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Abstract

This paper aims to provide a model of a supply chain in the integrated system and obtain its optimal decision variables. The
paper introduces buyback and put option contracts to reduce inventory risk. These contracts were compared in three
different cases via a numerical analysis approach. In the first case, the holding cost (h) of a retailer for surplus orders in the
buyback contract is equal to the option price (0) in the put option model. The relationship between exercise price (e) in the
put option model and buyback price (b) in the buyback contract was obtained by comparing the optimal values in the
models. This study found that the exercise price in the put option contract will be greater than the buyback price.
Furthermore, it is more likely that the retailer gave more benefits under the buyback agreement than the time the retailer
chooses the put option contract. Therefore, it can be concluded that if the retailer chooses the buyback agreement in this
situation, can gain more benefits. The study provides essential managerial insights to compare agreements and presents
recommendations to choose a suitable contract.

Keywords Buyback contract - Put option contract - Sales effort - Mean value theorem - Price - Supply chain

Introduction

Research in the supply chain (Awudu et al. 2023; de Bastos
2023) and the effects of price have received strong atten-
tion in recent years (Taleizadeh et al. 2023; Xia et al.
2022). Calculating put option values will help producers
who invest in the put option markets to get rid of price risk
(Contreras and Rodriguez 2014). The contract that allows
the retailer to return the surplus goods to the wholesaler is
the put option contract. This event occurs when the retailer
pays the option price at the beginning of the sales season
per option order. The wholesaler pays the exercise price to
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the retailer per order when goods are returned by the
retailer at the end of the sales season (Wang and Chen
2018). Hence, the put option contract is an appropriate
contract to reduce the retailer’s inventory risk, and it has
the highest initial order quantity of all kinds of option
contacts (Yang et al. 2017). Put option contract usually
does not have benefits for the supplier, especially in a case
that has high service constraints. The contract can strongly
improve the performance of the decentralized system when
the service restriction is low (Chen et al. 2019).

The retailer can return the excess goods to the whole-
saler by the usage of a buyback contract under the prede-
termined condition at the end of the sales season (Heydari
et al. 2022; Wu et al. 2021). A buyback agreement can
coordinate the supply chain (Heydari and Momeni 2021).
Therefore, if we use it to provide a coordination mecha-
nism between members of the supply chain, they will
satisfy that agreement equally (Shi et al. 2008). Retailers
sometimes have competition with each other and the
competition may happen when there is a buyback contract
in a chain. Besides, biding the buyback contract to retailers
which are competitors can have benefits for all the mem-
bers (Xue et al. 2019). The buyback contract has higher
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advantages than the non-buyback contract in both channel
strategies for two rival supply chains (Wu 2013). Yet,
limited studies have been done on the put option and
buyback contracts within the supply chain context.
Therefore, the current study aims to address this particular
research gap.

The supply chain which includes a retailer and a
wholesaler is coordinated by a buyback contract when the
retailer’s demand function is related to the sales effort
variable and reaches to win—-win result between members
of a chain (Taylor 2002). Moreover, the two parameters
that are loss aversion and sales effort have less impact on
the supply chain. If optimal sales effort decreases, loss
aversion will increase as well. The total benefits of a supply
chain in situations that are centralized and decentralized,
increase as the sales effort increases. As well as the
wholesaler’s benefit and the retailer’s benefits increase
similar to the last condition (Ke and Liu 2017). Under
circumstances where the problem is loss-averse newsven-
dor, all kinds of contracts cannot manage the supply chain
when the demand function is affected by sales effort
variables. Hence, this research could lead to better supply
chain management by understanding the implications of
the put option and the buyback contracts.

In this study, the main question is “What is the better
contract in terms of reducing surplus inventory risk on the
retail side of the supply chain?” To address this question,
the put option contract and the buyback contract have been
compared with each other. Therefore, the more appropriate
contract will opt for these two contracts. The reason for this
comparison is the very similar nature of the two contracts
as both of them pursue the goal of reducing the risk of
surplus inventory in the supply chain. This comparison will
be accomplished in three cases (0 =h, e =b, 0 = h, e #
b, and o # h, e = b). According to the existing historical
data, the probability of their occurrence in the supply chain
considered in the case study is high. Therefore, considering
these three various cases and also considering the sales
effort factor as a decision variable leads to complicating
mathematical relations in the problem. Hence, the mean
value theorem is employed to solve this complexity and
find the final answers.

The next section presents the issues in the current lit-
erature. The paper then explains the issues, describes the
notation, and defines the assumption. Next, the paper for-
mulated a centralized supply chain model and represent the
model of buyback and put option contracts. The study then
compares contracts which provide before in two different
cases. Next, we provide a numerical example and show the
effect of parameters in the model. Lastly, the study presents

a conclusion and managerial insight which get from the
comparison of contracts.

Literature review
Put option contract

The demand for fast-moving consumer goods (FMCG)
products is often random and affected by the price
(Buckinx et al. 2004; Pourhejazy et al. 2019). Besides,
price is often a key factor that plays a role in the supply
chain network and demand (Aliahmadi et al. 2023; Saja-
dieh and Jokar 2009). In the case of a put option contract, it
is considered that the buyer can buy the products from the
factory and if extra goods remain, the buyer can return
them to the factory by receiving the selling price after the
end of the sales season (Wang and Chen 2018). To manage
the uncertainty in the demand function and the supply of
products, a put option contract has been provided to reduce
the risk of the supply chain (SC) (Luo et al. 2018). In fact,
Hu et al. (2019) have compared the buyback, the put
option, and the wholesale price contract under the same
conditions and environments. Their results show that the
put option contract could reduce the risk of surplus
inventory on the retail side (Yang et al. 2017).

The put option contract has been used to create a bal-
ance between the demand and the supplier’s ability to
produce the products required by retailers (Kume and
Fujiwara 2016). The supply chain’s coordination has been
examined with the option contract. In this case, the retail
price, the option price parameter of the option agreement,
the exercise price parameter, and the optimal order quantity
could be optimized (Hu et al. 2019).

On the other hand, the issue of fairness has been studied
in an SC that involves a retailer and wholesaler retailers
procuring goods by the option contract from the wholesaler
(Sharma et al. 2019). An option agreement has been con-
sidered for the supply chain offered by the retailer, while
both the retailer and the wholesaler are at risk and have
examined the effect of the option agreement and the
exercise price parameter of an option agreement (Fan et al.
2020). The SC was coordinated by the option agreement
considered by Tang et al. (2019) and has been proven that
retailers with limited capital make more profit when they
place their order under an option contract. Also, if the
producer does not have enough information about the
market demand, the producer will get more profit by
offering the option contract to the retailer (Tang et al.
2019). Besides, the use of the option contract has been
examined in a single period chain considering the
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asymmetry of cost information. It has been shown that the
asymmetry of cost information has great efficacy on the
optimal decision variable of the option agreement and
supply chain benefits (Chen et al. 2019).

Sales effort

Under a fixed demand if the supply chain is decentralized
the sales effort variable of offline stores, the benefit of the
chain will be less than when the supply chain is centralized
(Pu et al. 2017). The combination of sales effort and an
attempt to decrease carbon emissions in a home appliance
supply chain system has been explored by Lou and Ma
(2018). A problem of coordination for the supply chain
which includes a wholesaler and a retailer is considered
and demand depends on the sales effort variable (Wang
et al. 2019). In this situation, the cost-sharing contract and
buyback contract cannot coordinate the chain. Combining
the two contracts proves that the production cost has an
inverse effect on the benefit of the retailer, wholesaler, and
the whole chain (Wang et al. 2019). The effect of the
timing of the retailer’s obligation of sales efforts on
investiture in a decentralized SC has also been considered
by Liu et al. (2018).

On the one hand, an optimal decision is assessed based
on price and demand depends on the sales efforts (Dalalah
et al. 2022; Phumchusri et al. 2023) until customers decide
how to evaluate wholesale prices, collection rates, retail
prices, and sales efforts under various decision-making
approaches (Rabbani et al. 2020). A supply chain has been
investigated under the effect of retail prices and sales
efforts. It has been considered demand, cost of production,
and sales efforts as uncertain variables. The centralized
model and the decentralized model have relied on data
about retail parameters and the optimal decision is found
by games theory Shen and Zhu 2018). For instance, a
producer sells an interchangeable green product by direct
channel (sells by producers) and sells a non-green product
by the retailer who is a supply chain member. The results
show that the demand function is affected by sales effort
level, green quality level, and online and offline prices
(Ranjan and Jha 2019).

On the other hand, a supply chain that involves a
wholesaler and a retailer has been considered. The demand
is affected by the sales effort variable and this study
examines the effect of cost-sharing revenue-sharing
agreements on the decisions of supply chain members. The
analysis of rival producers and rival retailers is considered
by Li et al. (2018). The results show the impact of price
rivalry and sales effort rivalry in the channel strategies. A
supply chain that includes the manufacturers and several
retailers was analyzed by Du and Lei (2018). They found
that retailers would make a sales effort to find more

¥

customers by using an attractive price in the final market.
In centralized and decentralized cases, the balance solution
is developed. Then according to the level of the sales effort,
the effect of the supply chain’s profit is analyzed (Du and
Lei 2018).

Buyback contract

A generic mathematical structure can be an effective way
to analyze the buyback contract in seller inventory control
models and retailer inventory control (Sainathan and
Groenevelt 2019). Under decentralized conditions, the
optimal wholesale price was determined and it has been
proven that the members of the chain in the buyback
contract gain more than the wholesale price contract (Gu
et al. 2018). A supply chain is presented that has a tier of
retailers who offer a return policy with partial refunds to
the customer. The demand for this chain is random and
price dependent (Duc et al. 2018). To maximize profits for
supply chain members, a buyback contract is considered,
which focuses on a buyer in the supply chain to satisfy
quality and product demand (Gao et al. 2019).

In addition, producers and retailers use a buyback con-
tract to reduce the risk of surplus inventory and improve
their efficiency (Huang and Ip 2019). A buyback contract
has been studied in a supply chain that involves a whole-
saler and retailer, in which the retailer is exposed to
uncertainty with a downward slope demand curve that is
dependent on price (Torun and Canbulut 2018). This is also
formulated by the Stucklerberg model (Zhao et al. 2019).
The problem of pricing and ordering in a dyadic supply
chain has been investigated by Chen et al. (2017). They
reported that a retailer who is limited budget and is facing
random demand could use the buyback contract to receive
financial support buyback.

