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1  Introduction
The influence of consumer preferences on international trade patterns is among widely 
discussed topics in the modern economic literature (Fieler 2011; Caron et al. 2014; Di 
Comite et  al. 2014; Simonovska 2015; Hottman et  al. 2016). The interest to this issue 
is boosted by a large number of empirical facts that cannot be satisfactorily explained 
in the framework of existing models (Obstfeld and Rogoff 2000; Markusen 2013; Caron 
et  al. 2011, 2014; Cassing and Nishioka 2015). Despite the appearing evidence on the 
cross-country differences in consumer tastes and demand patterns (Knight 1999; Aizen-
man and Brooks 2008; Atkin 2013; Auer 2010, 2017; Jakel 2019), the intra-industry trade 
literature until recently paid little attention to this fact. Indeed, the number of existing 
trade papers typically postulate identical and homothetic preferences across consumers. 
This assumption, which is in the center of canonical models of trade (Krugman 1980; 
Helpman and Krugman 1985), implies that the market demand function is the same for 
the same varieties across different countries as well as for different varieties within the 
country.
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In trying to extend the analysis of trade patterns, we consider a model of international 
trade with heterogeneous consumers whose preferences depend on their tastes. Our 
approach is similar to the standard Krugman’s setting (Krugman 1980) with one excep-
tion: the taste parameter, which characterizes the specificity of preferences, takes differ-
ent values for consumers in different countries.

The main objective of the paper is an investigation of the markup variability across 
markets and its response to consumer heterogeneity and trade liberalization. In accord-
ance with the canonical approach (Krugman 1980), firm markups are the same both 
within and across destination countries. This result is a natural consequence of identi-
cal consumers endowed with the constant elasticity of substitution (CES) preferences. 
Omitting a consumer homogeneity assumption enables one to reveal variability of 
markups across countries, which is observed empirically (Syverson 2007; De Loecker 
and Warzynski 2012; Bellone et al. 2014; Di Comite et al. 2014; Simonovska 2015; Feen-
stra and Weinstein 2017), but cannot be captured by models of trade featuring identical 
and homothetic preferences. Contrary to the canonical approach, our paper shows that 
markups may depend not only on the parameters of consumer preferences, the relative 
size of countries and transportation costs, but also on the ratio of mill prices, the ratio of 
wages, and the ratio of number of firms in trading countries.

It is worth noting that the recent research papers on trade, in trying to determine fac-
tors related to markups, has thoroughly investigated firm pricing behavior under a wide 
range of assumptions. One of the first attempts to structurally estimate the impact of 
globalization on markups in a monopolistic competition setting with non-CES pref-
erences was taken by Feenstra and Weinstein (2010). To achieve this goal, the authors 
utilized the translog utility function that allows for endogenous markups. Structural esti-
mations of the impact of globalization on markups, carried out in this paper, showed 
the existence of a pro-competitive effect in firm pricing behavior: alongside the increase 
of U.S. imports between 1992 and 2005 markups went down, while product variety and 
welfare went up. Similar results were obtained by Chen et al. (2009), who used disag-
gregated data for EU manufacturing over the period 1989–1999 and found short-run 
evidence that trade openness exerts a pro-competitive effect, with prices and markups 
falling and productivity rising. They also found (albeit weaker) support that the long-run 
effects are more ambiguous and may even be anti-competitive. An investigation into the 
impacts of trade liberalization and market size on markups was carried out in Behrens 
et al. (2014) by using a full-fledged general equilibrium model with heterogeneous firms. 
Taking their model to the data, the authors derived a gravity equation under the gen-
eral equilibrium constraints generated by the model, and structurally estimated it using 
a dataset on interregional trade flows between U.S. states and Canadian provinces. Con-
sistent with the results listed above, the authors also quantify the pro-competitive effects 
of trade integration.

Although the pro-competitive behavior of the firm-level markups are confirmed else-
where (Levinsohn 1993; Krishna and Mitra 1998; Lundin 2004; Noria 2013), it should be 
noted that currently there is no general agreement on this point. An example of this is 
Fan et al. (2015) who used Chinese firm-product data to show that trade liberalization 
via input tariff reductions induced an incumbent importer/exporter to increase product 
markups, and Meinen (2016), who presented some evidence on raising Danish firm-level 
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markups in response to Chinese imports. These findings, as it seems, call for a reconsid-
eration of the established imports-as-market-discipline hypothesis, which states that a 
higher volume of imports intensifies competition and hence decreases the market power 
of a firm. An ambiguous prediction of the openness to trade influence upon the level 
of markups was also reported by Thompson (2002), who estimated price-marginal cost 
markups for Canadian manufacturing industries during the 1970s in order to assess the 
impact of import competition on domestic market power and found no consistent evi-
dence that imports reduced the markups of Canadian firms during that period.

