.” The quality of a product at level j produced by firm i is represented as qu Note
that ¢g; = j. Additionally, the unit cost of producing quality j is denoted by c; without Al service
and ¢;_1 + p, with Al service. We assume a symmetric cost structure between HC and MC in the
initial downstream market before the introduction of Al

In addition, to guarantee that competition in the downstream market occurs at multiple levels,
we follow Johnson and Myatt (2003) to assume “decreasing returns to quality”. Specifically, the
increment on unit cost increases with quality level, Ac; = c; —c;j—1 < Acjy1, Vj, where ¢ is set to
be 0.

3.2 Demand

There is a continuum of consumers with a measure of @ uniformly distributed across the interval
[0, 8]. This assumption of uniform distribution is adopted for technical convenience, facilitating a
tractable analysis of firms’ profits which can be written as a function of their production levels.
Consumers’ preferences for product quality g are represented by their respective types 0, where
6 € [0,0]. The payoff function for a typical consumer of type 8 purchasing a product of quality g

IThis setting is not as general as in the original paper Johnson and Myatt (2003), where the gap between quality
levels may differ. To facilitate the use of the “upgrade” approach, we make this regulatory assumption in order that: (1)
The quality improving effect of Al is uniform across different quality levels; (2) Al improves the quality of a product
to the next level, i.e., a product with quality ¢; will be upgraded to g 1. These assumptions streamline the analysis
and offer a clearer insight into the implications of Al technology within the context of quality enhancement.



at price p is given by:

ug(q,p) = 6q—p.

Each consumer can buy at most one unit of a product. The measure of consumers purchasing
product j from company i is denoted by z’j This measure must satisfy the constraint: Z;’Ii (zf +
zjj‘-” ) = 0. Here, z represents the vector of firm i’s production levels. Let H(z) denote the thresh-
old type above which there are consumers with measure z, corresponding to a downward sloping
inverse demand function when the price of product is 1. Under the assumptions of this paper,
H(z)=0—z.

Given that we are analyzing a Cournot duopoly, the prices for products at different quality
levels are determined by the production plans of both firms. Thus, the market price for a product
with quality j can be expressed as p;(z”,z).

3.3 Profits

Absent Al technology, firm i’s profit is composed of the profits accrued from all market segments.
Forie {H,M},

bl
T = Z Zi(pj—cj).
j=b'
When firm i adopts Al technology, it needs to pay p, to AC per vehicle it produces, then its
profit is given by

5
' =Y Z(pj—cj1—Pa)
j=b'

The complication of this problem lies on that the profit from producing each quality is affected
by the production at all quality levels. There is substitutability and complementarity between
different product lines. To simplify the problem and provide a tractable characterization, we adopt
the “upgrade” approach developed by Johnson and Myatt (2003). By this approach, we interpret
each consumer’s choice as being the combination of the initial decision on whether to buy the
baseline product and the follow-up decision on which higher level should she updates the baseline
product to. The amount of upgrade to quality j and above is Zﬁ- = ZZIJI z};. We will make intensive
use of the notation {Zj ;’;“11 under the constraints that Zj- > Zj +1» Vi,Vj. The total amount of
production at quality level jis Z; = Z? +Z§VI . The benefit of using such an approach is that the
determinants of the upgrades are relatively independent from upgrades at other levels, so that we
can solve them in a similar way as we solve single-product duopoly competition.

After several transformations, the profit of firm i can be equally written as a function of baseline
product and upgrades.

=Y ((qj—qj-1)Z'H(Z)) — Ac;Z}) + (ZyapH (Zp) — cbZ}).- (3.1)
j=b+1



If firm i adopts Al technology and offers product with quality j at cost c;j_1 + pg, its profit is
given by

Ei

=Y ((qj—qj-1)Z:H(Z;) = Acj1Z}) + (ZyqpH (Zp) — (cp—1 + Pa)Zp).- (3.2)
j=b+1

3.4 Adoption of Al

H company

Adopt No

M =H =M _H
M company Adopt 7", 7T, 3073

M zH M -H
No =/, 7%y =nf,m

Table 1: The Strategy Profiles of HC and MC Competition

Since HC and MC compete after they have chosen whether to adopt Al in the second stage
of the game, they are involved in a 2 X 2 simultaneously-move game. We refer Cases 1-4 to the
strategy profiles (No, No), (Adopt, Adopt), (Adopt, No), and (No, Adopt), respectively. The
strategy for solving this problem is that we will first analyze the production and market shares in
the above four cases separately, and then we will turn to solve for the optimal pricing rule by the
Al company.

