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Precision marketing has a crucial impact on whether a manufacturer can make the most profit. +is paper conducts precision
marketing based on customer demand and analyzes how developers should formulate the quantity and pricing of products to
obtain optimal profit in the case of real demand of customers. First, the research status of the development of precision marketing
and its demand for its theoretical influence is introduced. Secondly, an appropriate real demand function is constructed, according
to the characteristics of the product and consumer positioning, combined with the expression of the demand function in
economics. +irdly, by using the constructed “real demand” function and combining the basic knowledge of optimization and
probability theories, the profit function for manufacturers in “real demand” pattern is established. When the manufacturer wishes
to obtain optimal profit from three different sales models, the product manufacturing quantity and pricing are analyzed. Finally,
an example is given to verify the results of the previous analysis.

1. Introduction

Social progress and the development of science and
technology have meant that goods can no longer be sold
using the traditional concept of “good wine needs no bush,”
and today more publicity and the exploration of various
forms of sales channels is needed. Advertising blindly will
not only be a waste of human, material, and financial re-
sources but also increase the cost of products. +erefore,
only precision marketing can effectively expand product
sales and reasonably limit product costs to achieve in-
creased profits.

One important factor in the implementation of pre-
cision marketing is meeting customer needs. Marxist
philosophy proposed that the price of commodities
fluctuates around the value of given commodities; in fact,
what affects the fluctuation of commodity prices is the
relationship between customer demand and commodity

supply. When the supply of commodities exceeds de-
mand, the price becomes relatively low and even fluctuates
below the value of commodities. When the supply of
commodities is less than demand, the price is higher.
+erefore, customer demand is closely related to manu-
facturer profit. In addition, from the perspective of supply
and demand theory, demand refers to the state of feeling
the necessity of things and the requirement to actually
purchase a specific product or service. It refers to the
human desire for a certain product or service and the
willingness to pay a particular price for it [1]. From a
consumer goods supply chain perspective, customer de-
mand forms the core of product sales. To obtain maximum
profit then, not only should manufacturers consider
investing in modern production technology, open inno-
vation platforms, communication technology, and other
innovative factors, but they should also comprehensively
consider the influencing factor of customer demand such
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as product preference, market demand information, and
personalized customization. From a retail point of view, it
is also necessary to expand the product diversity
according to the characteristics of customer demand and
customer preference, in addition to grouping and selling
products according to customer buying habits. +ese
factors indicate that the development of product pro-
duction and sales is driven by customer demand. Cus-
tomer preference for products greatly affects the degree of
market segmentation and also determines the benefits to
manufacturers and retailers. +erefore, how manufac-
turers and retailers design and plan different supply
strategies, based on demand information, while maxi-
mizing product profits has become the focus for busi-
nesses. To reduce the cost of sales and increase product
profits, manufacturers and retailers mainly consider the
influence of controlling product cost and price, expanding
sales volume and customer demand.

Manufacturers develop different policies and methods
to control the price and reduce the cost of products in
various ways. Wang et al. [2] used the Lagrange model to
study the optimal pricing and product strategy for
manufacturers and concluded that, according to the guest
pricing (NYOP) mechanism, the optimal strategy of
manufacturers mainly depends on the bidding cost,
manufacturing cost savings, production capacity, and
market size. Li and Lim [3] conducted a clustering analysis
of data from the SKU store daily demand retailer database
in Singapore and found that the real-world seasonal de-
mand forecast could be achieved by establishing an ef-
fective inventory and logistics management system,
thereby reducing the sales cost of products. Chanda and
Kumar [4] found that demand follows the life cycle of a
phenomenon; it has a dynamic limit to potential adopters
and is sensitive to advertising spend and unit price.
+erefore, an economic order quantity model has been
developed to find strategies for companies selling tech-
nical products with a limited plan scope, and numerical
examples can be used to verify the effectiveness of this
model. Palanivel and Uthayakumar [5] proposed an
Economic Production Quantity (EPQ) model for items
where demand deteriorates in accordance with the
business sales plan involving probabilistic deterioration.
By finding the optimal cycle length and quantity, the
model helps to reduce the manufacturer’s total inventory
cost. Numerical examples show that the total cost is
minimized when deterioration is evenly distributed and
when the sales team initiative is equal to 1.

