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Abstract

Chinese market is relative new for fast food chains. In this article, we will ex-
plore the competition between the McDonald’s and KFC. We will review two
papers, each one focusing on one different aspect of the competition mode we
are studying. For the Mayer’s model, we can apply the profit’s concept into
our Hotelling model. For the electoral vote model, we can incorporate the
concept of market share. We will try to quantify the variables involved in the
real world fast food market. We will assume an imaginary line of positions for
the firms to choose. Then, in the section of Theoretical Nash Equilibrium, we
will try to solve the strategic setting and apply the principles further in the ex-
tensions. Finally we will find empirical evidence, which conforms perfectly to
our propositions. To sum up, we propose that KFC and McDonald’s cluster-
ing at the center are of reason, generating maximum profit and market share,
creating a stable Nash Equilibrium.

Keywords

Hotelling’s Model, Cournot Competition, Location Choice, Market Share,
Profit Maximization

1. Introduction

Fortuitously, the other day I was walking on the street, wondering about a place
to eat. I walked into the mall. The first thing that I notice is that McDonald’s and
KFC were opening up their stores right next to each other.

In classical city arrangement plans, there are always restaurants designated to
cluster within a single mall. Most people do not question the rationality behind

the phenomenon. However, based on established theories, all restaurants, which
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in this case, the firms, are supposed to be profit seekers and they are intending to
maximize their net benefits all the time.

One of the most important factors in determining the net gain of the firms is
the quantity they sold. As long as marginal cost is still under the marginal bene-
fits, the firms should keep producing and try to sell all the products. This leads
us to suppose that one vital factor in the competitive markets should be the num-
ber of costumers the firm can attract in the location they chose.

In common sense, it seems that clustering in a single place is unusual. This is
supposed to decrease the number of consumers into the firm each day because of
the competition. The firms should earn more by spreading out and monopoliz-
ing over a single district.

In this article, we will check the logic behind this phenomenon.

In statistical aspects, the number of fast food restaurants in China is almost
exponentially exploding as can be manifested by the growth of KFC in China
alone, indicating that the trend of cluster in the industry is actually worth inves-
tigation, as the growth of KFC, for instance, has been a perfect example, with
approximately annual growth rate of 8% in China.

Chinese market in Food and related consumption summed up to account for
4.7% of the gross domestic product. Thus, understanding the competition pat-
tern in it is fairly important.

As we are inspired by the fast restaurants, we will investigate the competition
between them in the article. KFC possesses most of the market share in fast food
in China while McDonald’s is its most competitor over the market. The logic
behind the seemingly irrational location choosing between the two formidable
oligopolies will be complex.

And below, we will apply the central concepts of Hotelling’s Model in our pa-
per. We will first examine previous literature in this area. Then, we will build up
our own mathematical model to explain the logic in the Model Section, present-
ing mathematical inference in the Results and Discussion Section. The overall

summary will be provided in the last part, Conclusion Section.

2. Literature Review

We can find some previous literatures that are of high value towards our research.
We will account for the strategic setting and Nash Equilibrium set proposed in
each model now.

Spatial Cournot competition and heterogeneous production costs across
locations by Mayer

One of the most notable ones is the Spatial Cournot competition and hetero-
geneous production costs across locations (Thierry Mayer, 2000), which describes
the situation in which two duopoly firms are competing while trying to maxim-
ize their profit by choosing a location in a city.

In this journey, the author considers the situation involving the transportation

cost and non-uniform production distribution. The inclusion of transportation
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made this paper quite unique in settings and the final conclusions.

For proposition 1, the author concludes that if the production cost is uniform
across the line, the Nash Equilibrium point is when firm 1 and 2 both locate at
1/2, where 1 is the line that the firm can choose to locate at.