The Nash equilibrium of this game depends on the Al price p,, which has two effects on the
downstream competition: (1) Adoption effect. When p, is low, both firms would like to adopt Al;
but when p, rises, at most one firm will keep using Al, whereas its opponent would abandon Al
technology for the sake of cost saving. (2) Production effect. Higher the price of Al, lower the
baseline production the firm that adopts Al would offer. In contrast, strategic substitution between
HC and MC entails expansion of the firm that does not adopt Al provided that AC sets a high price
for its service.

In an attempt to maximize profits from selling Al service, AC needs to take into account com-
peting firms’ responses in the following stages. Indeed, AC would weigh a higher unit charge for
Al against more firms’ purchasing its service and a larger amount of products with Al being sold
in the market.

4 Results

In this section, we present three results that shed light on how Al technology intersects with multi-
product competition and pricing strategy of Al company. First, we will show that, in our frame-
work, the profits of manufacturing firms operating in the downstream market exhibit a convenient
functional forms depending on production levels, allowing us to relate firms’ production schemes
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to its equilibrium profits. One rule of thumb is that if a firm expands the product lines of all its
baseline product and upgrades, then we can ensure that its equilibrium profit also increases, with-
out necessity to consider price and competition effects. The opposite direction also holds. Second,
we explore the effect of Al usage price on firms’ price, under each profile of strategies at the second
stage of the game. It turns out that a higher price of Al leads to a lower profit for an Al-adopted
firm, as it will reduce its upgrades at all levels. Third, we discuss the pattern of the transition of
NE when Al usage price gradually increases. One notable feature is that when p,, is relatively low,
it is the unique NE that both firms adopt Al technology.

Proposition 1. In any duopoly equilibrium, firm i’s profit is the sum of squared production at the
entire range of its product lines, regardless of whether Al is adopted in firm i’s products.

Ei Ei
' %12 Sik E3V)
nt =Y (27, A=Y (27 4.1
j=1 =1
Because Z;. = Zlia"’ fori=H,M and j < b', firm i’s profit can be equivalently written as
] Bi %2 j %\ 2 j 4 %\ 2 j i,%\ 2
0% i,% ~ 0% i,%
mt = ) (27 b (Z))N ®T =) (Z7)+b - (2)) (4.2)
b'+1 b'+1

Proposition 1 provides a convenient form of equilibrium profit that is a quadratic function of
upgrades at all quality levels. An immediate implication is that when a firm expands (contracts)
all product lines in equilibrium, its profit will unambiguously increase (decrease). It turns out
that p, does have monotonic effects on upgrades at all quality levels under any strategy profile of
downstream firms. Then, a monotonicity relationship between the price for Al and profits follows.

Proposition 2. Under any strategy profile, if firm i uses Al technology, then 7; is weakly decreasing
in pg, if firm i does not use Al then T; is weakly increasing in p,.

Next, we discuss the transition of NE when the value of p, rises from 0. On the one hand,
it is intuitive that when p, is prohibitively high, Al service is too expensive to afford and both
downstream firms would abandon Al technology. On the other hand, we will show that when p,, is
low, the unique equilibrium is that both firms adopt Al, since lagging in Al adoption would cause
substantive losses of market shares and the capability to set a high price. In the middle range of
Pa, however, one could see an NE that features only one firm adopting Al

Proposition 3. The pattern of transition of Nash equilibrium as p, rises is as follows.
(i) When p, is low, (Adopt, Adopt) is the unique Nash Equilibrium.

(ii) Above some threshold of p,, the equilibria could be either (Adopt, No), (No, Adopt), or a
mixed strategy equilibrium.

