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Abstract: This article uses the NMNL (nested multinominal logit) model to analyze the impact of
different policies on the cost of owning a vehicle by a consumer and discusses the changes in the share
of various fuel-driven types of passenger vehicles that may be brought by different policy portfolios.
This article also considers the differences in the development of various technical routes, conducts the
nested classification calculation of different models, divides the differences in product preferences
and obtains the market share results that are more in line with the market development status,
providing a basis for the formulation of policies related to new energy vehicles. The study found
that the popularization of NEVs requires more cost-reducing measures. As policies that consumers
can perceive, consumers are more sensitive to fiscal and taxation policies than other types of policies.
Based on the calculation of policy effects, this article recommends a policy plan to gradually impose
vehicle purchase tax on NEVs after 2024, increase the fuel tax rate in stages after 2025, and impose an
excise tax on BEVs and FCEVs after 2030. The plan can guarantee the stability of support for NEVs
and the gradual reduction of financial investment.

Keywords: passenger vehicle; market development; prediction; policy

1. Introduction

Since the State Council issued the “Energy-saving and New Energy Vehicle Industry
Development Plan (2012-2020)” in 2012 [1], China has always adhered to the strategic
orientation of blade electric driven. In this context, China has made great achievements
in the development of the new energy vehicle industry and has become an important
force in promoting the transformation of the automobile industry in the world. During
the past 10 years, a set of policies have been developed, including technological innova-
tion policy [2-5], macro comprehensive policy [1,6-8], subsidy [9,10] and tax incentive
policy [11-14], infrastructure policy [15-19], industry management policy [20-22], and
transport policy [23-25]. Figure 1 summarizes and shows the supporting policy system for
China’s NEV industry.

It should be noted that New Energy Vehicles (NEVs) are unique terms used in China.
It refers to vehicles that adopt new power systems and rely entirely or mainly on new
energy sources, including Battery Electric Vehicles (BEVs), Plug-in Hybrid Electric Vehicles
(PHEVs) and Fuel Cell Electric Vehicles (FCEVs).

Among them, the purchase subsidies and tax incentives for NEVs are important
policies to promote the development of the NEV market, and they are also the main policies
that consumers can perceive. In 2009, China introduced the purchase subsidy policy
for the first time, mainly for vehicles in the public service sector. In 2010, the subsidy
policy for private purchases of NEVs began. As the cost of NEVs declines, the amount of
subsidies gradually declines. In order to encourage the improvement of technology level,
the technical requirements are gradually improved. Figure 2 shows the development of
China’s NEVs purchase subsidy policy.
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Figure 1. China’s NEV industry-supporting policy system.
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Figure 2. China’s NEVs purchase subsidy policy.

The NEVs tax incentives include exemption of excise tax, purchase tax and vehicle
and vessel tax. Table 1 shows tax incentives for vehicle manufacturers, consumers, and
vehicle owners.

The year 2020 coincides with the expiration of the previous stage of the NEV industry
development plan. At the same time, the outbreak of the COVID-19 epidemic and a further
decline in subsidy policies [26] have also increased the uncertainty in the market. In order
to stabilize the expectations of the industry and society, the Ministry of Industry and
Information Technology took the lead in formulating the “New Energy Vehicle Industry
Development Plan (2021-2035)” [8], which set a goal that the sales of NEVs will account
for 20% by 2025. However, NEVs are affected by technology, cost, policy and other aspects,
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so it is necessary to further study how to predict the market share of different fuel-driven
types of vehicles in 2021-2035 in a scientific manner.

Table 1. China’s NEVs tax incentives.

