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Abstract

The paper explores the optimal price strategy under the price-matching poli-
cy. First, the paper formulates the demand function under the price match pol-
icy and then discovers the retailer’s best response facing the price-matching
pressure. From the theoretical analysis, we discover how the number of re-
tailers plays an important role during the competition. When only two retail-
ers are involved, the final prices may not converge to a single value. However,
when more retailers are involved, the final price will converge to a single val-
ue. We also use numerical studies to illuminate the change of the prices over
the time period, the sensitivity of the final price to the increment/decrement
of initial prices. Finally, we provide managerial suggestions to both producers
and retailers.
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1. Introduction

The convenience of the smartphone is that it can provide instant information at
any time. It dramatically changes the way people gathering information. Cus-
tomers can gather instant information wherever they are. It affects customers’
shopping decisions: what items they want to purchase, and which store they plan
to visit.

At the same time, many articles compare those apps [1] [2] [3] [4] [5] and
encourage customers to use the price-comparison app. Comparison shopping
has already become a way of life. According to the Wiser survey, 96 percent of
customers stated they would plan on comparing prices before making purchase
decisions [6].

To capture the change of consumers’ shopping behavior, retailers adjust their

DOI: 10.4236/jamp.2020.812221 Dec. 23, 2020 2981 Journal of Applied Mathematics and Physics


https://www.scirp.org/journal/jamp
https://doi.org/10.4236/jamp.2020.812221
https://www.scirp.org/
https://doi.org/10.4236/jamp.2020.812221
http://creativecommons.org/licenses/by/4.0/

V. Okere, W. Chen

prices according to competitors’ prices. According to the survey [7], retailers
face pricing challenges: the increased price sensitivity of consumers and price
competition from competitors.

However, in the existing research, there is no methodological paper to track
the retailers’ reactions facing the price-match competition under different sce-
narios.

In the paper, we make a literature review in Section 2, formulate the demand
function and provide the optimal pricing strategy in Section 3, explore the sym-
metric situations in Section 4, and develop numerical studies in Section 5. In the

end, we conclude the paper and list the limitation in Section 6.

2. Literature Review

Today, many retailers such as Walmart, Target, Staples, etc., list their price on-
line and promise to promise to match or beat the price of their competitors.
Such refunds help price discriminate between well-informed and ill-formed
consumers [8] because refunds are made only to well-informed consumers who
can show that a lower price is available at another store while the ill-informed
Consumers are charged higher prices. Our paper is related to two streams. One
is the price-match-guarantee policy. Another is different dynamic pricing under
competition.

First, price-matching guarantees (PMGs) are widely accepted in the retailer
market. Several authors have argued that PMGs facilitate price tacit collusion
with the result that several firms automatically match the lower price through
their matching policy [9] [10] [11] [12]. These papers implicitly assume that
firms automatically match a competitor’s lower price suggesting that these price
match guarantees are a “no hassle” task for the buyer. However, Hviid and Shaf-
fer [13] argue that positive hassle costs borne by all buyers render PMGs much
less effective because all the buyers prefer to buy from the firm with the lowest
price. This undercutting continues until the market price reaches the competi-
tive equilibrium level. Kireyev et al [14] research focused on self-matching poli-
cy wherein the single retailer charges consumers the lower of its online and store
price for the same product provided consumers show evidence of a price differ-
ence. To some extent, a self-matching pricing strategy can provide some degree
of price consistency but it is different from the competitive price-matching
strategies which are the primary objective of our paper. Salop [9] and Zhang [15]
argued that prices increase when retailers price match each other which may
imply a form of tacit collusion. Chen, Narasimhan and Zhang [12] found that
competitive price matching intensifies consumers’ search for the best bargain
prices.