In terms of increasing sales channels, such as sales
channels with uncertain demand, online sales, and in-
creasing sales volume, Zhang et al. [6] studied the channel
structure selection and pricing decisions of retailers in the
supply chain between manufacturers and retailers. +e
optimal wholesale price of manufacturers and the optimal
retail price of retailers are first obtained under all three
possible channel structures of purely offline, purely
online, and dual channels. +en, how changes in channel
structure affect pricing decisions and retailers’ optimal
channel structure are investigated. Zhang et al. [7] studied

the strategies of preorder-online, pickup-in-store (POPU)
of dual-channel retailers. Researches found that POPU
strategies can reduce retailers’ market share and profits in
monopolistic situations. When the operating cost of the
POPU model is low, meanwhile, the POPU strategy can
increase the retailers’ market share and profits. He et al.
[8] considered the dual-channel closed-loop supply chain
(CLSC), and manufacturers can distribute new products
through independent retailers with possible government
subsidies and sell remanufactured products through
third-party companies or platforms (3Ps). +ree possible
channel structures of manufacturers are studied in this
research.

First are non-direct sales (Structure D). Second, new
products are sold directly, but remanufactured products
are distributed through 3P (structure MN). +ird is direct
sale of remanufactured products, but the distribution of
new products through retailers (Structure MR). +e op-
timal channel structure and pricing decision of manu-
facturers and the optimal government subsidy level are
obtained under these three channel structures. He and
Zhao [9] considered that the supplier’s supply chain is
subject to revenue uncertainty, and it is sold to retailers
facing random demand. It is found that the classical
coordination contract cannot coordinate the supplier’s
production and the retailer’s purchasing decision and
cannot achieve efficient performance. It is also found that
an Advance Purchase Discount (APD) with a revenue-
sharing contract can effectively coordinate the supply
chain and enables flexible profit distribution. He and Zhao
[10] studied the inventory, production, and contract
decisions in multilevel supply chains with demand and
supply uncertainties. Studies proposed return policies
used by manufacturers and retailers and combined the
wholesale price contracts used by raw material suppliers
and manufacturers to perfectly coordinate the supply
chain. Studies also investigated the impact of suppliers’
risk attitude on decision-making and the impact of spot
market price of raw materials on the performance of the
whole supply chain.

Regarding increasing sales channels and sales volume,
Bell et al. [11] used an econometric model to study pre-
ferred online retailers and to participate in key omni-
channel decisions. +e study suggests that increasing
overall demand and online channels can attract customers
with higher service costs, generate business spillover to
other channels, and improve overall operational efficiency
by increasing the conversion rate of sampling channels
and reducing revenue. Lin [12] incorporated overlapping
delivery and incomplete projects into the production-
distribution model, which contrasts with the traditional
integration vendor-buyer coordination model. +e study
highlighted the observable fact that the system might
experience shortages during the filtering period and it also
considered quantity discounts, therefore increasing the
sales volume. Lim et al. [13] studied the sales and oper-
ation planning problems of car manufacturers. +eir
study used numerical simulation to find the optimal
balance between sales requirements and industry

2 Mathematical Problems in Engineering



constraints, while limiting the inventory, emergency
supply, and maintaining reasonable lead times for cus-
tomers, therefore achieving the goal of increased sales. Lei
and Moon [14] used principal component analysis (PCA)
to propose a market-driven product positioning. +ey
designed a decision support system (DSS), which enables
companies to make more informed decisions about
market-driven product positioning and design. +is at-
tracts more consumer attention and consumption, leading
to increased product sales.

In potential mining customers, Baghalian et al. [15]
developed a random mathematical formula for uncertain
markets, to design more product supply chain networks,
including several capable production facilities, distri-
bution centres, and retailers. +e study considered dis-
crete sets of potential locations for distribution centres
and retail stores and the impact of strategic location
decisions on supply chain operational inventory and
shipping planning. Gholamian et al. [16] examined the
important issues of real-world supply chain production
planning based on industry approvals. +e supply chain
model was studied using fuzzy multi-objective mixed
integer nonlinear programming (FMOMINLP) and
found that this mathematical model is mainly used to
solve the problem of integrated multi-site, multi-cycle,
and multi-product aggregation production planning
(APP) under demand uncertainty. Jouzdani et al. [17]
studied dynamic dairy facility locations and costs in
supply chain planning. +e proposed model dynamically
combines possible changes to transportation networks,
facility investment costs, the monetary value of time, and
production processes. In addition, timing changes and
demand uncertainty for dairy products during each
planning period are considered to determine the optimal
facility location and yield.