The calculations for this conclusion are pretty complex. The profit earned at
each single point, z should be influenced by the location chosen by both firm 1
and firm 2, where ¢ is the transportation cost, Q1is the total quantity produced by

the two firms and ¢ is the individual output of the firm:
R(z2,2,)=[1-Q(z:2.2,)-t|z-z|-c(z) |0, (2 2.2,). (1)

If we integrate the profit at each location, we will get the following overall

profit of the firm:

1
P(2.2,)=] m(z2,2,)d )
For the firms to maximize their profit, the following conditions need to be
met:
P, ’P,
ﬁ = 0'6_2:l <0 (3)
0z, 0z;

If we assume that firm 2 choose /2 first, then the profit maximizing point of

firm 1 can be solved using the following equations:

9 P,
=1 wh =1/2=A-c¢ B-(I-2z)=0
e when z, =1/ c'(z)+B-(1-2z)
where
Azl:_l{1—20(21)+C(|/2)+221_§|]+2212:|
t 4
and

B :[(1—20(21)+c(l/2))—%(3l +221)}
By solving the expression, the author got that
(I —221){1—0—%(3 +2zl)} -0 (@)

Using this expression, we can get the unique equilibrium point at //2.

The setting of this sub model is similar to the previous one. There are still two
firms competing to maximize their profit, but the proposition under the assump-
tion that the production cost is not uniform can be vastly different from the one
stated before.

The author proposed the following conclusion:

The most useful one is that “for non-uniform production cost distributions,
central agglomeration can only be sustained if 1/2 is the locally cost minimizing
location. If the production cost distribution is globally convex with 1/2 yielding

the minimum production cost, central agglomeration is the unique equilibrium.”
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We need to resolve the differences in the two models or at least justify that the
differences have minor effect to ensure that we can use formulas and assump-
tions from the literature.

The biggest concern we need to address here is the relevance of transportation
costs in the models. In the Mayer’s paper, he introduced the concept of non-uniform
cost function, which is of huge influence on the final results and conclusions of
the paper. The production, as he assumed, may be non uniform along the line in
two parts, one being the transportation costs being non linear and the other be-
ing the rent being non uniform.

However, in our study of the competition between McDonald’s and KFC, trans-
portation cost can even be neglected. The main contributor in the transportation
cost, as the article may refer, is the cost needed to bring the product from the
firm to the costumer. For these two fast food restaurants, takeout only counts for
little of the income, with most people eating at the site of the restaurant.

However, we can discern from Equations (1) to (4), transportation cost does
not appear in the decision determinant equations. Thus it is suitable for us to
disregard the effect of transportation cost in both situations.

Eliminating this difference, we can judge that the propositions and logic from
this paper is good for us to use now.

The Hotelling’s model of electoral competition from the Osborne book

The other journal worth noticing is the Hotelling’s model of electoral compe-
tition in the book The Osborne.

In this section, the author explains the application of the Hotelling’s model in
the elections. In the game, each candidate will express their own opinion on a
certain matter and will choose a location on a line if we categorize positions to-
ward a political topic onto a continuous line.

The players in the game, which in this case are the candidates, are stick to the
belief that they need to choose a position in order to win the most favor from the
public. Each person will non-uniformly stand to a point on the line. They will
choose to vote for the candidate that reflect, or support, their own position the
best.

The settings in the game of election conform to our setting in our analysis of
the game in fast food restaurants. There are two players and each player is trying

to maximize their payoff function.
{X 1% <X <2M=X,},X, <m
Bl(XZ): {m},XZ:m 5)
(X 12m—X, <X <X}, X, >m

In the scenario above, x; and x; are the locations of the candidate. The payoff
for candidate 1 depends on its own location and, at the same time, the location
chose by candidate 2. m is the mid of the line of positions.

Candidate 2 faces the same scenario as candidate 1. They two have exactly the

same best response function. If we superimpose the two functions, we can get a
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unique Nash Equilibrium solution set. It is when the two candidates choose m at
the same time, each time attracting half of the voters.

The main difference we need to be aware of here is that winning the most votes
is not parallel to earning the maximum profit.

Profit maximization involves balancing between cost, sales and price while win-
ning the most votes can be compared to winning the biggest market share. Each
voter is like a consumer looking for products. Attracting the most consumers for
shopping in the specific firm is the same thing as winning the favor of the votes
from the voters. We define market share in Economics to be sharing of the pur-
chases in the overall industry, making it parallel to attracting votes.

With this in mind, we can try to give out models based on market share max-

imization using the conclusion above.

3. Methods

Now we will try to develop our own unique strategic settings for the model, we
will propose our assumptions and justifications below.

