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REVENUE AND RISK SHARING IN VIEW OF UNCERTAIN DEMAND
DURING THE PANDEMICS

Yen-Deng Huang1, Gede Agus Widyadana2, Hui Ming Wee3,*

and Mauricio Fontoura Blos4

Abstract. Due to stochastic demand during the pandemics and uncertain environment, the vendor
and the retailer share their risks and benefits by applying revenue sharing and markdown policy in
order to reduce the risks and achieve a win-win contract. Three supply chain coordination policies,
decentralized policy, centralized vendor-retailer policy and centralized vendor-retailer revenue sharing
policy are developed. An example with uniform probability demand is used to illustrate the model. The
result shows that the revenue sharing contract is more attractive for the retailer, and the centralized
policy is more attractive for the vendor. Therefore, price markdowns are used to share benefits. The
sensitivity analysis shows that the number of markdowns is not sensitive to the variances in the uniform
demand distribution. A win-win contract based on a revenue sharing and price markdown is developed.
A case example shows that the mechanism of price markdowns and revenue sharing contract affect the
optimal supply chain profit in view of the pandemics and uncertain environment.
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1. Introduction

Due to the outbreak of the new coronavirus (i.e., COVID-19) pandemic more than 2 years ago, the operations
of supply chains have been impacted most significantly, especially in supply chain coordination and collaboration
[30]. In any epidemic outbreaks period, the inventory replenishment problem of supplier-retailer coordinated
and collaborated system always have high demand uncertainty [31–33]. In recent years, many companies and
sectors have therefore been experiencing more numbers of epidemic outbreaks and different types of demand
uncertainty challenges. Retailers and manufacturers of innovative consumer electronic, fashion and athletic
products usually encounter uncertain demands due to the nature of the products. The uncertainty in the
demand and supply is aggravated by the pandemic which affect the logistic efficiency of the supply chain
and the cost of raw materials. Moreover, raw material suppliers have disrupted or reduced their production

Keywords. Inventory, pandemics, markdown prices, price dependent demand, revenue sharing.

1 School of Digital Economics, Changzhou College of Information Technology, Science Education City, Changzhou, Jiangsu
213164, P.R. China.
2 Department of Industrial Engineering, Petra Christian University, Surabaya, Indonesia.
3 Department of Industrial and Systems Engineering, Chung Yuan Christian University, Chung Li, Taoyuan 320, Taiwan.
4 Mechanical Department, Santa Cećılia University, Santos, Brazil.
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due to lockdown during the epidemic outbreaks, as described in Haren and Simchi-Levi [14]. Furthermore,
uncertain demand will cause the overall profitability of the supply chain integration and coordination to be
affected, especially during the outbreak of the epidemic or the end of the product cycle life or sales period.
Since the start of the pandemic (2019) until today (2022), we had many examples of disruptions. But a good
example that has a big impact in the demand and supply is happening in the auto industry. Due to workforce
disruptions, semiconductor and parts shortages, global suppliers cannot satisfy all the orders, and the global
demand is affected. Some researchers and enterprises have developed strategies and methods to overcome the
challenges of supplier-retailer coordination system [15,23,24]. Contract policies of supplier-retailer coordinated
and collaborated system have been investigated by many researchers and enterprises in recent years [4, 5, 7].
Since different contract policies influence system performance in different ways, it is important to choose the best
contract policy for collaborative supply chains. Some of the contract policies are the wholesale price contract
[48], buyback contract [44,52], quantity discount contract [28], revenue sharing contract [6,16,21,35] and other
contract combinations [11,48]. In a revenue sharing contract, the vendor reduces their product price offered to the
retailer who shares a percentage of their revenue with the vendor. Revenue sharing contracts have been applied
widely for video renting and other innovative consumer electronic or fashion product industries. Innovative
consumer electronic or fashion products have a limited time demand. When the peak product demand time has
passed, products are sold at a very low price. These products usually have random and price dependent demand
[17, 18, 35]. However, the retailer can forecast customer demand from historical data. Sometimes, the retailer’s
forecast is not accurate, and the real demand can be lower or higher than the expected demand due to the
pandemics and uncertain environment (e.g., Personal Computer, Notebook, Mobile Phone etc). Consequently,
some retailers will reduce the selling price to attract more demand before the sales period is over. The problem
becomes more complex and interesting when a retailer has a revenue sharing contract with his vendor. Therefore,
we explore the effect on a revenue sharing contract when the retailer reduces the selling price on the uncertain
demand and environment.