(iii) When p, is prohibitively high, (No, No) is the unique equilibrium.
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S Numerical Example

We start by establishing our assumptions regarding the cost structure and quality differentiation
among products, guided by the principle of “decreasing return to quality” as Johnson and Myatt
(2003). This concept is mathematically represented as:

c c1—c¢ cy)—
—O< 0 < .
q0 491—490 42—41

This inequality suggests that as we move up the quality ladder, the marginal cost of quality in-
creases. This setting enables us to model competition across multiple product lines between two
automotive firms.

To illustrate these concepts, we consider a specific numerical example with predefined param-
eters: co =1, c1 =3, co =30, go =1, g1 =2, and g2 = 3. Consequently, the marginal cost are
computed as % =1, ﬁ =2, and % = 27. We also assume a uniform distribution of con-
sumers across the preference spectrum [0, 8], setting & = 28. The consumer preference threshold,
above which a consumer segment of size Z exists, is defined as H(Z) =28 — Z.

We then explore four distinct scenarios:

* Case I: Neither company adopts Al.

* Case II: Both companies adopt Al

* Case III: The company MC adopts Al, while HC does not.
* Case IV: The company HC adopts Al, while MC does not.

For each scenario, we will calculate and compare the profits for HC and MC in the subsequent
analyses, as depicted in Figures 1 and 2.
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Figure 1: Profit of HC Figure 2: Profit of MC

Initially, at low values of p,, both companies opt for Al integration, situating the Nash equi-
librium at Case II, where both companies adopt Al, as demonstrated in Figure 1 and Figure 2. As
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pa increases, the scenario shifts; MC’s profit in Case IV surpasses its profit in Case II, leading to
a new equilibrium at Case IV, where HC adopts Al and MC does not, as shown by the crossing of
their respective profit lines in the figures.

As p, continues to rise, there comes a point where HC’s profit in Case I is greater than in
Case 1V, indicating a disruption in the pure strategy Nash equilibrium. This leads to a mixed
strategy equilibrium, illustrated in Figure 3, where HC adopts Al with probability p, and MC with
probability ¢g. The critical point occurs when p, is such that HC’s profit in Case III equals its profit
in Case II; here, p equals % and g equals 1. At this juncture, MC will certainly adopt Al, whereas
HC is indifferent between adopting and not adopting Al.

After this point, HC’s profit in Case III exceeds its profit in Case II, so the Nash equilibrium
becomes Case III, where MC adopts Al and HC does not.

Finally, when MC'’s profit in Case I exceeds its profit in Case III as p, further escalates, the
equilibrium transitions to Case I. In this high p, environment, both companies refrain from adopt-
ing Al. The complete evolution of the Nash equilibrium from Case II to Case IV, then to a mixed
strategy and to Case III, and ultimately to Case I is captured in Figure 3.

Figure 4 shows the profitability of an Al company, peaking at the aforementioned critical point
where HC’s profit in Case III is equivalent to that in Case II, with the optimal value of p, equal to
13.7, corresponding to an Al firm profit of 157.8. At this stage, MC is certain to adopt Al, while
HC randomizes between two options. This outcome rationalizes the AI company’s strategy to set
pa at a level where MC is assured to embrace Al technology.
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Figure 3: Nash equilibrium Figure 4: Profit of AC

Based on the data illustrated in Figures 5 and 6, we can draw several conclusions about the
production strategies of the HC and MC companies under different Nash equilibrium cases.

When Case II represents the Nash equilibrium, we observe that as p, increases, the production
of medium- and low-quality products by both HC and MC decreases, while the production of high-
quality products by HC remains constant. This suggests that both HC and MC adjust their output
in response to rising Al costs by reducing the production of low and medium quality products, but
maintaining the production of high-quality products by HC.
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As we move to the Nash equilibrium represented by Case IV, HC appears to decrease its overall
production but increases the output of high-quality products. This indicates a strategic shift towards
focusing on high-value products when Al adoption becomes more costly. In contrast, MC increases
the production of both medium- and low-quality products, which may reflect a strategy to capture
a broader market segment that HC is moving away from due to their high-quality focus.