What is interesting is that our model also demonstrates mixed predictions towards 
this issue. In contrast to what is obtained in most of the listed publications, the final con-
clusion on markup behavior in our setting crucially depends upon the relative size of the 
countries engaged in trade and the relationship between consumers’ taste parameters 
across destinations. It is shown, for example, that trade liberalization reduces markups 
in a larger (smaller) country having smaller (larger) value of the taste parameter and 
increases markups in a smaller (larger) country having larger (smaller) value of the taste 
parameter.

The paper proceeds as follows. In Sect. 2, we formulate our baseline trade model of the 
two countries populated by consumers differing in their preferences. In Sect. 3, we pre-
sent the main results obtained (numerically) by comparative statics analysis. Section 4 
concludes.

2 � Model descriptions
Consider the world economy consisting of two countries A and B, each producing dif-
ferentiated varieties with increasing returns to scale and operating in a monopolistically 
competitive setting. Let Lr is the number of consumers/workers in country r ( r = A, B ), 
each of whom inelastically supplies one unit of labor. The labor is assumed to be the 
only factor of production which is internationally immobile. Denote by L = LA + LB the 
world population, and by θ = LA/L the share of country A residents in the total popula-
tion of the world. In what follows, country A is considered a home country, and country 
B is a foreign country.

Assume further that the preferences of consumers residing in country r are identical 
and can be represented by CES utility function:

where xrr(i) is the quantity of i th variety produced and consumed in country r , xsr(j) is 
the quantity of j th variety produced in country s and consumed in country r ; Nr is the 
number of varieties produced in country r , Ns is the number of varieties, produced in 
country s ; σr > 1 is the taste parameter of consumers in country r.

Although preferences of consumers in each country are the same, they may differ 
across destinations. This means that consumers across different countries are assumed 

(1)Ur =





Nr
�

i=1

(xrr(i))
(σr−1)/σr+

Ns
�

j=1

�

xsr(j)
�(σr−1)/σr





σr/(σr−1)

,
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to be heterogeneous in tastes.1 This heterogeneity is achieved by using different σr values 
in utility function of different country consumers (in general, σr  = σs, r  = s ). Our goal 
here is to analyze how the differences in consumer preferences across destinations and 
trade liberalization affect the behavior of the firm-level markups.

According to (1), imported goods contribute to the consumer’s utility equally to the 
domestically produced goods (provided the quantity of the goods is the same). How-
ever, consumption of imported goods entails additional costs arising from the costs of 
transportation, which are assumed to be an “iceberg-type”. This means that if a good is 
produced in country A , the transportation costs of quantity q of this good from A to B 
are actually accounted assuming that τ q units of this good must be sent from one loca-
tion to another, where τ ≥ 1 is a transportation costs index (the limiting case τ = 1 cor-
responds to zero transportation costs).

Suppose now that firms follow a mill pricing policy. If pr(i) is a mill price of variety i in 
country r , then its delivered price in country s ( s  = r ) including transportation costs is

Assuming that each country consumers are also employees of the firms located in this 
country, the budget constraint of a consumer in country r can be written as follows:

where wr is an income of the consumer equal to her/his wage.

2.1 � Consumer problem

Solving the consumer problem, one can find an individual demand for variety i , pro-
duced and consumed in country r:

Because a good is produced and marketed in the same country, we do not include the 
transportation costs. The demand of the same consumers for j th variety, shipped from 
country s , is

In this case, we account for transportation costs as the locations of production 
and consumption are different. This is a “remote demand” with transportation costs 
accounted by τ . As can be seen from (4) and (5), at the same mill price the consumption 
of an imported variety is lower than the consumption of a domestic variety by a factor of 

(2)prs(i) = τ pr(i) ≥ pr(i).

(3)
Nr
∑

i=1

pr(i)xrr(i)+

Ns
∑

j=1

τps(j)xsr(j) = wr ,

(4)xrr(i) =

(

pr(i)

Pr

)−σr wr

Pr
.