Many researchers have investigated revenue sharing policy benefits. Cachon and Lariviere [2] investigated
the benefits and drawbacks of revenue sharing contracts. They concluded that revenue sharing contracts are
attractive only if the retailer’s action does not influence demand. Giannoccaro and Pontrandolfo [13] introduced
supply chain coordination using revenue sharing contracts for a three-stage supply chain. They found that
contract design can improve the total profit of the players so as to achieve win-win situations. Kebing et al. [19]
considered the implementation of revenue-sharing contracts to maximize channel distribution with price-sensitive
demand. Yao et al. [50] investigated revenue sharing contracts with two competing retailers. They found that
the revenue sharing contract was more flexible and effective in improving supply chain performance than the
price contract. Palsule-Desai [29] concluded that revenue sharing contracts could coordinate supply chains for
the multi-period contractual situation. Revenue sharing contracts can not only coordinate forward logistic but
also reverse logistics [22]. Revenue sharing is not only for two parties but also effective for more than two parties
in a supply chain channel [43]. Combination of the revenue sharing contract with a quantity discount model
for short life cycle products was developed by Sarathi et al. [38]. They considered price-dependent demand
and stock dependent demand in their model. Arani et al. [1] developed a mixed revenue-sharing contracts
model and applied the model to a fashion apparel supply chain in Iran. Xie et al. [47] developed revenue and
cost-sharing contracts for dual-channel closed-loop supply chains where products are sold online and offline.
Raza [35] proposed supply chain coordination strategy for joint pricing, order quantity, and Corporate Social
Responsibility (CSR) investment decisions in a two-level supply chain model and applied various game-theoretic
settings to analyse the decentralized, centralized, and a centralized revenue sharing policies for each of three
demand situations (e.g., the price-and-CSR investment dependent deterministic, and price-and-CSR investment
dependent stochastic demand with/without partially known demand information). Chernonog [6] proposed a
two-level supply chain model in which a dominant retailer develops a strategic information sharing mechanism
through a consignment contract with revenue sharing and applied it in mobile marketing. From the literature
review, it can be seen that revenue sharing is still an interesting topic to be explored and applied by researchers,
especially in the environment of rapid demand or marketing variation.
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Innovative consumer electronic or fashion products during the pandemics and uncertain environment have
the characteristic of random demand and price sensitivity [5,7,37]. Petruzzi and Dada [34] developed a pricing
newsboy inventory problem model using order quantity and product price as the decision variables. Khouja [20]
developed a single period newsboy inventory problem with multiple discount and price dependent demands. He
concluded that compared to the classical newsboy inventory problem, multiple discounts result in higher order
quantities. Tsay [41] studied price markdown practices and strategic balance among supply chain channels
and retail pricing behavior. You [51] studied the optimal pricing and ordering quantity model by consider-
ing price and time-dependent demand. Modak and Kelle [25] separately studies centralized and decentralized
dual-channel supply chains under price and delivery-time dependent stochastic customer demand. Urban and
Baker [42] developed a product price and markdown price for different seasons. Namin et al. [27] investigated
the impact of varied markdown pricing policies for fashion apparel market. They concluded that timely deci-
sion making could improve sale and revenue. Chung et al. [9] investigated the markdown price problem for a
multi-echelon supply chain. They found that markdown price time was an important factor to make an effec-
tive decision. Wang and Webster [48] showed the strengths and limitations of the percentage of retail price
markdown and quantity markdown money for unsold perishable goods via clearance pricing. Shah et al. [39]
developed the markdown option model for a two-level Stackelberg game model. A markdown optimization
model for more than one product and considering a cross-price effect between many products was investigated
by Cosgun et al. [10]. Nagare and Dutta [26] developed markdowns for single-period inventory models in two
market scenarios with price-sensitive segments and price insensitive segments. Gholami et al. [12] developed
an efficient iterative algorithm to solve multi-period bi-level channel optimization problem considering dynamic
price-dependent stochastic demand. Canyakmaz et al. [3] investigated the most critical challenges of inven-
tory problem for each enterprise where customer demand is dependent on a stochastic price process which
consequently impacts customer arrivals between ordering cycles. They found that under certain conditions, a
price-dependent base stock policy is optimal on the both backorder and lost-sale cases. Taleizadeh et al. [40]
investigated the effect of cost of advertisement and promotional cost sharing on the coordination of a two-echelon
supply chain considering under uncertain demand. Yadav et al. [49] proposed a non-cooperative Stackelberg
game model in a two-level supply chain with imperfect quality and allowable shortage. Our paper continues and
extends the works of Shah et al. [39] and Raza [35] and considers revenue sharing contracts instead of compet-
itive strategy. From our literature review, although this study on newsboy inventory model with supply chain
coordination mechanisms, revenue sharing or markdown policies are a lot, no models simultaneously consider
these situations mentioned above. The contribution of this research and other authors is presented as shown in
Table 1.