Assumptions

First of all, we will assume that there are only two firms, McDonald’s and KFC,
competing for profit in the local areas. Judged from the previous data, McDo-
nald’s and KFC in total share almost 60% of the fast food restaurant share in
China, thus it is fine for use to use M and K to represent the two firms we are
studying.

Secondly, we may assume that the only actions the firms can take are choosing
the location to open their shops and choose the quantity they wish to sell every-
day (Abhijit Sengupta & Kunal Sengupta, 2008). It is quite simple that each firm
is able to choose freely the location to offer the service. Also, in Chinese Market,
these two firms are truly forming the duopoly. They have the power to choose
the quantity for sell by setting the numbers they cook everyday. They will need
to make decisions simultaneously.

Next, we may assume that originated from Capitalism, the two firms are profit
seekers and they are always trying to maximize their profit.

Also, consumers in China should be totally unfamiliar with the western style
foods. They will treat the products as absolutely identical. They will select the
firm to consume based solely on the distance between themselves and the res-
taurant.

Then, we assume temporarily that the production cost at each site is the same.
Finally and the most crucial part is the payoff function of the firms. On the im-
agined line of location, we can assume that the two identical firm, one being fm,
being McDonald’s and the other being £, representing KFC, with their corres-
ponding place chosen as z, and z. It is reasonable that we assume the line of
length /and z, is to the left of z.

We will get the following equations for payoff for £, and £

_m(a=c) o (a=cY(zyt2
n= (55 o= (55 (=52 ©
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and

e o

We will present the mathematical process that leads us toward the payoff func-
tion in the subsection below.

Justifications based on Math

We hold the below truths to be self evident, that the two firms are engaged in
Cournot Competition, in which each firm has the option to compete using quan-
tity. The conditions for the Cournot competition to occur are satisfied.

We can express the profit the firm earns at a single point as the following equ-

ation, as we use cto represent the cost function:
T = Prnlim = €l s T = P — Y ()
The p., or the price of the products in firm m, can be expressed as a — g — g
with a being a constant, indicating that the price is influenced by the output sum

of the two firms.

Then we can transform Equation (9) to the following forms:

T = (0= 0y =G )ty — Oy = (@ =y ~ G =C)g, )
And

m = (0= Gy — G ) O — €l = (o= — G —C) 0, (10)

As each firm can only maximize their profit at the point if they satisfy the fol-

lowing condition:

aTcm (qm ! qk)

0= -q, - (1)

Similarly, by solving the condition for firm &k we can get that & — 2¢gx — gm — ¢
=0.
Combining the two equations, we can get the conclusion that:

_a-c

qm :qk - 3 (12)

The overall payoff at a single point will be:

2
nmzpmqm_cqm:[achj(a;cj_c(a;cjz(a;cj (13)

The overall profit will simply be the integration:

(GO

4. Results and Discussion

In this section, we will try to propose the Nash Equilibrium for the duopoly com-
petition in fast food market.

Gripping Equation (14), we can see that firm m has full incentive to move to-
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ward right. Judging from Equation (7), we can see that firm 4 has good motiva-
tion to move to the left.
They will keep doing so until they meet each other. We will designate the

place they met as z.
+2Z,

Z 20—z -z
The varying parts in Equations (6) and (7) are — 5 m__"k

and , re-
X

spectively.
P Y 2l-z,

After they met, the determinant part will be z, and . The game will be
in Nash Equilibrium only when the two parts are equal in value, making the two
firms earn the same amount, indicating that z, should be at //2.

Proposition 1:

Under the assumption that the firms are profit seekers and that the distribu-
tion of production cost is uniform along the line and without consideration of
the rent, the unique Nash Equilibrium exists at the center of the line with two
players, in this case, McDonald’s and KFC, clustering next to each other.

But there is a problem here. The production cost may not always be uniform
and they will need to conform to some distribution.

To be specific, the production cost involves in producing the fast food can be
classified as unit specific cost and fixed costs. For unit specific cost consists of
the cost of the raw material, which we will assume to be unchanging for each
unit.