(5)xsr(j) =

(

τps(j)

Pr

)−σr wr

Pr
.

1  The possibility of this is advocated by (Di Comite et al. 2014), where an illustrative example of different types of beers 
is given showing that demand for Heineken in one country can differ from the demand for Budweiser in another one 
where both beers are also sold.
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τ−σr because its delivered price is higher. The price index Pr appearing in the individual 
demand functions equals to

Notice that this index turns out to be a country specific due to the difference in taste 
parameters σr and σs across destinations.

2.2 � Producer problem

Firms in both countries have access to the same production technology with increas-
ing returns to scale. The total cost needed to produce qr(i) units of variety i in country r 
( r = A, B ) is given by

where f > 0 and m > 0 being the fixed and the marginal costs which firms incur in 
terms of labor. Taking (7) into account, the profit of a firm located in country r can be 
written as

where market demand function qr(i) for variety i consists of two components:

The first component is the market demand of domestic residents:

where Yr = Lrwr is the aggregate income of consumers in home country. The second one 
is the “remote” market demand of foreigners:

where Ys = Lsws is the aggregate income of consumers in foreign country.
Notice that the market demand components (10) and (11) for the same variety may 

differ across destination countries. Both of the components are isoelastic, but elasticity 
of the market demand, shaped by domestic consumers (10), distinguishes, in general, 
from the elasticity of the market demand (11) shaped by foreigners. This difference is 
due to possible difference in consumers’ tastes between the two countries.

Unlike the individual demands (4, 5) and the market demand components (10, 11), the 
total market demand function (9) is not isoelastic because the taste parameter σr varies 
across trading countries. As a consequence, the market demand faced by any firm (either 
at home or abroad) crucially depends on the relationship between the values of the taste 
parameters σr and σs . In the limiting case, where consumers share the same preferences 

(6)Pr =





Nr
�

i=1

(pr(i))
−(σr−1)+

Ns
�

j=1

�

τ ps(j)
�−(σr−1)


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−1/(σr−1)

.

(7)Cr(i) =
(

mqr(i)+ f
)

wr ,

(8)πr(i) = (pr(i)−mwr)qr(i)− fwr ,

(9)qr(i) = qrr(i)+ τqrs(i).

(10)qrr(i) =

(

pr(i)

Pr

)−σr Yr

Pr
,

(11)qrs(i) =

(

τ pr(i)

Ps

)−σs Ys

Ps
.
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with σr = σs = σ , the market demand is isoelastic so that the heterogeneity of consumers is 
ignored and has no impact on the patterns of trade.

2.2.1 � Short‑run equilibrium

Substituting market demand function qr(i) into the profit equation (8) and maximizing 
the resulting profit with respect to prices (for a fixed number of firms and a fixed wage 
level in each of the two countries), we obtain the following system of equations for mill 
prices pA(i) and pB(j):

where i = 1,NA , j = 1,NB , ε̄A(i) ≡ −(pA(i)/qA(i))(∂qA(i)/∂pA(i)) and ε̄B(j) ≡ −(pB(j)/

qB(j))(∂qB(j)/∂pB(j)) are aggregate elasticities of the market demand for i th and j th 
varieties, correspondingly, produced by firms in countries A and B (see Appendix for 
details). This system contains N = NA + NB equations and can be solved numerically.

Assuming a symmetric equilibrium with the same prices for varieties produced in each 
of the two countries, pA(i) = pA , pB(j) = pB , we reduce (12) to the system of two equa-
tions for two unknowns ( pA and pB):

Price elasticities of the market demand ε̄A and ε̄B , appearing in (13), can be written as 
the weighted averages of the taste parameters σA , σB (see Appendix):

which is reasonable as long as the market demand for a good produced in any country 
is shaped by both domestic and foreign consumers. In this representation, coefficients α 
and β depend on the ratios p̃ ≡ pA

/

pB , w̃ ≡ wA/wB , Ñ ≡ NA

/

NB , taste parameters σA , 
σB , transportation costs τ and the relative size of trading countries θ . This dependence 
reads as follows (see Appendix for details):

where γ =
(

θw̃
)/(

1+ θ
(

w̃ − 1
))

 , a = 1
/(

1+ Ñ−1
(

p̃
/

τ
)σA−1

)

 , b = 1

/(

1+ Ñ−1

(

p̃
/

τ
)σB−1

)

 . Thus, (13) is a self-consistent system of nonlinear algebraic equations for 

short-run equilibrium prices. Given the values of the exogenous parameters 
( w̃, Ñ , σA, σB, θ , τ ) , one can solve this system using numerical methods.