Besides, the value of the buyback agreement has been
investigated by analyzing the SC which contains a pro-
ducer and two retailers competing with each other. For
instance, three modes of decision making are considered,
which are coordinated and examined by a buyback agree-
ment, and optimal values are obtained (Qin et al. 2017). It
has been found that buyback contracts can coordinate the
chain, as well as, buyback contracts can gain more profit to
the supply chain, chiefly when retailers are at high risk
(Luo et al. 2018). The optimal decision variables in the
decentralized and centralized chain have been acknowl-
edged that a buyback agreement can coordinate a supply
chain that is dual channel. More related research can be
found in the works of Taleizadeh et al. (2016, 2018),
Lashgari et al. (2016), Taleizadeh (2017), and Taleizadeh
and Noori-Daryan (2016). Table 1 is a summary of the
relevant literature review.
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Table 1 Brief literature review

Author Year Contract Demand Compare put option and buyback contract

Put option Buyback Stochastic Affected by the Affected by e =5 e=D> e #b
retail price sales effort o=h o#h o=h

Xue et al. 2018 * %

Lou and Ma 2018 * *

Basiri and Heydari 2017 * #*

Wang and Song 2020 * #*

Shen and Zhou 2017 * *

Wang and Liu 2018 * ®

Hu et al. 2019 * * * *

Yang et al. 2017 * * * *

Zhou et al. 2017 * *

Zhao et al. 2019 * * *

Chen et al. 2017 * *

Duc et al. 2018 * * *

Chen et al. 2020 * * *

Chen et al. 2017 * *

Liu et al. 2018 * * *

Gu et al. 2018 * *

This paper 2022 % * #* * * * * %

Problem definition, notation,
and assumption

This current study has considered a cosmetic SC which
includes one retailer and a wholesaler. In this SC on the
retailer side, there is a high risk of surplus inventory. For
this purpose, it needed to provide a contract that reduces
inventory risk for surplus goods in-retailer side. The reason
for insisting on reducing inventory risk is to reduce the cost
of surplus inventory for the retailer. When the retailer’s
costs increase, it causes the chain’s costs to increase too.
Hence, the supply chain will get out of the competitive
market. One of the important parameters in the competitive
market is retail price “P.” As a result, one of the factors
affecting the amount of profit is the price of goods which is
given to the customer. The amount of this price could
increase or decrease the market demand. Other factors that
can affect supply chain demand are advertising, which has
a direct impact on market demand. This variable has shown
by “S” in the models and the cost of this variable can be
formulated as follows: “—gz

o in this function is the coefficient of the sales effort.
Therefore, in this research, regular demand function (D)
has been affected by sales effort variables (S) and price
variables (p) so it can be formulated as follows:

D(S,p) = Dg. This means that the demand function will

increase while the sales effort variable increases and it will

decrease while the price variable increases. Linear demand
function without price variables has been employed in the
supply chain contract (Yang et al. 2017). In the cosmetic
supply chain and the supply chains with extensive adver-
tising and promoters, the price variable is a significant
factor in the demand function in addition to the sales effort
variable. Therefore, in this research, price adds to the
demand function in addition to the sale effort.

After providing the model of a centralizing supply
chain, we provided buyback and put option contracts that
could reduce the inventory risk of surplus goods on the
retailer side. This study aims to conclude in which cir-
cumstances, which contract is more suitable and can reduce
the risk of surplus goods more and also, as a result, gain
more profit for the chain.

The models’ notations are as follows:

Production cost per order

Wholesaler price

Retailer price

Sales effort level

Sales effort coefficient,0 <o <1
S, p) Demand for goods
PDF of demand
CDF of demand

The option price per order that the retailer paid
to a wholesaler for option orders

OmM™mMUOR T |0
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C Production cost per order

E Exercise price per order that wholesaler paid
to a retailer when retailer returns goods under
a put option agreement

H Holding cost of orders (until end of sales season)
which is surplus on the retailer side

B Buyback price that the wholesaler paid to a retailer
when the retailer returns goods under the buyback
agreement

Ocs Order quantity in a supply chain that is centralized

Oro Order quantity in the put option contract

M Option order quantity in the put option contract

Ops Order quantity in buyback contract

I1 Profit function of variable

Also, we set the symbols “CS,” “BB,” and “PO,” to
represent the centralized supply chain model, buyback
contract model, and put option contract model, respectively
(Fig. 1). We also use the following assumption in the
current study.

Assumption 1

The retail price should be greater than the wholesaler price;
otherwise, the retailer will not deal with the wholesaler.

P>w.

Assumption 2

The wholesaler’s price should be greater than the produc-
tion cost per order; otherwise, the wholesaler would face
disadvantages and will not supply the products.

w > c.

Assumption 3

In the buyback contract, a summation of the wholesaler
price and holding cost per order should be greater than the
buyback price; otherwise, the retailer does not concern
about surplus inventory or goods and they will get the
inventory risk neutral.

w+h>b.

Assumption 4

In a buyback contract, the retail price should be greater
than the buyback price; otherwise, the retailer does not

¥

have any interest in selling goods to customers and may
prefer to return goods to wholesalers.

P > b.

Assumption 5

In the put option contract, the summation of the wholesaler
price and option price should be greater than the exercise
price; otherwise, the retailer does not concern about surplus
inventory or goods and they will get the inventory risk neutral.

w—+o > e.

Assumption 6

In the put option contract, the retail price should be greater
than the exercise price; otherwise, the retailer does not
have any interest in selling goods to customers and may
prefer to return goods to wholesalers.

P >e.

Centralized supply chain

In a centralized supply chain, the supply chain’s members,
the retailer, and the wholesaler collaborate to maximize the
benefit of the SC. Thus, their economic order quantities are
equal. The expected profit function is formulated as follows
for the whole chain:

2

. S
E [Il¢s) = E|{Pmin{Qcs,D(Scs,p)} — cQcs — 1% .

(1)

The first part is income from the sale of the goods, the
next part is the cost of procuring the products, and the last
part is the cost of advertising, and promoting products, in
brief, the cost of sales effort variable (Fig. 1).

Proposition 1
mal order quantity and optimal sales effort are

() and

N (P—c) _(P—c 1
= F -
s oP P o

respectively.

For the centralized supply chain, the opti-

«
QCS_

P ()

o
2}
=
By

Proposition 1 demonstrates that the expected profit
function of the centralized SC is concave, regarding the
sales effort and order quantity. It is obvious that if
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Decentralized supply chain structure
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advertising, promoting products, and sales effort increase,
the amount of demand will increase, as also the order
quantity. Therefore, Proposition 1 has shown that optimal
order quantity and optimal sales effort have direct rela-
tions. Also, they have been influenced by price and the
production cost per order (Appendix D for Proof of
Proposition).

Decentralized supply chain with buyback
contract

The buyback agreement gets this permission to the retailer
to return surplus goods to a wholesaler when their demand
is less than the amount of order quantity. Thus, the retailer
can hold surplus orders until the end of the sales season.
After that, the wholesaler takes back surplus orders and
pays the buyback price per order which is returned from a
retailer. By the buyback contract in the decentralized
supply chain, we can reduce the inventory risk of a retailer
which will increase their profits as well as the profit of the
supply chain. Holding cost per order (this holding cost
belongs to stocking surplus goods for the extra period after-
sales season at the retailer side. This is an offer that the
retailer gets to the wholesaler in this contract) and buyback
price indicated by “h” and “b,” respectively. If the
wholesaler offers the buyback contract after that retailer
will obtain optimal decision variables to increase their
profit. The profit function of the retailer is

E [I1gg] = E[Pmin{Qgg, D(Sss,p)} — wQOss
s2 (2)

+(b = 1)(Qss = D(Sps.p)) " —2=3E |
In Eq. 2, the first part is income from sales of the
products, and the second part is the cost of purchasing
goods from a wholesaler. The third part is revenue from
orders that are returned to the wholesaler, and the last part

is the cost of sales effort on the retailer side (Fig. 1).

Proposition 2 For the decentralized supply chain formu-
lated with a buyback contract, the optimal order quantity

and optimal sales effort are Qjy, = 2 F~! ( fow ) and

P+h—b
F (e
. (P—w) _f P—w P+h—b /
S = F . F(x)dx
BB~ 4P P+h—b 2P (x)dx,
0
respectively.

Proposition 2 has shown that the profit function of a
retailer is concave concerning the order quantity and sales
effort when formulated with a buyback contract. Therefore,
Proposition 2 shows if the optimal sales effort increases,
the optimal amount of order quantity will increase as well.

¥

In addition, the production cost per order, retail price, and
buyback agreement parameters affect optimal decision
variables (Appendix D for Proof of Proposition).

Corollary 1 If the buyback price increases, the optimal
order quantity will increase, and if the holding cost per
order increases, the optimal order quantity will decrease

The high buyback price was offered by a wholesaler to a
retailer under the buyback agreement. It causes the retailer’s
revenue to increase from returning surplus orders. As a result,
the retailer prefers to increase their optimal order quantity.
Corollary 1 shows that if the buyback price increases, the
difference between it and the summation of holding cost and
the wholesaler price has decreased. Thus, the retailer will be
less concerned about the surplus inventory and their optimal
order quantity will increase. In the following, another
important parameter that influences the retailer’s optimal
order quantity is the holding cost per order. While the holding
cost is increased, the cost of surplus orders on the retailer side
will increase and the retailer will avoid raising this cost.
Therefore, Corollary 1 has shown that by increasing this cost,
the amount of optimal order quantity will decrease (Yang et al.
2017) have studied the same approach with this Corollary to
make proof the sales effort variable in the call option contract
is less than this variable in the centralized supply chain. While
in this research the sales effort variable is one of the decision
variables. Also, that particular approach is employed for
proofing that by increasing “h,” S and Qj,,; will decrease and
by increasing “b” Sy, and QF, will increase (Appendix C for
Proof of Corollary).