In terms of increasing sales through additional in-
centives, Zhong et al. [18] used data analysis to explore the
benefits of proposed schemes using coupons for power
systems in terms of social welfare, consumer surplus, load
service entity (LSE) profits, retail price robustness, and
implementation readiness, through coupon incentive-
based demand response (CIDR) stimulation. Hua et al. [19]
studied the best order volume and best retail price of re-
tailers using the incentive of free delivery by suppliers. +e
study explicitly incorporated supplier volume discounts
and shipping costs into the model, examining the impact of
free shipping, volume discounts, and shipping costs on
retailers’ optimal volume and pricing decisions through
analytical and digital means. Das and Dutta [20] developed
a system dynamics framework for a closed-loop supply
chain (CLSC) that relies on demand and reward incentives
to establish a relationship between “the amount of reward
offered to consumers” and “the probability of consumers
returning used products to retailers.” +e performance
analysis of the system dynamics simulation model shows
that the inclusion of “incentive offers” can enhance the
demand, collection, and remanufacturing process, result-
ing in more profits and better fill rates for the entire closed-
loop supply chain.

As for customer needs, Hamdouch et al. [21] proposed a
decentralized closed-loop supply chain network model
consisting of raw material suppliers, manufacturers, re-
tailers, and recycling centres. +e study assumes that the
demand for the product and the corresponding return is
stochastic and price-sensitive, and then deduces the optimal
conditions for various decision-makers, establishing that the
control equilibrium conditions can be expressed as finite-
dimensional variational inequalities. Numerical examples
demonstrate the impact of demand and return uncertainty
on quantity, shipments, and prices. Polotski et al. [22]
proposed a novel numerical method based on time deriv-
ative estimation of numerical functions to cope with changes
in demand and return. +e study conducted extensive
simulations to address several scenarios corresponding to
the evolving relationship between manufacturing capacity
and changing demand and return levels. +e simulation
results show that the optimal strategy has the important
characteristics of predicting future changes in demand and
return and in decision-making related to these changes in
time. Heydari and Asl-Najafi [23] studied the synchronous
coordination of order quantity and sales effort (SE) decisions
in a random demand-related supplier/retailer system. +e
main objective of the proposed model was to achieve the
optimal balance to provide a Pareto efficient solution for
both channel members. +e results show that the proposed
revised sales rebate (RSR) contract leads to channel coor-
dination, while both channel members experience Pareto
improvements, and RSR contracts have great potential to
eliminate the adverse effects of demand fluctuations on
channel performance indicators.

Although all these articles consider the impact of cus-
tomer demand on manufacturer profits, they consider the
problem purely from the perspective of uncertain customer
demand. However, in management practice, this paper finds
that there is an interesting phenomenon of customer de-
mand in the process of product marketing. For example, the
original function of clothes is to keep warm, which also
meets the need for human survival. However, with con-
tinuous social productivity, population income levels have
greatly improved, so repeated purchasing of clothing no
longer has an obvious negative impact on income levels and
quality of life. Clothing now represents fashion and the
pursuit of beauty, which is to say that people no longer buy
clothes just to meet basic survival needs, but they now
sublimate buying into the field of ideology. +is interesting
development holds for the vast majority of products. +e
factors influencing customer buying behaviour can be di-
vided roughly into two types. First, there are the products
that customers need to buy for daily life or within a certain
period of time, i.e., necessities such as grain and oil.+is type
of demand represents real-world consumer needs and be-
longs to the “real demand” type of purchase. A customer in
this situation is a customer with a real need. On the other
hand, a customer may have no intention of buying a
product, but due to the influence of external forces, they
eventually buy the product. For example, a young man sees a
brand of cosmetics advertised on TV and buys this product
because the advertisement or social trend affected the
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consumer’s purchasing behaviour. Consumers like this are
categorized as customers with “false demand.” +e cus-
tomers in between are known as customers with a “semi-
real” demand.+ese three different patterns of demand, real,
false, and semi-real, [24, 25], cover a variety of products in
various industries and become important factors influencing
consumer purchasing behaviour.

Gathering research on the application of demand theory
in the field of product supply chain for this study, it became
clear that there was no literature available relating to sys-
tematic research on this particular and interesting aspect of
demand. +is study represents, therefore, groundbreaking
research, the results of which will have a huge impact on
demand theory in the field of marketing and supply chain
strategy. +is paper examines the product supply strategy of
“real need” customers from amarketing point of view, that is
to say, from the basis of the manufacturer’s optimal product
supply strategy in “real demand” patterns. Not only does this
study fill an important research gap in product supply chain
theory, but the results can also be applied to supply chain
strategy in all industries where it has a very wide range of
practical applications.