Second, the overall pricing strategy of the firm is influenced by the firm’s re-
sources, the level of competition, product evolution, and legal decisions. A pric-
ing strategy that attains the right balance enables the firm to achieve higher

profits and grow faster than its competitors. Pricing has come a long way since
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Alfred Marshall published his formal and systematic discourse in 1890 on supply
and demand. Today, pricing decisions require actionable insights. The selection
of the optimal price structure is an economic challenge that requires an under-
standing of the differences among customers within the market, the cost struc-
ture associated with the delivery of the product and the market strategy of the
firm. Dynamic price competition will enlarge demand uncertainty [16] [17]
[18]. For traditional small retailers, the decision about dynamic prices are not
only related to their competitors but also related to their current inventory le-
vels [19], capacity limit [20]. However, according to supply chain coordination,
many big retailers such as Walmart, Target are no longer having issues on in-
ventory and capacity. For example, Crayola is the majority crayon supplier for
Target. When Target does not have enough inventory for large demand and
Crayola will direct feed the demand and ship unmet demand to Target’s
warehouse.

Our paper discusses the design dynamic price under the price-match policy,
which combines literature in the above two aspects. There are many empirical
studies in the above aspects, such as Dreyer, B., Grenhaug, K. (2004) [21], Finn
(2000) [22] and Hastings (2004) [23], etc. Our paper not only provides the theo-
retical supports for their empirical findings but also explains how retailers
change over periods in numerical studies. In the end, our paper provides mana-

gerial insights for both retailers and producers.

3. The Model, Basic Notation and Preliminaries

n retailers sell the same product to the consumer market. Demand at each retail-
er is determined by a demand function of the prices charged by all retailers [24]
[25] [26]. Denote p =(p,,---,p,) as retailers’ price profit function and
p.=(pi s Piys P> P, ) 2s other retailer’s price functions except for the
retailer 7.

To simplify the discussion, we confine our analyses to the case where all de-

mand functions are linear. In particular,
d,(p)=a,—bp,+) B;p, witha >0,b,>0,i=1,-,n. (1)

i
J#i

We also assume

(D) b, > Zﬁl/ foralli=1,---,n.
J#i
This is often referred to as diagonal dominance [26] [27]. The resulting in-

verse demand function is of the form:

p,=&i—151q[—zj#ﬁijqj, i=1,-,n with b >0 and ﬂ:.j>0 forall i#j.

To attract more customers, some retailers provide the price-match guarantee.
For example, Target says “competitor catalogs can be matched as long as the
catalog displays a current data, retailer price and meet all other competitor ad
match qualifications”. For the purpose of comparing prices, a few shopping apps
exist such as BuyVia, RedLaster, Amazon Price Check, Decide and ShopSavvy
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etc. After making a purchase, some consumers would verify that the price they
paid is fair by comparing the price of the same purchase with another retailer. If
other retailers offer a cheaper price, consumers may ask for price match (Ze. the
difference between the purchase price and the cheaper price from other retailers).

We assume the percentage of customers of the retailer i’s asking for price
matchis y,.

Denote g . (x,---,x,)=min{x,--,x,} and
e (%5777, X, ) ;= max {x,,---,x, } . Further, let ") be an index satisfying that
pi('")) =g (p’”) and u be an index satisfying that piffn)) =g (p'”) De-
note v=+" and u=u"".

Assume that the supplier charges retailer /a constant per-unit wholesale price

w, . The retailer /s profit function is given by

ﬂi(pi’p—i)z[(l_}/i)pi +7:8&min (p)_wl']d" (p)

=[(1=7) P + 7w (p)—w,-]{ai ~bp, +Zﬂ;,pj} @
7
(2) implies two scenarios. If g . (p)= p,, then all customers will be charged p,.
Alternative, if g . (p)<p,, the percentage of customers asking for the
price-match will be y,.

Assume each price closed interval is wide enough to include any equilibrium
value of p, asan interior point.

Using f;(p_,) to denote retailer /s best response to other retailer’s price
profile p_,.Let f(p)= (fl (p2). /s (p) o f, (p,n )) be all retailers’ best re-
sponse vector to all retailers’ prices. To simplify the further discussion, denote
p" =1"(p) and p" =(p(", -, p").