Decentralized supply chain with a put
option contract

The number of goods that the retailer returns to the
wholesaler should not exceed the option order quantity that
the retailer has obtained. Indeed, the products returned to
the wholesaler by a retailer can be only equal to or less than
the number of option orders that have been set before and
the retailer will not be allowed to return more products.
While the wholesaler offers put option contract, the retailer
after determining the initial order quantity should be
obtained their option order quantity. Then they could pay
an options price to the wholesaler per order which is
determined as an option order. If the retailer proceeds to
pay the options price per option order to the wholesaler
(i.e., if there will be surplus goods on the retailer side), the
wholesaler will pay the exercise price to the retailer per
order returned to them. In this segment, the retailer intends
to maximize the profits, and their expected profit function
is formulated as follows:
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E [Ilpp] = E[Pmin{Qpo, D(Spo,p)} — wQpo — oM
2

+emin{M, (Qpo — D(Spo,p))" } — ocs%o

(3)

The above equation differs from previous models in the
third and fourth parts. The third part is the cost of the
option order that the retailer pays to the wholesaler and the
fourth part is the income of orders which has been returned
to the wholesaler by a retailer at the end of the sales season

(Fig. 1).

Proposition 3  For the decentralized supply chain for-
mulated with the put option contract, the optimal initial
order quantity, optimal option order quantity, and optimal

sales  effort are  Qpy = S%F -1 (%), M* =
B F () —F Q)] and
. (P-w—-0) (P-w—-o
Sro = oP F ( P—e >

respectively.

Proposition 3 indicates that the retailer’s profit function
under the put option agreement regarding the sales effort
and order quantity and options order quantity is concave.
Also, it is shown that the order quantity is greater than the
option order quantity and both of these variables are
influenced by the sales effort directly. It is obvious, if a
retailer’s sales effort increases, the amount of their order
will increase. In addition, the put option contract parame-
ters also affect the decision variables of the problem
(Appendix D for Proof of Proposition).

Corollary 2 increases and

1(or0__1_
F(405h)

P—w—o, P—w—o,
Pl PO | J20)
Pe 2P—e)?

If the exercise price

. 2
N (P—w—opp)e the

e order

optimal

quantity will increase and if the option price increases

— P—w—o,

F 1( Piemfﬁ)
P (o)

will decrease.

and +1 > gthe optimal order quantity

If the put option agreement is offered by the wholesaler to
the retailer and the wholesaler provides the high exercise
price to the retailer, then the retailer may prefer to increment
the order quantity as well as the option order quantity to
increase their revenue of return goods. Corollary 2 shows
that by increasing the exercise price, the difference between
it and the summation of the option price and the wholesaler
price has decreased. Also, the retailer may less concerned
about the surplus goods and their optimal orders may

increase. The option price is another important parameter
that affects the optimal option order quantity and the optimal
initial order quantity of the retailer. It is clear that increasing
the option price causes the cost of the retailer to procure the
option orders will increment and the retailer intends to
reduce this. Hence, Corollary 2 has shown that the optimal
initial order quantity may be decreasing in the option price
(Appendix C for Proof of Corollary).

Comparison and discussion of buyback
and put option contracts

In Appendix A, we compare the buyback and put option
contracts in two different cases. In the first case, we assume
that the buyback price in the buyback agreement and the
exercise price in the put option contract is equal. After
coordinating the supply chain under these contracts we can
obtain the relationship between the option price and the
holding cost for surplus goods. We compare these param-
eters to each other; thus, a relationship is obtained that if
these parameters satisfy it, We will conclude the put option
contract is more suitable than a buyback contract to reduce
inventory risk.

On the other hand, we have assumed in Case 2 that the
holding cost and the option price are equal, and we have
performed the above steps on the buyback price and the
exercise price. Finally, we find a relation between these
two parameters that if it’s satisfied, as a result, the put
option Contract is better than a buyback contract to reduce
the inventory risk of the retailer.

Numerical study and its discussion

We extracted this numerical data from a real example of a
cosmetics SC which includes a wholesaler and a retailer
who sells cosmetic products to the end customer. We
focused on one of the products provided by this supply
chain which is a sort of baby shampoo. In this supply chain,
the put option and buyback agreement are offered by the
wholesaler to the retailer.

This is in the context that the wholesaler offers these
two contracts to the retailer in three different conditions:
(1) The equality of the option price and the holding cost
and inequality of the buyback price and the exercise price;
(2) Inequality of the option price and holding cost and
equality of the exercise price and the buyback price; and
(3) The equality of the option price and holding cost, as
well as the equality of the exercise price and the buyback
price.

The main purpose of this project is to help to choose a
suitable contract for the retailer because we have decided to
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use the relationships obtained in this research to guide the
retailer of this chain in choosing the best contract in
different parametric conditions. Therefore, the data that
we use to investigate the two proposed contracts are as
follows: P=22, w=11, ¢=5. The demand of the
retailer demonstrated by “D” follows the continuous
distribution which is uniform that demonstrates U
[50,150]. The retailer of this chain is a distribution and
sales company of cosmetics products and the project of
choosing the best contract has been done in this company.
We obtained a profit chart for two contracts that offer and
compare them under three conditions in two levels. First,
we compare the decision variables of this problem, and
second, the amount of profit is compared.

The comparison of holding cost and option price
when e=b=y

In this section, the option price is compared with the
holding cost per order under the condition that the exer-
cise price is equal to the buyback price. We have shown
in Theorem 1 that the holding cost per order in the
buyback contract is greater than the option price per order
in the put option contract when the buyback price in the
buyback contract and exercise price in the put option
contract are equal to each other. Therefore, in this part,
we have represented that the theorem happens and Fig. 2
proves what we obtained before. To continue, if the
exercise price or buyback price increases, the difference
between the holding cost and the option price will
increase too.

The comparison of optimal sales effort
when e=b=y

Figure 2 shows that the optimal sales effort in the put
option and buyback agreement is not much different from
each other. Even in some parts, they are equal to each
other. Given the relationship in Corollary 3 and 4, that may
happen where the sales effort of the put option contract is
greater than the buyback contract’s sales effort. Hence, in
this chart, when the buyback price or the exercise price is
Y > 13, the amount of the effort to sell in the option
contract will be greater than the amount of this variable in
the buyback contract.

The comparison of optimal order quantity
when e=b=y

Based on propositions 2 and 3, it can be realized that in
each of the contracts, the order quantity was directly
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related to the sales effort variable. For this reason, we can
conclude that if the sales effort variable increases, the order
quantity will increase. Also, if it decreases the order
quantity will decrease too. Even in Fig. 2, it is shown that
if the amount of the exercise price parameter or the buy-
back price gets more than 13, the number of orders in the
put option contract will become more than the order
quantity in the buyback contract. As in the previous section
that the sales effort variable in the put option contract was
greater than the sales effort variable in the buyback con-
tract under the same condition.

The comparison of retailer’s profit when e=b=y/

According to the data in this numerical example that is
given from a cosmetic company, the amount of the retai-
ler’s benefit under the put option agreement is greater than
the amount of their benefit under the buyback agreement.
Therefore, it can be concluded that in this cosmetic SC, it
will be better for the retailer if the wholesaler of cosmetic
products offers the put option and buyback contract to the
retailer and if the retailer chooses the put option agreement.
However, the retailer of a supply chain should set exercise
price parameters in the put option contract in a smaller
amount. So, it is more profitable for the retailer.

The comparison of the supply chain’s profit
when e=b=y

The profit of the supply chain under the buyback agreement is
greater than the amount of its benefit under the put option
agreement. Therefore, the benefit of the retailer under the put
option agreement is greater than the profit of the retailer under
the buyback agreement. It can be concluded that if the retailer
chooses the put option contract, it may be more profitable for
the retailer compared to when the retailer chooses the buyback
contract. Nevertheless, the result shows that for the chain the
buyback agreement is more profitable than the put option
contract. Over time, it will make the supply chain stronger and
it is better for all supply chain members.

The comparison of buyback price and exercise
price when o=h=¢

According to Theorem 2, if the holding cost in the buyback
contract is equal to the option price, then the parameter of
the exercise price will be slightly greater than the param-
eter of the buyback price. In the following, we can find out
from Fig. 2 that if the option price or holding cost per order
increases, the difference between the exercise price and
buyback price will increase too.
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The comparison of optimal sales effort
when o=h=¢

If the option price raises in the put option contract, the
amount of sales effort variable is almost constant and will
not change significantly. If the holding cost per order in the
buyback contract increases, the amount of sales effort
variable in this contract will decrease. Due to the sensi-
tivity of the sales effort variable concerning the holding
cost and option price, we can realize that it is possible that
each of the sales effort variables, can be more than the
other. According to the relationship obtained in Corollary
6, by the mean value theorem. If the chart of the sales effort
variable in the put option contract is higher than the
chart of this variable in the buyback contract, the rela-
tionship of Corollary 6 will satisfy.

The comparison of optimal order quantity
when o=h=¢

If the exercise price is equal to the buyback price, the order
quantity in both contracts will be almost equal. Also, it can
be realized that according to propositions 2 and 3, the
relevance between the sales effort variable and the order
quantity variable is direct. Even the intersection of the two
graphs of sales effort is approximately equal to the inter-
section of the order quantity variable graphs in Fig. 2.

The comparison of retailer’s profit when o=h=¢

If the holding cost per order is equal to the option price, the
buyback contract will be more profitable than the put
option contract for a retailer. Therefore, the retailer of the
cosmetic supply chain, in the case of choosing the buyback
contract gains more profit than the case the retailer chooses
the put option contract.

The comparison of the supply chain’s profit
when o=h=¢

If the holding cost per order is equal to the option price, it may
be that the buyback agreement will be more profitable than the
put option contract for the supply chain. Therefore, it can be
induced that if the retailer chooses the buyback agreement, it
may gain more benefit for both retailer and chain than the time
the retailer chooses the put option contract.

The comparison of optimal sales effort
when o=h=¢ and e=b=y

If the parameters of the put option contract and the buyback

contract are equal, the probability that the sales effort
variable in the buyback contract is greater than this
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variable in the put option contract is high. Also, it can be
seen that with the reduction of the parameters of these two
contracts, the sales effort variable of the put option contract
decreases more than the sales effort variable of the buyback
contract, and the difference between the two variables
increases. The reason for this issue is when the parameters
of the put option contract decrease, then the retailer reduces
their order quantity and increases the option order quantity
and then the sales effort variable will decrease. On the
other hand, by increasing the parameters of these two
contracts, the sales effort variable of the put option contract
increases more than this variable in the buyback contract
(Appendix B).

