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Compensation rules for patent infringement greatly affect patent quality, which is closely related to R&D investments. In this
study, A duopoly game model was developed to analyze innovative factories’ R&D investment and patent licensing behavior, as
well as the strategic choices of potential infringers under different compensation rules for patent infringement. Furthermore, a
comparative analysis was conducted to analyze the patent quality under different scenarios, ultimately finalizing an optimal
sequence rule for patent infringement compensation. ,e results show that patent quality is influenced by the invention height of
patent and R&D efficiency, while the amount of patent infringement compensation has a great effect on potential infringement
behavior. Patent quality can be effectively improved if the court adopts a proper sequence rule for patent infringement com-
pensation according to the market circumstances.

1. Introduction

,e patent for “Slide to Unlock” of Apple Inc. affords much
food for thought. In 2014, a court jury in San Jose, California,
convicted Samsung of infringing the patent of Apple Inc. for
“Slide to Unlock” and “Fast Link,” asking Samsung to pay
$119.6 million to Apple Inc. as a compensation. In February
2016, the U.S. Circuit Court ruled that Apple’s patent for
“Slide to Unlock” was invalid because “Apple’s so-called
patented technology had appeared in an earlier technology
patent.” However, in October 2016, the U.S. Federal Circuit
Court overturned the previous judgment and again ruled
that Samsung had infringed Apple’s patent. ,e judge de-
cided that the patent for “Slide to Unlock” belonged to
Apple. However, the attitudes toward this patent problem
are different between different countries, e.g., the German
and British courts declared the patent void.

As can be seen from this suspenseful case, the patent
right, which has been regarded as a clearly defined property
right for a long time, is not absolutely reliable and the
validity is worthy of deep discussions (Jeon [1] integrated a

series of events regarding patent infringement; it shows that
roughly a half of litigated patents are found to be invalid). In
recent years, some scholars have conducted a detailed
analysis on the validity of patent rights, pointing out that the
right property which has been clearly defined previously in
practice is sometimes ambiguous; i.e., it is unclear whether
the rights of a patent owner, after announcing to the public
his/her ownership of a certain patent and obtaining the
exclusive rights therein, exist in practice, Furthermore the
scope of questionable patent is also unclear. ,ese patents
can be classified as questionable patents (patent review is in
itself a process with strong subjective judgment because the
patent examiner’s personal knowledge has a great effect on
the review results; more often than not, the patent examiner
has an unclear understanding of the patented elements, so it
is not at all surprising that the patent boundary is fuzzy).

Questionable patents are also called weak patents or
probabilistic patents [2, 3]. In 2003, the U.S. Federal Trade
Commission first proposed the concept of a “questionable
patent” in Promoting Innovation: An Appropriate Balance
between Competition and Patent Laws and Policies. A
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“questionable patent” is one that does not meet the patent
licensing requirements or one that has an excessively wide
scope of claims [4]. In recent years, due to the increasing
complexity and diversity of inventions and creations, the
number of questionable patents has increased rapidly, se-
riously affecting the normal operation of patent systems.
,is causes harm to legitimate competition and disrupts the
social order of economic development (neem tree is a re-
source of great cultural significance in India; Indian farmers
usually use the juice of neem tree seeds as a natural in-
secticide; in the early 1990s, researchers at W. R. Grace
Company discovered a way to stabilize and activate aza-
dirachtin and applied for a patent for this method; so far,
Indian farmers have discovered that they are required to pay
high user fees to use the resources they have depended on for
generations; Grace Company took the lead in planting plants
in India and continued to expand the market share of neem-
based products [5]). Moreover, the innovation patent thicket
may therefore be hindered. A large number of questionable
patents have led to uncertainty in innovation revenue
(Cohen et al. [6] provided the first large-sample evidence on
the behavior and impact of nonpracticing entities (NPEs) in
the intellectual property space; they found that NPE liti-
gation had a real negative impact on innovation at targeted
firms: firms’ substantially reduced their innovative activity
after settling with NPEs), thus weakening the motivating
effect of the patent system on innovation.

,e root cause for the presence of questionable patents is
that the patent is not an enforceable right, and that the
validity of the patent is often difficult to assess [7]. Other
reasons include careless patent examination, the rapid in-
crease of the number of patent applications, abuse of patent
application right with the present system defects, and un-
certain patient validity and defects in the governmental
patent funding policies [8].

“Questionable patents” have aroused great attention
from scholars, most of whom have explored the causes of
“questionable patents” and put forward relevant counter-
measures. Choi points out that owing to the lack of a rig-
orous examination process, many patent applications of
questionable value have been approved, generally sup-
pressing innovation rather than promoting innovation [9].
Considering that questionable patent holders lack the mo-
tivation to innovate, it is imperative to reform the patent
system, strengthen third-party supervision, and replace
expensive, time-consuming patent litigation with post-grant
patent examination. Lemley and Shapiro [2] argue that the
patent right is uncertain, while the patent system allows the
patentee to hold the exclusive monopoly right for a certain
period. Resources should be allocated for patent applications
of greater commercial value in order to resolve the uncer-
tainty of patent value.

In terms of the form, the presence of a “questionable
patent” is defined as patent that is examined in a relaxed
manner. However, in practice, the problem is caused by the
inherent defects of patent systems. Some speculators take
advantage of these defects to abuse the patent right. In fact,
the patent right is not a natural right, but a legal right, which
should be used judiciously. Farrell and Shapiro [10] argued

that a “questionable patent” is caused by the relevant court’s
failure to fully examine the validity of the patent. In their
game theory model, they proved that determining patent
validity before patent granting is beneficial to social welfare.
,e impact of questionable patents on market entities de-
pends largely on patent granting. ,eir presence may cause
costly litigation and even hinder patent innovation. Inspired
by the model built by Farrell and Shapiro, Encaonu and
Lefouili [11] expressed a new view on questionable patents.
On the one hand, they argued that a questionable patent may
not necessarily involve small or micro innovations, while
disruptive innovations may also lead to the presence of
questionable patents; on the other hand, they ignored the
hypothesis that the license contract provided by the patent
owner must be accepted by all downstream vendors. ,ey
believed that questionable patents may be generated due to
insufficient innovations or ambiguity in novelty. In addition,
the presence of questionable patents is inevitable, so judicial
departments should strengthen their supervision over
questionable patents. Schuett [12] pointed out that a patent
examiner’s salary generally depends on the number of the
patents examined by him/her; because he/she can save much
more time when they pass a patent application than when
they reject the application, patent examiners are more
willing to grant a patent. ,is is also an important factor in
the decline of patent quality. Kwon [13] proposed a new
method to identify weak patents by using patent citation
information in conjunction with the textual similarity be-
tween citing and cited patents. ,is method shows that 13%
of U.S. patents filed from 2001 to 2010 are weak patents. He
suggests that patent owners have an incentive to invest in
maintaining and appropriating weak patents, and thus the
current patent system is incapable of self-correcting weak
patent issues.