The next part is the fixed costs. These costs can be influenced by the location
chosen by the firm. A large part of the fixed costs is the rent. In common sense,
the rent should be higher for places near the city center and lower in the sub-
urbs, meaning that we can use the following chart to define the rent cost func-
tion of the firms in Figure 1.

In Figure 1, the quadratic function is used to depict the common rent rate,

with climax at point (42, 8) and basic price of rent of  at the start or the end of

the line.
We can use the following function to describe the quadratic distribution:
4(B-6 4(0-
R, = (B|z )zz+ (I B)z+B (15)
>
2
p

1

Figure 1. Relation between rent cost and location on the line.
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with z being the exact location of the firm on the line,  being the lowest cost
which is assumed at the end of the line and 8 being the highest cost at the center
of the line.

As we are considering rent here, we must edit our expression for overall profit

of the firm in the following ways:

2
N, :[ﬂj b ) Rzm
3 2

, (16)
(25 () 0 20D,
3 2 |2 m | m
And
N, :(a;cj (Zl—z; _ij_Rzk
(17)

:(a—cjz[Zl—zm —zkj_4(;3—e) , 4(0-B)

Z Z —
3 2 2k |kB

with Nrepresenting the net profit of the firm.
In order to get the maximum profit, we need to satisfy the following equa-

tions:
oN , —¢c\* 8(p-6 4(0-
m(zm Zk):o:l a Cj _ (B )Zm_ ( B) (18)
oz, 2( 3 E [
Ny (zn.2,)  8(6-P)
me =— <0 19
oz 1? (19)
And
oN, (z,,,2 —¢\Y 8(p-6 4(0-
Ny (20.2,) k):oz—l(a Cj - (Bz )zk— (0-F) (20)
oz, AUE | |
N _(z.,z 8(0—
m(z'“ ) __8 ZB)<0 (21)
0z, |
By solving Equations (18) and (20), we get that:
I 1P(a-cY | 12
Iy=—*+—|—| =-+—m, (22)
2 16\ 3 2 16
And
I 12(a-cY | 12
7= —| | = 23
k216(3j216nk (23)

The apparent problem in this solution is that the precondition for the equa-
tions is that z, is to the left of z, which is contradictory in this case.
Also, as we are checking the second order conditions, as in Equations (19) and

8(p-9)

(21), we see that B — 0 is less than 0, meaning that the expression — B

should forever be bigger than 0, meaning the second order condition will never
be satisfied.
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Here we can conclude that mathematically we can never fetch a solution for
these equations.

Thus we should resort to programming to verify the Nash Equilibrium.

In the program, we made the two firm initiate at the two ends of the line. They
can simultaneous make decision to adjust their position to larger their position.
We will use Monte Carlo simulation method (Owen, 2009) to ensure that the
step is small enough that true strategic situation can be captured.

After running the code, we can see that the Nash Equilibrium arrives exactly
at the mid of the value of the line of points possible to locate the firm. Thus we
may come to proposition 2.

Proposition 2:

If we introduce the concept of non uniform production cost, which, in the
competition between the fast food restaurants, should be the non uniform rent
distribution along the line, we will find out that the two firm will still aggregate
at the mid of the line

Extensions

Now we will try to extend our models to some other situations.

McDonald’s and KFC are new to Chinese consumers. At the beginning, they
will definitely tend to focus on the maximization of market share in order to en-
large their market influence and win edge over the competitors.

As we have ruled before, the model we established focused on the profit in the
Cournot Competition.

We have already justified ourselves in the applicability of the model of elec-
toral vote attraction in the competition between the two fast food restaurant if
they are overwhelmed with the idea of attracting the most consumers.

Thus, applying exactly the same principle and logic in the electoral voting
model, we can get the following proposition:

Proposition 3:

Under the situation that the two firms are competing for the largest market
share, the Nash Equilibrium will be at the midpoint of the line, with both firms
agglomerating and both sharing half of the market.

Now we can add one player into the game: Hamburger King. It is also com-
peting with McDonald’s and KFC to take up the most market in China.

The payoff function for the situation should be pretty complex. If the three
firms choose the same location, then they should each share /3 of the market. If
all three are clustering at the center and anyone may choose to move, its market
share will instantly decrease, meaning that all clustering center can be a Nash
Equilibrium.