Tax Type

Tax Rate

Exemption Policy

Excise tax
(Production/import stage)

Vehicle
manufacturers/importers
pay the tax at the point of
production/import for
onetime

1-40% depending on
engine displacement for
passenger vehicles

5% for medium and light
commercial vehicles

Battery electric passenger vehicles
and fuel cell passenger vehicles
do not belong to the scope of
excise tax

Purchase tax
(Purchase stage)

Consumers pay the tax at
the point of purchase for
onetime

10% of vehicle price

BEV, PHEV, and FCEV are exempt
from purchase tax to the end
of 2022

Vehicle and Vessel tax
(Ownership stage)

Owners of vehicle pay the
tax per year

60-5400 RMB depending
on cylinder capacity for
passenger vehicles
480-1440 RMB for each
bu

Battery electric passenger vehicles
and fuel cell passenger vehicles
do not belong to the scope of tax,

e 16-120 RMB per ton for and other NEVs are exempt

freight vehicles

As the passenger vehicle market is quite different from the commercial vehicle market,
the passenger vehicle market is more relevant to consumer decisions. Therefore, this
article focuses on the new energy passenger vehicle market, uses an NMNL model and
combines with cost, sales and other data to simulate the purchase behavior of consumers
and analyze the market share of different fuel-driven types of passenger vehicles in the
future. In addition, because consumers can mainly perceive subsidies and tax policies
when purchasing, this article also focuses on analyzing the effects of subsidies and tax
policies. It quantifies and splits the various policies in different links, and studies the
changes in the market structure of passenger vehicles that may be brought by different
policy portfolios.

2. Research Methods
2.1. Utility Maximization

The Discrete Choice Model (DCM) is one of the commonly-used methods to study
consumers’ decision-making behavior. This model describes the consumer’s choice be-
havior and consideration factors under different alternatives. The derivation of DCM is
usually based on random utility maximization (RUM), which believes that consumer n will
follow two basic principles: (1) Consumer 7 can obtain a certain utility U,; in any decision j
and the utility U,,; can be divided into two parts: the observable utility determination term
V,,j and the unobservable utility variation term ¢,;. Uy; = Vj + €. (2) When consumer 7 is
involved in the decision-making process, if and only if Uy; > V},; and Vj #i, the alternative i
is chosen. That is, the consumer will choose the decision-making scheme that maximizes
the utility [27].

2.2. MNL Model

The MultiNominal Logit (MNL) model is the most widely used model among all the
discrete choice models. The model believes that consumers’ decision-making schemes are
mutually exclusive and the decision-making schemes considered by consumers are com-
prehensive. Based on the random utility theory, assuming that V,;; and ¢,; are independent
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of each other and the probability variable ei obeys the Gumbel distribution, the probability
that consumer n chooses the scheme i is derived as follows:

V..

e'Vni
—_— 1
ch an ( )

j=1°

Py =

where:
n—a certain consumer;
j—a certain decision;
Cj—a set of decision-making schemes; and
V,i—fixed utility item of decision i chose by consumer n.

2.3. NMINL Model

The independence of irrelevant alternatives (IIA) among all decision-making schemes
is a necessary and sufficient condition for the establishment of the MNL model. When
there is a correlation among all decision-making schemes, it is recommended to consider
choosing an NMNL to construct a tree-shaped decision-making structure, dividing the
complete set of decisions into multiple subsets and including the highly-relevant schemes
into the same subset. That is, the consumer’s decision-making process is divided into two
stages: firstly, choose the decision subset with the greatest utility; and then, choose the
decision with the greatest utility, namely:

The probability that consumer # chooses the i-th subset among the m subsets of the
complete set is:

V .
):jehi e
V .
Yt Yjen e

The probability that consumer 7 chooses the decision k among the I; decision schemes
in the subset F; is:

Pyp = @)

P, = 76‘/”}( (©)]
K| :
" 25"11 eV

The probability that consumer 7 chooses decision k is:
Py = Pup; X Py, 4)

2.4. Review of Market Forecast Models

A recent study based on an empirical survey states that more than 80% of respondents
considered purchase costs as crucial when considering the purchase of NEVs [28]. In addi-
tion to the purchase cost, other socioeconomic factors are involved in the decision-making
process, such as environmental awareness, the number of charging stations, mobility needs,
subjective preferences, and incentives [29,30]. Incentives can be divided into financial
incentives and non-financial incentives. Financial incentives have a great influence on
consumers’ purchase decisions, including purchase subsidy, excise tax, value-added tax
and vehicle purchase tax [31,32]. Non-financial incentives, such as HOV lane access and
free parking, have typically not been found to have a significant impact on the purchase of
NEVs [33,34].