2. Model Construction

2.1. Real Demand Function. Petruzzi and Dada [26] studied
the general demand function and believed that the ran-
domness of demand has nothing to do with price. Mills [27]
defined the demand function as the additive demand
function model D(p, ε) � y(p) + ε. Karlin and Carr [28]
defined the demand function as a multiplicative demand
function model D(p, ε) � y(p)ε. Both y(p) models are
common in the economical pricing literature studied. In
addition, the author extends the study of demand function to
the value range of real demand, false demand, and semi-real
demand [29–31]. Accordingly, we define the expression of
the real demand function as [32]:

Proposition 1. Definition of the real demand function.

Definition 1. Definition of the real demand function is as
follows:

DT �
3
2

1 −
p − vpm

pm(u − v)
 (a − bp + ε), a, b> 0, ε ∈ U μ, σ2 .

(1)

In this equation, DT is the real demand function, p is the
retail price of the product set by the manufacturer, u is the
functional performance of the product, v is the utility
function of the product, Pm is the maximum product reserve
price in the market, and a and b are commodity price co-
efficients [32].

2.2. Manufacturer’s Profit Function. If the manufacturer
wants to make a profit, he needs to produce the product and
sell it. +e difference between the two prices (production
cost and sale price) is the profit the manufacturer can get.
+is involves two factors: (1) themarginal cost per unit of the

product produced and the total number of products pro-
duced; and (2) whether the products produced can be sold,
or howmany units of the product can be sold and howmuch
the price of each unit is of the product sold. To sum up, there
are two situations when manufacturers sell their products:
oversupply and undersupply.

If the marginal cost per unit of a product produced by
the manufacturer is c and the total quantity of product
produced is q, the total cost of the product produced by the
manufacturer is cq. Now, suppose the market demand for
the product is D(p, ε) and the selling price per unit of
product is p. When the product is for sale, if the market
situation for the state of demand is less than the supply, the
product is not enough to sell; this means that the products
produced by manufacturers are all can sell go out; at this
point, the manufacturer is recovering funds for pq, profit for
the pq; m(p, q) represents the manufacturer’s profit
function, associated with the retail price p and the total
production quantity q. If the market demand for the
manufacturer’s product is oversupply, the manufacturer
cannot sell all the products produced and can only sell so
many products based on market demand, D(p, ε) at most.
At the same time, the profit the manufacturer can get is
m(p, q) � − cq + p D(p, ε). Here, ε represents the actual
number of products sold as the market changes, which is a
random variable. For the sake of simplicity, this paper as-
sumes that the product sales volume obeys the density
function of the uniform distribution on the interval
[− (a − bp), (a − bp)]:

f(ε) �
1

2(a − bp)
. (2)

Proposition 2. Under the condition of real demand, the
profit model of the manufacturer is as follows.

+erefore, based on the two situations above, the profit
function of the developer can be expressed as


M

(p, q) � (p − c)q +
3pq

2
pmu − p( 

8pm(u − v)(a − bp)
−

pq
2

2(a − bp)
.

(3)

Proof. It proves that, according to the above analysis, the
profit function of the manufacturer can be expressed as
follows:


M

(p, q) �
− cq + pq, D(p, ε)≥ q,

− cq + pD(p, ε), D(p, ε)< q.
 (4)

In order to simplify the above model, probability and
statistics theory can be used to obtain


M

(p, q) 
2(a− bp)

q
[− cq + pq] · f(ε)dε

+ 
q

0
[− cq pD(p, ε)] · f(ε)dε.

(5)

We use the density function of sales volume:
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f(ε) �
1

2(a − bp)
. (6)

Substituting equation (5) and integrating, we can get


M

(p, q) � (− cq + pq) 
2(a− bp)

q
·

1
2(a − bp)

dε − cq 
q

0

1
2(a − bp)

dε

+ p 
q

0

3
2

1 −
p − vpm

pm(u − v)
 ε ·

1
2(a − bp)

dε

� − cq 
q

0

1
2(a − bp)

dε + pq 
2(a− bp)

q
·

1
2(a − bp)

dε

+
3p

4
·

pmu − p

pm(u − v)(a − bp)


q

0
εdε

� − cq + pq ·
1

2(a − bp)
· [2(a − bp) − q] +

3p pmu − p( 

4pm(u − v)(a − bp)
·
ε
2
|
q

0

� (p − c)q −
pq

2

2(a − bp)
+

3pq
2

pmu − p( 

8pm(u − v)(a − bp)
.

(7)

+e proof of Proposition 2 is confirmed.