Teece et al. [14] argued that because questionable patents
have seriously affected the normal operation of the patent
system, the reform of the patent system should focus on
improving patent quality to facilitate innovations and high-
quality inventions. Questionable patents have seriously af-
fected patent quality. Love [15] pointed out that even though
the patent offices have tried their best to improve the ex-
amination process, questionable patents still emerge in an
endless stream. In this regard, expenses can be adjusted to
reduce the number of patents granted, i.e., it is necessary to
raise the maintenance cost of patents and cut down the cost
of application for post-granting administrative proceedings.
Lei and Wright [16] argued that the emergence of ques-
tionable patents is due to the lack of examination of patent
applications. In other words, patent examiners ignore the
objective validity of patents. Questionable patents have
raised litigation-related social costs and reduced the social
benefits of innovation incentives. Choi and Gerlach [17]
analyzed patent pools and their effects on litigation incen-
tives, overall royalty rates, and social welfare when patent
rights are probabilistic and can be invalidated in court. ,e
results show that patent pools with complementary patents
reduce social welfare as they charge higher licensing fees and
chilled subsequent innovation incentives if patents are
sufficiently weak.
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,e above findings are concerned with the causes of
questionable patents and their impact on innovation
incentives. Most scholars believe that the number of
questionable patents should be reduced by strengthening
the examination process, increasing patent subsidies, and
improving the patent system. However, most scholars do
not consider the effects of patent infringement compen-
sation rules on patent quality (the patent quality men-
tioned in this paper is an index parameter used to measure
“questionable patents”; it represents the probability that a
patent is deemed valid by the court after a patent litigation
occurs). When patent infringement occurs, the court
generally adopts the following two rules to cope with the
act of infringement:

(1) Profit Loss Rule. ,is rule requires that the infringer
should return the profit which originally belonged to
the infringed to the infringed party as if infringement
had not occurred (in this situation, the patent owner
builds a factory independently and makes monopoly
profits or licenses the patent to others), so that the
infringed could gain the same profit as that prior to
infringement.

(2) Unjustified Enrichment Rule. ,is rule requires that
the infringer should return all profit obtained in its
infringement act to the infringed.

As can be seen from the previous discussions, these two
rules differ from each other in terms of operating mech-
anisms. ,e goal of the profit loss rule is to compensate the
infringed for the loss of profit caused by infringement,
while the goal of the unjustified enrichment rule is to
prohibit the infringer from gaining profit in its act of in-
fringement. ,e different ways adopted by the court in
handling patent infringement may influence the interests of
patent holders and potential infringer (Mazzeo et al. [18]
used 340 patent infringement cases from 1995 to 2008 as a
research sample and conducted a standardized study on
related data; the results show that factors such as the
calculation method of the compensation and the charac-
teristics of the patent have a significant impact on the
patent infringement damages), thereby affecting the be-
haviors of various market participants. As such, patent
infringement compensation rules have an important effect
on patent quality (Pincus [19] points out that after an
infringement act is affirmed, the mechanism and calcula-
tion method by which the intellectual property holder
obtains indemnity are important for giving full play to the
role of the intellectual property protection system in
remedying the intellectual property, stimulating knowledge
innovation, and promoting economic development).

In this study, game theory has been adopted as the main
research method to analyze the market behaviors of inno-
vative firms and potential infringers from the perspective of
endogenous patent quality. ,e effects of different patent
infringement compensation rules on the market outcome
are then analyzed. ,e following two issues are primarily
discussed in this paper. On the one hand, what are the
differences with respect to the effects of different patent
infringement compensation rules on market outcome in

terms of innovation incentives and potential infringers’
behavior? What are the differences in patent quality and
social welfare under different rules? On the other hand, can
the patent system be further optimized? Specifically, because
different patent infringement compensation rules have
different effects on market participants, the patent quality
under different rules must be different. Is it therefore pos-
sible to find a patent infringement compensation sequence
rule that is best for patent quality (in international judicial
practice, different countries have preference for different
calculation methods; for example, the plaintiffs in the United
States and the United Kingdom prefer the “profit loss rule,”
while the plaintiffs in Germany prefer the “unjust enrich-
ment rule”; however, Japan is in the midst of changes, with
the “profit loss rule” becoming increasingly popular; on 7
June 2019, the Grand Panel of the Intellectual Property High
Court of Japan set a flexible and pro-patentee approach in
determining patent infringement damages which may result
in higher damage awards, assuming the criteria are satisfied;
the prospect of Japanese courts being able to award higher
patent infringement damage awards in the future using the
calculation rules outlined in this milestone decision will
contribute to the greater protection of patent rights in Japan
[20]) ?

,e research contribution of this paper lies in the in-
troduction of the concept (to a certain extent, “questionable
patents” have played an indispensable role in technological
development; patent granting requires a certain innovation
height, but since technological development is always pro-
gressive, the development of any new development must be
based on the existing technology; to take out a patent for an
invention, it must be “novel,” “practical,” and “non-obvi-
ous”; the innovation height is a comprehensive concept that
includes the above three elements; a “questionable patent” is
not one that is stale, but one that has an insufficient in-
novation height; for example, in the pharmaceutical in-
dustry, a new drug usually has to go through two processes,
i.e., drug design and drug testing, before it is patented; al-
though drug design may be completed early in many cases,
drug testing generally takes ten years or several decades and
needs hundreds of millions of dollars; from the perspective
of patent examination, the completion of drug design can
only indicate that the drug is “novel” and “non-obvious,” but
its “practicality” has not been proven, yet, so the drug cannot
be patented owing to its insufficient innovation height; the
“practicality” of this drug cannot be recognized unless more
investment is made for drug testing to prove the drug is
indeed effective; only then can this drug be considered to
have a sufficient innovation height and patented) of “in-
novation height” to build an endogenous model of patent
quality. Generally speaking, the higher the R&D investment
is, the higher the invention height is. Moreover, higher
invention height means higher patent quality. ,us, there
exists a positive correlation between R&D investment and
patent quality. If R&D investment is regarded as an exog-
enous variable, the invention height can be transformed into
an endogenous variable to make patent quality endogenous.
On this basis, we can further analyze the specific amount of
compensation and its effects on innovative firms’ behavior
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and patent quality under different patent infringement
compensation mechanisms.

