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In the context of developing a new era, the pharmaceutical supply chain market
has gradually transformed from a seller's market to a buyer’'s market. The closer
the consumers are, the greater the market pricing power, so the pharmaceutical
market power of manufacturers and retailers has also changed. This study
considers the effect of service on the pricing strategy of the pharmaceutical
platform supply chain. The study aimed to coordinate optimization, and
the coordination strategy of the pharmaceutical platform supply chain of
complementary products is discussed mainly by researching the price and
service factors. Various situations are studied by hypothesis and model solving.
This study uses Stackelberg game decision-making. Manufacturers are at the
forefront of platform supply chain decisions. The research found that the price
was lower under centralized decision-making than under decentralized decision-
making. Coordination between price and service levels needs attention in the
pharmaceutical platform supply chain of complementary products, and the
service level should be controlled within a certain range. Only by improving the
service level can enterprises maximize profits, providing a theoretical basis for
pharmaceutical supply chain pricing strategy research. Supply chain members
must strive to improve service levels to improve medical supply consumers’
(patients) psychological satisfaction level. Service levels do not fully mitigate
channel conflict. Therefore, pharmaceutical complements have become a way
to alleviate the conflicts in the pharmaceutical platform supply chain.

KEYWORDS

pharmaceutical platform supply chain, dual-channel supply chain coordination,
complementary products, considering service, game decision-making

1 Introduction

The outbreak of COVID-19 since January 2020 has disrupted people’s daily lives. The new
crown epidemic has profoundly affected people’s travel and economic and social operations.
The interconnected technical features of the Internet have improved the cross-regional,
non-contact mode of the pharmaceutical supply chain. This made “Internet +” a technological
breakthrough for pharmaceutical service systems to respond to the epidemic. The rapidly
spreading epidemic has also promoted the development of “Internet +” pharmaceutical
industry-related businesses. It has accelerated the internalization of physical hospitals and the
rise of platform-based Internet hospitals (1, 2).
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Price competition between different entities is involved in the
pharmaceutical platform supply chain system. Changes in the price of
either party’s product will affect the profits of both parties
pharmaceutical products. When a party has undergone a detailed
market analysis, it will adjust the current price to maximize its profit.
While its profit may increase, it may reduce the other party’s profit. As
long as the profit of the pharmaceutical platform supply chain is
greater than the total profit before adjustment, the supply chain can
be optimized through inter-enterprise profit allocation. Coordination
has been extensively and deeply studied as a hot issue in optimizing
the platform supply chain.

The objective of this study is based on the current development
practices of China’s pharmaceutical dual-channel supply chain and
studies the impact of service levels on pricing and supply chain
coordination in the context of platform supply chains. The
pharmaceutical supply chain should control service levels within a
certain range and maximize corporate profits by improving consumer
satisfaction. Under normal circumstances, an improvement in the
service level of either party will lead to an increase in demand for dual
channels. However, when consumers are more sensitive to price than
service, the increase in demand brought about by improving services
will be less than the decrease in demand brought about by increasing
price, leading to a continuous decrease in demand. In addition, the
sales price of dual-channel complementary products under centralized
decision-making will not be higher than that under decentralized
decision-making. Finally, this study achieves supply chain
coordination through two pricing contracts and Pareto improvement.

The research innovation of this study is mainly reflected in
considering the relationship between service level and pricing in the
pharmaceutical supply chain; combining the pricing theory in
marketing with the conclusions of this study to explain the practical
problems that can reflect the market pricing strategy of the
pharmaceutical complementary supply chain to a certain extent; and
solving the problem that there are few joint studies considering the
pricing of complementary products and service cost input in a dual-
channel pharmaceutical supply chain system. This study is an effective
supplement to the existing research, both in-depth and breadth, and
enriches the theoretical and practical research on pharmaceutical
dual-channel supply chain pricing.