3. Application and Analysis of the
Mathematical Model

Two mathematical models were constructed to represent the
manufacturer’s product supply strategy design for individual
customers in the real demand pattern: (1) off-invoice mode
and (2) unsold disposal mode, which solves the optimal
yield, optimal pricing, and optimal rebate corresponding to
the manufacturer’s maximum profit.

3.1. Off-Invoice Mode

Proposition 3. 8e profit model and optimal value model
under off-invoice mode.

In the definition of the real demand function (1) and the
definition of the density function of sales volume (2), in the
sales model of off-invoice, the manufacturer’s profit function
model is as follows:


MT

(p, q) � (− c + p − α)q +
3q

2
pmu − p( (p − α)

8pm(u − v)(a − bp)
−

(p − α)q
2

2(a − bp)
.

(8)

α means the special price of each product.

Proof. In this supply mode, the products produced by the
manufacturer are sold directly to customers. Assuming that
the marginal cost of themanufacturer’s products is c, and the
total cost of the unit product of q is cq, then the retail price of
direct selling by the manufacturer to individual customers is
p. Suppose that when the supply is sold directly to individual
customers, each product is given α, a discount, to promote
sales. If the manufacturer produces more than it needs, it can
only recoup its costs; if the manufacturer produces less than
the quantity demanded, it can sell all the products and
recoup (p − α)q. +us, the manufacturer’s profit is

ΠMT �
− cq +(p − α)q, DT(p, ε)≥ q,

− cq +(p − α)DT(p, ε), DT(p, ε)< q.
 (9)

We use definition (9) of mathematical expectation
formula in probability statistics to obtain the following:


MT

(p, q) � 
2(a− bp)

q
[− cq +(p − α)q] · f(ε)dε

+ 
q

0
− cq +(p − α)DT(p, ε) f(ε)dε.

(10)

We used the real demand function (1) and the density
function of sales volume (2) to the above formula, integrated,
and then obtained the following:
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MT

(p, q) � 
2(a− bp)

q
− cq · f(ε)dε + 

q

0
− cq · f(ε)dε 

+(p − α)q 
2(a− bp)

q
f(ε)dε +(p − α) 

q

0
DT(p, ε)f(ε)dε

− cq 
2(a− bp)

0

1
2(a − bp)

dε +(p − α)q 
2(a− bp)

q

1
2(a − bp)

dε

+(p − α) 
q

0

3
2

1 −
p − vpm

pm(u − v)
 ε ·

1
2(a − bp)

dε

� − cq ·
1

2(a − bp)
· 2(a − bp) +(p − α)q ·

1
2(a − bp)

[2(a − bp) − q]

+
3(p − α) pmu − p( 

4pm(u − v)(a − bp)
·
ε2

2
|

q

0

� − cq +(p − α)q −
(p − α)q

2

2(a − bp)
+
3(p − α) pmu − p( q

2

8pm(u − v)(a − bp)

� (− c + p − α)q +
3q

2
pmu − p( (p − α)

8pm(u − v)(a − bp)
−

(p − α)q
2

2(a − bp)
.

(11)

To obtain the optimal yield and optimal pricing so that
the manufacturer can maximize profits in this supply mode,
it is only necessary to apply the principle of optimization to
take the derivative of the correlation function of equation
(11) and set its derivative to 0. +e details are as follows.

Find the manufacturer’s optimal production q; then,

zMT

zq
� (− c + p − α)) +

3q pmu − p( (p − α)

4pm(u − v)(a − bp)
−

(p − α)q

a − bp
� 0.

(12)

+e value q obtained from solution (12) is the manu-
facturer’s optimal yield.

Moreover,

zMT

zp
� q +

3q
2

pmu − 2p + α( 

8pm(u − v)(a − bp)
+
3bq

2
pmu − p( (p − α)

8pm(u − v)(a − bp)
2

−
q
2

2(a − bp)
−

b(p − α)q
2

2(a − bp)
2 � 0.

(13)

+e value obtained from solution (13) is the manufac-
turer’s optimal pricing.

Moreover,

zMT

zα
� − q −

3q
2

pmu − p( 

8pm(u − v)(a − bp)
+

q
2

2(a − bp)
� 0.

(14)

+e value of α obtained from solution (14) is the
manufacturer’s optimal rebate.

3.2. Unsold Disposal Mode

Proposition 4. 8e profit model and optimal value model
under unsold disposal mode.

In the definition of the real demand function (1) and the
definition of the density function of sales volume (2), under the
unsold disposal mode, the manufacturer’s profit function
model is as follows:


MT

(p, q) � (− c + p)q +
3q

2
pmu − p( (p − c)

8pm(u − v)(a − bp)
−

(p − c)q
2

2(a − bp)
.