An equilibrium p" is a fixed point of f(.): one that satisfies p Zf(p*).
An equilibrium with is upside stable (downside stable) when there exists ¢ >0,
such that for any p with some 7 satisfying 0< p,—p, <6 (0> p,—p; >-5)
and p,=p’,,

lim " (p)= lim " (p")=p’

m—>+o0 m—>+o0

where f"(p) is defined iteratively through f° (p)=p and f" (p) = f(fmfl (p)) .
Therefore, p° is not weakly stable if for any 6 >0, there exists p and 7 with
‘pi —p;‘ <0 and p,=p’, sothat f"(p) doesnotconvergeto p’.An equi-
librium is stable when it is both upside stable and downside stable.

Lemma 1. The best response of retailer i can be expressed by one of the fol-

lowing expressions.
a,—bw,+ Z#iﬂilpl

* fi(po)= min{ o + &in (P )} or

i

ai—bfwﬁzﬂﬁfp Vi
e fl.(pl.)=max{ 2bl ! ! l_2(1_7/i)(gmin(p—i)-‘rvvi)’gmin(p—i) .

The best price response depends on the internal mechanism of the market;

specifically, if the maximum price is lower than all outside prices, the retailer will
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adopt the optimal price. We also infer that if the price is still lower than all out-
side prices after subtracting the effect of price match policy from the maximum
price, the retailer will adopt the lowest price.

The best price response given the three probable scenarios depends on the
“internal mechanism” of the market; specifically, if the maximum price is lower
than all outside prices, the retailer will adopt the optimal price. We also infer
that if the price is still lower than all outside prices after subtracting the effect of
price match policy from the maximum price, the retailer will adopt the lowest
price.

From Lemma 1, we have

a, —bw, +Z1¢iﬁilpl 7

)(gmin (P—i)+ Wi)

2b, 2(1 —7i 3)
a,-bw+>  B.p
<f < i [ 111
fi(p-) 2b,
Specifically, we have if y, =0,
a,—bw,+ ¢,-ﬁi p
fi(p.)= 21721 — (4)

i

Bernstein [25] [27] prove that the existences of the unique equilibrium if without
price match guarantee, ie. y, =0 for all i In the following discussion, we will
find that the uniqueness may be violated. Therefore, the convergence their paper

proposed will not hold when competing retailers provide price match guarantee.

4. Symmetric Retailers

In this section, we consider the symmetric case with 7 competing retailers. Spe-
cifically, let @, =a, b,=b, w,=w and S, =p,y, =y for all i,j. We first

assume that retailers all adopt price match guarantee and the percentage of re-

tailers using price match guarantee is the same also. Denote
Mrmin (P) = Zi:l lpi:gmin(p)
where 1 =1 if xistrueand 1 =0 if xis false. n  (p) represents the num-
ber of retailers charging the lowest price.
Under symmetric case, all retailers with price match guarantee. To simplify
the following discussion, denote the highest and lowest equilibrium prices re-

spectively as where:

_ bw
A% (n N S 1=y ,lﬁ(n __azbw
7/b_ﬂ(n_l) 2b—ﬂ(}’l—1)
1—
. NE NE a—bw .
It can be verified that A" (n)=A" (n)=————,if y=0 and
2b - ﬂ(n - 1)
2 (n) < AV (n) = &, if ye(0,1]. In the following discussion, we
2b-pB(n-1)
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o
will show that equilibrium exists in a range 5 1=y , a—bw
I_Jb—ﬂ(n—l) 2b—,8(n—1)
-7

However, none of them is stable. Notice that A =(>,<)ﬂ,M (n) is the unique
solution for
a—bw+f(n-1)4 7
2b 2(1-y)

(A+w)=(<>)4 (5)

and A= (>,<)ﬂuﬁ (n) is the unique solution for
a—bw+ﬂ(n—1)l
2b

=(<,>) 4. (6)

In the following discussion, we find that an equilibrium price exists in the
range of [lﬂ,ﬂﬁ] In the symmetric case, there is price convergence as all
retailers attain equilibrium price. Additional details can be found in Lemma 2.