Cheng et al. (3) point out that Pareto improvement can
be achieved by raising prices. Under the background of the platform
supply chain, Yang et al. (4) analyzed the price of retail and online
channels, order quantity, and delivery time of online channels by
considering five decision variables. Barenji et al. (5) considered the
effect of simultaneous disruptions of demand and cost on dual-
channel supply chain production, pricing, and profit. Zhang et al. (6)
studied a dual-channel supply chain system with one manufacturer
and two distributors. Tacocca and Mahar (7) studied the effect of
pharmaceutical prices, reimbursement contracts, and cost-sharing
policies. Ma et al. (8) studied and analyzed the relationship between
pharmaceutical device manufacturers’ quality effort level and patient
concerns. Chen et al. (9) analyzed the effect of promotional efforts and
consumer channel preferences on pharmaceutical supply chain profits.
Roy et al. (10) proposed the optimal strategy to maximize customer
waiting satisfaction. Martinez et al. (11) analyzed whether enterprises
should provide classified services to customers. By introducing the
queuing theory, Howard et al. (12) discussed how the government
affects the doctor-patient game. Liang et al. (13) modeled and
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analyzed the queuing network for cooperative referral between upper
and lower hospitals within the same pharmaceutical alliance. Liu et al.
(14) analyzed Chinas pharmaceutical price control policies,
motivations, and effects of government pharmaceutical price control.
Kouvelis et al. (15) constructed a competitive model among
pharmaceutical benefit management companies. Koster et al. (16)
studied the effect of pharmaceutical institutions’ public welfare on
patients’ self-medication ability. Chen et al. (17) studied the effect of
the maximum price policy on different supply chain subjects. Ganuza
et al. (18) studied the pharmaceutical pricing problems of two
pharmaceutical insurance co-payment modes. Zhang et al. (19)
explored the operation strategy selection of e-retailers in the
e-commerce mode.

In summary, most current research on the pharmaceutical
platform supply chain does not consider the service capability of
physical retailers. The queue will be generated when the service
capacity does not match the demand. This greatly affects the shopping
experience of consumers. At present, the limited service capacity of
physical pharmaceutical retailers is a practical problem in developing
the pharmaceutical supply chain. This is also a hot issue that needs to
be solved. Such problems significantly affect the dual-channel strategy
of the OTC pharmaceutical supply chain. By introducing the queuing
theory and considering the customer arrival rate, it is of great practical
significance to analyze the effect of the service capability of
pharmaceutical retailers on the dual channel of the pharmaceutical
supply chain. In view of the particularity of pharmaceuticals, with the
rapid development of pharmaceutical e-commerce in China, the
problem of pharmaceutical platform operation has become more
prominent. Scientifically setting dual-channel prices is crucial for
pharmaceutical companies to gain competitive advantages in the
new era.

2 Materials and methods

This study considers the effect of service level on the platform
pricing of complementary products in the pharmaceutical supply
chain. Pharmaceutical complements are assumed to be strict
bidirectional complements. They cost almost the same to produce—a
platform supply chain system consisting of manufacturers and
distributors. While manufacturers supply raw materials to distributors,
they establish direct sales channels in the network. The supply chain
sells products supplemented by pharmaceutical raw materials. The
equilibrium result expression in the model of this study is too complex
to intuitively reflect the optimal pricing strategy under various
circumstances, resulting in the inability to reflect the impact of
important decision variables on optimal pricing. Therefore, this study
uses MATLAB, Excel, and other software to perform numerical
calculations and simulations of complex expressions. By analyzing the
simulation results of the built model, this study draws corresponding
conclusions while verifying the relevant analysis process.

2.1 Research methodology
The Stackelberg model is a yield leadership model. There are

differences in the order of actions between different subjects. Output
is determined according to the following order: The leading
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manufacturer determines the output. The follower can then observe
this output and determine its own output based on the output of the
leader. It should be noted that when the leading manufacturer decides
its own output, it fully understands how the following manufacturers
will act. This means that the leading firm can know the reaction
function of the following firm. Therefore, the leading manufacturer
will naturally anticipate the impact of its decision on output for the
following manufacturers. Taking this influence into account, the
output decided by the leading manufacturer will be a profit-
maximizing output constrained by the reaction function of the
following manufacturer. In the Stackelberg model, the leader’s
decision-making no longer requires its own reaction function.