In the scenario of Case III being the Nash equilibrium, HC stops producing high-quality prod-
ucts altogether and instead boosts total output, suggesting a pivot towards more cost-effective
product lines. MC responds by increasing the production of medium-quality products, yet its total
output diminishes. This may reflect a resource reallocation to enhance the competitiveness of their
medium-quality products.

These production changes underscore the dynamic interplay between product quality tiers and
Al technology costs, with each company adjusting its output and quality focus to optimize prof-
itability under varying conditions of Al integration costs.

6 Conclusion

In this paper, we investigate the adoption of Al technology by firms in a duopoly competitive
environment with multiple products, particularly focusing on the optimal pricing strategy for Al
companies when their technology could significantly impact the downstream market. The integra-
tion of Al technology into traditional industries represents a significant shift, offering enhanced
product quality and operational efficiency. However, the adoption of Al is not uniform across the
board, influenced by a variety of factors including pricing strategies of AI companies. Our analysis
indicates that the pricing of Al services plays a crucial role in determining the extent of its inte-
gration within traditional sectors. A balanced approach to pricing can foster widespread adoption,
benefiting both Al companies and traditional industries through improved competitiveness and
product offerings. Conversely, disproportionate pricing may hinder the integration of Al, limiting
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its potential benefits. Therefore, Al companies need to carefully consider their pricing strategies,
aiming to establish a price point that encourages adoption while optimizing their profit margins.
This strategic decision-making is essential in ensuring that Al continues to be a driving force in the
evolution of traditional industries, shaping the future landscape of market competition and product
development.
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Appendix A. Proofs

Proof of Eq.(3.1)

=) (pj—cj)3j (=0 forall j < b))
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[:j:
M-

((px— ) = (Pr—1 — ck=1)) 25+ (pp— €b)25)

~
Il
IS
B
I
IS

((pr— k) = (Pr—1 — ck—1))2 + i (pb—cb)Z
i=b

((Px— ) = (Pk—1— k1) Z Po—cp) Y25 (X bij =X X bij)
Jj=k j=b

I
M-

1
IS
T
IS

I
=

T
S

[
1=

(AqeH (Zi) — Ack) Zi + (pH (Z)) — 1) Z,

T
IS

where the last equation follows from Ap, = AqxH (Z;) and py, = qpH(Zp).
Proof of Eq.(3.2)

=) (pj—cj-1— Pa)z] (25 =0 forall j < b))

1
IS

I
[:j:
-

((Px—ck—1) = (Pr—1— Ck—Z))Z; +(pp—cp-1— Pa)ZS-)

T
IS
T
IS

e . n .
((Pk—cx—1) = (Pr—1— Cku))le + Z (Pp—cb—1— Pa)le
j=b

I
M=
M-

~
I

IS
e
I

|

I
D= I

n n
((Pk—ck—1) = (Pr—1—cx—2)) Z le + (P — -1 — Pa) Z le
j=k j=b

(Z?:1 23':1 bij = 2?21 Z?:j bij)

(AqH (Zi) — Ac—1)Z; + (qpH (Zp) — cp—1 — Pa)Z},

i
IS

I
=

T
IS

where the last equation follows from Apy = AqH (Zy) and p, = qpH(Zp).

A.1 Proof of Proposition 1

We only provide a proof for the case where firm i does not adopt Al technology, while the case
where firm i adopts Al can be proved in the same manner.

CaseI: b'=b

The F.O.C. with respect to Zj- deriving from Eq. (3.1) are given as below:
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For j > b', FOC is 6 — 22;'. — Zj_" — Acj = 0, from which we can obtain the expression for the
equilibrium production at quality level j, if this product line is not pruned:

Z;" = H(Z)) - Ac;. (A.1)
For j =b', FOC is Qi(é — 222,» — Zl;i) = ¢,i. Then we have
i,* Cbl
Z; =H(Z)~ 5. (A.2)