(15)

c means the recovery price per unit of unsold product.

Proof. In this supply mode, discounts can be given to
products that the manufacturer fails to sell. Suppose the
manufacturer produces the product at the marginal cost of c,
and the output is q; then, the manufacturer’s total cost is cq.
If the manufacturer’s production is greater than the quantity
demanded, it can only recover p · DT(p, ε), and the
remaining q − DT(p, ε) should be treated. For this part of the
product, the manufacturer offers a discount treatment cost
per unit of c, so the total recovery price is
pDT(p, ε) + c(q − DT(p, ε)). If the manufacturer produces
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less than the quantity demanded, it can sell all the products
and recover pq. +us, the manufacturer’s profit is


MT

�
− cq + pq, DT(p, ε)≥ q,

− cq + pDT(p, ε) + c q − DT(p, ε)( , DT(p, ε)< q.


(16)

We use the definition (16) of mathematical expectation
formula in probability statistics to obtain the following:


MT

(p, q) � 
2(a− bp)

q
(− cq + pq) · f(ε)dε

+ 
q

0
− cq + pDT(p, ε) + c q − DT(p, ε)(   · f(ε)dε

� − cq 
2(a− bp)

q
f(ε)dε − cq 

q

0
f(ε)dε  + pq 

2(a− bp)

q
f(ε)dε

+ p 
q

0
DT(p, ε)f(ε)dε

+ cq 
q

0
f(ε)dε − c 

q

0
DT(p, ε)f(ε)dε

� − cq 
2(a− bp)

0
f(ε)dε + pq 

2(a− bp)

q
f(ε)dε + cq 

q

0
f(ε)dε

+(p − c) 
q

0
DT(p, ε)f(ε)dε.

(17)

We used the real demand function (1) and the density
function of sales volume (2) in the above equation, then
integrated, and obtained the following.


MT

(p, q) � − cq 
2(a− bp)

0

1
2(a − bp)

dε + pq 
2(a− bp)

q

1
2(a − bp)

dε

+ cq 
q

0

1
2(a − bp)

dε +(p − c) 
q

0

3
2

1 −
p − vpm

pm(p − v)
 ε ·

1
2(a − bp)

dε

� − cq ·
ε

2(a − bp)
|
2(a− bp)

0
+ pq ·

ε
2(a − bp)

|
2(a− bp)

q

+
cq

2(a − bp)
· ε|q0 +

3(p − c) pmu − p( 

4pm(u − v)(a − bp)
·
ε2

2
|

q

0

− cq + pq −
pq

2

2(a − bp)
+

cq
2

2(a − bp)
+
3(p − c) pmu − p( q

2

8pm(u − v)(a − bp)

� (− c + p)q +
3q

2
(p − c) pmu − p( q

2

8pm(u − v)(a − bp)
−

(p − c)q
2

2(a − bp)
.

(18)

To obtain the optimal yield and optimal pricing so that
the manufacturer can maximize profits in this supply mode,
it is only necessary to apply the principle of optimization to

take the derivative of the correlation function of equation
(18) and set its derivative to 0. +e details are as follows.

To obtain the optimum yield of the manufacturer, then,
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zMT

zq
� (− c + p) +

3q(p − c) pmu − p( 

4pm(u − v)(a − bp)
−

q(p − c)

a − bp
� 0.

(19)

+e q value obtained from solution (19) is the optimal
output of the manufacturer.

And then,

zMT

zp
� q +

3q
2

pmu − 2p + c( 

8pm(u − v)(a − bp)
+
3bq

2
(p − c) pmu − p( 

8pm(u − v)(a − bp)
2

−
q
2

2(a − bp)
−

bq
2
(p − c)

2(a − bp)
2 � 0.

(20)

+e value obtained from solution (20) is the manufac-
turer’s optimal pricing.

4. Analysis of Examples

Since manufacturers design and plan supply strategies for in-
dividual customers in the real demand pattern, the relationship
of variables in the mathematical model to achieve the optimal
profit is very complicated, and there is no explicit solution for
optimal yield (sales volume) q∗ and optimal pricep∗.+erefore,
in order to verify whether the model really reflects the product
supply strategy under different demand patterns and whether
the model correctly reflects the relationship between variables,
this paper will verify the optimal solution of the model through
numerical examples. Suppose a manufacturer plans to produce
and sell a common product, and the single production cost of
this product is set at 50. If the production volume is large
enough to further reduce the cost, and the current maximum
retail price of this product on the market is set at 100, the
manufacturer then needs to meet the retail price of the product
directly sold to individual customers to realize profitability. So,
the question we intend to solve is how do manufacturers de-
termine optimal yield and optimal prices?