Logit models are a commonly used means for modeling the probabilistic preference
of consumers, while discrete choice models calculate the probability of a specific product
being chosen among alternatives under the influence of these preferences. The two different
logit models used in the automotive consumer preference literature are the multinomial
logit model (MNL), which represents the probability of choosing an alternative over all
alternatives [35-37], and the nested multinomial logit model (NMNL), which represents
the probability of choosing an alternative over the nest alternative [38—40].

This article summarizes recent studies (2016-2020) on the market diffusion of NEVs
and compares the models and attributes considered in these studies in Table 2. The
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article determines that costs and financial incentives are the main factors affecting the
market diffusion of NEVs. The MNL model and the NMNL model are common methods
for modeling the probabilistic preference of consumers. However, the above-mentioned
studies did not focus on the effect of China’s financial incentive policies. This article will
focus on financial incentives and study the changes in the market structure of passenger
vehicles that may be brought by different policy portfolios.

Table 2. Recent studies (2016-2020) on the market diffusion of NEVs.

Cost Incentive
Author Model Country Purchase Fuel Convenience Other Financial Nonfinancial
Cost Cost Cost Cost Incentive  Incentive

Ardeshiri and Rashidi (2020) [41] NMNL Australia Vv

Gong et al. (2020) [42] NMNL Australia v Vv Vv Vv Vv
Abotalebi et al. (2019) [43] NMNL Canada Vv Vv Vv Vv Vv Vv
Axsen et al. (2016) [44] NMNL Canada Vv Vv

Ferguson et al. (2018) [45] NMNL Canada Vv Vv 4 Vv N4 Vv
Kormos et al. (2019) [46] NMNL Canada Vv Vv v

Huang and Qian (2018) [47] NL China Vv Vv Vv Vv Vv
Ma et al. (2019) [48] MNL  China v v Vv v v
Qian et al. (2019) [49] MNL  China Vv Vv Vv

Wang et al. (2017) [50] MNL  China Vv Vv vV Vv
Hackbarth et al. (2016) [51] NMNL Germany Vv Vv Vv Vv Vv
Danielis et al. (2020) [52] MNL Italy Vv Vv Vv v Vv
Orlov et al. (2019) [53] MNL  Norway Vv Vv

. South

Choi et al. (2018) [54] MNL Korea v v Vv

Langbroek et al. (2016) [55] MNL Sweden Vv Vv Vv Vv
Cirillo et al. (2017) [56] MNL USA Vv v

3. Model Building
3.1. Research Ideas and Selection of Indicators

Based on the NMNL model, this article predicts the probability of the consumers’
choice of each vehicle model by judging the model indicators and influencing factors.
Then, the market share of various fuel-driven types of passenger vehicles and the market
penetration rate of NEVs under different policy backgrounds. The research assumes that
consumers mainly consider the purchase price, speed of depreciation, fuel cost incurred
during use and convenience of charging and refueling of each model in the process of
purchasing passenger vehicles and classify them into four categories, namely: purchase cost,
depreciation cost, fuel cost and convenience cost [57,58]. At the same time, various costs are
subdivided, while taxation policies related to refined oil consumption tax, purchase tax and
value-added tax are introduced [59]. Combining with the requirements for quantitative
analysis and comparability of indicators in the model, the model input and process are
shown in Figure 3.