The comparison of optimal order quantity
when o=h=¢ and e=b=y

The very similarity of the behavior of the two graphs in
Appendix B shows that the sales effort variables and the
order quantity are directly related, and all the results
obtained in the previous section in this section will be true.

The comparison of retailer’s profit wheno=h=¢
and e=b=y

Appendix B shows that if the parameters of the put option
and the buyback agreement are equal, the amount of the
retailer’s profit when choosing the put option contract will
be greater than when choosing the buyback contract.
Therefore, it can be concluded that when the parameters of
the two contracts have the same amount, the put option
contract will be more suitable than a buyback contract to
reduce the risk of surplus inventory. Thus, it is a good idea
that the retailer chooses the put option contract when the
parameters of the buyback contract and the put option
contract are equal. when both contracts are offered to the
retailer of this cosmetics supply chain, a retailer should
choose the put option contract because it will be more
profitable for the retailer.

The comparison of supply chain’s profit
when o=h=¢ and e=b=y

Appendix B illustrates that if the parameters of the put
option and the buyback contract are equal, the amount of
the supply chain’s profit when choosing the buyback con-
tract will be greater than when choosing the put option
contract. The benefit of the retailer under the put option
agreement is greater than the profit of the retailer under the
buyback agreement, so it can be concluded that if the
retailer chooses the put option contract, it may be more
profitable for a retailer than the retailer chooses the buy-
back contract. Nonetheless, the buyback contract is more
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profitable than the put option contract for the chain, and
over time will make the chain stronger and it is better for a
retailer.

The impact of option and exercise price
on the sales effort variable in a put option
contract

If the exercise price increases, the amount of sales effort
variable will increase in some areas of the chart, and in
other areas, the chart will decrease. This is logical because,
in Corollary 2, it has been proven that in certain situations
and by establishing a relationship, the sales effort variable
is increasing whit respect to this parameter, and in the other
conditions sales effort variable is decreasing concerning
this parameter. Also, if the option price increases, some-
times the amount of sales effort variable will decrease, and
occasionally will decrease. This is logical because, in
Corollary 2, it has been shown that in a certain condition
and by satisfying a relationship, the sales effort variable
decreases by the options price parameter, and in the other
situation sales effort variable is increasing by the options
price parameter (Appendix B).

The impact of buyback price and holding cost
on the sales effort variable in the buyback
contract

If the buyback price raises, thus, the optimal sales effort of
the buyback contract will increase, and if the parameter of
holding cost per order increases, the optimal sales effort of
this contract will decrease. This has been proven in
Corollary 1, and it has been shown that if the sales effort
variable in the buyback contract increases, the amount of
the order quantity in this contract will increase, and if it
decreases, the amount of the order quantity will detract
(Appendix B).

Implications and conclusion

In the case of comparing the put option and the buyback
agreement, if the parameter of the option price and holding
cost is equal to each order. This study found that the
exercise price in the put option contract will be greater than
the buyback price. Furthermore, it is more likely that the
decision variables in the buyback contract will be greater
than the decision variables of the put option contract.
Finally, it is more likely that the retailer gave more benefit
under the buyback agreement than the time the retailer
chooses the put option contract. Therefore, it can be con-
cluded that if the retailer chooses the buyback agreement in
this situation, can gain more benefits.

This matter proves that the contract performs the task of
reducing the risk of surplus inventory well, which is more
than the case where the retailer chooses the put option
contract. Additionally, if the parameter of the exercise
price and buyback price be equal then we obtained that the
holding cost in the buyback agreement will be greater than
the option price. In addition, the decision variables in the
put option contract will be greater than the decision vari-
ables of the buyback contract. Besides, the benefit of the
retailer under the put option agreement is more than the
time the retailer chooses the buyback contract. Therefore, it
can be concluded if the retailer chooses the put option
contract in this situation then the contract will gain more
profit for the retailer. The supply chain’s profit under this
choice is less than the time the retailer chooses the buyback
contract. Hence, it is better for all members of the supply
chain if the retailer uses the buyback contract.

Next, if the parameter of the put option contract and
buyback contract be equal then we obtained that the
decision variables in the buyback contract will be greater
than the decision variables of the put option contract. The
benefit of the retailer under the put option contract is more
than the time the retailer chooses the buyback contract.
Therefore, it can be concluded that if the retailer chooses
the put option contract in the situation the option price and
holding cost are equal. As a result, exercise price and
buyback price are equal too. This contract can gain more
benefit for the retailer versus of buyback contract If the
retailer under this condition chooses the buyback contract,
it can help SC to gain more profit and become stronger.
Hence, it is better for all members of the supply chain.

In this research, we considered a cosmetic SC which
includes a wholesaler and a retailer. The demand in this
chain is affected by retail price and sales effort variables.
First, we provided a model of centralizing SC and founding
out the decision variables. In the following, we represented
two contracts, buyback and put option contracts, then we
obtained the optimal variables of the contracts. Both con-
tracts which are provided have the same effects on the
supply chain. Therefore, we compared these contracts with
each other in three different cases. In all comparative cases
of these two contracts, due to the existence of a sales effort
variable as a decision variable in the problem and the
dependence of the order quantity variable on the sales
effort variable. It needed to examine the sales effort vari-
able first. In each case, after comparing the sales effort
variable of buyback and put option contracts, we found that
if the sales effort variable for one contract is greater than
the sales effort variable of another contract, then it applies
to the order quantity of these contracts as well.

In the comparisons made in this research, because the
relationship of the sales effort variable in the put option
contract has two parts, we cannot easily compare it with the
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sales effort variable of the buyback contract. For this
purpose, the mean value was used to compare two func-
tions of the sales effort. The innovation of this article was
to compare the two contracts in a situation where the sales
effort variable is the decision variable and is dependent on
the order quantity variable. This matter made it difficult to
compare the two contracts and this problem was solved by
using the mean value theorem in the case of the demand
function following the uniform distribution function. Ulti-
mately, the retailer’s expected benefit is compared in the
two modes of comparison between the two contracts.

This research has tried to provide all the assumptions in the
option contract as well as the buyback contract. Further
assumptions can be added to this study until this model brings
the research closer to the reality of corporations. For instance,
the demand function in this research is stochastics and
depends on the price and the efforts to sell but to obtain some
mathematical relations and proofs about the mean value the-
orem. It is considered that the demand distribution function
follows a uniform distribution function. This research can be
accomplished by the normal distribution function, whose
cumulative distribution function has an almost linear behav-
ior. Also, another distribution whose cumulative distribution
function has a linear relationship can be investigated.

In this study, the demand function depends on the retail
price parameter, which can be converted into a decision
variable. A new assumption can be added to demand then
we can decide the retail price in that situation according to
the dependence of the other decision variables on the retail
price. Hence, the model will be closer to reality. Next, in
this study, the cost of sales effort variable on the retail side
has been calculated, which according to the research in the
literature, it can be considered that this cost is intended for
wholesale or supply chain suppliers. It is one of the
incentive policies wholesalers offer to a retailer.

Lastly, put option and buyback contracts have been pre-
sented and these contracts have been compared with each
other. According to the third sort of options contract, which is
a bilateral option contract, and in this contract there are both
assumptions to reduce the risk of surplus inventory and
shortage risk. We can present a new contract that is mixed
with an options contract and a buyback contract. In fact, in
terms of structure, it is similar to the bilateral option contract
and we can compare the two contracts.

Appendix A: comparison and discussion
of buyback and put option contracts
Case 1

The put option contract and the buyback contract are
similar in terms of performance. Hence, their parameters
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have the same effect on the chain. The exercise price in the
put option agreement and the buyback price in the buyback
agreement are paid by the wholesaler to the retailer for
surplus goods. In this part, we assumed that they are equal
to each other and we will compare the put option contract
and the buyback contract based on this assumption.

Theorem 1  Given e =b =1, we have h > o.

Theorem 1 shows while we assume the buyback price is
equal to the exercise price, the holding cost of surplus orders is
greater than the option price. This situation happens when the
supply chain has been coordinated via these two contracts.

Proof of Theorem 1 According to the SC coordination
requirement when the decentralized supply chain has been
formulated by the buyback contract. We should set Qpp = Q-

ko S, P—c S,
and Spp = S¢, thus, > F~ ( ) BF (P T h) Indeed,
we get P Pizwb, as a result, we obtain h = %,

whichisa posmve value. On the other side, we also establish the
coordination condition when the decentralized supply chain has
been formulated with the put option contract, Qp, = Qg and
Spo = S, thus, S8 F1(E5¢) = S0 p=1(Eow=0)  Thep, ype

P—c _ P—w—o _ (cte—w)P—ce
can set “5¢ = ~F*=2, finally, we reach fo 0 = “——%——, that

is a positive value same as “h.”

Due to the e =b =1, we have h =

W, as a result A, :(CJr ‘//P w)P
’ —c

_<”+'/”;f)P —c :CK”*)‘f(;vf)S*CM > 0, therefore, we prove

that 4 > o.

(c+y—w)P—cys
S and
_ Clp

0o =

Corollary 3  Optimal decision variables of the put options
contract are greater than that variable in the buyback

contract if “h” and “o” satisfy h>% olP=y)

Pwo

Corollary 3 shows that if the holding cost parameter in a
buyback contract is greater than the relationship which is
dependent on the option price and includes other parameters in
two contracts. Therefore, the decision variable in put option
contracts is greater than that variable in the buyback contract.

Proof of Corollary 3 According to Corollary 1 and 2, it can

be concluded that the relation of the optimal sales effort level

in the put option contract and the buyback agreement, Sp, =
F ()

P—w—0) 1—1 (P—w— _ _
SRR - [ P ()
F(2) F ()

[ FOdxs;, = S0 () -t [
0

P+l aP
0

are increasing in an argument of F~'() in the close form of
optimal order quantity. Note that the relation of optimal
sales effort level in the put option agreement is influenced by

5 F(x)dx
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optimal option and initial order quantity. Hence, the relation
is consists of two parts, the first term.