The contribution of this paper is to examine three different newsboy inventory problem models to derive a
win-win contract based on revenue sharing policy and price markdown. The models are single vendor-retailer
channels using with a multiple price markdown mechanism in the decentralized policy, centralized coordination
and centralized coordination with revenue sharing contracts respectively. In the centralized coordination with
revenue sharing contract, the retailer’s gain and deficit is shared with the vendor. To strength supply chain
coordination to achieve win-win situations, this article also considers a multiple price markdown mechanism to
find out the opportunities for reducing the selling price to attract more demand on the uncertain environment
before the end of the product cycle life or sales period. This circumstance does not exist in the decentralized
model or the centralized coordination without revenue sharing contracts where only the retailer obtains a
loss when the selling price is marked down. We present this paper in four sections: Section one explains the
research background and literature review on the newsboy inventory problem, price markdown and revenue
sharing. In Section two, the newsboy inventory problems with price markdowns for decentralized, centralized
coordination and revenue sharing are developed. Section three provides an example to clarify the models and
presents sensitivity analyses to evaluate the performance of the decentralized coordination model, the centralized
coordination model and the centralized coordination model with revenue sharing contract. Section four is the
conclusions of the study. A case example shows that the mechanism of price markdowns and revenue sharing
contract affect the optimal supply chain profit in view of the pandemics and uncertain environment. Therefore,
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Table 1. Contribution of selected authors.

Author(s) Newsboy

inventory
problem

Coordination

mechanisms

Revenue

sharing

Markdown

policy

Demand

uncertainty

Pandemics

Khouja [20]
√ √

Urban and Baker [42]
√ √ √

Petruzzi and Dada [34]
√ √

Tsay [41]
√ √ √

Giannoccaro and

Pontrandolfo [13]

√ √

Cachon and Lariviere [2]
√ √

You [51]
√ √

Kebing et al. [19]
√ √

Wang and Webster [45]
√ √

Chung et al. [9]
√ √

Mafakheri and Nasiri [22]
√ √

Palsule-Desai [29]
√ √

Paul et al. [31]
√ √ √

Paul et al. [32]a,b
√ √ √

Sanh et al. 2014
√ √ √ √

Sarathi et al. [38]
√ √ √ √

Arani et al. [1]
√ √

Cheng et al. [5]
√ √ √ √

Choi et al. [7]
√ √ √

Hu et al. [16]
√ √ √

Liu et al. [21]
√ √ √

Namin et al. [27]
√ √

Nagare and Dutta [26]
√ √ √ √

Raza [35]
√ √ √

Xie et al. [47]
√ √

Chen et al. [4]
√ √

Haren and
Simchi-Levi [14]

√ √ √ √

Paul et al. [30]
√ √ √ √

Taleizadeh et al. [40]
√ √ √ √

Chernonog [6]
√ √ √

Gholami et al. [12]
√ √

Mashud et al. [23],
√ √ √ √

Mashud et al. [24]
√ √ √

Yadav et al. [49]
√ √ √

This paper
√ √ √ √ √ √

the purpose of this paper is to develop a model to demonstrate how revenue and risk sharing can help to
coordinate the uncertain demand system during the pandemic.

2. Mathematical model

In this section, mathematical models for the newsboy inventory problem with markdown price options are
developed. Firstly, newsboy inventory problems with multiple price markdown options for the retailer are devel-
oped. A single time period in newsboy inventory problem hasℎ times price marked down. We then develop the
decentralized vendor-retailer policy and centralized vendor-retailer policy. In the last part, a centralized vendor-
retailer policy with revenue sharing contracts is developed. The following assumptions are used throughout the
paper:
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1. Demand is stochastic and dependent on price.
2. Multiple markdown prices are applied to sell all items ordered by the retailer.
3. The initial retailer’s unit selling price is known.
4. When the price is marked down, the retailer will spend some of their earnings for advertising.