If two firms choose the same location, the payoff will be different. If we as-
sume that the firm from the left to the right to be £, £ and £. Thus we can get
that z=z<zo0orz<z=2.

The functions in Figure 2 describe the payoff function under either situation.

For the left function, we can see that if xx moves its location to the left, it can
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P(y) =272 P() =22
P(xy) = xlztﬂ or { P(xy) = ZHZJ
P(x;) = @ P(x3) = 21—1;963

Figure 2. Relation between rent cost and location on the line.

earn more market share. On the right, if x; move itself to the right, it can win
more shares. There is no Nash Equilibrium.
Then if the three firms each choose a different location, we can assume z < z

< z;. Thus we can the following payoff function:

P (1) =3 (% +%)
P (%) =5 (% %) @9
p(x3):|_xzzxs

Let’s go through the logic here. x; cannot determine its own payoff. So we can
focus on x; first. It can maximize its profit as it is getting closer to x. On the
other hand, x; can maximize its profit as it gets closer to x;.

If the three firms are all allowed to move, they will finally converge to one
point. The electoral vote model proposes that there should be no Nash Equili-
brium. The only difference that divert the conclusion from ours is that each one
sharing 1/3 of the poll is not satisfying for them. They would rather to move
than tie.

Proposition 4:

Assuming all other conditions and assumption same as in the previous propo-
sition, the 3 player game will at least have a Nash Equilibrium at the center as the
three clustering there, each sharing equal market

Empirical Evidence

Though the competition mode between KFC and McDonald’s are intense and
attract loads of researches in the area, no people have considered the competi-
tion mode in location choosing perspective and Hotelling model’s application.

Thus, we need to find the data by ourselves. Below we will show the illustra-
tion generated from Google Maps in Figure 3.

In the figure, we pinpoint the location of KFC in a city with a star mark and
the location of McDonald’s with a fork mask. Judging from the figure, we can
see that our conclusions that under all circumstances, either for uniform or non
uniform production cost distribution, the two duopoly will cluster at the center
of the city in order to maximize their profit or their market share.

Upon reviewing a paper published by Presh Talkwalkar at Stanford University
Mathematical Economics Major (Presh Talwalkari et al., 2012), I find some use-
ful data on the location of McDonald’s and Hamburger King in the United
States. Though at a different location and studying different firms, I find the

conclusions of high value.
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Figure 3. Location of KFC and McDonald’s in the city of Wuxi (Left) and Shanghai (Right). *Please notice that there are two
identifiers in the charts above. The one with a folk and a knife stands for either KFC or McDonald’s and the one with the star
mark stands for the other restaurant.

He focused intensely on the competition over the market share instead of the
profit and treat the game sequentially, as he assume that firms can pop up chain
stores in the same city.

He concluded that all firms should cluster at the center initially and spread its
influence all over the city by expanding along the line, making our propositions
similar to his. He gets empirical support from the website of fastfoodmaps.com,
locating the firms’ location in each state in US. The overall data is pretty com-
plex and we can review them only on the website.

To sum up, empirically, Chinese data and US papers conforms to the proposi-

tions we promote here in the paper.

5. Conclusion

While the models are trying to be perfect, limitations still exist. First of all, the
modelling of rent prices could be concluded using regression models of empiri-
cal data, which due to restriction of time and resources, was not conducted in
the research. Second, more firms may compete in the new market. If we wish to
extend the applicability from fast food industry, we may need to consider 4 or 5
player games in the models.

The good thing is that the result and propositions obtained through the ma-
thematical models are fairly simple. Whether the duopoly is considering max-
imizing their profit or market share, they will have a Nash Equilibrium at the
center of the line.

If there are three players competing for market share, clustering at the center
of the line and equally sharing the consumer pool is one Nash Equilibrium.

These propositions can help us to better understand the strategies the western
food restaurants can use when they are trying to explore new markets. In the
new markets, they are treated almost as identical, offering undifferentiated prod-

ucts. To ensure their own success, they should choose to locate their store at the
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center of the line of positions.
Thus, it is fairly simple for us to conclude that McDonald’s and KFC are fol-

lowing the pattern and perform according to their best interest.
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