F-l (P*E;o)
P—w

—O)F_l P—w—o0\ P-—e / F(x)dx
oP P—e oP
0
is obtained by the initial order quantity, and the second

)
2F (29 =% [ F(x)dx is obtained by the
0

Pk f—
SPO] -

* —
term Spp, = 2

option order quantity. Thus, it can be proved that if

P—w—o0 _ _P—w
By = Priey and we reach to  h = P o ) then if it
satisfies, therefore, Spy = Spp and in the following

* Q% % *
Spo = Spo1 + Spo2 > Sps-

That means if the put option agreement coordinates the
supply chain. The optimal sales effort of the retailer is
greater than when the chain has been coordinated by a
buyback contract. Finally, we have considered the optimal
order quantity has a direct relation with the optimal sales
effort then it can be deduced Qp, > QOpp. Also, if

Bprse > pho¥s then it changes to h > 3 olP— ‘” then if it

satisfies, Sy, > S and definitely Sy, > SBB. Hence, as a
previous part, we can concludeQy, > Qpp.

h<? oAP—y) and Fﬁl(m’

P—w—o

Corollary 4 If

+ \F”W‘p)gu’f, ; J) -
% optimal sales effort and amount of optimal
order in put option contract are greater than that variable

for buyback contract.

Corollary 3 shows that if the holding cost parameter in a
buyback contract is greater than the relationship which is
dependent on the option price and includes other parameters in
two contracts. Therefore, the decision variable in put option
contracts such as optimal sales effort variable and optimal order
quantity is greater than that variable for buyback contract.

Proof of Corollary 4 Based on proof of Corollary 3, it can
be concluded that if parameters of two contracts satisfy

h<? <P i/'()), then the argument of sales effort will have

Pwa
T > B

of the optimal sales effort function we can deduce
Spo1 <Spg- To continue we must calculate the difference
between Sy, and Spp then find out the result of this part
we should compare that with Sp,.

and we can due to the ascending behavior

To compare the result Sy — Sy, with the amount of the
second part of the sales effort equation for the put option
contract, the mean value theorem should be used. The
mean value theorem proves that it f() is a continuous
function in the range [a, b] and derivable in the range (a, b),

then at least there is one coordinating point such as ¢ €
b)—f(a
(a,b) that f1(c) :}%};().
The functions of sales effort in the option and the buyback
F (u)

=uF'u)— [

0

contract follow G(u) F(x)dx then

“(u)>0. To
obtain the value of “c” for the sales effort function, it can be
considered that if the demand function follows a continuous
uniform distribution function D ~ U(a, b), then we have u =

according to Corollary 1 we have agf{“) =F

=4 and it has found out that F~'(u) = u(b — a) + a.
We put the previous relationship into G(u) =
F~'(u)

F(x)dx and reach to G(u :”(b 9D 4 ua
f (x)

For obtammg the amount of “c” we should be
Gluz)=G(u1)

Uy —up

2(b a)’
used to G/(c) =

In the following we calculate,

ug(b—n) ) 2 u?(b—u) L2
G(uy) 7 T3 WAty (utu)
- Uy —uy - 2

G(up) —

U —u

(b — a) + a, then it is obvious ¢ =

the amount of “c” is the middle value of the two arguments
of sales effort function.

Finally, to compare the two variables of sales

effort in buyback contract and put option contract

3 or in other words

due to Spp — Spo = Sgg — Spo1 — Spor We reached to.
o(P—1) *h(P*W70)WF71 P—w N O(Pfl//)*h(PfW7()))
(P—y)(P+h—) Pih—y PP

to subtract the first part of sales effort in the put option
contract from the amount of sales effort of the buyback

contract and we have iF -1 (ﬁ) for the second part of sales

effort variable in a put option contract. As a result, it is
o(P—) —h(P—w—o)l//F71< P—w

(P—yY)P+h—y) P+h—y
h(wafo)) 0

< JF’I (ﬁ) then S;, > Sip hence, we

obvious if

o(P—y)—
2(P—)(P+h—)

can conclude Oy, > QOpp.

+

Case 2

As in Case 1, in this part, we compared the buyback and the
put option agreement. Meanwhile, we consider the option
price parameter in the put option contract which is paid to
the wholesaler for the option orders and the holding cost
imposed on the retailer by the surplus products in the
buyback contract are equal. Eventually, we will operate
like Case 1.

Theorem 2 Given o =h = @, we have e > b.

In Theorem 2, it is proved that if the holding cost and
the option price for the surplus products are equal, the

S
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exercise price parameter in the put option contract would
be greater than the buyback price in the buyback contract.
It happens while the supply chain is coordinated by these
two contracts.

Proof of Theorem 2 Regarding the condition of the supply
chain coordination when the decentralized SC has been
modeled by the buyback contract, as a Theorem 1, we should

adjust Qpp = Qs and Sy = S*CS; thus, 3¢ F~!(E5)
S‘“‘F (P+h h) and we get P5¢ = Pihw As a result, we
reach, b = W which is a positive value. On the other

hand, we also establish the coordination requirement when
the decentralized supply chain has been formulated with the
put option contract, Qp, = Q¢ and Sp, = St thus,
S“F (P C) SP” F~ (m) then we can getP ¢ — P-w—o

P—e
Sfinally, we obtam e= M

7 thatis apositive value like “b.”

Due to the bzw and

_ (w+o—c)P _ (wto—c)P  (wto—c)P—cop
e=-"p5——, as a result A, ="F5— o

= (“/’ 7> 0. Therefore, we prove that e > b.

o=h= ¢, we have

Corollary 5 A put options contract is more suitable than a
buyback contract to reduce inventory risk if “ e” and “b”

satisfy e> b(P—w—p)+p(w+o)

In Corollary 5, we represent that if the exercise price
parameter in the put option contract is greater than the
relationship which is dependent on the buyback price.
Hence, the optimal order quantity is greater than the opti-
mal order quantity in a buyback agreement. As a result, in
this situation, the put option contract is more suitable than
the buyback agreement to detract from the retailer’s
inventory risk.

Proof of Corollary 5 Similar to Corollary 3, we can con-
clude the relationship of the optimal sales effort in the put
option  contract and the buyback  agreement.
P (e
Spo = Sp U F N (B — B [ F@dv+5F (0~
0
F! (Pi;‘fb)

F(x)dx

F1(2)
f F(x)dx,S, = (P—w) g1 ( Pow ) _ Pth-b

oP P+h—b oP
0
are increasing in an argument of F~1() in the relationship

of the optimal order quantity.

According to Corollary 3, that the relationship between
optimal sales effort in the put option agreement is influ-
enced by the optimal order and options quantity. In fact, the
relationship consists of two terms, the first term Sp,, =

P (2

e =

F(x)dx is obtained by

the initial order quantity, and the second term S, =

¥

P

2 F1(¢9) =% [ F(x)dx is obtained by the option order
0

quantity. Therefore, it can be proved that if £ 2 = Piww 5

b(P—w=0)+¢(w+¢)

P—w
therefore, Sy, =Spz and in the following Sp, =
Spo1 + Spor > Sgp-

That means, the optimal sales effort of the retailer when
the chain has been coordinated by put option agreement is
greater than when the chain has been coordinated by a buy-
back contract. Finally, we have considered that the amount of
optimal order has a direct relationship with the amount of
optimal sales effort then it can be deduced O, > Oxp.

and we reach to e = then if it satisfies,

If e s e %5 then it changes to e>
b(P—w—0)+(w+¢) . .
———55,— then if it satisfies. Sp,, > Spp and defi-

nitely Sp, > Sz hence as a previous part, we can

concludeQy, > Opp.

Corollary 6 Optimal sales effort and optimal order
quantity in put option contract are greater than that
variable for buyback contract if parameters satisfy

b(P—w=¢)to(wte) b(P=w—g)—e(P—w)+@(w+p) p-1
P—w (P+@—b)(P—e)

—w b(P—w—p)—e(P—w)+p(w+ o\ —1/(¢
(s + i imistetel) < (8)F1(8).

Corollary 6 demonstrates that if the exercise price is
greater than the relationship which is dependent on the
buyback price and involves other parameters that there are
in buyback and put option contracts. Therefore, an optimal
sales effort variable in the put option contract is greater
than optimal sales effort in the buyback contract. Hence
according to a direct relationship between optimal decision
variables we can conclude Oy, > QOpp.

e< and

Proof of Corollary 6 Based on proof of Corollary 5, it can
be concluded that if the parameters of two contracts satisfy

b(P—w—p)+o(
P—w

e< W49 then the argument of sales effort will

P—w—o P—w . .
have ——= > Pro—b and due to the ascending behavior of
the optimal sales effort function, we can conclude Sy, <Sgp.

In following we must calculate the difference between Sp),
and Sy then we should compare that with Sp),.

To compare the result Sy, — Sy, with the amount of the
second part of the sales effort equation for the put option
contract, according to Corollary 4 we can use the mean value
theorem and find the amount of “c” for this part. We’ve
proved that ¢ = ”‘g”z or in other words the amount of “c” is

the middle value of the two arguments of sales effort
function. eventually, to compare the two variables of sales
effort in buyback contract and put option contract accord

ing to the Sgp — Spo = Sk — Spo1 — Spor» We reached to.
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b(P—w—¢)—e(P 7n)+q7w+(p) ( P—w

b(P—w—¢)—e(P—w)+ ¢( w+<ﬂ))
(P+o@—b)(P—e) P+o—b

2(P+¢@—b)(P—e)

to subtract the first part of sales effort in the put option contract
from the amount of sales effort of the buyback contract then
we have %F - (ﬁ) for the second part of sales effort variable
in a put option contract. As a result, it is obvious if

b(P—w—p)—e(P-w)+o(w+¢) -1 Pw_ 4 b(P—w—¢)—e(P—w)+(w+¢)
(P+p—b)(P—e) P+p—b 2(P+¢—b)(P—e)

<(9)F~'(9), then S;, > S, hence, we can conclude
Oro > Ups-

Case 3

The put option contract and the buyback contract are
similar in terms of performance, so their parameters have
the same effect on the supply chain. Hence, the exercise
price and the buyback price in the buyback contract that is
paid by the wholesaler to the retailer for surplus goods, in
this part we assumed that they are equal to each other and
on the other hand the option price in the put option contract
and holding cost that costs for orders which are surplus
when sales season become to over in the buyback contract
again in this part we assumed that they are equal then we
will compare the put option contract and the buyback
contract based on this assumption.