+is paper considers the effect of production volume on
prices and returns. Before solving the model, the related
variables are defined. In the equation, 0 ∼ 2(a − bp) is the
range of the manufacturer’s production, p is the retail price
that the manufacturer is selling directly to individual cus-
tomers, q is the manufacturer’s production volume, α is the
manufacturer’s re-discount to individual customers, c is the
manufacturer’s marginal cost, pm is the highest price sold by
the retailer, c is the manufacturer’s discount processing cost,
u is the product’s utility efficiency, and v is the product grade
function efficiency. Set the basic parameters as follows:
a � 90, c � 50, b � 0.5, pm � 100, u � 1.2, v � 0.5.

4.1. Off-InvoiceMode. Suppose the manufacturer’s marginal
cost of producing a product is c, the total cost of producing q
units is cq, and the retail price of the manufacturer’s direct
sales to individual customers is p. If the manufacturer
produces more than the quantity demanded, it can only
recover the cost (p − α)DT(p, ε). If the manufacturer pro-
duces less than the quantity demanded, all the products can

be sold and recover (p − α)q. At the same time, to examine
the influence mechanism of the manufacturer’s re-discount
α to individual customers on optimal yield and optimal
price, numerical calculations will be performed with an
increment of 1.0 within the interval (1.0, 6.0) in this paper.

Using Mathematica 8.0, the basic parameters set are
substituted into equations (12) and (13) to solve the problem,
and the optimal yield and price of the manufacturer can be
obtained.

Numerical calculation shows that, under the direct
discount sales mode, there is only one optimal solution
satisfying the constraint conditions. +erefore, this optimal
solution is calculated (see Table 1 for the calculated results).
It can be seen from Table 1 that, in this distribution mode,
the optimal price and optimal yield are both greater than 0,
thus verifying the effectiveness of the model. In addition, this
paper finds that the higher the preferential value a, the better
the pricing p is proportional to the best production q.
According to the law of commodity operation, if the increase
in demand is less than the increase in price, it will increase
the total revenue. As a result, as the value of a gets larger, the
pricing goes down. When production increases, the total
revenue for the manufacturer will be larger, as will the
expected profit.

+is article extends the data in Table 1 to Figure 1
through the mapping capabilities of Mathematica 8.0. As
shown in Figure 1, the horizontal axis represents price p and
the vertical axis represents production q. In direct discount
mode, the relationship between optimal pricing and optimal
yield presents an inverted parabolic relationship. At this
point (see Figure 1), the highest point of the upward trend of
the parabola is the manufacturer’s optimal pricing. How-
ever, due to the actual commodity trading process, a variety
of unstable factors such as bargaining may be present.
+erefore, according to the three-sigma principle theorem
by Pukelsheim [33], this paper shows that the manufac-
turer’s profit can be maximized in the realistic state when the
product is priced in the range (78, 82). At this point on the
scale, according to the theory of optimization, the manu-
facturer’s profit reached the optimal return.

However, if the fixed value of the product is below 56 and
the q value of the output is negative, this is not in line with
the economic law of commodities, so it can be deduced that
the manufacturer’s production is at a loss.

4.2. Unsold Disposal Mode. In this supply model, discounts
are given to products that the manufacturer fails to sell.
Suppose the manufacturer produces the product at the
marginal cost of c, and the output is q; then, the manu-
facturer’s total cost is cq. If the manufacturer’s production is
greater than the demand, it can only recover p · DT(p, ε),
and the remaining q − DT(p, ε) should also be processed.
For this part of the products, the manufacturer gives dis-
count treatment cost per unit c, and the total recovery price
is pDT(p, ε) + c(q − DT(p, ε)). If the manufacturer’s pro-
duction is less than the quantity demanded, all products can
be sold and pq can be recovered. At the same time, to ex-
amine the influencing mechanism of manufacturer’s
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discount treatment fee c on optimal yield and optimal price,
a numerical calculation will be conducted with an increase of
1 within the range of (40, 45).

Using Mathematica 8.0, the basic parameters set are
substituted into equations (19) and (20) to solve the prob-
lem, and the optimal yield and optimal price of the man-
ufacturer can be obtained.