2. Model Assumption

We consider a Cournot duopoly competition model com-
posed of Firm I and Firm E, which is similar to [21]. We
assume that both firms produce a certain product at the same
marginal cost c(c< 1). ,e inverse demand function for this
product is p � 1 − (qI + qE). Suppose Firm I improves its
production technology by means of R&D investment and
has taken out a patent for the technology, thus decreasing the
marginal cost of this product by Δc (for example, in the
process of oil refining, one of the main steps is to remove
phospholipids and free fatty acid from the crude oil; tra-
ditionally, the hydration and alkali refining technology is
used to execute this step, but the method is time-consuming
and costly; later, some researchers developed a powdery
reagent with strong physical adsorption; added to the crude
oil, the reagent can remove phosphorus and acid in a short
time, thereby greatly reducing the oil refining cost; this
technology has been patented; actually, other researchers
had developed a similar product before this reagent
appeared; however, the product failed to be patented because
of the non-obvious effect, i.e., insufficient innovation
height), which represents invention height. Suppose Firm I’s
R&D investment is k � θΔc2, where θ represents the R&D
efficiency. ,e higher θ is, the lower the R&D efficiency is
and the higher the R&D investment is; conversely, the lower
θ is, the lower the R&D investment is, suggesting that Firm I
has relatively higher R&D efficiency.

Although Firm I has taken out a patent for the new
technology, the patent may not be effective. Suppose its
patent quality is ρ ∈ [0, 1], where ρ also represents the
probability of winning a patent infringement lawsuit for
Firm I. In this paper, it is assumed that ρ � Δc/c, where c

represents significant invention height. To simplify the
analysis, it is assumed that c � c in this paper. In other
words, when Firm I’s new technology reduces the marginal
cost to zero, its patent must be effective.

,e game in this paper consists of three stages, as shown
in Figure 1. During the first stage, Firm I determines its R&D
investment scale and patent license contract [r, F], where r
represents output commission and F represents a fixed fee.

During the second stage, Firm E decides whether to
accept a patent license contract from Firm I. ,is results in
one of the following three situations:

(i) Situation A: Firm E does not accept the patent
license contract from Firm I and still uses the old
production technology.

(ii) Situation B: Firm E accepts the patent license
contract from Firm I and uses the new production
technology.

(iii) Situation C: Firm E does not accept the patent
license contract from Firm I but uses the new
production technology by means of infringement.
At this time, Firm I will file a lawsuit, and the
probability of winning the lawsuit is ρ. If Firm I wins

the lawsuit, Firm E will need to compensate Firm I
for its loss. Otherwise, Firm E will not need to pay
any fees if it wins the lawsuit.

,e unjustified enrichment rule or profit loss rule is
adopted for determining the amount of compensation for
patent infringement. Under the unjust enrichment rule, if
Firm I wins the lawsuit, then Firm E must transfer all the
illegal profits to Firm I, such that Firm E’s final profit be-
comes zero. Under the profit loss rule, Firm E should
compensate Firm I for its actual loss, so that Firm I’s final
profit is the same as its due profit. Because both situation A
and B can be regarded as equilibrium situations that “should
have occurred” under the assumption of this paper, these
two situations will be discussed separately.

At the third stage, either firm obtains its own benefits
according to the previously selected strategy.

3. Analysis of Market Equilibrium in a Non-
Infringement Situation

According to the assumption of this paper, Firm E will not
infringe in situation A or situation B. ,e backward in-
duction method in [21] will be used to analyze Firm I’s R&D
investment decision and either firm’s profit gained in sit-
uation A and situation B. Specifically speaking, the firm’s
optimal pricing and profit are calculated first under the
premise of a given invention height. ,en, the optimal R&D
investment level is determined for the innovative firm
according to its R&D investment function while deter-
mining patent quality.

3.1. Situation A: Firm I Adopts New Technology, while Firm E
Continues to Use the Old Production Technology. First, the
final stage of the game is analyzed. At this time, Firm I’s R&D
investment has been completed, so the invention height has
been determined, as well. ,erefore, the profit function for
either firm in situation A is as follows:

πAI � 1 − q
AI

+ q
AE.

  − c + ΔcA
 q

AI
− k

A
,

πAE � 1 − q
AI

+ q
AE.

  − c q
AE

.

⎧⎪⎨

⎪⎩
(1)

According to the conditions for profit maximization,
either firm’s profit can be revealed under the premise of
undetermined innovation height by taking the first-order
optimal conditions of qAI and qAE. for πAI and πAE,
respectively:

πAI∗ �
(1 − c + 2Δc)

2

9
− k,

πAE∗ �
(1 − c − Δc)

2

9
.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(2)

In situation A, since Firm E does not use the patented
technology of Firm I, the second stage of the game needs not
be analyzed. ,e first stage still needs to be analyzed though,
i.e., Firm I’s R&D investment decision needs to be analyzed.
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By substituting k � θΔc2 into equation (2), we derive an
objective function for Firm I in situation A, as follows:

Max
Δc

πAI∗R&D �
(1 − c + 2Δc)

2

9
− θΔc2. (3)

,e first-order optimal condition of Δc is taken for
equation (3), revealing the optimal invention height of Firm
I in situation A, as follows:

ΔcA∗
�

c, if θ≤
(2 + 2c)

9c
,

2(1 − c)

9θ − 4
, if θ>

(2 + 2c)

9c
.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(4)

Equation (4) shows that when θ≤ (2 + 2c)/9c , i.e., when
is low, the R&D efficiency in the market is high. Moreover,
Firm I’s profit increases with its increase in R&D investment.
,erefore, the optimal choice is to increase the innovation
height to the highest level. At this time, Firm I is bound to
provide a full-quality patent. Conversely, when
θ> (2 + 2c)/9c, owing to the low R&D efficiency in the
market, it may be difficult to obtain satisfactory results with
higher R&D investment. As such, Firm I may not invest
enough R&D funds. As a result, its innovation is turned into

a “questionable patent.” With the innovation height being
determined, either firm’s optimal output can be identified by
combining equation (2) with equation (4), as shown by
equation (5) below:

q
AI∗

�

1 + c

3
, if θ≤

2 + 2c

9c
,

3θ(1 − c)