Lemma 2. p* isan equilibrium ifand onlyif p; = p, and
p; € [ﬂﬂ (n),ﬂﬁ(n)] forall i,j.

A special case without the price-match policy exists, ie. y =0, ie and
AME (n) =" (n) That is to say, if without price match policy, there exists an
unique equilibrium, p; =M (n) =AM (n) It is consistent with Bernstein [25]
[27]. Their paper also shows that iterating from an arbitrary price portfolio will
converge to the unique equilibrium. However, there is infinite equilibrium when

y >0. The convergence in the general case can be verified in the following

Theorem.
Theorem 1.
Forany p,
lim g,,, (f"(p)) <A™ (n) and lim g, (f" (p))= A" (n).

Further, if n>3 , then there exists p, e[/lﬂ(n),/lﬁ (n)} such that
lim " (p) = (pe,m,pe) .

’Mﬁcleorem 1 indicates best response will drive retailers’ prices to a certain in-
terval after a few iterations. When y =0, the interval turns to be a point. That is
to say, whenever the start point is, the best response vector will converge to
AN (n) when y =0.Itis consistent with the result and algorithm of Bernstein
[25] [27]. Difference with Bernstein [25] [27], the iteration cannot converge to a
unique point in the general case y >0. In the general case, ie, y>0 and
n 23, all retailers eventually will charge the same price and the range of the
uniform price can be given. Further, we will discuss how retailers change their
prices during iterations. First, we will discuss a special case with two retailers.

In the next Theorems, we will emphasize the best response for retailers in dif-

ferent range.

Theorem 2.
D
Given different Lll and g . (p_), the best response for Retailer i is as
n—
follows:
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2.7 2 (p.) £i(p.)
n—1
> > A< f(pL)< g (p)

NE NE 9 NE NE ji p/
> [/1 A E} ﬂfégmm(pi,)sf‘(pi,)szn_l
> <% g (p)SAE<f(p,)< z"‘ f’

P
(22,27 ] (222,27 ] 242, (p )< f(p)< A"
(4,27 < g (P )S2E<f(p,)< 2"
<A <A Z""f’ <fi(p,)< A"
P
Theorem 3.

The following statements are true for n=2.
(2m+l) (2m+1)

1) If p, > p,, then p™ > p%™ and p! <p, ", forevery meN.

2) Price pattern is as follows.

(Pl, Pz) Price Pattern for n=2
pzp, 22" (n) lim p{" = lim p{ = 2 (n)

lim (pfmypﬁm) _ (/-iﬁ (n)’p2 ),

— k—+n0

lim (pl(zm)’pgzm)) _ (pz, ﬂﬁ (n))

k—+o

lim (p](zm)’p(zzm)) — (iﬂ (n),ﬂ,ﬁ (n))

k4o

(2k)

(P, p) = (P p2)s

(PP )= (posp,)s keN.

_ lim (p™, p)=(p. 4% (n)).

lim (pl(ZAH)’ pguﬂ)) — (ﬂi (n)’ pl)

k=>4

A% (n)2 p, 2 p, fim pl’ = pi! = 2% (n)

k4o

A trivial case in Theorem 3 is that both retailers charge the same price then
equilibrium can be obtained. If two retailers charge different prices, then the
convergence will be broken. It can be explained as follows. Intuitively, if the re-
tailer observes his opponent provide higher price, he would prefer to switch to
high price. If the retailer observes his opponent provide lower price, he will
afraid his profit be affected by the price match policy and then he prefers directly
dropping down his price to avoid the price match. The phenomena will disap-

pear, when there are three retailers. Notice that Theorem 1 shows that all retail-
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ers will charge the same price when the number of retailers equals to or is bigger
than three.

Theorem 4.

If n23, then the following statement is true.