(12)















pA(i) =
ε̄A(i)

ε̄A(i)− 1
mwA

pB(j) =
ε̄B(j)

ε̄B(j)− 1
mwB

,

(13)















pA =
ε̄A

ε̄A − 1
mwA

pB =
ε̄B

ε̄B − 1
mwB

.

(14)
{

ε̄A = ασA + (1− α)σB

ε̄B = βσB + (1− β)σA
,

(15)















α =
γ a

γ a+ (1− γ )(1− b)

β =
(1− γ )b

(1− γ )b+ γ (1− a)

,
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In the limiting case of the two countries having the same taste parameters of con-
sumers, the equilibrium prices (13) are reduced to prices appearing in the canonical 
model of trade (Krugman 1980). Indeed, if σA = σB = σ , then ε̄A = ε̄B = σ and

These prices differ only because of the differences in wages of consumers/workers in 
the two countries.

Now define firm markups in each of the two trading countries:

These markups are inversely proportional to the elasticities of the market demand 
for any variety in countries A and B , correspondingly, thus making it possible for 
firms located in the country with relatively lower aggregate elasticity to charge higher 
markups. In the limiting case with the same taste parameters across consumers and 
countries, the markups (17) turns out to be identical and constant:

exactly like in the canonical model of trade (Krugman 1980).
The constancy of markups, which stems from the canonical model of trade, sharply 

contrasts with our findings. As follows from the system of Eq.  (13), markups in our 
model are variable and depend not only on the parameters of consumer preferences, 
but also on price, wage, and number of firm ratios, as well as on the relative size of 
countries and transportation costs. This is more in line with empirical studies showing 
that firm markups are not constant and differ for different countries (Syverson 2007; 
Feenstra and Weinstein 2010; De Loecker and Warzynski 2012; Bellone et  al. 2014; 
Di Comite et  al. 2014). To create a detailed understanding of the behavior of firm-
product markups in our model, we turn to the analysis of the long-run equilibrium.

2.2.2 � Long‑run equilibrium

Mill prices for different types of goods in countries A and B , given in the previous 
section, were obtained under the assumption of an exogenously defined distribution 
of wages and number of firms in each of the two countries. To find the general equi-
librium of the model, we have to make these parameters endogenous. This can be 
done by assuming free entry and exit of firms on the market, which is equivalent to 
zero profit condition in both countries, and taking into account the balance of pay-
ments equilibrium. As a result, we get a system of nonlinear algebraic equations for 
three endogenous parameters p̃ , w̃ , Ñ  , which can be written as follows:

(16)











pA =
σ

σ − 1
mwA

pB =
σ

σ − 1
mwB

.

(17)















µ̄A ≡
pA −mwA

pA
=

1

ε̄A

µ̄B ≡
pB −mwB

pB
=

1

ε̄B

.

(18)µ̄A = µ̄B ≡ µ = 1/σ
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where coefficients ξ and ζ denote combinations of elasticities of the market demands: 
ξ ≡ (ε̄A(ε̄B − 1))

/

(ε̄B(ε̄A − 1)) , ζ ≡ ε̄A/ε̄B.
Taking into account the balance of payments (which is the third equation in (19)), α 

and β coefficients appearing in (14) are simplified to α = a and β = b (see Appendix 
for proof ), which makes it possible to rewrite the market demand elasticities as:

In view of a and b expressions, given previously, note that these coefficients depend 
exclusively on the tastes parameters of the domestic consumers, and do not depend 
on the tastes parameters of the foreigners: a = a(σA) , b = b(σB) . Given exogenous 
parameters of the model, the ratios p̃ , w̃ , and Ñ  can be found by solving numerically 
the system of Eq.  (19). By substituting this solution into (20) and (17), we will find 
the markups in each of the two trading countries. In the autarky case, where τ → ∞ , 
we have ε̄A = σA , ε̄B = σB , and hence µ̄A = 1/σA , µ̄B = 1/σB , which means that price 
elasticities of the market demand for domestic varieties and corresponding markups 
of incumbent firms are determined by the taste parameters of domestic consumers, 
which is expectable.