9θ − 4
, if θ>

2 + 2c

9c
.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(5)

q
AE∗

�

1 − 2c

3
, if θ≤

2 + 2c

9c
,

(1 − c)(3θ − 2)

9θ − 4
, if θ>

2 + 2c

9c
.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(6)

Based on the above analysis, either firms’ profit (con-
sidering that either firm’s output can never be negative, as
can be seen from equation (6), when θ≤ (2 + 2c)/9c, if
c≥ 1/2, then qAE∗∗ � 0; if c> 1/2, then qAE∗∗ > 0; when
θ> (2 + 2c)/9c, if θ≤ 2/3, then qAE∗∗ � 0; if θ> 2/3, then
qAE∗∗ > 0) in situation A can be revealed, as shown in Table 1.

Proposition 1 can be put forward as follows based on the
above analysis.

Firm E

Continues to use the old
technology for production

Stage 1

Stage 2

Situation B Situation CSituation A

Firm I

Decides the R&D investment
scale and makes a patent license

contract

Accepts the patent license
of Firm I

Carries out production by
means of infringement

Firm I wins the
lawsuit

Firm E wins the
lawsuit

ρ 1 − ρ

Figure 1: Game tree.
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Proposition 1. When Firm I uses the new technology while
Firm E continues to use the old production technology, Firm I
will provide a full-quality patent under the condition of high
R&D efficiency, i.e., θ≤ (2 + 2c)/9c; Firm I will provide a
questionable patent under the condition of low R&D effi-
ciency, i.e., θ > (2 + 2c)/9c; if the R&D efficiency and mar-
ginal cost are both high, Firm E may be eliminated from the
market.

3.2. Situation B: Firm I Allows Firm E to Use the Patented
Technology, and Both Firms Use the New Production
Technology. Suppose Firm I provides a two-part patent
license contract [r, F], where r represents output commis-
sion and F represents a fixed fee. If Firm E accepts the
contract, the duopoly firms’ profit functions are shown as

πBI � 1 − q
BI

+ q
BE

  − c + ΔcB
 q

BI
+ rq

BE
+ F,

πBE
� 1 − q

BI
+ q

BE
  − c + ΔcB

 q
BE

− rq
BE

− F.

⎧⎪⎨

⎪⎩
(7)

According to the conditions for profit maximization, the
first-order optimal conditions of qBI and qBE are taken as πBI
and πBE,respectively, revealing either firm’s profit under the
premise of undetermined innovation height, as follows:

q
BI∗

� 1 − c + r + ΔcB
 /3,

q
BE∗

� 1 − c − 2r + ΔcB
 /3.

⎧⎪⎨

⎪⎩
(8)

When drafting a patent license contract, Firm I is bound
to give priority to its own profit, but it should be noted that
Firm E’s profit is higher than Firm I’s profit in situation
A. Otherwise, Firm E will lose the economic value of using
the patent. Firm I’s R&D investment cost is also analyzed. By
substituting equation (8) into equation (7), we derive an
objective function for Firm E in situation B, as follows:

πBI∗ �
c2 − 5r

2
+ 5r 1 + ΔcB

  + 1 + ΔcB
 

2
− 2 + 5r + 2ΔcB

 c

9
+ F

s.t. πBE∗ ≥ πAE∗∗.

(9)

An optimal patent license contract can be developed for
Firm I by taking the first-order condition of r for πBI in
equation (9), as follows:

r
∗

�
1 − c + ΔcB

 

2
,

F
∗

� − πAE∗
.

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(10)

Now, by substituting equation (10) into equation (8),
we obtain qBE∗ � 0 and qBI∗ � r. ,is shows that Firm I’s
optimal patent license contract must contain a very high
patent output commission, but Firm E’s output is de-
creased to zero. In addition, Firm I also needs to pay a
fixed fee for patent licensing to Firm E. ,e fee is equal to
Firm E’s profit gained in situation A, so this shows that
Firm I wants to expel Firm E from the market in order to
monopolize the entire market (in reality, this phenome-
non manifests itself in an advanced firm’s acquisition or
merger of a backward firm, e.g., Google’s acquisition of
Motorola, Microsoft’s acquisition of Nokia, and so on).
Situation B is a perfect monopoly market, while situation

A is a duopoly market with certain competition. ,ere-
fore, the two firms’ joint profit in situation A must be
lower than that in situation B. According to the above
analysis, Firm E has the same profit in situations A and B,
so Firm I’s profit in situation A is lower than that in
situation B.

Using the same analysis process as situation A, it is easy
to find the optimal invention height of Firm I in situation B,
as shown in equation (11) below:

ΔcB∗
�

c, if θ≤
1
4c

,

1 − c

4θ − 1
, if θ>

1
4c

.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(11)

Proposition 2 can be put forward based on the above
analysis. Firm I’s revenue in situation B can be revealed by
combining (9), (10), and (11) together, as shown in equation
(12) (since firm E’s profit in situation B is the same as that in
situation A, we will not give unnecessary details anymore
here):

Table 1: Profits of firms in situation A.

Profit c< 1/2 c≥ 1/2
πAI∗R&D(θ≤ 2 + 2c/9c) (1 + c)2/9 − θc2 1/4 − θc2

πAI∗R&D(θ> 2 + 2c/9c) (1 − c)2θ/9θ − 4 (1 − c)2θ/9θ − 4
πAE∗(θ≤max 2/3, 2 + 2c/9c{ }) (1 − 2c)2/9 0
πAE∗(θ>max 2/3, 2 + 2c/9c{ }) (2 − 3θ)2(1 − c)2/(9θ − 4)2 (2 − 3θ)2(1 − c)2/(9θ − 4)2
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πBI∗R&D �

1
4

− θc
2

− πAE∗∗
, if θ≤

1
4c

,

θ(1 − c)
2

4θ − 1
− πAE∗∗, if θ>

1
4c

.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(12)

Proposition 2. When Firm I uses the new technology and
Firm E accepts the patent license contract, Firm I will provide
a full-quality patent as long as the R&D efficiency is high, i.e.,
θ≤ 1/4c; Firm I will provide a “questionable patent” if the
R&D efficiency is low, i.e.,θ > 1/4c. Firm I’s optimal patent
license contract must contain a high output commission, and
it is bound to receive a negative fixed patent royalty from Firm

E, thereby causing manufacturer E to withdraw from the
market, while Firm I will monopolize the entire market. Firm
I’s final profit is not less than its profit gained in situation A.