) If p e [ﬂﬂ (n),/lﬁ (n)] for all i, then

[ 2o (/(9): & (£ (P)) | € [ in (P): & () ]
2)If p, e (lﬂ (11),/1ﬁ (n)} foralliand g, (p)< ngm (p)- A" (n), then
£ (p) = (&uin (P)>+"> & (P))- Vi

3 IF gy ()= A (n) and g, (p) (2 (n), 2" (n )J then
Zuin (£ (p)) > 4% (1), Ym 2 2.

Theorem 4(1) tells the best response of retailers will reduce retailers’ price
differences in each iteration. The second results show that retailers would prefer
to charge the lowest price if the difference of prices is not high. The third result
investigates the one retailer charges the lower bound of the equilibrium and at
least one retailer charge higher price. It shows that eventually all retailer prefers
to charge a price which is higher than the lower bound.

The interesting question is that what will happen if one retailer drops the price
or increases the price a little bit.

Theorem 5.

Assume p=(p,---,p), P€E [ﬂﬂ (n),/lﬁ(nﬂ , y>0 and n=3. Then the
following statements are true.

1) When pe (ﬂﬂ (n),ﬂbﬁ (n)] , P is upside stable and is not downside sta-
ble.

2) When p=21"% (n) , then p Is not upside stable. Further, if liﬁg
-7
P is downside stable. However, if 0 y_s g , P Is not downside stable.
-7

Theorem 5 tells generally when retailers reach an equilibrium, all retailer will
drop their prices if one retailer charges a lower price. If one retailer increases his
price, the higher price will not sustain for a long time. However, if all retailers
reach the equilibrium with the lowest price, then a retailer charging a higher
price will drive other retailers to charge a higher price. We also find that if a re-
tailer charges to a lower price and price match rate is low, then eventually he will
increase his price to the lowest equilibrium. However, if price match rate is high
and a retailer changes to a lower price, then instead of drawing prices of other

retailers down, it eventually leads to an equilibrium with a higher price.

5. Numerical Study
5.1. Two Symmetric Retailers

The base parameters for two symmetric retailers are as follows: a, =30,
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b=25, B,=07, =4, y,=20%, Vi,j=12i#].

From above parameters, we will have Feasible-Price interval
| 2 (n), 2" (n) | =[3.55,4.65] .

Example 1. Initial prices for Retailers 1 and 2 are as follows: p, =4.3 and
p, =4.6.

The result is discovered in Figure 1. Two dotted horizontal lines represent
bounds of Feasible-Price interval. Example 1 shows that when the initial prices
of two Retailers are within the Feasible-Price interval, the two Retailers will keep
on switch their prices. We observe that in period 1, Retailer 2’s price of 4.6 is
relatively higher than Retailer 1’s price and to avoid losing its customers. Retailer
2 reduces its price to match the lower price of Retailer 1 of 4.3 in the next period.

On the other hand, Retailer 1 starts off at a lower price of 4.3 in period 1 but
realizes that she can charge a higher price and subsequently will increase its price
to 4.6 in the next period.

Over periods, the statuses of Retailers’ prices are switched with Retailer 2’s
price lower than Retailer 1’s price. We also observe that the Retailer with a high-
er price facing the potential of losing its customers would charge a lower price in
the next period to increase its market share. Conversely, the Retailer with a low-
er price seizes the opportunity of charging a higher price and increases its prices
in the next period. With competition between the two Retailers, they will switch
prices in each period.

Example 2. [nitial prices for Retailers 1 and 2 are as follows: p, =4.5 and
p,=65.

The result is discovered in Figure 2. Example 2 discusses the situation where
one Retailer’s price is higher than the upper bound of Feasible-Price interval and

another Retailer’s price is within Feasible-Price interval.

Prices Change Over the time period

Price
5.5

5

45]
4

35
3

1 2 3 4 5 6 7 8
- P Time Period

Figure 1. Example 1.

. Prices Change Over the time period
Price

4 5 6 7 8
——p, =D, Time Period

Figure 2. Example 2.
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First, we can see that Retailer 2’s price is higher than Retailer 1’s price in pe-
riod 1; Retailer 1’s price is higher than Retailer 2’s in Period 2; Retailer 2’s price
is higher than Retailer 1’s in period 3; and so on. This result is different from
Example 1 because Retailers 1 & 2 are not exactly switching their prices in the
first five periods. They just switch relative high/low price status.