Market competition is not absolutely fair. Companies with rich
resources have a greater competitive advantage in the market. In this
case, the Stackelberg game decision is considered. The manufacturer
is the channel leader, and retailers are not far behind. According to the
Stackelberg game decision, the manufacturer seeks to maximize
profits. By deriving the retailer’s price response function, the product’s
wholesale price and the online channel sales price of the
complementary product are further determined. First, the
manufacturer determines the wholesale price of the commodity and
the online channel sales price of the complementary product
according to the optimal response price function of the pharmaceutical
retailer. The retailers, as followers, determine their sales prices based
on the wholesale price of pharmaceuticals given by manufacturers and
the online channel sales prices of complementary pharmaceuticals.
The supply chain further maximizes its profits.

2.2 Hypothesis

Manufacturers in the pharmaceutical supply chain produce
pharmaceuticals A and B, complementary products. The manufacturer
provides pharmaceutical B to the retailer. Retailers sell through
traditional retail channels. At the same time, the manufacturer sells
pharmaceutical A through a variety of means, such as online direct
sales. The production cost of pharmaceutical A is ¢,. The production
cost of pharmaceutical B is cp. The wholesale price of pharmaceutical
B is w, where w > ¢y, Their production costs are almost the same. So,
letc, = cp = c. The retailer’s retail price for pharmaceutical product B
is pp. The manufacturer’s direct selling price for item A is p,.
Moreover, p, is greater than the production cost of item A, that is
Pa > ¢. Suppose @ is the elasticity coeflicient of the effect of the price
of the pharmaceutical on demand. f; is the elastic coefficient of the
cross-price effect of complementary pharmaceuticals. 71 is the
sensitivity coefficient of the pharmaceutical service. 72 is used to
represent the cross-sensitivity coefficient between complementary
products. The service level provided by the manufacturer is
represented by the symbol syy,. The level of service the retailer provides
is denoted by the symbol s;.

2.3 Model solving

Centralized decision-making can avoid the loss of the supply
chain in decentralized decision-making. This ensures that supply
chain profits are maximized. Both parties take profit maximization of
the overall supply chain channel as the ultimate goal of optimization.
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The two parties work closely together (it can also be seen that the
manufacturer and the retailer are two divisions of the same company;,
and both parties seek to maximize the company’s profits). The profit
decision model of the supply chain is:

_ boy—apy _ra1+r2p1
A= g2 2 02 g2

o —2p o —2p
_npPi-ra1 . _ —bPfi+aa)
f3_ 2 2 2 2’ _2 2 2 2.
ap = 2B ap —2p;

Substituting p, and pp, into the centralized decision-making
model of the platform supply chain can get the optimal profit #,. and
the demand Dy, and D; in this case. However, its expression is more
complicated and is not given here. When o > f; > 0, according to
the definition of equation (5), the supply chain profit =g, in the case
of concentration is a joint concave function about p, and py,. This
formula has a maximum profit of about p, and py, and the maximum
point is (pg, pp)-

The retailer’s optimal selling price in traditional channels can
be obtained.

40(1

ke o] — b
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There is an equivalence relationship between the retail price of the
centralized decision and the manufacturer’s wholesale price of the
decentralized decision. There is an equivalence relationship between
the manufacturer’s online price for centralized decision-making and
the manufacturer’s online direct selling price for decentralized
decision-making. In this supply chain system, the retail price of
retailers will be lower in the centralized case than in the decentralized
case. In a centralized situation, consumers can obtain greater price
concessions. In the Stackelberg game process dominated by the
manufacturer, the manufacturer’s profit reaches its maximum value at
point (pa*,w™™). The retailer’s profit reaches its maximum value at o