Parameter notations:
𝑃 : Retailer’s unit selling price
Po: Initial retailer’s unit selling price
𝑏: Dependent demand parameter
𝐹 : Advertising cost
𝐶: Vendor’s unit selling price
𝑆: Vendor’s unit cost
Decision variables:
ℎ: Frequency of price markdown
𝑄: Ordering quantity

This paper is an extended model of Shah et al. [39]. The same assumption as in Shah et al. [39] is applied in
our models. In order to motivate consumer’s demand, the retailer considers price marking down ℎ times. This
is to maximize the total profit in a single time period for the vendor-retailer supply chain problem. We then
develop the decentralized vendor-retailer policy and centralized vendor-retailer policy without/with revenue
sharing contracts. For a given ℎ and the supplier’s price-dependent parameter, the retailer’s optimal order
quantity is obtained in the three different newsboy inventory problem models.

2.1. The vendor-retailer decentralized model

2.1.1. The retailer’s problem

The retailer price and expected retailer profit follows the model from Shah et al. [39] as follows:

𝑃 = 𝑊 − 𝑏𝑥, (2.1)

𝐸(𝐵𝑃 (ℎ)) =
1

𝛽 − 𝛼

[︃
𝑃0

(︃
𝑄(𝛽 −𝑄) + 𝑃0𝑄(ℎ−1)

ℎ𝑏

+ 𝑃 2
0

12𝑏2ℎ2 (−2ℎ + 1)(ℎ− 1)

)︃

+
𝑃0

2

(︃(︂
𝑄− (ℎ− 1)𝑃0

ℎ𝑏

)︂2

− 𝛼2 +
𝐹 (1− ℎ)

𝑏

)︃

+

⎛⎜⎜⎜⎝
𝑃 2

0

ℎ−1∑︀
𝑖=0

𝑖

ℎ2𝑏
− (ℎ− 1)𝐹

⎞⎟⎟⎟⎠
(︂

𝑄− (ℎ− 1)𝑃0

ℎ𝑏
− 𝛼

)︂⎤⎥⎥⎥⎦− 𝐶𝑄 (2.2)

where 𝑊 is the price-dependent parameter, 𝑏 is the dependent demand parameter and 𝑥 is random demand
quantity with a given distribution. For simplicity, we assume the stochastic demand quantity in this study is
uniformly distributed with the range [𝛼, 𝛽].

The retailer optimal order quantity for decentralized policy (𝑄*ℎ) can be derived from the first derivative of
(2.2) in Q, and one has:

𝜕𝐸(𝐵𝑃 (ℎ))
𝜕𝑄

=
1

𝛽 − 𝛼

⎡⎢⎣𝑃0(𝛽 − 2𝑄) + 𝑃 2
0

ℎ𝑏 (ℎ− 1)
+𝑃0(𝑄− 𝑃0(ℎ−1)

ℎ𝑏 ) + 𝑃 2
0 0.5ℎ(ℎ−1)

ℎ2𝑏
−(ℎ− 1)𝐹 − 𝐶(𝛽 − 𝛼)

⎤⎥⎦ = 0

𝑄*ℎ =
1

2ℎ𝑏𝑃0

(︀
2𝑃0𝛽𝑏ℎ + 𝑃 2

0 (ℎ− 1) + 2𝐹ℎ𝑏(1− ℎ)− 2𝐶ℎ𝑏(𝛽 − 𝛼)
)︀
. (2.3)
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The second order derivative of (2.2) in 𝑄 can be represented as:

𝜕𝐸2(𝐵𝑃 (ℎ))
𝜕𝑄2

= − 𝑃0

𝛽 − 𝛼
(2.4)

Since the value of (2.4) is negative when the values of 𝑃0, 𝛽, and 𝛼 are positive and 𝛽 > 𝛼, the 𝐸(BP(ℎ)) is
concave.

2.1.2. The vendor’s problem

In the decentralized policy, the vendor revenue can be modeled as follows:

𝐸(𝑆𝑃 ) = (𝐶 − 𝑆)𝑄 (2.5)

The optimal decentralized policy solution is derived by determining the retailer optimal order quantity using
(2.3) and substituting it into (2.2) and (2.5).