Our results also show that Retailer 2’s price is 44% higher than Retailer 1’s
price in period 1 and the price of Retailer lincreases to 4.91 above Feasible-Price
interval in period 2. In other words, when a Retailer enters the monopoly market
with a significantly high price, it may push other competing prices higher than
its “reasonable price”. Though Retailer 1’s prices are pushed above Feasi-
ble-Price interval in Period 2, Retailer 2’s price drops to Feasible-Price interval.
This pattern continues through periods 1 to 5. In addition, the range of the two
Retailers’ prices decreases as one Retailer’s price is out of the Feasible-Price in-
terval. In period 6 and beyond, both Retailer’s prices are in the Feasible-Price
interval. Specially, one price matches the upper bound of the Feasible-Price in-
terval and the other price is slightly lower than the upper bound of the Feasi-
ble-Price interval.

Example 3. [nitial prices for Retailers 1 and 2 are as follows: p, =4.5 and
py=2.

The result is discovered in Figure 3. Example 3 discusses the situation when
the initial price of one retailer is lower than the lower bound of the Feasi-
ble-Price interval and another retailer’s price in the Feasible-Price interval. Our
results show that two retailers keep on switching at relatively high/low price sta-
tus.

When Retailer 1 realizes that Retailer 2 provides a lower price in period 1, Re-
tailer 1 would reduce its price in period 2. Since the initial price of Retailer 1 is
close to the upper bound of Feasible-Price interval in period 1, the best solution
to Retailer 1 is to keep its price at the lower bound of Feasible-Price interval in
Period 2. At the same time, Retailer 2’s price is pushed into Feasible-Price inter-
val and both Retailers’ prices are in the Feasible-Price interval in Period 2. The
pattern of the two Retailers’ prices continues similar to the pattern shown in
Example 1. Combining Example 2 and Example 3, when one retailer’s price falls
inside the Feasible-Price interval and another Retailer’s price is outside the
Feasible-Price interval, the following observations hold:

Prices Change Over the time period

1 2 3 4 5 6 7 8
——D, -=D, Time Period

Figure 3. Example 3.
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1) The range of Retailer’s prices will decrease over time until both prices are in
the Feasible-Price interval.

2) In any period, at least one Retailer’s price is in the Feasible-Price interval.
Whether another Retailer’s price falls in the Feasible-Price interval or not de-
pends on the Retailers’ prices in the previous period.

3) A Retailer with an initial price higher than upper bound of the Feasi-
ble-Price interval may increase its price to the upper bound of the Feasible-Price
interval. A Retailer with an initial price lower than the lower bound of Feasi-
ble-Price interval may pull its final price to the lower bound of Feasible-Price
interval.

Example 4. Initial prices for Retailers 1 and 2 are as follows: p, =6 and
=1

The result is discovered in Figure 4. Now we consider if both retailers’ prices
are out of the Feasible-Price Region. Based on prior analysis, when the initial
price in period 1 is higher than the upper bound, market dynamics may force
that price towards the upper bound. Conversely, when the initial price in period
1 is lower than the lower bound, market dynamics may push the final price to
the lower bound. Example 4 has one price higher than the upper bound and the
other price is lower than lower bound; the result is consistent with the previous
observation and the final two prices are the upper bound and the lower bound.

In the previous three Examples, one retailer’s initial price is inside of Feasi-
ble-Price interval. Hence, at least one retailer’s price is insider of the Feasi-
ble-Price interval in every period in previous Examples.

However, when both retailers’ prices are outside of Feasible-Price interval, it
may take time for prices to migrate into Feasible-Price interval.

Example 5. Initial prices for Retailers 1 and 2 are as follows: p, =6 and
Py =5,

The result is discovered in Figure 5. In Example 5, both Retailers’ prices are
higher than the upper bound. First, both Retailers’ price will decrease to the up-
per bound.