4. Analysis of Market Equilibrium in an
Infringement Situation

4.1. Analysis of Market Equilibrium under the Unjust En-
richment Rule. At the last stage of the game, because the
R&D cost has already incurred at the previous stage, there is
only a sunk cost at the present stage, so Firm I does not
consider the cost. Now, the two firms’ expected profits are
shown in the following equation:

E πCI
UE  � 1 − q

CI
UE + q

CE
UE  − c + ΔcC

UE q
CI
UE + ρC

UE 1 − q
CI
UE + q

CE
UE  − c + ΔcC

UE q
CE
UE,

E πCE
UE  � 1 − ρC

UE  1 − q
CI
UE + q

CE.
UE  − c + ΔcC

UE q
CE
UE.

⎧⎪⎨

⎪⎩
(13)

,e first-order optimal conditions of qCIUE and qCEUE are
taken for E(πCIUE) and E(πCEUE), deriving equation (14), as
follows:

q
CI∗
UE �

1 − c + ΔcC
UE  1 − ρC

UE 

3 − ρC
UE

,

q
CE∗
UE �

1 − c + ΔcC
UE

3 − ρC
UE

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(14)

Either firm’s optimal profit can be calculated by com-
bining equation (13) with equation (14). A profit function
can then be derived for Firm I at the first stage of the game, as
shown in equation (15) below:

πR&D
UE � E πCIUE 

∗
− k �

1 − c + ΔcC
UE 

2

3 − ρC
UE 

2 − θ ΔcC
UE 

2
.

(15)

By substituting ρC
UE � ΔcC

UE/c into the above equation
and taking the first-order optimal condition of Δc for πR&D

UE ,
we can reveal Firm I’s optimal R&D investment level and
then evaluate either firm’s optimal profit and related market

outcome. However, since the function is rather complicated,
it is difficult to derive an intuitive form of expression for the
optimal R&D investment function. To simplify analysis,
Firm I’s optimal innovation height and patent quality, as well
as either firm’s profit and market price, are calculated at
different levels of c and θ based on a numerical example. For
instance, given c � 0.2 and θ � 4, ρC

UE � ΔcC
UE/c � 5ΔcC

UE can
be obtained, substituting ρC

UE � 5ΔcC
UE into equation (15) and

taking the first-order optimal condition of ΔcC
UE for π

CI.stage1
UE .

,e optimal innovation height and patent quality of Firm I

can be derived as ΔcC∗

UE � 0.05 and ρC∗

UE � 0.25. We can derive
πCI.stage1∗
UE � 0.08, qCI

∗

UE � 0.3, and qCE
∗

UE � 0.25 from
substituting ΔcC∗

UE, ρC∗
UE into equations (14) and (15), re-

spectively. Finally, substitutingΔcC∗

UE, ρC∗
UE, qCI∗UE , and qCE∗UE into

equation (13), we can get E(πCE
UE)∗ � 0.063. ,e results of

other numerical calculation examples are shown in Table 2.

4.2. Analysis ofMarket Equilibriumunder the Profit Loss Rule.
Under the profit loss rule, the infringer must compensate the
innovative firm for its loss of profit so that the latter’s final
profit should be the same as its due profit. Suppose Firm I’s
due profit is R after the court judges its patent valid. As such,
either firm’s profit function is as follows:

E πCI
LR  � 1 − ρC

LR  1 − q
CI
LR + q

CE
LR  − c + ΔcC

LR q
CI
LR + ρC

LRR,

E πCE
LR  � 1 − q

CI
LR + q

CE.
LR  − c + ΔcC

LR q
CE
LR − ρC

LR R − 1 − q
CI
LR + q

CE
LR  − c + ΔcC

LR q
CI
LR .

⎧⎪⎨

⎪⎩
(16)

,e first-order optimal conditions of LR
CI

and LR
CE

are
taken as E(πCI

LR) and E(πCE
LR ), respectively, revealing either

firm’s expected profit and market price, as shown in the
equation below:
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p
CI∗
LR � 1 −

1 − c + ΔcC
LR  2 − ρC

LR 

3 − ρC
LR

,

E πCI∗LR  �
1 − c + ΔcC

LR 
2
2 − ρC

LR 

3 − ρC
LR 

2 + ρC
LRR,

E πCE∗LR  �
1 − c + ΔcC

LR 
2

3 − ρC
LR 

2 − ρC
LRR.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(17)

,e profit function for Firm I at the stage of R&D is
πR&D
LR � πCI∗

LR − θ(ΔcC
LR)2. By substituting ρ � Δc/c into this

equation and solving it together with equation (17), we get
the following equation:

πR&D
LR �

c 1 − c + ΔcC
LR 

2
c − ΔcC

LR 

3c − ΔcC
LR 

2 +
ΔcC

LR
c

R − θ ΔcC
LR 

2
.

(18)

Firm I’s optimal R&D investment level can be revealed
by taking the first-order optimal condition of ΔcC

LR for π
R&D
LR .

Because the functional form of the final result is rather
complicated, it is difficult to observe the market outcome
intuitively. To simplify analysis, the market outcome under
the profit loss rule is calculated based on a numerical ex-
ample. Considering that Firm I’s profit obtained in both
situations A and B can be regarded as its “due profit” under
the assumption of this paper, both situations are analyzed in
this paper. So, we need to analyze the both situations. For
example, given c � 0.2 and θ � 4, if the profit loss situation
referred to by the court is situation A, it can be seen from
Table 1 that R � πAE∗ � (1 − c)2θ/9θ − 4. Substituting c �

0.2, θ � 4 and R � 0.08 into equation (18) and taking the
first-order optimal conditions of ΔcC

LR for πR&D
LR , the optimal

innovation height and patent quality of Firm I can be derived
as ΔcC∗

LR � 0.23. ,en, the optimal profit of each firm can be
obtained by combining these calculation results and formula
(16). Similarly, if the profit loss situation referred to by the
court is situation B, given that c � 0.02 and θ � 4, from
Table 1 and equation (12), we can calculate that
R � πBE∗ � 0.091.,e optimal invention height and profit of
firm I can be derived from combining R � 0.091 and
equation (18). ,e detailed results are shown in Tables 3
and 4.