2.2. The vendor-retailer centralized model

The integrated vendor-retailer policy can be derived by integrating the retailer and vendor expected profit.
In this policy, the vendor still has no risk, and the retailer takes all risks. The expected profit of the centralized
vendor-retailer integrated policy can be represented as:

𝐸(𝑆𝐵𝑃 (ℎ)) = (𝐶 − 𝑆)𝑄 +
1

𝛽 − 𝛼

⎡⎣𝑃0

⎛⎝𝑄(𝛽 −𝑄)
+𝑃0𝑄(ℎ−1)

ℎ𝑏

+ 𝑃 2
0

12𝑏2ℎ2 (−2ℎ + 1)(ℎ− 1)

⎞⎠
+

𝑃0

2

(︃(︂
𝑄− (ℎ− 1)𝑃0

ℎ𝑏

)︂2

− 𝛼2 +
𝐹 (1− ℎ)

𝑏

)︃

+

⎛⎜⎜⎜⎝
𝑃 2

0

ℎ−1∑︀
𝑖=0

𝑖

ℎ2𝑏
− (ℎ− 1)𝐹

⎞⎟⎟⎟⎠
(︂

𝑄− (ℎ− 1)𝑃0

ℎ𝑏
− 𝛼

)︂
− 𝐶𝑄(𝛽 − 𝛼).

⎤⎥⎥⎥⎦ (2.6)

The retailer optimal order quantity can be extracted from the first order derivative of (2.6) in Q, and one
has:

𝜕𝐸(𝑆𝐵𝑃 (ℎ))
𝜕𝑄

=
1

𝛽 − 𝛼

⎡⎢⎣𝑃0(𝛽 − 2𝑄) + 𝑃 2
0

ℎ𝑏 (ℎ− 1)
+𝑃0(𝑄− 𝑃0(ℎ−1)

ℎ𝑏 ) + 𝑃 2
0 0.5ℎ(ℎ−1)

ℎ2𝑏
−(ℎ− 1)𝐹 − 𝑆(𝛽 − 𝛼)

⎤⎥⎦ = 0

𝑄*𝑆𝐵ℎ =
1

2ℎ𝑏𝑃0

(︀
2𝑃0𝛽𝑏ℎ + 𝑃 2

0 (ℎ− 1) + 2𝐹ℎ𝑏(1− ℎ)− 2𝑆ℎ𝑏(𝛽 − 𝛼)
)︀

(2.7)

Since 𝑆 < 𝐶, 𝑄*𝑆𝐵ℎ is greater than 𝑄*ℎ. The vendor’s benefit from the centralized vendor-retailer collaboration is
larger than the decentralized vendor-retailer policy. The expected profit of the centralized vendor-retailer model
is also concave for a uniformly distributed demand.

2.3. The vendor-retailer centralized revenue sharing model

In the revenue sharing contract with price markdowns, the retailer shares the risk with the vendor. The
vendor offers lower prices to the retailer, and the retailer will share his revenue with the vendor. In this model,
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the vendor takes some risks when the retailer applies price markdowns because the retailer price markdown
reduces the vendor profit. The vendor’s expected profit of revenue sharing contract policy is:

𝐸(𝑆𝑅𝑆(ℎ)) =

∞∫︁
𝑄

(1−𝜙)𝑃0𝑄𝑓(𝑥0)d𝑥0

+
ℎ∑︁

𝑗=1

𝑄−(𝑗−1)𝑃0/ℎ𝑏∫︁
𝑄−𝑗𝑃0/ℎ𝑏

(1−𝜙)

⎡⎢⎢⎣
𝑗
ℎ𝑃0𝑥0

+ℎ−𝑗
ℎ 𝑃0𝑄

+ 𝑃 2
0

𝑏ℎ2

𝑗−1∑︀
𝑖=0

𝑖

⎤⎥⎥⎦𝑓(𝑥0)d𝑥0

+

𝑄−(ℎ−1)𝑃0/ℎ𝑏∫︁
0

(1−𝜙)

[︃
𝑗

ℎ
𝑃0𝑥0 +

𝑃 2
0

𝑏ℎ2

𝑗−1∑︁
𝑖=0

𝑖

]︃
𝑓(𝑥0)d𝑥0 + (𝐶𝑅𝑆 − 𝑆)𝑄 (2.8)

where 𝜙 is the retailer’s percentage profit, and 𝐶𝑅𝑆 is vendor’s item selling price in the revenue sharing policy.
When random demand quantity 𝑥0 has a uniform distribution with the range [𝛼, 𝛽], the expected vendor revenue
can be represented as:

𝐸(𝑆𝑅𝑆(ℎ)) =
1

𝛽 − 𝛼

⎡⎣(1− 𝜑)𝑃0

⎛⎝𝑄(𝛽 −𝑄)
+𝑃0𝑄(ℎ−1)

ℎ𝑏

+ 𝑃 2
0

12𝑏2ℎ2 (−2ℎ + 1)(ℎ− 1)