We note also that the two Retailers keep on switching their relative prices at
relative high/low positions. We infer that Retailer 1 initial price in period 1 is
very high and risking a significant reduction in market share to Retailer 2, Re-
tailer 1 will dramatically drop its price to a relatively lower price in period 2.

Retailer 2’s initial price is moderately higher than upper bound as well but
there is no rush to reduce its price given the price of Retailer 1. Thus, the price
reduction follows a gradual process in period 2. Therefore, the relative high/low
pattern still holds.

Example 6. Initial prices for Retailers 1 and 2 are as follows: p, =3 and
p=2.

The result is discovered in Figure 6. In Example 6, both Retailers’ prices are
below the lower bound. First, both Retailers’ price will increase to the lower

bound. In this case, Retailer 2 sets a very lower price in Period 1 but quickly

DOI: 10.4236/jamp.2020.812221

2991 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2020.812221

V. Okere, W. Chen

Prices Change Over the time period
Price

BNV B NN |

w

S = N
S <

1 2 3 4 5 6 7 8 9 10
——D, =D, Time Period
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Figure 6. Example 6.

increases its price in Period 2 upon realizing that a higher unit profit can be ob-
tained given the price of Retailer 1.

In a similar manner, Retailer 1 also sets its initial price below the lower bound
though not as low as Retailer 2. Responding to the significant increase in price
by Retailer 2, the price of Retailer 1 will increase though at slower rate in period

2. Again, the relative high/low price pattern still holds.

5.2. Three Symmetric Retailers

The base parameters for three symmetric Retailers are as follows: a, =30,
b=25, B,=07, =4, y,=20%, Vi, j=123,i#].

From above parameters, we will have Feasible-Price interval
[ 22 (1), 2" (n) | = [3.56,4.65].

Example 7. Initial prices for Retailers 1, 2, 3 are as follows: p, =4, p,=4.5
and p,=43.
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The result is discovered in Figure 7. We show that Retailers’ prices will con-
verge to 4. In Example 1 involving two retailers, we reported that Retailers’ pric-
es depict a switching pattern. However, with three Retailers, the three prices will
converge to one price.

The retailer with the highest price in period 1 will reduce its price to the point
that it now charges the lowest price in period 2. Conversely, the Retailer with the
lowest price in period 1 will increase its price momentarily in the next period.
Eventually, the final equilibrium and stable price is equal to the initial lowest
price.

Example 8. /nitial prices for Retailers 1, 2, 3 are as follows: p, =4, p,=4.5
and p;=5.

The result is discovered in Figure 8. In this scenario, Retailer 3 pricing in pe-
riod 1 is above the Feasible Price interval when compared to the illustration in
Example 7. Over time, all Retailers’ prices will converge to about 4.

Example 9. Initial prices for Retailers 1, 2, 3 are as follows: p,=4, p,=5
and p,=6.

The result is discovered in Figure 9. In Example 9, both Retailer 3 and Retail-
er 2 pricing in period 1 are higher than the upper bound of Feasible-Price inter-
val. Once again, over time all Retailers’ prices will converge to 4.

Example 10. [nitial prices for Retailers 1, 2, 3 are as follows: p, =5,
p, =55 and p,=6.

The result is discovered in Figure 10. When all retail prices are above the up-
per bound of the Feasible Price interval, all Retailers’ prices will converge to the
Price Prices Change Over the time period
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Figure 7. Example 7.
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Figure 8. Example 8.

DOI: 10.4236/jamp.2020.812221

2993 Journal of Applied Mathematics and Physics


https://doi.org/10.4236/jamp.2020.812221

V. Okere, W. Chen

. Prices Change Over the time period
Price

0 1 2 3 4 5 6
—e—Dp, —=D, =—e-p, Time Period
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Figure 10. Example 10.

upper bound of the Feasible Price interval which is about 4.65. Comparing Ex-
ample 7, 8 and 9, we observe that the final stable price is not to be affected by in-
creasing and/or reducing one retailer’s price.