5. Comparison and Optimization

5.1. Comparison of Innovation Incentives in Different
Situations. According to the preceding analysis results,
numerical examples can be obtained for patent quality in
different situations, as shown by Table 3 (profit loss rule A
means that the court refers to the profit loss in situation A
when adopting the profit loss rule, while profit loss rule B
means that the court refers to the profit loss in situation B
when adopting the profit loss rule). As shown by the
comparison of patent quality among the five situations in
Table 3, the patent quality in none of the situations can
always be maintained at the highest level. In the case of non-
infringement, except ρA ≥ ρB when θ � 1, the patent quality
in situation A will never be better than that in situation B
under other conditions. ,is is because situation A is a
competitive market, while situation B is a monopolistic
market. Different market structures have different incentive
effects on firms. In the competitive market, Firm I innovates
in order to gain a competitive edge. ,is reflects the in-
centive effects of competition on innovation. In the mo-
nopolistic market, Firm I innovates in order to cut down the
costs for greater profit. ,is reflects the incentive effects of
monopoly on innovation. When θ � 1, competition has
greater incentive effects on innovation, so the patent quality
in situation A is higher; under other conditions, the mo-
nopoly has greater incentive effects on innovation, so the
patent quality in situation B is higher.

Table 2: A numerical example of market equilibrium under the
unjust enrichment rule.

c θ ΔcC∗

UE ρC∗
UE πCI.stage1∗UE E(πCEUE)∗ pC∗

UE qCI∗UE qCE∗UE
0.1 0.1 0.1 1 0.133 0.071 0.366 0.367 0.267
0.1 0.5 0.1 1 0.129 0.071 0.366 0.367 0.267
0.1 1 0.1 1 0.124 0.071 0.366 0.367 0.267
0.1 4 0.056 0.563 0.101 0.079 0.381 0.338 0.281
0.1 10 0.021 0.209 0.094 0.086 0.393 0.314 0.293
0.2 0.1 0.2 1 0.156 0.04 0.4 0.4 0.2
0.2 0.5 0.2 1 0.14 0.04 0.4 0.4 0.2
0.2 1 0.2 1 0.12 0.04 0.4 0.4 0.2
0.2 4 0.05 0.25 0.08 0.063 0.45 0.3 0.25
0.2 10 0.019 0.093 0.074 0.068 0.461 0.279 0.26
0.3 0.1 0.3 1 0.179 0.018 0.434 0.433 0.133
0.3 0.5 0.3 1 0.143 0.018 0.434 0.433 0.133
0.3 1 0.28 0.933 0.098 0.02 0.44 0.w42 0.14
0.3 4 0.044 0.146 0.061 0.048 0.518 0.263 0.219
0.3 10 0.016 0.054 0.057 0.052 0.528 0.244 0.228
0.4 0.1 0.4 1 0.202 0.004 0.466 0.467 0.067
0.4 0.5 0.4 1 0.138 0.004 0.466 0.467 0.067
0.4 1 0.24 0.6 0.072 0.014 0.52 0.36 0.12
0.4 4 0.038 0.094 0.045 0.035 0.587 0.225 0.188
0.4 10 0.014 0.035 0.042 0.038 0.596 0.209 0.195
0.5 0.1 0.5 1 0.225 0 0.5 0.5 0
0.5 0.5 0.5 1 0.125 0 0.5 0.5 0
0.5 1 0.2 0.4 0.05 0.01 0.7 0.3 0
0.5 4 0.031 0.063 0.031 0.024 0.656 0.188 0.156
0.5 10 0.012 0.023 0.029 0.027 0.663 0.174 0.163
0.6 0.1 0.6 1 0.214 0 0.467 0.533 0
0.6 0.5 0.6 1 0.08 0 0.467 0.533 0
0.6 1 0.16 0.267 0.032 0.006 0.68 0.24 0.08
0.6 4 0.025 0.042 0.02 0.016 0.725 0.15 0.125
0.6 10 0.009 0.016 0.019 0.017 0.73 0.14 0.13
0.7 0.1 0.7 1 0.201 0 0.433 0.567 0
0.7 0.5 0.7 1 0.045 0 0.433 0.567 0
0.7 1 0.12 0.171 0.018 0.004 0.76 0.18 0.06
0.7 4 0.019 0.027 0.011 0.009 0.793 0.113 0.094
0.7 10 0.007 0.01 0.01 0.01 0.797 0.105 0.098
0.8 0.1 0.8 1 0.186 0 0.4 0.6 0
0.8 0.5 0.8 1 0.02 0 0.4 0.6 0
0.8 1 0.08 0.1 0.008 0.002 0.84 0.12 0.04
0.8 4 0.013 0.016 0.005 0.0039 0.862 0.075 0.063
0.8 10 0.005 0.006 0.005 0.0042 0.865 0.07 0.065
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In the case of infringement, the patent quality under the
unjust enrichment rule is generally better than that of the
profit loss rule. If it is for the purpose of improving patent
quality, the profit loss rule may not be a good choice. ,is is
because Firm I will not provide a full-quality patent in
whichever situation a profit loss occurs. In particular, under
profit loss rule A, the patent quality is at a suboptimal level
no matter the condition. ,is is because the amount of
infringement compensation under profit loss rule A is lower
than that under profit loss rule B, so the latter has better
incentive effects on innovation. However, neither situation
performs better than other two situations. For example,
situation B is better than other two situations only when
c � 0.2 and θ � 10. ,erefore, the profit loss rule has a very
limited effect in improving patent quality. Subsequently,
Proposition 3 can be proposed as follows.

Proposition 3. In the case of non-infringement, the patent
quality in situation B is better than that in situation A
under most circumstances. In the case of infringement, if
the court prefers the profit loss rule, Firm I will not provide
a full-quality patent in any situation where a profit loss
occurs. Compared with the profit loss rule, the unjust
enrichment rule can obtain better patent quality under
most circumstances.

5.2. Subgame Perfect Nash Equilibrium (SPNE). We adopt
the reverse induction method to analyze SPNE. First, Firm
I’s decision at the final stage of the game is analyzed. Based
on the previous analysis, numerical examples can be ob-
tained for firm’s final profit gained in different situations, as
shown in Table 4.