Plugging Eq.(A.1)(A.2) to Eq (3.1), we will obtain that

b , oo
w = Y b @ = R
b+ j=

Case2: b' > b

b ¥ . : S . .
n= Y Zj-(H(Zj)—Acj)+ Y. Z;- (H(Z; +Z;") = Acj) +bZH(Z); + 7, ') — cuZy;.
j=b+1 b+1 - - - -

From FOC with respect to Zk j> Qi, 06— ZZj. — Zj_i —Ac;j =0, we have
Z;f* =H(Z}) - Ac;. (A.3)
From FOC with respect to Z/,

b . . _ . .
Y (0-27,—Z;"—Acj)+b-(6-2Z,;—7,") —c, =0
Jj=b+1 N -
b . . . . -
— ; I(H(z;i +Z;") ~Acj) +b-H(Z,; +2,") —cp = b'Z,;.
j=b+

(A4)

Plugging Eq. (A.3)(A.4) to Eq. (3.1), we have

Ei Bi
i %\ 2 i (%2 %2
W= Y P 7 = X )
bi+1 j=

A.2  Proof of Proposition 2

Let us discuss case by case. Since in Case 1 where no firm adopts Al, 7ri is independent of p,,
the result is trivial. In Case 2 where both firms adopt Al, the market segments for upgrades are
unaffected, since Ac; stay the same. While for the baseline product, the firms’ production, which
could be equivalently calculated as in a single-product duopolistic market, declines due to higher
cost ¢cp—1 + Pa.
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A.2.1 Case?2

When both firms adopt Al, they each produce quality-k good at cost ¢;_1 + p,. Then we can
calculate their market shares as follows. Without loss of generality, we assume that Firm i produces
the lowest quality good (b = b') and that Firm j’s baseline product has the feature that b=>b/. When
b' = b/, it is straightforward that baseline production Zi; and Zg are both decreasing in p,, with all
upgrades unchanged. Therefore, the profits for both firms decline. Below, we only consider the
case when b > b.
For b < k < b, the FOC with respect to Z! is given by
6 —27,— 7 = Ay (A.5)

For the baseline product, the FOC with respect to Zl’.7 is given by

b(6 —27,—Z) = cp_1 + pa (A.6)

For Firm j’s baseline product, the FOC with respect to Zl{ is given by

b
Y (6- 2zf —Acy_1)+b(6— 2zf Zp) =cp1+Pa (A.7)
k=b+1 B

From Eq.(A.6)(A.5), we can obtain that Z = 1(8 —Zl{ —Acy—1)and Z} = 1(0 - Zl{ — %)
and that B N

. b .
bzZ] = Y, Z+bz, (A.8)
k=b+1

Plugging into Eq. (A.7) and then substituting back into the expressions for Zi, we have

Zl—JJ :%é—g%(cb,é—f-lh)l |

/ A b b1
z, :§?+?_Q_bl_(5_§)pa (A.9)
Zi =30+ g1~ 3801+ g5 Pa

Eq.(A.9) show that the firm producing higher quality goods is negatively affected by an increase
in p,, while the other firm benefits from such a rise.

Then we examine how the Al usage fee affects firms’ profits in equilibrium. Initially, we know
that for k > b, firms’ upgrades Z,i are not affected by usage fee p,, since only the cost difference
between quality levels Acy—; matters.

For Firm j, because ZI-J) decreases with p,, from Eq.(3.2) higher usage fee p, gives rise to lower
profit for Firm j.

For Firm i, it suffices for us to consider the change in Z:, k < b.

3
= Zi— —2b(~ 7! A.10
Y k3F _(b Bb) b (A.10)



I 1

1 - . . .

— (b7 — b7 —2h(= — —_\Z! By Eq.(A.8
3b( ! —b7}) —(12 3b)g (By Eq.(A.8))
1. 1 b__.

— 7l _(Z_ =27 A1l
3% (2 3b)9 (AD

A sufficient condition for 7 to increase with p, is that ZI{ >Zi and b > ¢b.

A.2.2 Case 3: only M adopts Al

When b = b, it is similar to the case of single product duopoly that the firm whose cost unilaterally
increases will have less equilibrium production. Therefore, as p, rises, AM decreases while
increases.