Manufacturers’ wholesale prices are inversely related to the level
of service they provide. In the retail channel, the wholesale price of
complementary pharmaceuticals will gradually decrease with the
manufacturer’s service level improvement. At the same time, there is
a positive correlation between the manufacturer’s wholesale price and
the retailer’s service level. That is, with the improvement of the
retailer’s service level, the wholesale price of ancillary products
provided by the manufacturer gradually increases. Whether
centralized or decentralized, the manufacturer’s direct selling price is
positively related to its service level. That is, by improving the level of
service, the price of its products will also increase accordingly. At the
same time, a retailer’s retail price is positively correlated with its
service level.

For centralized decision-making, channel demand is positively
related to service level. At the same time, there is a positive correlation
between the channel’s demand and the complementary pharmaceutical
service level in the competitive channel. The higher the service levels
of complementary pharmaceuticals in the competitive channel, the
greater the product demand for this channel. Under decentralized
decision-making, the relationship between the channel demand of
manufacturers (retailers) and the service level of complementary
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products of pharmaceutical retailers (manufacturers) depends on the
relationship between ¥1 and y2. When 2 <71 < 672 , the demand
of traditional channel retailers is positively correlated with the service
level of supporting products of direct sales channel manufacturers.
The direct sales channel manufacturers’ demand positively correlates
with the retailer’s supporting product service level. When 71 > 672,
the demand of manufacturers in direct sales channels is negatively
correlated with the level of complementary products and services
provided by pharmaceutical manufacturers in direct sales channels.

3 Results

In this study, the study of a pharmaceutical dual-channel supply
chain system involves different price competition, and the change in
price on either side will have an impact on the profits of both sides.
After a detailed market analysis, one party will adjust the current price
to maximize its own profit, which may reduce the other party’s profit
while increasing its own profit. As long as the profit of the dual-
channel pharmaceutical supply chain is greater than the profit sum
before adjustment, the supply chain can be optimized through
profit allocation.

3.1 Numerical simulation

First, the relationship between pricing, wholesale price, demand,
and service level of complementary products in the supply chain of
pharmaceutical platforms is analyzed. Next, the relationship between
service level and platform membership is further verified and analyzed
by numerical simulation.

In the platform supply chain of complementary pharmaceuticals,
assumption a=400,b=400,0q =10, =5,y1 =6,y2 =3,c=15 ,
When s,,=5, s,€ [2,8],sr =55, € [2,8] , for this set of
assignments, satisfy ay > f; >0,y > y2 > 0. Then there is the effect
of service level on the manufacturer’s wholesale price, as shown below
in Figures 1, 2.

As shown in the left of Figure 1, when the manufacturer’s service
level increases, the wholesale price of the complementary products it

10.3389/fpubh.2024.1265171

provides will decrease. This shows that when a manufacturer has a
large inventory of a certain commodity, it can stimulate the demand
for traditional retail channels by improving the service level of its
complementary pharmaceuticals. Lowering the wholesale price of the
item causes retailers to stock up in bulk to clear inventory quickly. It
can be seen from the right of Figure 1 that the higher the dealer’s
service level, the higher the manufacturer’s wholesale price. As
retailers ramp up their service levels, demand will increase rapidly.
Due to the limitation of production capacity, manufacturers must
increase the cost of their workforce and material resources. This would
lead to higher costs for manufacturers and higher wholesale prices for
the commodity.