Purchase cost: It refers to the actual purchase cost that should be paid by the consumer
for the model. The cost of basic components of each model, cost of the battery, motor and
electronic controller, cost of the engine, transmission and exhaust system and R&D costs are
used as the manufacturer suggested retail price (MSRP). At the same time, it is necessary
to consider the decline in battery cost caused by the advancement of battery technology;,
decrease in R&D expense for a single vehicle caused by the increase in the sales of NEVs,
increase in the cost of fuel vehicle engines caused by the tightening of fuel consumption
regulations and the changes in purchase subsidy, purchase tax rate and value-added tax
rate in the coming years.
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Depreciation
Cost

Convenience
Cost

=Fuel consumption

*Basic component cost

= Batterv, motor and electronic controller cost
*Engine, transmission and exhaust system cost
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sPurchase subsidy
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sResidents' travel demand M?Ik_Et share of
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eResidual value rate of vehicle
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Figure 3. NMNL model flow chart. Note: The research object is A-class passenger vehicles of various fuel-driven types. For
specific model examples, refer to BYD Qin Pro (ICEV/BEV/PHEV), and other fuel-driven types are also assumed to be
typical A-class passenger vehicles of that fuel type.

Fuel cost: It refers to the total fuel cost that a consumer should pay during the use of
the vehicle. Specifically, it includes fuel consumption rate, average annual travel demand
and fuel price. In addition, it is necessary to consider the refined o0il consumption tax levy
plans for different scenarios in the future.

Depreciation cost: It refers to the expense lost when the consumer sells each model as
a second-hand vehicle. Specifically, it can be expressed as a 1-residual value rate.

Convenience cost: It refers to the convenience or cost of refueling for each model.
Here, the number of gas station infrastructure is 1, while the relative value of the number
of charging station facilities, number of gas station facilities and number of gas station
facilities are deemed as the convenience cost of the remaining models.

3.2. Model Building and Application

This article takes the passenger vehicle market sales over the years as the overall
consumer N and the historical sales of each model as the consumer n who chooses the
corresponding model. The NMNL model is used to simulate the decision-making process
of the consumer in the overall market, calculate the probability of consumer choice and
take it as the market share of each model in the future.

Using the NMNL model, passenger vehicles are firstly divided into three categories
by fuel type: fuel oil, electric driven and alternative fuel. Then, the second subdivision is
made by the technical route. The reasons for adopting this classification method are: (1)
As the level of the nesting structure increases, the substitution of similar products should
be stronger and the sensitivity to price should be higher. It is more consistent with the
principle of nesting that the fuel type is regarded as the first-level nesting and all technical
routes are regarded as second-level nesting. (2) Market research and related studies have
confirmed that consumers have obvious prejudice against various fuel-driven types of
models during the purchase process due to their personal preferences. The market share
of each model is not entirely determined by quantitative indicators, while this prejudice
is particularly obvious between fuel vehicles and NEVs. According to the fuel type, the
models with similar price, performance and market acceptance are classified into the
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Fuel type

Technical route

same category. Consumers can choose models at different levels and the result is more
reasonable [60,61].

Label the above seven models in sequence from top to bottom and from left to right in
Figure 4 as Model 1 to Model 7, label the fuel types from left to right as 1 to 3, and mark
the fuel type corresponding to k models as t, then:

tlH=th=1t3=1t,=2,t5=1t,=1t;=3 5)

Passenger

vehicles

Alternative
fuel

Electricity-
driven

Figure 4. Structure of the NMNL model.

Record the four costs of the k-th vehicle model as ?k/ then the probability that the
consumer 7 chooses the k-th vehicle model in the model is:

2 Y - N
ey
Z]t:tke j elsthk eﬁtk k
Py = Pupyy X Py, = = X > = 5>— (6)
RIP SN LS SIS » L
r=1 Ljitj=r € jitj=t € j=1¢

- = =
where: B, B,, B3 are the parameter vectors to be estimated, which respectively correspond

to the utility weights of the four costs of the first to third fuel types of models, While the
differences among them correspond to the consumer preference of different fuel types. The
value of P in the above formula has nothing to do with 7, so Py is abbreviated as P;.
The parameters in the model can be estimated using the method of maximum likelihood
estimation based on the data of previous years.

Considering that the data for each year includes all costs, total sales of each model in
that year N and the sales of a single model n;, if the model purchased by the nth consumer
is recorded as y,;, according to the model assumptions, v, follows the discrete distribution,
the value range is {1,2,3,4,5,6,7} and the probability of taking k is P;. According to
ne = YN, I(yn = k) and the independence among consumer choices, it can be concluded
that (111, ...,ny) obeys a multinomial distribution and its density function is:

N!