Theorem 3 Given o=h= @ and e =b =1 we have
P—w P—w—o o
Pth—b = P-e =

In Theorem 3, it is proved that if the option price and the
holding cost for the surplus products are equal then the
exercise price parameter in the put option contract and the
buyback price in the buyback contract be equal in value.
The argument of sales effort variables in two contracts

: P—w P—w—o o
satisfy z75% > 5220 >

Proof of Theorem 3 According to Proposition 3, it is clear

P—w— P
to prove that == > < because “~5“7° is an argument of
Opo and

due to ofh*qumde*b*w we have A =

2 is an argument of Qpy — Mpy. In conllnumg

P+p l//ana?

_P—w P-w—o
P+<p Pro—y Py
Therefore, based on Assumption 3 and

P
B = ww(p, then we can reach Asp=

P(w+o—y)
=~ Pro—y)(P—v)
Assumption 5 we can conclude that Ay p > 0, as a result

P—w P—w—o
Prh-b ~ Pe

F (P—p)(P+o—¥)
Corollary 7 If v =

sales effort and optimal order quantity in put option con-
tract are greater than that variable for buyback contract.

optimal

Corollary 7 shows that if the information represents in
Theorem 3 is established in two decentralized contracts, we
can find out a relationship that satisfies the throw problem’s

parameters thereupon decision variables in the put option
contract becomes greater than the buyback contract’s
decision variables.

Proof of Corollary 7 Based on proof of Theorem 3, the
argument of optimal sales effort function will have
_P—w P— w o o

s > > ¢ and due to the ascending behavior of
the optzmal sales effort function, we can deduce
Shop <Spo1 <Spg- In following we must calculate the dif-
ference between Sy, and Sgg then for finding out the
result of this part we should compare that with Sp,,. We
should compare the result of Syg
negative amount with the amount of the second part of the
optimal sales effort equation for the put option contract, as
previous proof we can use the mean value theorem.

— 8po1 which has a

The functions of optimal sales effort in the put option and

f F

then based on Corollary 1 we reached to ai W — - Y(u) >0.
To obtain the value of “c” for the sales effort function, like
before if the demand function follows a continuous uniform
distribution function D ~ U(a, b), then we have u = ;=% and it

has found out that F~
(b a)

the buyback contract follow G(u) = uF~!

Hu) = u(b — a) + a therefore, we reach

to G(u) = +ua — 2(b L For obtaining the amount of
“c” we can use G/(c) = M
Uy —ug

In the following we calculate.

u%(l)ﬂl) 2 u%\hﬂl) 2
, \
Gup)—Guy) _ — 7 Td 55 2 )]

_ (u1tus) (b _

U=y Uy —uy 2

a) +a,
then it is obvious ¢ = “*2 or in other words the amount of
“c” is the middle value of the two arguments of optimal
sales effort function. Finally, to compare the two variables
of sales effort in buyback contract and put option contract

due to g, — Spo1 — Spoy We reached to

ew+ o —¥) 71( P-w__ ow+o—y) )
P=y)(P+o—y) Pro—y 20 —y)(P+o—)
, to subtract the first part of sales effort in the put option
contract from the amount of sales effort of the buyback

x  __ Qk
7SP07SBB

contract and we have %F - (%) for the second part of sales

effort variable in a put option contract. As a result, it is

; ewto—y) p-1(_P-w p(w+o—y)
cear i GG F (5 i)
<yF" (W) then S;, > Sj;z. Hence, we can conclude
Opro > Opp-

Appendix B: the comparison

The comparison of the sales effort (left) and order
quantity (right).

S



316 M. Farzadmehr

Sales effort

‘Option price or Holding cost Option price or Holding cost
Exercise prioe or Butback price. Exercise prioe or Buyback price

The comparison of the retailer’s profit (left) and the
supply chain’s profit (right).

Retailer's Profit
Supply chain's Profit

Option price or Holding cost i s Bpak s Oiknyn g Exercise price or Buyback price
The impact of e and o on sales effort variable in the put
option contract (left), and The impact of b and & on sales
effort variable in buyback contract (right).
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Appendix C: proof of Corollary

Proof of Corollary 1 The buyback contract’s optimal order

quantity Qpp = SBB F~ ( P b) In addition to the buyback

contract parameters, it depends on the variable of the

optimal  sales effort Spp =L <Pi;fb> — Bhob
F ()
| F(x)dx, for the relationship of the optimal sales
0

F~'(u)
effort, we have G(u) = [ F(x)dx, accord-
0

ing to a%g‘)

=F~' (u) >0, that is increasing in “u.” If
b=byand uy= th;i"% by increasing the buyback price,
b=by+ 6 and u; =

we set we reach to

Aul,o

the buyback price increases, the optimal sales effort will
increase as well as the amount of optimal order quantity.

P+h— (b0+()1 Y

o1 (P—w) > 0, 81 is a positive value. Thus, as

= PH=bo) (Prh—G0T01)

In the following, to prove that the optimal order quantity
is decreasing in the holding cost for surplus products. We

have h = hy and up = 3 +h 5> after that if the holdmg cost

increases, we can adjust & = ho + 0, and u, =

02(P—w)
(P+ho—b)(P+(ho+02)—D)
positive. Hence, it can be concluded that by increasing
“h,” Sgp and Oy, will decrease.

P+(ho+52)
<0, while 9, is

then we find Auy g = —

Proof of Corollary 2  The put option contract’s optimal order
quantity Qpy = S”O F~ (m) In addition, to put option
contract parameters, it depends on the optimal sales effort

S

0

* (P—w=0) 1 (P—w—0) _ P—e
SPO oaP F ( P—e ) oP

F(x)dx + 5 F!

G(u) =uF'(u)— [ F(x)dx,

sales effort, we have

according to Corollary 1, that is increasing in “u.” Sales
effort variable in put option contract involves two parts. One
SRR - [ Flodx
0
F(2)
-5 f F(x)dx. The

of them is Sy,

. * __ o —1(o
and another one is Spp, = +F (;)

argument Sy, is uy =£52=2 and the argument of Spoy is
_ o Oup _ P—w— o

u =2 We find out 3= Pocf > 0 and according to

aSPO' > 0; therefore, as a result asf’”' = ag;?' X a"' > 0, then

the first part of optimal sales eﬁ‘ort Spoy 1S increasing in e.

Also, we reach 6”2 = —= <0 and we have (gmz > 0 hence

asa”e 2L = agﬂ = X aa”ez <0, then the second part of optimal sales
effort Sy, is decreasing in e. As it turned out, the first part of
the sales effort variable has incremental behavior relative to
the exercise price parameter and the second part has declining
behavior. Therefore, the sales effort variable relative to this
parameter has both incremental and decreasing behavior. we
must use the mean value theorem to find out the impact of
exercise price on the sales effort variable. The mean value
theorem proves that if /() is a continuous function in the range

[a, b] and derivable in the range (a, b), then at least there is one

pointsuchasc € (a,b) thatf/(c) = W The functions of

optimal sales effort in the put option contract follow G(u) =

f F(x)dx then based on Corollary 1 we

reached to - G(") = F~!(u) > 0. To obtain the value of “c” for
the sales effort function, like before if the demand function
follows a continuous uniform distribution function
D~ U(a,b), then we have u = 5=¢ and it has found out that
F~'(u) =u(b—a) +a therefore, we reach to G(u) =

M—Fua—“—2 For obtaining the amount of “¢”
2 20—a)’ g

we can use G/(c) = W In the following we calculate
G(u1)—Glug) H%U;“) Hina—gi “?‘“;m wati (u14u9)

uy—up = up—1uop ] = 2 (b - ) + a,
thenitis obviousc = *2’”2 orin other words the amount of “c”

is the middle value of the two arguments of optimal sales effort
function. Based on the mean value theorem (MVT) we can

. AS, 1 P—w—o P—w—o
obtain p(:Pf,’;o =F" ( P+ 2P e;") and
Af—:’é” =F7'(%e —55). If ASpy, > |AS}p,| then we must
calculate
P—w-—o P—w—-—0 P—w-o0 1 [ 1
er(fme o) (e )
(P—e) P—e 2(P—e) e e 2e

, then defiantly sales effort variable and order quantity are
increasing in exercise price.

For proving the impact of option price on sales effort
Ouy

variable in continue. We reach to 31 = fﬁ <0 and
according to % >0 hence as a result %:ag—;]m

%‘;‘ <0, then the first part of optimal sales effort S, is

decreasing in o. also We obtain aaﬂ = ;

3Spron 0Spoz __ OSpo , Oup
> 0 hence =% = X 5 > 0, then the second part

> (0 and we have

of optimal sales effort S}, is increasing in o. As it turned
out, the first part of the sales effort variable has declining
behavior relative to the option price parameter and the
second part has incremental behavior. Hence, the sales
effort variable relative to this parameter has both

S
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incremental and decreasing behavior. We must use the
mean value theorem to obtain the effect of option price on
the sales effort variable. Based on the mean value theorem

= (B — ) ana 8
%) If |AS; | > ASp, then we must calculate

1 Fﬁl P—W—Op()i 1 >1F71 OI.;O,L
P—e P—e 2(P—e) e e 2e
. This defiant sales effort and order quantity variable are
decreasing in the option price.

P02 —

AS;,
we can obtain 01

Pﬂ
P

e

Appendix D: proof of propositions

Proof of Proposition 1  First, to prove the concavity of the
expected profit function of centralized supply chain
regarding the sales effort and the order quantity, the
Hessian matrix should be considered as follows:

with respect to variables equal to zero. aggl“] P—

PF (%) — ¢ is the first-order partial derivative of the

centralized supply chain’s expected profit function Qcs. If
we set this relation to zero, the optimal order quantity will

POcs

Scs

be obtained Qg =3¢ F~!(E5€). Also, a%[slzgf]:_ [
) 0

F(x)dx +B9F (B) — aScs is  the

Scs
derivative of the centralized supply chain’s expected profit

function concerning Scs. If we set this relation to zero, the

first-order partial

optimal sales effort level will be obtained Sgg=
P
J

0

(P-c) p-1 (59 -1 F(x)dx.