As shown on the left of Figure 2, the higher the manufacturer’s
service level, the higher the price of its goods. The higher the input
cost, the higher the price will inevitably be. However, at the same time,
this situation improves the patient’s consumption and purchase
experience, allowing the patient to obtain greater utility. In this
situation, the manufacturer employs high-service-level, cost-effective
strategies for rapid skimming. The manufacturer dominates the
market and returns on investment. Conversely, its selling price is also
low when the service level is low. Currently, the pharmaceutical
manufacturer adopts a slow penetration strategy for pricing. The
choice of the above two pricing methods depends on the iten’s life
cycle. During the introduction period of the product, a rapid
skimming strategy is employed. In the period of commodity decline,
the penetration strategy was adopted to gradually eliminate skinny
dog products and pay more attention to star products. As can be seen
from the right of Figure 2, pharmaceutical retailers will also adopt a
rapid skimming strategy or a slow penetration strategy according to
the situation. Similarly, the choice of a retailer’s pricing strategy will
still be determined by the products life cycle. At the same time,
according to Figure 2, it can be seen that the commodity pricing in
centralized decision-making is not greater than that in decentralized
decision-making.

The effect of service level on the price of the other party is shown
in Figure 3. Whether it is a manufacturer or a retailer, the service level
of either party is improved.

The other party will take price reduction measures to quickly
respond to market demand to achieve small profits but quick turnover.
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FIGURE 1
s, s, effect on wholesale prices
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It can also be understood that when the manufacturer adopts a rapid
skimming strategy, the retailer will adopt a mixed rapid penetration
strategy because of the manufacturer’s high service level and the
retailer’s low price. Growing commodities are more suitable for this
strategy. When the manufacturer adopts a slow penetration strategy,
the retailer adopts a slow skimming strategy, mixed with the
manufacturer’s low service level and high price. This strategy applies
to commodities in the mature stage. When the retailer adopts a rapid
skimming strategy, the manufacturer adopts a hybrid rapid
penetration strategy based on the retailer’s high service level and the
manufacturer’s low price. From Figure 3, it can also be concluded that
the price in the case of centralized decision-making by both parties in
the channel is not higher than the price of decentralized decision-
making. This also reflects the benefits of centralized decision-making.

As can be seen from Figure 4, in centralized decision-making, no
matter which party’s service level is improved, it will increase
platform supply chain market demand. This is due to the particularity
of complementary goods. Complementary goods are products whose
two are combined to obtain their utility. The improvement of the
service level of a commodity will inevitably bring about an increase
in its sales volume, as well as an increase in the sales volume of its

Frontiers in Public Health

complementary products. Positive spillover effects between
complements lead to this outcome. When service improves, platform
demand increases; while service decreases, platform demand
decreases. For example, pharmaceutical supplies and remote-control
software are complementary products. Pharmaceutical manufacturers
launch remote control software services. If hospitals or
pharmaceutical retailers support this service, the sales of remote
terminal software and pharmaceutical supplies will increase
accordingly. At the same time, it can be seen from Figure 4 that its
service level has a greater effect on its market demand. This is also in
line with market laws. It appears that the market demand for it is
smaller than the market demand for the other party because it is the
demand when the service level of the other party is fixed. For
example, on the left of Figure 4, s, = 5 is a fixed service level, and s,
varies in the range of (2, 8). When s,,, > 5, the manufacturer’s market
demand is larger and faster.

According to Figure 5, in the case of decentralized decision-
making, there is also a positive correlation between service level and
demand. In other words, the relationship between them can
be expressed as the higher the service level, the greater the market

demand itself.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1265171
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Luetal 10.3389/fpubh.2024.1265171
145 :
140 -
135
%‘,130
125
120 | ]
115 . .
2 3 % Rmilatsuig‘wdml.ml 6 7 8
FIGURE 4
s s, effect on market demand.
110 T T T v : 82
108 Bls: A
”~
80 » ]
106 -
G
79r B
sz r i
78 <
5102 3 3 s
g 77F ”’
f #
100 [
'g 76 F s 4
K 3 i’ w7
g 75} #
- o
%I 74t - 1
-
o»
94 73 1
7
92 . ; - . . 7 . . ’ "
2 3 4 5 6 7 8 2 3 4 5 6 7 8
Manufacturer Satisfaction Level Retailer Satisfaction Level

FIGURE 5
s s, effect on own market demand.