Table 3: Numerical examples of patent quality in different situations.

c θ ρA ρB ρC
UE ρC

LR (profit loss rule A) ρC
LR (profit loss rule B)

0.1 0.1 1 1 1 0.74 0.85
0.1 0.5 1 1 1 0.71 0.83
0.1 1 1 1 1 0.67 0.8
0.1 4 0.563 0.6 1 0.46 0.59
0.1 10 0.209 0.231 1 0.31 0.37
0.2 0.1 1 1 1 0.84 0.92
0.2 0.5 1 1 1 0.77 0.84
0.2 1 1 1 1 0.7 0.73
0.2 4 0.25 0.267 1 0.23 0.29
0.2 10 0.093 0.103 0.12 0.1 0.125
0.3 0.1 1 1 1 0.87 0.94
0.3 0.5 1 1 1 0.69 0.78
0.3 1 0.933 0.778 1 0.447 0.56
0.3 4 0.146 0.156 0.14 0.117 0.143
0.3 10 0.054 0.06 0.05 0.047 0.057
0.4 0.1 1 1 1 0.903 0.94
0.4 0.5 1 1 1 0.615 0.673
0.4 1 0.6 0.5 1 0.293 0.37
0.4 4 0.094 0.1 0.07 0.065 0.078
0.4 10 0.035 0.038 0.025 0.025 0.03
0.5 0.1 1 1 1 0.92 0.92
0.5 0.5 1 1 1 0.514 0.514
0.5 1 0.4 0.333 0.232 0.184 0.226
0.5 4 0.063 0.067 0.04 0.038 0.044
0.5 10 0.023 0.026 0.016 0.016 0.016
0.6 0.1 1 1 1 0.93 0.892
0.6 0.5 0.667 0.667 1 0.392 0.338
0.6 1 0.267 0.222 0.122 0.113 0.135
0.6 4 0.042 0.044 0.023 0.023 0.027
0.6 10 0.016 0.017 0.01 0.01 0.01
0.7 0.1 1 1 1 0.936 0.861
0.7 0.5 0.429 0.429 0.193 0.261 0.199
0.7 1 0.171 0.143 0.067 0.067 0.076
0.7 4 0.027 0.029 0.014 0.014 0.016
0.7 10 0.01 0.011 0.006 0.006 0.006
0.8 0.1 1 1 1 0.936 0.825
0.8 0.5 0.25 0.25 0.09 0.136 0.101
0.8 1 0.1 0.083 0.035 0.036 0.039
0.8 4 0.016 0.017 0.0075 0.008 0.009
0.8 10 0.006 0.006 0.0025 0.003 0.004
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Proposition 4 can be put forth by comparing Firm E’s
profit in the five situations in Table 4.

Proposition 4

(1) If the court prefers the unjust enrichment rule, equi-
librium results will appear on the market as the original
marginal cost and R&D efficiency change. If the original
marginal cost is extremely low, e.g., c< 0.1, Firm E will
accept the patent license contract from Firm I as the only
SPNE, no matter what R&D efficiency is; as the original
marginal cost increases and R&D efficiency decreases,
e.g.,c≥ 0.5 and θ> 1, Firm E will carry out production
by means of infringement as the only SPNE.

(2) If the court prefers profit loss rule A, there exists the only
SPNE, i.e., Firm E carries out production by means of
infringement. If the court prefers profit loss rule B and

the original marginal cost is very low, e.g., c< 0.1, Firm
E will accept the patent license contract from Firm I as
the only SPNE no matter what R&D efficiency is; as the
original marginal cost increases and R&D efficiency
decreases, e.g., c≥ 0.2 and θ> 1, Firm E will be in-
creasingly motivated to infringe patent rights. When
the original marginal cost is high, i.e.,c≥ 0.4, Firm E
will carry out production by means of infringement as
the only SPNE no matter what R&D efficiency is.

According to Proposition 4, compared with profit loss rule
B, Firm E will be more likely to carry out production by means
of infringement under profit loss rule A. Fe reason is that
under profit loss rule A, Firm I’s profit loss is confirmed by
reference to the competitive profit, but under profit loss rule B,
the firm’s profit loss is confirmed by reference to the monopoly
profit. Ferefore, when Firm E is found guilty of infringement,
if the court adopts profit loss rule A, Firm E will only need to

Table 4: Numerical examples of Firm E’s profit in different situations.

c θ πAE∗ πBE∗ E(πCE∗UE ) E(πCE∗LR ) (profit loss rule A) E(πCE∗LR ) (profit loss rule B)
0.1 0.1 0.071 0.071 0 0.087 0.059
0.1 0.5 0.071 0.071 0 0.088 0.061
0.1 1 0.071 0.071 0 0.089 0.063
0.1 4 0.079 0.079 0 0.092 0.078
0.1 10 0.086 0.086 0 0.089 0.082
0.2 0.1 0.04 0.04 0 0.068 0.034
0.2 0.5 0.04 0.04 0 0.062 0.041
0.2 1 0.04 0.04 0 0.057 0.05
0.2 4 0.063 0.063 0 0.075 0.069
0.2 10 0.068 0.068 0.072 0.072 0.07
0.3 0.1 0.018 0.018 0 0.048 0.017
0.3 0.5 0.018 0.018 0 0.056 0.031
0.3 1 0.02 0.02 0 0.063 0.046
0.3 4 0.048 0.048 0.058 0.058 0.056
0.3 10 0.052 0.052 0.056 0.056 0.055
0.4 0.1 0.004 0.004 0 0.028 0.009
0.4 0.5 0.004 0.004 0 0.041 0.028
0.4 1 0.014 0.014 0 0.049 0.042
0.4 4 0.035 0.035 0.043 0.043 0.042
0.4 10 0.038 0.038 0.041 0.041 0.041
0.5 0.1 0 0 0 0.006 0.006
0.5 0.5 0 0 0 0.028 0.028
0.5 1 0.01 0.01 0.038 0.035 0.032
0.5 4 0.024 0.024 0.03 0.0295 0.0293
0.5 10 0.027 0.027 0.029 0.0285 0.0284
0.6 0.1 0 0 0 0.006 0.006
0.6 0.5 0 0 0 0.024 0.024
0.6 1 0.006 0.006 0.024 0.023 0.022
0.6 4 0.016 0.016 0.019 0.0188 0.0189
0.6 10 0.017 0.017 0.018 0.0183 0.0182
0.7 0.1 0 0 0 0.005 0.005
0.7 0.5 0 0 0.019 0.011 0.016
0.7 1 0.004 0.004 0.013 0.013 0.013
0.7 4 0.009 0.009 0.011 0.011 0.011
0.7 10 0.01 0.009 0.01 0.01 0.01
0.8 0.1 0 0 0 0.003 0.003
0.8 0.5 0 0 0.008 0.0073 0.0073
0.8 1 0.002 0.002 0.006 0.006 0.006
0.8 4 0.0039 0.0039 0.0047 0.005 0.0047
0.8 10 0.0042 0.0042 0.0045 0.005 0.0046
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pay a small amount as compensation; on the contrary, if the
court adopts profit loss rule B, firm E will have to pay a large
amount as compensation. Ferefore, Firm E has a stronger
motive for infringement under profit loss rule A.