Example 11. Initial prices for Retailers 1, 2, 3 are as follows: p =4,
p, =45 and p,=32.

The result is discovered in Figure 11. Next we consider the reverse of Exam-
ple 8 and Retailer 3’s price in period 1 is the lowest at about 3.2 when compared to
the prices of Retailer 1 and 2. The final stable price for all Retailers decreases to
3.60 from 4 because of the lowest threshold price of Retailer 3.

Example 12. Initial prices for Retailers 1, 2, 3 are as follows: p, =4,
p, =25 and p,=32.

The result is discovered in Figure 12. The prices of Retailer 2 and 3 in period
1 are 2.5 and 3.2 respectively; both prices are below the lower bound of the
Feasible Price interval. Ultimately, all Retailers’ prices will converge at about
3.58.

Example 13. Initial prices for Retailers 1, 2, 3 are as follows: p, =2,
D, =25 and p,=32.

The result is discovered in Figure 13. In this last scenario, the prices of Re-
tailer 1, 2 and 3 in period 1 are 2, 2.5 and 3.2. In the long term, all Retailers’
prices below the lower bound of the Feasible price interval will converge at about
3.56.
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5.3. Summary of Numerical Studies

5 6
Time Period

In the following table, we compare case with two retailers and the case with three

or more retailers.

Two retailers

Three retailer or more

May not converge, i.e. switch at two
convergence fixed prices in Feasible-Price interval
may converge to one stable price.
Sensitivity to
U The final price tends to increase if one

the increment o L i
retailer increases its initial price.

of the price
Sensitivity to
Y The final price tends to decrease if

the decrement K L K
one retailer decreases its initial price.

of the price

Converge to one stable price

The final price may not change if the
lowest initial price is not changed

The final price tends to decreases.
When more retailers are involved, the
tendency is more significant.
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Continued
The retailer with the highest price in the current stage will provide the
Reaction lowest price in the next period;
of Retailers The retailer with the lowest price in the current stage will provide the

highest price in the next period.

Current research papers focus on empirical studies. Our paper provides a
theoretical explanation of how retailers change prices under competition. The
paper provides managerial insights to retailers. If the retailer faces one competitor
nearby, he needs not low down his price rapidly because he and his competitor
eventually will shuffle prices between the lower price and the high price. If the
retailer faces two competitors, he needs to realize the price will go down to the
lowest price. He can take advantage of the period between the current price and
the lowest price. If the retailer faces three or more competitors, dropping the

current price to the lowest price quickly may attract more customers.

6. Conclusions

The paper discusses the optimal pricing strategy under the price match policy.
First, we analyzed the best response for each retailer facing different competitors
(Lemma 1). We posit that the lowest price of other retailers increases the sensi-
tivity of customers to the price and the tightness of the competition.

Further, the paper addresses the optimal strategy in different scenarios. When
only two retailers are involved, the change of two retailers’ prices over the time
period is discovered in detail (Theorems 2 & 3). When more tailers are involved,
the changes and the convergence have been explored in Theorems 4 & 5.

To illuminate theoretical results, the paper presents examples in symmetric
cases. our results show that competition dramatically increases as the number of
retailers increases.

We also find some counter-intuition results. Retailers generally believe that
the lowest market price has more impact on prices in the final stationary status
than the highest price in the market. The paper discovers that this finding is not
only related to the relative values of the prices but it is also related to the position
of prices. When all prices are higher than the lower bound of the feasible price
region, the final status will be close to the lowest price (Examples 2, 5).

However, when the lowest price is less than the lower bound of the feasible
price region, the final status will not be affected too much by it (Examples 3, 6).
The phenomena are counter-intuition and give important managerial insights to
retailers. If a retailer provides an unreasonable lower price, the retailer can keep
its price at the reasonable region which would bring him more profit.

The paper discusses that the outside price affects the competition between re-
tailers. The future study can add an outside price as another random element.
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