⎞⎠ + (1− 𝜑)
𝑃0

2

(︃(︂
𝑄− (ℎ− 1)𝑃0

ℎ𝑏

)︂2

− 𝛼2

)︃

+(1− 𝜑)

⎛⎜⎜⎜⎝
𝑃 2

0

ℎ−1∑︀
𝑖=0

𝑖

ℎ2𝑏

⎞⎟⎟⎟⎠
(︂

𝑄− (ℎ− 1)𝑃0

ℎ𝑏
− 𝛼

)︂⎤⎥⎥⎥⎦+ (𝐶𝑅𝑆 − 𝑆)𝑄. (2.9)

The retailer’s expected profit of the revenue sharing policy is:

𝐸(𝐵𝑅𝑆(ℎ)) =

∞∫︁
𝑄

𝜙𝑃0𝑄𝑓(𝑥0)d𝑥0

+
ℎ∑︁

𝑗=1

𝑄−(𝑗−1)𝑃0/ℎ𝑏∫︁
𝑄−𝑗𝑃0/ℎ𝑏

⎡⎣𝜙 𝑗
ℎ𝑃0𝑥0 + 𝜙ℎ−𝑗

ℎ 𝑃0𝑄

+𝜙
𝑃 2

0
𝑏ℎ2

𝑗−1∑︀
𝑖=0

𝑖− 𝑗𝐹

⎤⎦𝑓(𝑥0)d𝑥0

+

𝑄−(ℎ−1)𝑃0/ℎ𝑏∫︁
0

[︃
𝜙

𝑗

ℎ
𝑃0𝑥0 + 𝜙

𝑃 2
0

𝑏ℎ2

𝑗−1∑︁
𝑖=0

𝑖− (ℎ− 1)𝐹

]︃
𝑓(𝑥0)d𝑥0 − 𝐶𝑅𝑆𝑄. (2.10)

For uniform demand distribution, the retailer’s expected profit of the revenue sharing policy could be derived as:

𝐸(𝐵𝑅𝑆(ℎ)) =
1

𝛽 − 𝛼

⎡⎣𝜑𝑃0

⎛⎝𝑄(𝛽 −𝑄)
+𝑃0𝑄(ℎ−1)

ℎ𝑏

+ 𝑃 2
0

12𝑏2ℎ2 (−2ℎ + 1)(ℎ− 1)

⎞⎠
+

𝑃0

2

(︃
𝜑

(︃(︂
𝑄− (ℎ− 1)𝑃0

ℎ𝑏

)︂2

− 𝛼2

)︃
+

𝐹 (1− ℎ)
𝑏

)︃
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+

⎛⎜⎜⎜⎝
𝜑𝑃 2

0

ℎ−1∑︀
𝑖=0

𝑖

ℎ2𝑏
− (ℎ− 1)𝐹

⎞⎟⎟⎟⎠
(︂

𝑄− (ℎ− 1)𝑃0

ℎ𝑏
− 𝛼

)︂⎤⎥⎥⎥⎦− 𝐶𝑅𝑆𝑄. (2.11)

The total expected revenue sharing policy of the vendor-retailer centralized model is:

𝐸(𝑅𝑆(ℎ)) = 𝐸(𝑆𝑅𝑆(ℎ)) + 𝐸(𝐵𝑅𝑆(ℎ))

𝐸(𝑅𝑆(ℎ)) = (𝐶𝑅𝑆 − 𝑆)𝑄 +
1

𝛽 − 𝛼

⎡⎣𝑃0

⎛⎝𝑄(𝛽 −𝑄)
+𝑃0𝑄(ℎ−1)

ℎ𝑏

+ 𝑃 2
0

12𝑏2ℎ2 (−2ℎ + 1)(ℎ− 1)

⎞⎠
+

𝑃0

2

(︃(︂
𝑄− (ℎ− 1)𝑃0

ℎ𝑏

)︂2

− 𝛼2 +
𝐹 (1− ℎ)

𝑏

)︃

+

⎛⎜⎜⎜⎝
𝑃 2

0

ℎ−1∑︀
𝑖=0

𝑖

ℎ2𝑏
− (ℎ− 1)𝐹

⎞⎟⎟⎟⎠
(︂

𝑄− (ℎ− 1)𝑃0

ℎ𝑏
− 𝛼

)︂⎤⎥⎥⎥⎦− 𝐶𝑅𝑆𝑄 (2.12)

The revenue sharing policy expected profit (2.12) is similar to the expected profit of the centralized policy
(2.6), so the retailer optimal order quantity for revenue sharing policy is similar to (2.7). Finally, we use the
solution-solving procedure in Shah et al. [39] to derive the optimal frequency of price markdown ℎ* in three
different contract models. As shown from Tables 2–4, the solution-solving procedure iterates the values of the
decision variable ℎ to derive the optimal ordering quantity units 𝑄* from the retailer until the optimal total
profit of the supply chain is obtained in the three different newsboy inventory problem models.