When b < b, the FOCs are given by

0 —27) — 7l = Acy fork=b+1,...,b
b(9 ZZM Z—)—cél—l—pa
):k:bﬂ(e 22 — 7 — Acy) +b(0 =27 - 7)) = ¢}

Rearranging these equations we have l_aZgI = Zi:@ 11 Z,i” + QZ{}” — Acj, + pq. Plugging the ex-
pressions of Z}(” and Zg” into this equation, we will have

2 1 1

1

H

Zy = 3b(2b9—l—2cb | c,;+§pa)

In equilibrium, le_jl increases with p, and Z,I(” ,for k=b,...,b, decreases with p,. From Propo-

sition 1, their profits /7 and #¥ are increasing and decreasing in p,, respectively.
When b > b, the FOCs are given by
027l -Z¥ =Acy  fork=b+1,...,b
b(6 —27 - Z2)") = ¢
Yiepi1 (022 —ZH — Aci 1) +b(0 —2ZY — Z!) = cp_1 + pa

Rearranging these equations we have bZ =3 Zk bt (6 — Z —Acy) + bZ » Acp, — pa. Plug-
ging the expressions of ZM and Zg’ into this equatlon, we will have

2 1- 1
M=~ (-b6
b = 3520 T 3% o1 P
In equilibrium, Zg” decreases with p,, and Zf ,for k=b,...,bincreases with p,. From Propo-

sition 1, their profits 77 and #M are increasing and decreasing in p,, respectively.

A.2.3 Case 4: only H adopts AI

This case is symmetric with case 3 and similar results follow. When p, rises, 71 decreases while

™ increases.
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A.3 Proof of Proposition 3

We want to show that when the use of Al is free, firms would unambiguously choose to upgrade
from the perspective of competition Formally, we demonstrate that when p, = 0: (a) nfl < ﬁf ;
(b)7r <7r] ,(c)7r <7r2 (d)7r3 <7r2

To make clear the comparison between different cases, we use Y ; to denote the size of upgrade
up to quality j by firm i if firm i adopts Al For example, in Case 3, YJM represents MC’s production
at quality j or above and Zf represents HC’s production at quality j or above.

(a) ol < 7l

First, we consider the case where b > b¥ and b > b". For k > b+ 1, the upgrades increase

due to lower marginal cost for production at different quality levels. So we only need to prove that

H H
Yb+1 > Z

The basehne product without Al technology Z— is calculated from
027} —ZI' =Acy  fork=b+1,....b
b(6 —27) = Z[") = ¢,
1‘) p -
Yy 1(0 =27 —Z} — Acy) +b(6 — 27 — 7)) =
The result is that Zl-lf = %é — 3_1;;%-
In contrast, the baseline product with AI, Y | is calculated from

b+1°
6 —2zM — Ylﬁ]—Ack fork=b+1,...,b+1
b(6— 2ZM i) =c
zi;‘,H(G 2w —Z —Acy 1) +b(6-2¥F —Z}) =y
The result is that Ylﬁrl 16+ (b+1)( Cpyq —Cp)- It can be shownthatY}fil >ZH

Second, we consider the case where b > b and b < b . That means Firm H is a monopo-
listic producer at quality level b+ 1.
The baseline product without Al technology Z- is calculated from

027} — 7' =Acy  fork=b+1,....0"

b(6 -2z -7Z') =¢cp

Y2, (6220 —ZM — Acy) +b(8 — 228 —Z}) =
The result is that Z[!;I 9 3chbM

In contrast, the baseline product with Al, Y]-fil , 1s calculated from

6 —2zM — YH [ =Ac  fork=b+1,....0M
b(9 2ZM Y )=cp

b+1
):k:bﬂ(e 21/;11 ZM — Acy—1)+b(6 — 2Yb’i1—zf4) Ch-1
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H _1 2 . H H
The result is that ¥;*. | = 10+ 3bM cpm — 3pm Cpm—1 - It can be shown that Y% > Z;7.