7 P
== 1 L_" @)
T, 1y [T

The likelihood function is the part that contains the parameters after the logarithm of
the density function, namely:

p(nl,...,l’l7)

l(ﬁlrzzf Es) = Z}Z:1 Py x log(ny) (8)
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This parameter is included in all P. Based on all costs and sales for each year, the
likelihood function corresponding to the data of the current year can be obtained. The
likelihood function corresponding to all data in previous years is the sum of the likelihood
functions of each previous year, which includes all the information of previous years. So,
the obtained estimate is also the most explanatory. Finally, the likelihood function is:

- = = 2020 7
L<ﬁ1'ﬁ2'ﬁ3> = ) Near—2013 2k—1 Lk < 1og (1) ©)

Maximum likelihood estimation is a parameter estimation that maximizes the likeli-
hood function. Its statistical significance is the value of the parameter that maximizes the
probability of occurrence of events that have occurred in the past. In the process of using
statistical software to solve the maximum point of the likelihood function, all parameter
estimates can be obtained, that is, the utility weight of each cost and the consumer prefer-
ence by vehicle model. According to the estimated values of these parameters, the data of
any year is brought into the Py solution formula to obtain the probability of choosing each
vehicle model in that year by a consumer, and use this as an estimate of the market share
of each vehicle model to fit and evaluate the model results. Based on the real values, the
technology and cost trends of each technical route are set and the market share forecast
under the basic scenario is obtained. It also further predicts the market share that each fuel
type of model can reach under the comprehensive implementation of various policies and
realizes the quantification and effect evaluation of policies by changing policy scenarios
and comparing the changes in market structure in different scenarios.

4. Research Conclusions
4.1. Assumptions of Policy Scenarios

Set up comprehensive policy scenarios, consider supply-side control policies and
demand-side fiscal and taxation policies. The supply-side mainly focuses on fuel consump-
tion regulations and NEV points requirements, while the demand side mainly focuses on
the vehicle purchase tax policy affecting the purchase cost and the refined oil consumption
tax policy affecting the use cost.

Assuming that the impact of fuel consumption regulations and points compliance
policies are under consideration, manufacturers will meet the point ratio requirements in
the future, NEV purchase tax incentives will gradually decline after 2024 and the refined
oil consumption tax rate will gradually be increased after 2026. Fuel consumption of
fuel-driven vehicles has continued to decline under the influence of fuel consumption
regulations, while engine costs have continued to rise; the speed of R&D cost allocation
for NEVs has increased significantly, while the cost of fuel convenience has decreased
significantly. The current relevant policy regulations and assumptions for future policy are
shown in Table 3.

4.2. Analysis of Model Results

It is predicted that the proportion of NEVs in the passenger vehicle market is expected
to increase from the current 6.2% to 50% in 2035 under the background of the above fuel
consumption regulations, point requirements, subsidies and tax policy plans. Specifically,
due to the low cost of use, high residual value rate, the release of purchase limits and traffic
restrictions, higher consumer acceptance and other factors, the market share of PHEVs
will significantly increase in the short term; after 2025, BEVs will have comprehensive
advantages and will show an obvious development trend. Due to the increase in purchase
cost and fuel cost of conventional vehicle models, the market share has significantly
declined and HEV has become an alternative choice for ICEV consumers. The forecast of
the proportion of sales of passenger vehicles by fuel type is shown in Table 4 and Figure 5.
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Table 3. Automotive industry-related policies and future scenarios that may be mainly considered in the model.
Policy Category —2022 —2024 —2025 —2030 —2035
Energy consumption target setting
Management (In 2025, 2030, and 2035, the average fuel consumption of passenger vehicles will reach 5.6 L/100 km,
& 4.8 1./100 km, 4.0 L/100 km)
CAFC and NEV dual credit

Subsidy

Taxes

(NEV credits will gradually increase from 12% in 2020 to 50% in 2035, increasing by 2-3% per year)

Concessions to
vehicle purchase

(Continue to be

Concessions to
vehicle purchase
tax

(Vehicle purchase
tax rate increases
by 2% per year)