Proof of Proposition 2  First, to prove the concavity of the
retailer expected profit function in the decentralized supply
chain with buyback contract regarding the sales effort and

CE[Mes]  OE(Mes) P2 [POcs\ PO .[POcs the order quantity, the Hessian matrix should be consid-
002, 305c0Ssc T Ses ( Scs ) STcs ( Scs ) ered as follows:
PE[Mes] PE[Mes) | PQ (PQCS) % <Pch) .
0S5c00sc 08%g S2¢7 \ Scs S Scs
2 2
P P P+h—Db)P P
0 E[I;IBB] O"E[Igs] ——(P—|—h—b)f< QBB) (P+ 5 )PQss ( QBB)
00z 0Qpp0Spp | Spa Spa 2 Sgg
OCE[Mlgs] O’E[Mgs] (P+h— b)PQBBf <PQBB> (P+h-— b)PQ%;Bf (PQBB> _
0Spp00ss Ay S2p SpB S3s Sps

Then, according to the object of the model which is to
maximize the benefit of the supply chain. Therefore, this

. . azE[ncs] _ P?
object should be cocave. According to —5< = ——f
00% Scs
PQcs FE[Mes] _ P20 £(PQcs\
(52) <0, —7g ™ o, = . S f(5S) —a<0 and
PEMles QE[les]  O*E[Mcs) P2y o PO
PE[es] |, OE[Mes] _ cs cs|\ _ PPag(POsc
( a0z, X oS ) (aSSCaQSC X 00sc0Ssc Ssc Ssc >0

afterward, it can be concluded that the expected profit

function of the centralized SC E[Ill¢s] = E[P min{Qcs,
52 PS%
D(Scs,p)} — cQcs — 0] = (P — ¢)Qcs — Ses | F(x)dx
0

52
—o %’
Optimal decision variables in this model can be obtained

when we set the relation of first-order partial derivative

is concave in S¢s and Qcs.

¥

Then, according to the object of the model which is to
maximize the benefit of the retailer. Therefore, this object

; PEMg) _ _ P

should be cocave. According to 0, = Sm
? P+h—b)P

(P b +h)f<PQBB) <0, g%;lm] _ _ P+ e QBBf (PS%;B) i

o E[Tpp) azE[HBB] ([ OE[Mgg) OE[Mgs]\ _

%<0 and ( 003, x 082, 0Spp0Qss ~" 0QpOSER ) —

P z (P +h—b)f (P QiB) > 0, hence, it can be concluded that
the retailer expected profit function in the decentralized SC

with buyback contract E[M;) = E[P min{Qus, D(Sss,p)} —WQOpp +

2
(b — h)(Qps — D(Spp,p)) " —08] = (P — w)
PSQBB PSQBB
BB BB 2
Oss — Sps | F(x)dx+ (b— )52 [ F(x)dx — o2, s
0 0

concave in Sgg and QOpp.
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Amount of optimal order quantity and optimal sales
effort for a retailer when a wholesaler offers a buyback
contract to the retailer can be obtained by setting the
relation of first-order partial derivative concerning these
variables equal to zero.

OE[Mps] PO PO i
anxlliB P— PF( S/;iB) - +(b N h)F (Vih) is the

first-order derivative of the expected profit function of the
retailer Qpp. If we set this relation to zero, the optimal
order quantity will be obtained.

x __ Spp p—1(_P—w
QBB - P F (p+;1,b>~

POpp

SBB
OE(IT b—h
also, el p(oye-+ S () + 052
"YQJ
“BB
| F (x)dx—&—%F POm) _ 4Spe is the first-order
o NI N

derivative of the expected profit function of the retailer
regarding Spp. If we set this relation to zero, the optimal
sales effort level will be obtained.

. (P=w) | (P—w \ _ Pthb
Sep="—p F \Pri-b P f

Proof of Proposition 3  First, to prove the concavity of the
retailer expected profit function in the decentralized supply
chain with put option contract regarding the sales effort,
option order quantity, and the initial order quantity, the
Hessian matrix should be considered as follows:

[O’E[[lpp] O%E[Mpp] O%E[Mpo)] |
003, 00poOMpo 0Qpo0Spro
A O’E[llpo] E[Mpo] FE[lpo] | _
OMpo0Qpo  OM2, OMpodSpo
O’E[llpp] O%E[Mpo] O*E[Mpp]
L 0SpodQpo 0SpoOMpo  3S%,
PQpo(P—e¢)

7P(P*L’)f<PQF0>7("Pf(P<QPU M)) tPf< (QFo*M)>

Sro Sro Spo S3o

(PQP()>+EP(QPI) M) < (Q,:U—M))

Sro Sho Sro
if(P(Qm*M)) 7£f<P(qu*M)) eP(Qro—M) (P(QPO*M)>
Se0' \ Sro Sro Sro S0 "\ Seo
PQP{:(P*E),(PQ»0> e(P—1) (P(Qm*M)> l’(Pfl),_(P(Qm*M)) "P:(QP()’M),(P(QPO’M)>
Sro Sro Sro Sro Sro 20 Spo

PQjo(P—e) .(F;m) ePX(Qpo—M)’, (F(QPO—M) .

z el
Sro Spo Sro

Spo Spo Spo

Sto

3
Sro

ePZ(Qm M)f< (QPU*M))

o Sro

Then, according to the object of the model which is to
maximize the benefit of the retailer. Therefore, this object

E[llpo] — (P _

should be cocave. According to A = “=b
307, SP()

e)f (Plro) — €b p(PlCroM)y )

Spo Spo Spo
P(P—e¢)
Spo

Ul

AMinors =

PQPO):| « [if(P(QPO*M)) -0

Spo Spo Spo

and  det[A] = e QPOM (Pe) == f (PSQP'OO) (W)
f<P(Q§:0—M)) _ zggg# f( Q;:O M) ) ( (Q;ZO M) ) B ateP‘S(sze) f
P | (Plro-M)) _ P (PP 110 M) POso
(2 () - s ()
(P(ngo—M)) F(P <QSP§O‘M)) <0 hence, it can be concluded

that the expected profit function of the retailer in the
decentralized SC with put option contract E[llp)=E

[Pmin{Qpo,D(Spo,p)} — wQpo — oM + e min{M, (Qro
o %
=D(Spo,p))" } — a5 = (P —=w)Qpo —0oM —Spo [
0
POpo
Spo
F(x)dx+%2 [ F(x)dx -« P" _is concave in QpoMpo
P(Qpo—M)
SPo
and Spp.
The first-order derivative of the expected profit function
of the retailer in Mpp is aEgH”"] = —0+eF ((QLOM)> and

the first-order derivative of the retailer’s profit function in
POro
Spo

—eF (22o=M)) 1f we set these equations equal to zero and
Spo

1 OE[Mpo)
QPO 18 2070

=P —PF("2) —w+ eF

combine these to each other, the order quantity and options
order quantity will obtain as Qp, =32 F~!(£52=2) and
M =5 [ (Ppe) R (2)]

Finally, for finding the optimal sales effort of retailer we
should set the first-order derivative of expected profit

function regarding sales effort variable.

POpo POpo
OE[Mpo] _ o d PQro 17 (PQro e o dx — 2o
Spo ‘0[ ())C+ S:oF(Sla)+ﬁ( f )F()C) ~ Sro
P@po—M

Spo

Spo Spo Spo

F(PQPO) 4 ¢ PQro—M) F(P(Q”"_m) — aSpp equal to zero,

accordingly we can obtain to

sto = (52 -
F()
7“% / Fx)dx
0

F(x)dx + ;F*‘ (g)

as the optimal sales effort level.

Author contributions statement The authors confirm responsibility
for the following: study conception and design, data analysis and
interpretation of results (MF and AT), and manuscript preparation
(All authors).

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions.

¥



320

M. Farzadmehr

Data availability The data supporting the findings of this study are
available from Professor Ata Allah Taleizadeh upon reasonable
request.

Code availability Not applicable.

Declarations

Conflict of interest The authors declare that we do not have any
possible conflicts of interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Aliahmadi, A., J. Ghahremani-Nahr, and H. Nozari. 2023. Pricing
decisions in the closed-loop supply chain network, taking into
account the queuing system in production centers. Expert
Systems with Applications 212: 118741.

Awudu, I., W. Wilson, G. Baah, V., Gonela, and M. Yakubu. 2023.
Revenue maximization and pricing: An ethanol supply chain and
logistical strategy perspectives. Journal of Revenue and Pricing
Management, 1-14.

Buckinx, W., E. Moons, D. Van den Poel, and G. Wets. 2004.
Customer-adapted coupon targeting using feature selection.
Expert Systems with Applications 26 (4): 509-518.

Chen, J., Y.W. Zhou, and Y. Zhong. 2017. A pricing/ordering model
for a dyadic supply chain with buyback guarantee financing and
fairness concerns. International Journal of Production Research
55 (18): 5287-5304.

Chen, X., B. Li, and S. An. 2019. Option contract design for supply
chains under asymmetric cost information. Kybernetes 48 (5):
835-860.

Contreras, J., and Y.E. Rodriguez. 2014. GARCH-based put option
valuation to maximize the benefit of wind investors. Applied
Energy 136: 259-268.

Dalalah, D., M. Khasawneh, and S. Khan. 2022. Pricing and demand
management of air tickets using a multiplicative newsvendor
model. Journal of Revenue and Pricing Management 21: 1-12.

de Bastos, B.P. 2023. Contribution of hotels’ revenue management for
supply chain sustainability. Journal of Revenue and Pricing
Management 22 (4): 294-305.

Du, J., and Q. Lei. 2018. Competition and coordination in single-
supplier multiple-retailer supply chain. In Recent developments
in data science and business analytics, 45-53. Cham: Springer.

Duc, T.T.H.,, N.T. Loi, and J. Buddhakulsomsiri. 2018. Buyback
contract in a risk-averse supply chain with a return policy and
price dependent demand. International Journal of Logistics
Systems and Management 30 (3): 298-329.

¥

Fan, Y., Y. Feng, and Y. Shou. 2020. A risk-averse and buyer-led
supply chain under option contract: CVaR minimization and
channel coordination. International Journal of Production
Economics 219: 66-81.