Third, we consider the case where b7 = b < b™. Without AI technology, the production at
different quality levels is calculated from

027 -7 =Acy,  fork=b+1,....b
b(6 —27 - 72") = ¢,
[—) p— -
Y pi1(6 —2zg4—z,?—Ack)+Q(9 —2224—25) —
The solutions are
1

M _ 1pa
O P ;
Z,;{ :§?+6be Ack fork=b+1,...,b.
Zg :§9+ Zb

After Firm H upgrades costlessly, its upgrades are denoted by Y,f{ , while Firm M’s upgrades
X,?” . Then we solve the following system of equations:

0 — 21 — XM = Acy_ fork=b+2,...,b

(+1)(0-2v, —xM)=¢,

Y2 2 (6 —2XM Y — Ac)+ (b+1)(8 —2XM — Y[ ) = ¢y

We have XM = 16 — (cb +Cpr1 —3¢p). It can be shown that X < ZM, which means that
Firm M contracts its productlon after Firm H’s upgrading. Combining this inequality with the fact
that Ack— < Ack, we obtain that Y7 > Z, for k =b+1,...,b. What remains to prove is that

H H
Yoi1 22y

1, - Cp — Cp
V=50 -X - ) > (07 - 2) =7

Results (i1) and (iii) are easy to see. Monotonicity of firms’ profit functions of p, in Cases 2, 3,
and 4 suggests that firms would deviate from Adopt when p, is above some threshold. In Section
4, the numerical example will illustrate the possibilities that (Adopt, No) and (No, Adopt) can be
supported as NE. There could also exist mixed-strategy equilibria. In addition, there is p above
which (No, No) is the unique equilibrium. Then, it remains to prove result (i).

Because the profit functions are locally continuous in p,, it suffices to show that at p, = 0,
(Adopt, Adopt) is the unique equilibrium. Formally, let us demonstrate 4 claims: (a) 71'{1 < ﬁ:f ; (b)
M < 7@M; (o) 7Y < 7Y (d) wl < 7.
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(a) o < M .

To make clear the comparison between different cases, we use Y J’ to denote the size of upgrade
up to quality j by firm i if firm i adopts Al. For example, in Case 3, Y]M represents MC’s production
at quality j or above and Z}q represents HC’s production at quality j or above. In addition, the

product lines for Al-using firm is denoted by {d’,d'+1,...,d'}.
Based on Proposition 1, we have

B d_H
! = Z (Zf)Z b (251)2; Al = Z (Yf{)erdH-(Y;}'{)z,
]:QH‘FI - j:4H+1 a

To prove the result, we are going to show that Z}q <Y JH for all j < b. The discussion will be
divided into two parts, depending on which firm operates in lower-end markets.

1. oM <pf
FOC w.r.t. z;j;,:

QH
Y (627 —Z}) +b" - (6 -2Z}} — Z}4) = .
j=b"+1

FOC w.rt. Z¥, b +1 < j < b
N M H
0 —2z)' ~Z}li = Ac;.

FOC w.r.t. Z%p
M. (6 —222@ —qu) = .

Solving this system of equations yields that

However, if HC deviates to adopting Al, we can ensure that its all upgrades would expand
because the cost for upgrade j decreases from Ac; to Ac;_;. At the meantime, the baseline
product observes production at level

1 _ ZCQH _CbH+1

Ho
V=300

Since Y4

H H
> >

W1 the baseline product line also expands as expected.
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2. M >
FOC w.r.t. Zf, for b < j < bM:

6 -2z — 7 = Ac;.

FOC w.rt. Z2
b (6 -22 —Z4) = cyn.
FOC w.r.t. ZQL:

QM
Y, (6273 - Z])+b" (6 —2Z)4 — 7)) = c,u.
j=b"+1

Solving this system of equations yields

lig_ M
Z =46-%)

1 _ H
ZZH :E(G_Zg\[l_bb_H)

However, if HC deviates to adopting Al, its upgrades increases ubiquitously as argued be-
fore; its base line product is given by

~ 1/a QM
ZM :§( __be)
H _1/a_ M CpH

. M _ 5M
Since ZQM ZbM’ it is easy to see that Y, bH—H

> Zﬁ,. Our result is achieved.

For results (b), (¢), and (d), the proofs resemble that of (a), therefore we omit the details.
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