In the case of decentralized decision-making, the effect of service
level on the market demand of the other party can be divided into two

situations. When p = ﬂ,yz <y1 <6y, ,whichis 1< u<6.When
V2

y1 > 6y2, whichis p > 6. The previous data satisfy 1 < ¢ < 6. So just
put 71 and 71 change accordingly. Assumed 71 = 6,72 =0.2 | then
satisfied > 6, The corresponding change trend is as follows in
Figure 6.

It can also be seen from Figure 6 that when 1 <p <6, the market
demand of both channels shows a relatively obvious positive
correlation with the service level of the other party. When p> 6, the
manufacturer’s market demand negatively correlates with the retailer’s
service level. However, the retailer’s market demand increases with the
manufacturer’s service level improvement. The channel’s demand will
increase with the improvement of its service level. Under the premise
of satisfying 1 <p <6, both parties of the channel will ask the other
party to improve their service level while improving their service level.
Under the premise of satisfying j > 6, manufacturers tend to require
retailers to have lower service levels. Furthermore, retailers tend to
demand a higher level of service from manufacturers. The
improvement in service level will bring about a rapid increase in cost.

Frontiers in Public Health

Therefore, the decision on service fees becomes the next issue to
be considered. Both pricing and service costs are considered in the
pharmaceutical platform supply chain of complementary products.

3.2 Research on coordination mechanism

References show that the sum of the profits of both sides of the
pharmaceutical supply chain channel is always smaller than the total
profit of the supply chain when the decision is centralized. In the
absence of a contract as a coordination mechanism, both sides of the
channel, starting from the perspective of their profit maximization
and the conflicting goals of the two parties, will lead to an imbalance
in the supply chain. Therefore, in order to improve the performance
of the platform supply chain and increase the profits of both channels,
a two-part pricing coordination mechanism is proposed.

First of all, as the leading pharmaceutical supply chain channel
enterprise, the manufacturer first wholesales complementary products
to pharmaceutical retailers at a lower price. Incentivize retailers while
reducing inventory expenses. The retailer will compensate the
manufacturer with a fixed fee to protect the manufacturer’s profit.
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Under this contract mechanism, it is assumed that the wholesale price
of complementary pharmaceuticals is w°. The manufacturer’s direct
selling price is pg. The retailer’s retail price is py,. The retailer’s
compensation fee to the manufacturer is f, without loss of
generality, p, > w°.

Both sides of the channel continue to play the Stackelberg game,
dominated by the manufacturer. The decision model can be expressed
as Equation 13.

max 7z, (pé,wc) = (a —a1pa = Pipy +71Sm + 72Sr)(p2 - C)

1
+(WC —c)(b—a1p§ = Bipa + 718, + VZSm)_EnSan +f(13)

b-oupy—Pipa|_1, 2
s.t.max71'6(19“1):(pc—wC 1Pp al_Zps
TR b ) TY1Sr +V25m 2 ' (14)

Let equation (14) be equal to zero, and the reaction function of pf)
about pg,w® can be obtained.

Py = (alwc —Pipa +b+y1s, + 7/2Sm) (15)

€
209

Assuming that the contract can realize the coordination of the
platform supply chain of complementary pharmaceuticals, there must
be: p§ =pa.pp, =Pb- It can also be seen that pg =ps.pp=w"",
Combine the above conditions pf) >w¢, So pcb =pp=w"" >w" the
wholesale price after coordination is less than the wholesale price
when the decision is decentralized.

Substitute pg = pz,pf) = pp, into Equation (15), the coordinated
wholesale price can be obtained as shown in Equation 16:

¢ _ oo+ b=Bipa+ise+725m

w" =2pp o (16)
1
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The contract realizes the coordination of the platform supply
chain, but a good contract can promote the improvement of the profits
of both channels. Therefore, for both parties to be willing to accept the
contract, the profit after coordination must be greater than the profit
before coordination, that is, 75, >y , 75>, . In order to
illustrate the size of the compensation fee f, the numerical value is
divided into two cases.