Gao, Y., M. Wang, and Q. Hou. 2019. Supply Chain Buyback
Contract Based on the Different Expectations of Market Demand
Distribution. International Journal of Information Systems and
Supply Chain Management (IJISSCM) 12 (3): 1-20.

Gu, B., Y. Fu, and Y. Li. 2018. Fresh-keeping effort and channel
performance in a fresh product supply chain with loss-averse
consumers returns. Mathematical Problems in Engineering 32:
17-37.

Heydari, J., and B. Momeni. 2021. Retailers’ coalition and quantity
discounts under demand uncertainty. Journal of Retailing and
Consumer Services 61: 102557.

Heydari, J., P. Bineshpour, G. Walther, and M.A. Ulkii. 2022.
Reconciling conflict of interests in a green retailing channel with
green sales effort. Journal of Retailing and Consumer Services
64: 102752.

Hu, Z.,J. Tian, and G. Feng. 2019. A relief supplies purchasing model
based on a put option contract. Computers & Industrial
Engineering 127: 253-262.

Huang, Y., and K.R. Ip. 2019. Making pricing and inventory
decisions in a supply chain with retailer competition. Procedia
CIRP 83: 805-807.

Ke, H., and J. Liu. 2017. Dual-channel supply chain competition with
channel preference and sales effort under uncertain environment.
Journal of Ambient Intelligence and Humanized Computing 8
(5): 781-795.

Kume, K., and T. Fujiwara. 2016. Effects of the exercisable duration
and quantity of real options in multi-stages. Technology Transfer
and Entrepreneurship 3 (2): 107-118.

Lashgari, M., A.A. Taleizadeh, and A. Ahmadi. 2016. Partial up-
stream advanced payment and partial down-stream delayed
payment in a three-level supply chain. Annals of Operation
Researches 238: 329-354.

Li, B., G. Chen, and Y. Nan. 2018. The role of sales effort on
manufacturer’s channel strategies. In MATEC web of confer-
ences, vol. 189, 6003-6010. EDP Science.

Liu, B., S. Ma, X. Guan, and L. Xiao. 2018. Timing of sales
commitment in a supply chain with manufacturer-quality and
retailer-effort induced demand. International Journal of Pro-
duction Economics 195: 249-258.

Lou, W., and J. Ma. 2018. Complexity of sales effort and carbon
emission reduction effort in a two-parallel household appliance
supply chain model. Applied Mathematical Modelling 64:
398-425.

Luo, C., X. Tian, X. Mao, and Q. Cai. 2018. Coordinating Supply
Chain with Buy-Back Contracts in the Presence of Risk
Aversion. Asia-Pacific Journal of Operational Research 35
(02): 1840008.

Phumchusri, N., T. Chewcharat, and S. Kanokpongsakorn. 2023.
Price promotion optimization model for multiperiod planning: A
case study of beauty category products sold in a convenience
store chain. Journal of Revenue and Pricing Management, 1-15.

Pourhejazy, P., J. Sarkis, and Q. Zhu. 2019. A fuzzy-based decision
aid method for product deletion of fast moving consumer goods.
Expert Systems with Applications 119: 272-288.

Pu, X., L. Gong, and X. Han. 2017. Consumer free riding:
Coordinating sales effort in a dual-channel supply chain.
Electronic Commerce Research and Applications 22: 1-12.

Qin, J., A. Zhang, L. Xia, and M. Lio. 2017. Retail order-taking
strategies under competing trade credit policies with varying
demands. Asia-Pacific Journal of Operational Research 34 (1):
137-159.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Price optimization in supply chain agreements

321

Rabbani, M., N. Manavizadeh, H. Vafa-Arani, and S. Aghamo-
hamadi-Bosjin. 2020. An option-revenue sharing coordination
contract with price and sales effort dependent demand. Iranian
Journal of Management Studies 13 (2): 221-244.

Ranjan, A., and J.K. Jha. 2019. Pricing and coordination strategies of
a dual-channel supply chain considering green quality and sales
effort. Journal of Cleaner Production 218: 409-424.

Sainathan, A., and H. Groenevelt. 2019. Vendor managed inventory
contracts—coordinating the supply chain while looking from the
vendor’s perspective. European Journal of Operational
Research 272 (1): 249-260.

Sajadieh, M.S., and M.R.A. Jokar. 2009. Optimizing shipment,
ordering and pricing policies in a two-stage supply chain with
price-sensitive demand. Transportation Research Part e: Logis-
tics and Transportation Review 45 (4): 564-571.

Sharma, A., G. Dwivedi, and A. Singh. 2019. Game-theoretic analysis
of a two-echelon supply chain with option contract under
fairness concerns. Computers & Industrial Engineering 137:
106096.

Shen, J., and K. Zhu. 2018. Uncertain supply chain problem with
price and effort. International Journal of Fuzzy Systems 20 (4):
1145-1158.

Shi, K., X. Zhang, and L. Zhao. 2008. Supply chain coordination
problem with loss-averse retailer and buyback contract. In 2008
4th international conference on wireless communications, net-
working and mobile computing, 1-4. IEEE.

Taleizadeh, A.A. 2017. Lot sizing model with advance payment and
disruption in supply under planned partial backordering. Inter-
national Transactions in Operational Research 24 (4): 783-800.

Taleizadeh, A.A., and M. Noori-Daryan. 2016. Pricing, replenish-
ments and production policies in a supply chain of pharmaco-
logical product with rework process: a game theoretic approach.
Operational Research, an International Journal 16: 89-115.

Taleizadeh, A.A., S.S. Kalantary, and L.E. Cardenas-Barr6n. 2016.
Pricing and LOT sizing for an EPQ inventory model with rework
and multiple shipments. TOP 24: 143-155.

Taleizadeh, A.A., V.R. Soleymanfar, and K. Govindan. 2018.
Sustainable EPQ models for inventory systems with shortage.
Journal of Cleaner Production 174: 1011-1020.

Taleizadeh, A.A., E.S. Darabi, and P. Thaichon. 2023. Optimizing
online selling through an online-to-offline platform: strategic

ramifications for local n stores. Journal of Revenue and Pricing
Management. https://doi.org/10.1057/s41272-023-00448-4.

Tang, Z., D. Wu, and A. Dolgui. 2019. Option contracts for online
celebrities as retailers in supply chains. International Journal of
Production Research 169: 389—412.

Taylor, T.A. 2002. Supply chain coordination under channel rebates
with sales effort effects. Management Science 48 (8): 992—-1007.

Torun, H., and G. Canbulut. 2018. Performance evaluation of a two-
stage supply trade credit policies. Asia-Pacific Journal of
Operational Research 34 (1): 174-191.

Wang, C., and X. Chen. 2018. Joint order and pricing decisions for
fresh produce with put option contracts. Journal of the Oper-
ational Research Society 69 (3): 474-484.

Wang, X., Z. Liu, and H. Chen. 2019. A composite contract for
coordinating a supply chain with sales effort-dependent fuzzy
demand. International Journal of Machine Learning and
Cybernetics 10 (5): 949-965.

Wu, D. 2013. Coordination of competing supply chains with news-
vendor and buyback contract. International Journal of Produc-
tion Economics 144 (1): 1-13.

Wu, C., X. Liu, and A. Li. 2021. A loss-averse retailer—supplier
supply chain model under trade credit in a supplier-Stackelberg
game. Mathematics and Computers in Simulation 182: 353-365.

Xia, Z.J., Y. Liu, and Q. Zhang. 2022. A dual supply chain revenue
sharing contract considering online reviews and rebate. Journal
of Revenue and Pricing Management 21 (3): 321-331.

Xue, W., Y. Hu, and Z. Chen. 2019. The value of buyback contract
under price competition. International Journal of Production
Research 57 (9): 2679-2694.

Yang, L., R. Tang, and K. Chen. 2017. Call, put and bidirectional
option contracts in agricultural supply chains with sales effort.
Applied Mathematical Modelling 47: 1-16.

Zhao, Y., T. Choi, T. Cheng, S. Sethi, and S. Wang. 2019. Buyback
contracts with a stochastic demand curve. SSRN 49: 108-122.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1057/s41272-023-00448-4

	Price optimization in supply chain agreements: a comparative analysis of buyback and put option contracts for inventory risk management
	Abstract
	Introduction
	Literature review
	Put option contract
	Sales effort
	Buyback contract

	Problem definition, notation, and assumption
	Assumption 1
	Assumption 2
	Assumption 3
	Assumption 4
	Assumption 5
	Assumption 6

	Centralized supply chain
	Decentralized supply chain with buyback contract
	Decentralized supply chain with a put option contract
	Comparison and discussion of buyback and put option contracts
	Numerical study and its discussion
	The comparison of holding cost and option price when e \eq b \eq \psi
	The comparison of optimal sales effort when e \eq b \eq \psi
	The comparison of optimal order quantity when e \eq b \eq \psi
	The comparison of retailer’s profit when e \eq b \eq \psi
	The comparison of the supply chain’s profit when e \eq b \eq \psi
	The comparison of buyback price and exercise price when o \eq h \eq \varphi
	The comparison of optimal sales effort when o \eq h \eq \varphi
	The comparison of optimal order quantity when o \eq h \eq \varphi
	The comparison of retailer’s profit when o \eq h \eq \varphi
	The comparison of the supply chain’s profit when o \eq h \eq \varphi
	The comparison of optimal sales effort when o \eq h \eq \varphi and e \eq b \eq \psi
	The comparison of optimal order quantity when o \eq h \eq \varphi and e \eq b \eq \psi
	The comparison of retailer’s profit when o \eq h \eq \varphi and e \eq b \eq \psi
	The comparison of supply chain’s profit when o \eq h \eq \varphi and e \eq b \eq \psi
	The impact of option and exercise price on the sales effort variable in a put option contract
	The impact of buyback price and holding cost on the sales effort variable in the buyback contract

	Implications and conclusion
	Appendix A: comparison and discussion of buyback and put option contracts
	Case 1
	Case 2
	Case 3

	Appendix B: the comparison
	Appendix C: proof of Corollary
	Appendix D: proof of propositions
	ACont
	Funding
	Open Access
	References