5.3. Optimization of the Patent System. As can be seen from
Table 3, in the case of non-infringement, the patent quality in
situation B is better than that in situation A under most
circumstances, so the court should promote conditions
leading to situation B. ,erefore, it should not interfere with
Firm I’s patent licensing act but let Firm I exercise its patent
right to monopolize the market for further innovation.

In the case of infringement, if the court prefers the unjust
enrichment rule, as shown by the comparison between πBE∗

and E(πCE∗
UE ), when it is easy to innovate (the R&D efficiency

is high, or the original marginal cost is low, or both), e.g., the
ultimate market equilibrium is also achieved in situation B,
and Firm I can provide a high-quality patent. When it is
difficult to innovate (the R&D efficiency is low, or original
marginal cost is high, or both), e.g., when θ � 10 and c≥ 0.2,
πBE∗ ≤E(πCE∗

UE ).,e ultimate market equilibrium is achieved
in situation C.

As is noted, when it is difficult to innovate, under profit loss
rule B, ρC

LR ≥ ρC
UE and E(πCE∗

LR )≥ πBE∗. If the court adopts profit
loss rule B at this time, the ultimate equilibrium is achieved in
situation C, but better patent quality is ensured (it is also
difficult to achieve good results if profit loss rule B is used alone
because when it is easy to innovate, the rule has very limited
effect in improving patent quality; for example, when θ � 0.1
and c � 0.4, the ultimate market equilibrium is achieved in
situation C under profit loss rule B, and patent quality is 0.94;
the ultimate market equilibrium is achieved in situation A
under the unjust enrichment rule, and patent quality is 1).
,erefore, when it is easy to innovate, the court should give
priority to the unjust enrichment rule and achieve the ultimate
market equilibrium of situation B; when it is difficult to in-
novate, the court should give priority to the profit loss rule to
achieve the ultimate market equilibrium of situation C, so as to
ultimately improve patent quality effectively.

When it is difficult to innovate, the court should give
priority to profit loss rule B to achieve the ultimate market
equilibrium of situation C so as to ultimately achieve ef-
fective patent quality optimization. If the court aims to
optimize patent quality, it may be difficult to achieve ideal
results under a single patent infringement compensation
rule. ,e court needs to adopt different compensation rules
for different situations. Concretely speaking, when it is easy
to innovate, the unjust enrichment rule should be adopted
first; when it is difficult to innovate, profit loss rule B should
be adopted first.

6. Conclusions

,e original intention of designing a patent system is to help
innovators to obtain returns by commercializing their in-
ventions, thus recovering their R&D costs and maintaining
their motivation for innovation. However, the presence of
“questionable patents” is obviously contrary to this original
intention. A large number of low-quality patents have

exerted great negative impacts on the normal operation of
the patent systems. An endogenous model of patent quality
was built in this paper to investigate the effects of different
patent infringement compensation rules on patent quality.

,e main conclusions are represented as the following
three aspects. Firstly, in whatever situation, an innovative
firm is likely to provide a questionable patent due to the
strict requirements for a high-level innovation height or low
R&D efficiency, compelling the innovative firm to bear a
high investment cost if it wants to provide a full-quality
patent. At this time, the profits brought by innovation
cannot fully cover the R&D cost, leading the innovative firm
to provide a “questionable patent.” ,erefore, the presence
of “questionable patents” may not only be due to innovators’
speculative behavior but also be due to the effects of specific
market conditions on the innovators under many circum-
stances. Secondly, in the case of non-infringement, although
the innovation incentives for an innovative firm are greater
in the monopolistic market than in the competitive market,
it can provide a higher-quality patent in the competitive
market under certain conditions. In the case of infringe-
ment, the patent quality under the unjust enrichment rule is
generally better than that under the profit loss rule. How-
ever, when it is very difficult to innovate, profit loss rule B
can better motivate an innovative firm to innovate. ,irdly,
if the court adopts a single patent infringement compen-
sation rule, it will be difficult to optimize patent quality.
Owing to the differences in their operating mechanism,
different patent infringement compensation rules differ
from one another in terms of innovation incentives for
inventors. To improve patent quality, the court needs to
adopt the correct patent infringement compensation rule
depending on the circumstances. For example, when it is
easier to innovate, the unjust enrichment rule should be
adopted first; when it is difficult to innovate, the profit loss
rule should be adopted first. Moreover, profit loss needs to
reference the profit gained by the innovator undermonopoly
conditions.

It should be noted that this research can be expanded
along different directions, which deserves further investi-
gation. We consider the Cournot competition between
different firms. If we further consider Bertrand competition
between the firms, the conclusions may be different.
Moreover, the research object of this innovation is cost-
cutting innovation. If the research object is product inno-
vation or quality ladder innovation, different conclusions
may be drawn. It is worth mentioning that machine learning
may be powerful in solving patent-related problems. As an
emerging discipline, machine learning is a subfield of
computer science that evolved from the study of pattern
recognition and computational learning theory in artificial
intelligence [22–24] and explores the study and construction
of algorithms that can learn from and make predictions for
complicated scenarios. If machine learning is applied to the
process of patent examination, it may make the patent
systemmore intelligent and efficient. At the same time, it can
also increase the accuracy of patent examination results and
help improve the patent quality greatly (Burk and Lemley [8]
argued that “various inventions and innovations are totally
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different in nature; the difference in industry finds ex-
pression in the form of inventions and innovations; ac-
cordingly, there is a difference in patenting process”).
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