(1) When 1<u< 6, let a = 400, b = 400, o, = 10, p, = 5, y, = 6,
Y, = 3, ¢ = 15, then the size of the corresponding compensation
fee fis shown in Table 1:

(2) When p>6,leta=400,b=400,a, =10,p,=5,7,=6,7,=0.2,
the size of the corresponding compensation fee is shown in
Table 2:

From the analysis of Tables 1, 2, it can be concluded that
when 1 <y <6and <6, Harmonization and Pareto improvement
can be achieved through both pricing contracts. However, there
are differences in the effects of coordination. When 1<u<6,
manufacturers’ profits have fallen sharply. Moreover, when the
manufacturer’s service level is low (s;; =5<6=s;), in the case
that the retailer does not compensate for the fixed cost, to ensure
the Pareto improvement of the manufacturer’s profit, it is
necessary to realize that the manufacturer has absolute
dominance over the retailer. The retailer is compelled to comply
with the contract through this right. Otherwise, it is difficult to
guarantee the profit of the manufacturer.

When x>6, on the one hand, the profit reduction of the
manufacturer (manufacturer) is smaller. On the other hand, the profit
growth of retailers is also relatively small. In this case, the two-part
pricing contract is relatively firm, and the manufacturer is more
willing to accept it. At the same time, by comparing Tables 1, 2, under
the premise that other conditions remain unchanged, the total profit
of the supply chain when 1<y <6 is higher. Manufacturers that are
market leaders are also higher.

Therefore, manufacturer decisions depend on absolute market
power and risk attitudes. The following mainly verify Tables 1, 2. Take
n=0.6,when p >6, let f =700, when 1< u<6,let f=1100, then
the corresponding profit coordination comparison is shown in
Figure 7:
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TABLE 1 1< < 6, Service Difference Compensation Fee f.

10.3389/fpubh.2024.1265171

Model type Pa Po w T T, T
Centralized decision-making 21.733 20.833 N/A N/A N/A 1510.733
Decentralized decision-making 21.733 26.183 20.833 1023.333 361.675 1385.008
After the coordination 21.733 20.833 8.633 27133+ f 1483.600- f 1510.733
sm=5>4=s value of f 996.2 < f< 1121.925
Model type Pa Po w T T, T
Centralized decision-making 21.333 21.333 N/A N/A N/A 1568.333
Decentralized decision-making 21.333 26.833 21.333 1053.333 377.500 1430.833
After the coordination 21.333 21.333 8.833 13.333+f 1555.000-f 1568.333
sm=5=5=sp value of f 1040 < f< 1175.5
Model type Pa Po w T T, T
Centralized decision-making 20.933 21.833 N/A N/A N/A 1624.733
Decentralized decision-making 20.933 27.483 21.833 1081.833 393.175 1475.008
After the coordination 20.933 21.833 9.033 —2.867+f 1627.600+ f 1624.733
sm=5<6=s, value of f 1087.4 < f< 1234.425

TABLE 2 1 < 6, Service Difference Compensation Fee f.
Model type Pa Po w T T, T
Centralized decision-making 22,013 21.393 N/A N/A N/A 1360.709
Decentralized decision-making 22.013 26.393 21.393 870.509 250.200 1120.709
After the coordination 22.013 21.393 11.293 345.409+ f 1015.300- f 1360.709
spm=5>4=s value of f 525.1 < f<765.1
Model type Pa Po w T T, T
Centralized decision-making 21.800 21.800 N/A N/A N/A 1399.400
Decentralized decision-making 21.800 26.950 21.800 881.600 262.875 1144.475
After the coordination 21.800 21.800 11.400 325.300+ f 1074.100- f 1399.400
sm=5=5=sp value of f 556.3 < f< 811.425
Model type Pa Po w T T, T
Centralized decision-making 21.587 22.207 N/A N/A N/A 1439.803
Decentralized decision-making 21.587 27.507 22.207 894.103 275.400 1169.503
After the coordination 21.587 22.207 11.507 305.703+ f 1134.100- f 1439.803
Ssm=5<6=s, value of f 588.4 < f< 858.7

It can be seen from Figure 7 that when u > 6,s; isat (2, 6) when
the manufacturer’s service level is constant (sy, = 5). Through the two
pricing strategies, the coordination of platform supply chains of
complementary products can be achieved, and Pareto improvement
can be achieved. In this case, the compensation fee is relatively low.