Numerical calculations show that there is only one op-
timal solution satisfying the constraint condition 50< p≤ 100
in the unsold disposal selling mode. +e optimal solution is
calculated (see Table 2 for the calculated results). Table 2
shows that, under this distribution model, the optimal price
and optimal yield are both greater than 0, and the validity of
the model is verified. In addition, this paper finds that the
higher the c value of discount processing cost, the higher the
proportion between the optimal pricing and optimal yield
volume. According to the law of commodity operation, if the
increase in demand is greater than the decline in price, the
total revenue will increase. +erefore, as the c value gets
larger, pricing presents a downward trend, and the produc-
tion volume increases, and the manufacturer’s total revenue
increases, along with the expected profit.

To analyze the changes of the preferential value, best
yield, and the best pricing more intuitively, this paper ex-
tends Table 2 to Figure 2 through the mapping function of
Mathematica 8.0. As shown in Figure 2, the horizontal axis
represents the price p and the vertical axis represents pro-
duction q. In the unsold disposal mode, the relationship
between optimal pricing and optimal yield presents an
inverted parabolic relationship. At this point (see Figure 2),
the highest point of the upward trend of the parabola
represents the manufacturer’s optimal pricing. According to

the three-sigma principle theorem by Pukelsheim [33], the
products sold by the manufacturer to individual customers
are priced in the range (58, 60), and the manufacturer’s
profit can be maximized in the realistic state. According to
the theory of optimization, the manufacturer’s profit is
optimal.

5. Promotion of the Model

By establishing the model, we studied the precision mar-
keting strategy of manufacturers in the real demand mode.
According to the model, we obtained the optimal yield and
optimal price of the product for the manufacturer. +e
calculation results in Tables 1 and 2 further verified the
correctness of the propositions in the research. Although we
only consider the parameter values within a specific range in
the numerical examples, the verification results are all
greater than 0; we will further analyze themodel by changing
the value of the parameters. According to the definition of
the real demand function, we will only analyze the impact of
the change of the utility efficiency u of the product on the
optimal yield and optimal pricing of the manufacturer, so
u − v> 0, 0< u< 1. Since we are only discussing the uni-
versality of the model, the results in Tables 1 and 2 show that
the value of α and c will not have an essential impact on the
final result. Due to space limitation, when the value range of
other parameters remains unchanged, we only set α as 1.0,
set c as 44, and then verify the models for u as 0.6, 0.7, 0.8,
and 0.9, respectively. We substitute different values of the
product’s utility efficiency u into equations of (12), (13), (19),
and (20), respectively, to get the results, and the results are

Table 1: Optimal yield and optimal price in off-invoice mode.

α p q
1.0 51.01 0.04
2.0 52.01 0.04
3.0 53.01 0.04
4.0 54.01 0.03
5.0 55.01 0.03
6.0 56.01 0.03
Source: numerical results.

60 70 80 90 100

–10
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Figure 1: Variation trend of manufacturer’s optimal pricing with
optimal order quantity in the off-invoice mode.

Table 2: Optimal yield and optimal price in unsold disposal mode.

c p q
40 94.77 47.74
41 94.18 49.28
42 93.56 50.94
43 92.90 52.76
44 92.20 54.75
45 91.44 56.94
Source: numerical results.
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Figure 2: Variation trend of manufacturer’s optimal pricing with
optimal order quantity in unsold disposal mode.
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shown in Table 3. When the product’s utility efficiency u
changes, it is verified that the proposition is still valid. +us,
the universality of the model is explained; that is, the model
can effectively solve the manufacturer’s precision marketing
strategy under the real demand model.

6. Conclusion

Product supply strategy under various demand patterns has
a huge influence on supply chain management. +e solution
to this problem is to achieve the optimal profit of products
by finding the optimal pricing and sales volume set by
manufacturers or retailers for individual customers and
group customers under varying demand patterns.

What makes this paper special is that, firstly, we have
considered the demand function based on different demand
patterns and the manufacturer’s profit function. Secondly,
the mathematical models of off-invoice mode and unsold
disposal mode in the product supply strategy for the “real
demand” pattern are constructed by using the relevant
principles of probability theory, partial differential equation,
and optimization theory. +irdly, the optimal pricing and
optimal yield were obtained, and the numerical results
verified the effectiveness and feasibility of the model.
Moreover, it can also helpmanufacturers or retailers to make
more accurate product sales decisions for individual cus-
tomers and group customers under different demand
patterns.

In the future, further consideration of the optimal
product pricing strategies of manufacturers and retailers for
individual customers and group customers is proposed,
using the “false demand” and “semi-real demand” patterns.
+ese pricing strategies could also be tested through em-
pirical data, to make further comparative analysis.
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