3 � Results
The analysis of the general equilibrium of the model allows for interesting predic-
tions regarding the behavior of markups. Note that, in accordance with (19), the level 
of markups in each of the two countries depends on three endogenous (p̃, w̃, Ñ ) and 
four exogenous (σA, σB, θ , τ ) parameters of the model. This result contrasts with 
the case of homogeneous preferences, where firm markups in the two trading coun-
tries are the same and constant. Indeed, in accordance with (18), the level of markups 
in the canonical model of trade depends on a single parameter σ which is the same 
across destinations. In our model, we have variable markups, which reaction to trade 
liberalization can be found by varying transportation costs τ at given values of the 
remaining exogenous parameters.

Figures 1 and 2 show the dependence of markups in countries A and B on the degree 
of trade liberalization, measured by inverse of the transportation costs index 1/τ , for 
the case when the relative size of country A is larger than the relative size of country 
B (θ = 0.8) . Figure 1 demonstrates the case where σA < σB (σA = 2, σB = 3) , Fig. 2 
demonstrates the case where σA > σB (σA = 3, σB = 2).

As can be seen from these figures, trade liberalization reduces markups in the coun-
try having less elastic demand, shaped by domestic consumers (i.e., lower σr ) and 
increases markups in the country with more elastic home-market demand (i.e., higher 
σr ). Changes of markups, either decrease of increase, are stronger in country that has 
a relatively smaller size (in this case, country B).

(19)







p̃ = ξ w̃

Ñ = ζ(θ/(1− θ))

(1− γ )(1− b) = γ (1− a)
,

(20)
{

ε̄A = aσA + (1− a)σB

ε̄B = bσB + (1− b)σA
.
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This result can be explained qualitatively by analyzing elasticities of the market 
demand for varieties in either of the two countries, ε̄A and ε̄B , which determine firm 
markup values, as functions of the trade liberalization parameter 1/τ.

The lower the transportation costs (and higher the trade liberalization parameter), the 
greater is the contribution of foreign consumers into the elasticity of the market demand 
for domestic goods. If preferences of domestic residents are characterized by a lower 
value of the taste parameter (as in Fig.  1), then the increasing foreign consumer con-
tribution will lead to an increase in the elasticity of the market demand for domestic 
products. This will reduce the market power of domestic firms and decrease markups for 
local goods.

If domestic consumers shape demand which is characterized by a relatively higher 
value of the taste parameter compared to the foreign one (Fig. 2), then we will have 
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an opposite effect. A liberal shift in trade policy in this case will lead to an increase in 
markups charged by domestic firms.

The empirical studies of the trade liberalization impact on the markups in the 
monopolistic competition setting were carried out in a number of contributions. 
Most of them (see references listed above) conclude that markups are negatively 
related to the openness of trade. Nevertheless, there exit a few exceptions evidenc-
ing a positive reaction of firm markups on trade liberalization. The examples are Fan 
et al. (2015) and Meinen (2016), where an evidence on raising firm-level markups in 
response to imports are documented. An ambiguous prediction of the openness to 
trade impact upon the level of markups was also reported by Thompson (2002). Our 
model offers a new additional channel through which trade liberalization can exert 
influence on the markup levels providing either decrease or increase in their values. 
This can be due to the difference in country-specific tastes for the same good demon-
strated by domestic and foreign consumers.

4 � Conclusion
This paper develops a two-country trade model of monopolistic competition featur-
ing consumers’ heterogeneity across destinations, which is accounted by assuming 
different elasticities of substitution in the CES utility function for different country 
consumers. The model generates a set of new predictions regarding behavior of firm-
product markups in trading countries as functions of the degree of trade liberaliza-
tion. It shows that markups in the industrial sectors depend on three endogenous 
parameters, which are the price, wage and number of firm ratios in trading countries, 
and four exogenous parameters, which are the two country-specific consumer taste 
parameters, transportation costs and the relative size of trading countries. Depending 
on the relationship between tastes of consumers in different countries, trade liberali-
zation may provide either decrease or increase in the level of markups. This finding 
distinguishes our model from the canonical one, in which markups in the indus-
trial sectors of trading countries are constant. It is worth noting that we do not con-
sider taste heterogeneity as being the only possible factor influencing product-firm 
markups variation across destination countries. All that we claim is that country-spe-
cific tastes of consumers can serve as an additional potential source of firm markups 
variation accompanying trade liberalization.
Acknowledgements
The authors acknowledge the financial support from RFBR fund Grant # 17-06-00572.