Vehicle purchase
tax and
consumption tax
incentives based
on energy
efficiency
indicators
(Vehicle purchase
tax rate will
increase by 2%
every year until
10%, excise tax is
exempted)

Vehicle purchase
tax and
consumption tax
incentives based
on energy
efficiency
indicators

(Start to levy excise
tax on BEVs and
FCEVs)

* Increase in fuel
tax

(Tax amount
increased by 5%)

* Increase in fuel
tax

(Tax amount
increased by 5%)

Note: The lightness of the color in the table represents the degree of implementation of the policy. The darker the color, the greater the
degree of implementation. Without * is a reward system, while with * is a punitive system.

Table 4. Forecast of the proportion of sales of passenger vehicles by fuel type.

Year Non-NEV BEV PHEV FCEV
2020 93.8% 4.9% 1.2% 0.0%
2025 80.0% 13.0% 7.0% 0.0%
2030 59.1% 29.1% 11.8% 0.0%
2035 50.0% 38.7% 11.2% 0.1%

BICEV ®mHEV 2CNG =GCM

100% ""'“"'"""'""”””"””””’/”W/////////WW

80%

BEV #PHEV mFCEV

60%

40%

20%

0%
2020 2025 2030 2035

Figure 5. Forecast of the proportion of sales of passenger vehicles by fuel type.

4.3. Sensitivity Analysis of Influencing Factors

This article analyzes the impact of various policy programs on the structure of the
automotive market in the future:
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Consumers are most sensitive to the adjustment of the refined oil consumption tax
rate. Small changes in the tax amount will cause consumers to pay additional fuel costs
in the process of use k. The improvement in refined oil consumption tax will effectively
increase the market share of NEVs.

The adjustment of vehicle purchase tax policy also has an impact. Comparing the two
scenarios of the gradual decline of the NEVs purchase tax after 2022 and maintenance of
such tax exemption, the NEVs purchase tax did slightly inhibit the rapid growth of the
NEV market.

The decline in battery cost caused by the technological upgrade of BEVs and PHEVs
will also effectively boost the increase in the proportion of the sales of NEVs. Finally,
convenience cost is particularly concerned by consumers.

5. Policy Recommendations

The popularization of NEVs requires more cost reduction measures. This paper
analyzes the probability of consumers choosing different fuel types of passenger vehicles
from the perspective of the cost of owning a vehicle. The supply-side policy increases
the cost of fuel-driven vehicles and reduces the cost of NEVs. At the same time, as new
energy passenger vehicle technology progresses and scale growth has further reduced
costs, new energy passenger vehicles gradually occupy a small market share. In the future,
it is required to make consideration based on costs to further promote the development
of NEVs: on the one hand, enterprises are required to accelerate the reduction of model
costs through technological advancement and scale expansion; on the other hand, the
government is required to adopt policies to influence the changes in the cost of each model
in the whole life cycle.

Different application scenarios are applicable for the vehicles at different technical
routes. The cost of fuel vehicles continuously increases under the influence of supply-
side management policies. At the same time, with the consumer-side NEVs incentive
policies, ICEV’s market share will gradually decline. However, HEVs have a relatively
large market share due to their good energy-saving and emission-reduction advantages.
With the gradual reduction of manufacturing costs and the use of cost, the market share
of BEVs is gradually expanding. As PHEVs are not subject to purchase limits and traffic
restrictions and have a low cost of use, PHEVs will still have a certain market share in the
future. If the convenience of charging is significantly improved, the market share of PHEVs
may decline significantly. The cost of FCEVs is still high by 2035, so their market share is
expected to be less than 1%.

In the financial incentive policy plan after 2022, this article recommends a policy plan
to gradually impose vehicle purchase tax on NEVs after 2024, increase the fuel tax rate
in stages after 2025, and impose an excise tax on BEVs and FCEVs after 2030. The plan
can not only ensure the stability of NEVs support but also enable the gradual reduction of
financial investment. When the various policies are connected, the plan has less effect on
market volatility.
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