3. Numerical example and sensitivity analysis

In this section, an example is demonstrated to illustrate the mathematical models and analyze the newsboy
inventory problem with markdown in the decentralized policy, the centralized vendor-retailer policy, and the
revenue sharing policy. Consider 𝑊 uniformly distributed on [420, 620], 𝑏 = 0.05, and 𝐹 = 100 which implies
that 𝑥0 is uniformly distributed with 𝛼 = 8000 and 𝛽 = 12 000 for 𝑃0 = $20. In the decentralized policy, one
has 𝐶 = $10 and 𝑆 = $5. In this policy, the retailer decides the optimal order quantity (𝑄*) and then orders 𝑄*

units from the vendor. We assume the retailer wants to markdown the initial price for a maximum of 7 times.
Detailed descriptions of the decentralized policy are shown in Table 2; the bold highlights represent the optimal
solution. The optimal profit is derived when there are six setting prices with five price markdowns. The optimal
vendor profit is equal to $50708.3, the retailer profit = $91381.7 and the total profit = $142090 with the optimal
order quantity = 10141.7.

When the centralized vendor-retailer policy is applied, the vendor acts as the decision maker, and the results
are shown in Table 3. The optimal profit is derived when there are six price settings with five price markdowns.
The retailer optimal order quantity in the centralized vendor-retailer policy is 1000 units higher than the
decentralized policy. In this policy, the optimal vendor profit = $55708.3, the retailer profit = $88881.7 and the
total profit = $144590.

In the revenue sharing policy, the vendor offers an item selling price of $6 to the retailer. This price is $4 lower
than the vendor’s item selling price in the decentralized policy and the centralized vendor-retailer policy. As
compensation, the retailer shares 25% of his revenue with the vendor. The optimal order quantity and profit of
this revenue sharing policy is shown in Table 4. In the revenue sharing policy, the optimal profit is derived when
the price is marked down 5 times. One has the optimal order quantity = 11141.7, the vendor profit = $51276.5,
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Table 2. Optimal quantity and profit for decentralized policy.

h Q Vendor profit Retailer profit Total profit

1 10000.0 50000.0 90000.0 140000.0
2 10095.0 50475.0 90922.6 141397.6
3 10123.3 50616.7 91200.6 141817.3
4 10135.0 50675.0 91315.6 141990.6
5 10140.0 50700.0 91365.0 142065.0
6 10141.7 50708.3 91381.7 142090.0
7 10141.4 50707.1 91379.6 142086.7
8 10140.0 50700.0 91365.9 142065.9

Notes. Bold values denote optimal solution.

Table 3. Optimal quantity and profit for vendor-retailer centralized policy.

h Q Vendor profit Retailer profit Total profit

1 11000.0 55000.0 87500.0 142500.0
2 11095.0 55475.0 88422.6 143897.6
3 11123.3 55616.7 88700.6 144317.3
4 11135.0 55675.0 88815.6 144490.6
5 11140.0 55700.0 88865.0 144565.0
6 11141.7 55708.3 88881.7 144590.0
7 11141.4 55707.1 88879.6 144586.7
8 11140.0 55700.0 88865.9 144565.9

Notes. Bold values denote optimal solution.

Table 4. Optimal quantity and profit for revenue sharing policy.

h Q Vendor profit Retailer profit Total profit

1 11000.0 50500.0 92000.0 142500.0
2 11095.0 50985.0 92912.6 143897.6
3 11123.3 51140.7 93176.6 144317.3
4 11135.0 51213.6 93276.9 144490.5
5 11140.0 51253.4 93311.6 144565.0
6 11141.7 51276.5 93313.5 144590.0
7 11141.4 51290.2 93296.6 144586.8
8 11140.0 51297.8 93268.1 144565.9

Notes. Bold values denote optimal solution.

the retailer profit = $93313.5 and the total profit = $144590. The total profit of revenue sharing policy is similar
to that of the centralized vendor-retailer policy.