When 1< u <6, in the case of a certain manufacturer’s service
level (syy = 5), spis at (4, 6), and through two pricing strategies, Pareto
improvement can be achieved through further supply chain
coordination. In this case, the compensation cost is relatively high,
and a Pareto improvement is achieved. The improved retailer’s service
level has more stringent input conditions, which verifies Tables 1, 2.

Frontiers in Public Health

4 Discussion

Based on the above simulation process and the relationship
between price and service level, pharmaceutical manufacturers,
depending on their life cycle, tend to adopt a high-service-level and
high-sale-price quick skimming strategy for medicine in the
introduction period. For medicine in the declining stage,
pharmaceutical manufacturers tend to choose a slow penetration
strategy of low service level and low sale price. Correspondingly, when
pharmaceutical manufacturers adopt a rapid skimming strategy,
pharmaceutical retailers will adopt a high-service-level and
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low-sale-price hybrid rapid penetration strategy, which is suitable for
medicine in the growth stage.

When pharmaceutical manufacturers adopt a slow
penetration strategy, pharmaceutical retailers adopt a low-service
and high-sale-price hybrid slow skimming strategy, which is
suitable for medicine in its mature stages. Under normal
circumstances, an improvement in the service level of either
party will lead to an increase in demand for dual channels.
However, when patients are more sensitive to price than service,
the increase in demand brought about by improving services will
be less than the decrease in demand brought about by increasing
price, which will lead to a continuous decrease in demand. In
addition, the sales price of dual-channel pharmaceutical
complementary products under centralized decision-making will
not be higher than the sales price under decentralized decision-
making. Finally, supply chain coordination is achieved through
two pricing contracts, and Pareto improvement is achieved.

This study considers the relationship between price and service
level in the pharmaceutical dual-channel supply chain of
complementary products under an ideal situation. This study does not
consider the impact of inventory during production operations and
stock-outs on prices. Therefore, the limitations of the study are
as follows:

1. This study does not consider inventory as an important
influencing factor in the pharmaceutical dual-channel supply
chain of complementary products. A stochastic demand
function is not used in the selection of the demand function to
better reflect the relationship between service level and
complementary product inventory, service level and

complementary product pricing, and profit. In the future,

research on this topic will require the design of corresponding
contracts to achieve performance improvements in
complementary dual-channel products.

2. The study does not combine the latest methods and theories in
the fields of machine learning and data science to verify the
effectiveness and stability of the model. The study does not

conduct an in-depth evaluation of its accuracy and consistency
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in practical applications through further application of large-
scale group experimental data.

5 Conclusion

This study mainly studied the effect of service level between
complementary products on pricing and the coordination of the
pharmaceutical platform supply chain. It was found that the price is
lower when centralized decision-making is compared with
decentralized decision-making. In decentralized decision-making, a
manufacturer’s wholesale price is inversely proportional to its service
level and the service level of a pharmaceutical retailer selling
complementary products. Improved service levels will increase
demand across channels. This situation correspondingly increases the
commodity’s selling price and reduces the selling price of its
complementary pharmaceuticals.

Through the two-part pricing strategy, coordination in the
dual-channel supply chain of pharmaceutical complementary
products can be achieved, allowing both channels to achieve
Pareto improvement. However, the service levels of manufacturers
and retailers are only used as influencing factors, not as decision
variables. Service level directly determines the level of service
costs. In the dual-channel supply chain of pharmaceutical
complementary products, attention should be paid to the
coordination between prices and service levels between
and the should
be controlled within a certain range. Only by improving the

complementary products, service level

service level can the company’s profits be maximized.
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