Authors’ contributions
All the authors in this research paper have their own contribution. All authors read and approved the final manuscript.

Funding
This is an original research work supported by RFBR fund Grant # 17-06-00572.

Availability of data and materials
The data are available upon request.

Competing interests
The authors declare that they have no competing interests. Author’s names are aligned according to their contribution.

Author details
1 National Research University Higher School of Economics, Nizhny Novgorod 603155, Russia. 2 Institute for Physics 
of Microstructures of the RAS, Nizhny Novgorod 603950, Russia. 



Page 11 of 12Osharin et al. Economic Structures            (2020) 9:13 

Appendix
Short‑run equilibrium equations

Applying the first-order condition to profit function (8) gives the following equation:

Taking into account that the elasticity of the market demand for i th variety in coun-
try A is given by ε̄A(i) ≡ −

(

pA(i)
/

qA(i)
)(

∂qA(i)
/

∂pA(i)
)

 , the first-order condition 
results in pA(i) =

[

ε̄A(i)
/

(ε̄A(i)− 1)
]

mwA . Similar equation can be found from dif-
ferentiating the profit function of the j th firm in country B . Combining these two 
equations, we will have the system (12) given in the text.

Elasticities of the market demand in the symmetric short‑run equilibrium

In the case of symmetric equilibrium with identical prices for varieties 
( pA(i) = pA, i = 1, 2, . . . , NA and pB(j) = pB, j = 1, 2, . . . , NB ), the elasticities of 
the market demand are reduced to the following expressions:

where AA ≡
(pA)

1−σA

NA(pA)
1−σA +NB(τ pB)

1−σA
YA , AB ≡

(τpA)
1−σB

NB(pB)
1−σB +NA(τ pA)

1−σB
YB , BB ≡

(pB)
1−σB

NB(pB)
1−σB +NA(τ pA)

1−σB
YB , and BA =

(τ pB)
1−σA

NA(pA)
1−σA +NB(τ pB)

1−σA
YA . Denoting the ratio of 

prices as p̃ ≡ pA
/

pB , the ratio of firm numbers as Ñ ≡ NA

/

NB , the ratio of wages as 
w̃ ≡ wA/wBand denoting the share of total consumer incomes of the country A in the 
total income of the global economy as YA/Y ≡ γ = (θw̃)/(1+ θ(w̃ − 1)) , the coeffi-
cients AA , AB , BB , BA can be written as

Denoting further a = 1/
(

1+ Ñ−1
(

p̃/τ
)σA−1

)

 , b = 1/
(

1 + Ñ
(

τ p̃
)−(σB−1)

)

 , the 

price elasticities of the market demand can be represented in the form (14) given in 
the text.

Simplification of the α and β coefficients in the long‑run equilibrium

Let us use the trade balance equation (1− γ )(1− b) = γ (1− a) from (19) to simplify the 
expressions for the coefficients α and β . To this end, rewrite the expression that appears in 
the denominator of the coefficient α as follows:

∂πA(i)

∂pA(i)
=

∂

∂pA(i)

(

pA(i)qA(i)−mwAqA(i)− fwA

)

= qA(i)+pA(i)
∂qA(i)

∂pA(i)
−mwA

∂qA(i)

∂pA(i)
= 0.















ε̄A =
AA · σA + AB · σB

AA+ AB

ε̄B ≡
BB · σB + BA · σA

BB+ BA

,



























































AA =
γ

1+ Ñ−1
�

p̃/τ
�σA−1

AB =
1− γ

1+ Ñ−1
�

τ p̃
�σB−1

BB =
1− γ

1+ Ñ
�

τ p̃
�−(σB−1)

BA =
γ

1+ Ñ
�

p̃/τ
�−(σA−1)

.



Page 12 of 12Osharin et al. Economic Structures            (2020) 9:13 

This gives

The coefficient β can be simplified analogously. As a result, we will get α = a and β = b.
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γ a+ (1− γ )(1− b) = γ a+ γ (1− a) = γ a+ γ − γ a = γ .

α =
γ a

γ a+ (1− γ )(1− b)
=

γ a

γ
= a.
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