The example shows that the centralized vendor-retailer and revenue sharing policy have higher total profits
than the decentralized policy. The vendor and retailer profits are shown in Figure 1. The figure shows that the
centralized vendor-retailer policy has the largest vendor profit, but has the lowest retailer profit. The vendor is
the benefitor in the centralized vendor-retailer policy. Table 5 shows the percentage profit increase (decrease)
in the centralized and the revenue sharing policies when compared with the decentralized policy.

Table 5 shows that centralized supply chain policies have a bigger total profit than the decentralized pol-
icy. The total profit of the centralized vendor-retailer and revenue sharing policy is 1.76% higher than the
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Figure 1. Comparison of vendor and retailer profit.

Table 5. Percentage of profit increase (decrease) in centralized and revenue sharing policy
when compared with the decentralized policy.

Percentage of profit increase (decrease)
Vendor profit Retailer profit Total profit

Centralized 9.86 (2.74) 1.76
Revenue sharing 1.12 2.11 1.76

Table 6. Decentralized optimal solution for varying variance.

Case 𝛼 𝛽 h Vendor profit Retailer profit Total profit

1 9000 11000 6 50708.3 96346.6 147055.0
2 8000 12000 6 50708.3 91381.7 142090.0
3 7000 13000 6 50708.3 86393.3 137101.7
4 6000 14000 6 50708.3 81399.2 132107.5

decentralized policy. The retailer’s profit in the centralized vendor-retailer policy is 2.74% lower than his profit
in the decentralized policy. In the revenue sharing policy, the benefit of the integrated policy is shared between
vendor and retailer; this is to ensure both players have higher profits than the decentralized policy.

Keeping a constant demand mean, the effect of varying demand variance is studied during the sensitivity
analyses. The results are shown in Tables 6–8. It is clear that the number of price markdown decisions in any
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Table 7. Centralized policy optimal solution for varying variance.

Case 𝛼 𝛽 h Vendor profit Retailer profit Total profit

1 9000 11000 6 53208.3 95096.6 148305.0
2 8000 12000 6 55708.3 88881.7 144590.0
3 7000 13000 6 58208.3 82643.3 140851.7
4 6000 14000 6 60708.3 76399.2 137107.5

Table 8. Revenue sharing policy optimal solution for varying variance.

Case 𝛼 𝛽 h Vendor profit Retailer profit Total profit

1 9000 11000 6 51019.8 97285.2 148305.0
2 8000 12000 6 51276.5 93313.4 144590.0
3 7000 13000 6 51528.8 89322.9 140851.7
4 6000 14000 6 51779.9 85327.6 137107.5

Figure 2. Vendor profit for varying demand variance.

strategies is not sensitive to the varying demand variance. The tables also show that when the demand variance
increases, the total supply chain profit decreases.

Figure 2 exhibits a rapid increase in vendor profits as the demand variance increases in the centralized policy,
the decentralized policy, and the revenue sharing policy. In the centralized policy, the vendor has an advantage
when demand variance increases. In Figure 3, as demand variances increase, the retailer has a lower profit in all
strategies. The revenue sharing policy is better for the retailer than the centralized policy. As demand variance
increases, the retailer profit reduces slower in the revenue sharing policy than in the centralized policy. Figure 4
shows the decentralized policy has the worst total profit.
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Figure 3. Retailer profit for varying demand variance.

Figure 4. Total supply chain profits for varying demand variance.
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4. Conclusion

A win-win contract based on a revenue sharing and price markdown is developed in this study. Three supply
chain policies, decentralized, centralized vendor-retailer and revenue sharing, have been considered. A case
example shows that the numbers of price markdowns affect the optimal supply chain profit. However, the
sensitivity analysis shows that the supply chain profit is not very sensitive to varying demand variances. The
centralized and revenue sharing policy between the vendor and the retailer results in an optimal supply chain
profit. In the centralized vendor-retailer and revenue sharing policy, the total supply chain profit is more stable
than the decentralized policy for varying demand variance. When the vendor has more bargaining power than
the retailer, he will opt for centralized policy, but with equal bargaining power, they will opt for revenue sharing
policy. This paper also discusses the application of markdown prices for single vendor-retailer channel supply
chain policies. The managerial insights of this study indicates that the mechanism of price markdowns and
revenue sharing contract affect the optimal supply chain total profit in view of the pandemics and uncertain
environment and achieves a win-win situation in supply chain coordination and collaboration. Application of
price markdown for one vendor with more than one retailer relationship or more than two-echelon supply chain
channels can be considered for future research.
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