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1. Introduction

Fast-growing market competition is increasing the SC market demand uncertainty which is one of
the main causes of SCs disruption. Moreover, the healthcare industry and shortlife-cycle products’
SCs face unpredictable and unexpected market returns caused by the combination of industry
competitiveness and perishability. The management of SC with the Profit Target based on deci-
sion-makers' incentivization has multiple advantages in today’s marketplace. The stability of a SC
under the PT is one of the main advantageous motivations. Today’s healthcare industry requires
a new strategy to deal with high risks and ensure their market's satisfaction stability. Moreover,
the SCs engaged in socially responsible activities and jointly intend to exhibit Corporate Social
Responsibility (CSR) with a pre-determined PT may be a compromise solution. The CSR partici-
pant’s profit may be negative and to keep their stability, the management of SC requires a PT level.
However, the SCs with CSR solutions are under pressure of social and environmental issues [1].
The channels with a specific PT have unique profitability influence and the SCs who fail to
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maximize their adoption of a new strategy will be disrupted by the market uncertainty. Addition-
ally, a SC under the PT orientation can also ensure the profitability of chain participants within
the demand uncertainty. PT might help the SC participants reduce risk and loss with a specified
level of profit. PT is part of management strategies that SC participants use to manage the risks.
“A profit target is a pre-determined point at which the SC participants can initiate conditional orders
in a predictable and specified level as well as maximum loss constraints”.

The existing research in SC are mainly based on the expected utility theory, with the utility
maximization as the decision-making goal. The expected utility theory is a statistical-based mean
concept, which brings unexpected outcomes for SC decision-makers. Therefore, decision-making
studies based on PT are promising new approaches. In the SC decision-making study with the PT,
the probability of realizing a PT is maximized as the decision-making goal. Compared with the
expected utility theory, the SC decision-maker can cooperate more intuitively, and it can effec-
tively reduce the loss caused by market fluctuations.

The newsboy model is a single item inventory controlling problem within the single-period
stochastic demand, where demand uncertainty is the main industry issue under inventory, pric-
ing, and overall operational management studies [2]. Khouja investigated and reviewed the dif-
ferent single-period problem-based extensions [3]. The research on supply chain can be summa-
rized into the following categories. The first is the research on the supply chain structure, which
can be divided into two-level supply chain [4], three-level supply chain [5], and two-channel sup-
ply chain [6]. On this basis, there are also literature studies on the optimization of channel struc-
ture [7]. The second is to study the uncertainty risk in the supply chain [8]. Then there is the re-
search on information asymmetry [9]. Lee et al. [10] defined the content of information sharing in
the supply chain and constructed the basic model of information sharing in the supply chain [11].
Finally, the relevant research is based on the preference of decision makers. The common prefer-
ences are risk aversion [12], waste aversion [13], fairness concern [14], test aversion [15] and
green preference [16].

The single-period problem or newsboy model-based first PT investigation with a two-product
SC extension was proposed in [17]. Their study constructed a two-product SC model with a news-
boy problem and investigated the effects of SC participants’ decision-making on achieving the PT.
The newsboy problem-based research with pricing was proposed in [18]. Yang et al. research con-
sidered both profit and revenue targets under the single-period problem, the study discussed the
effects of profit and revenue targets on the expected profits and the probability of achieving PT or
revenue target respectively [19].

Available literature mainly considered the single decision maker’s behavior in a SC with the PT
and the influence of various newsboy products on a SC. None of the literature considers the joint
strategical decision-making of the SC participants in-between an upstream and a downstream
chain participant with their PT. However, most of the research with the newsboy problem is con-
cerned with profit maximization. Additionally, there is a lack of studies simultaneously engaged
with the stability of a SC under the PT and profit maximization.

Contractual coordination provides a viable alternative as a mechanism for coordination of the
SC and proves to be an interesting research direction. Various decentralized SC processes have
been coordinated aiming to improve the functionality. The concept of contractual coordination in
improving the SC processes have been widely investigated. Researchers and practitioners used
incentivization to motivate and coordinate their SC performance [20]. The contractual coordina-
tion mechanisms are important to have the decentralized SC’s decision-makers pursue channel
coordination. The existing SC contractual coordination mechanism with the newsboy problem is
proposed by Arrow and Harris [21]. The most common applied contractual coordination mecha-
nisms include wholesale price contracts [21], RS contracts [22], buyback contracts [23], and quan-
tity flexibility contracts [24]. Considering contractual coordination under the newsboy problem,
the buyback contract is incentivizing to increase an order quantity by sharing the inventory risk
of downstream in a SC. The RS contract with the newsvendor problem plays an important role in
the coordination of SC and most of the studies focused on newsvendor given with exogenous re-
tailing price. Several extensions to the earlier contract model with newsboy have been developed
[25]. Upstream supplier maximizes the profit of whole decentralized SC as the coordinator, in this
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case, the RS contract model can efficiently coordinate SC members’ performance. The position
guarantees a contractual coordination improvement, whereas the sharing parameter determines
SC total profit distribution in between members [26]. The literature on SC contract mainly focuses
on profit allocation. No research investigates the PT orientated SC under the contractual coordi-
nation theory to reduce the influence of demand uncertainty.

This study constructs a contractual coordination model based on the PT oriented chain partic-
ipants' incentivization. We analyzed the RS and buyback contract models with a SC participant's
PT and then discussed the contract selection within SC participants’ PT. Then, we characterized
the decision-makers’ optimal profit realization and the contract selection conditions, to reduce
the influence of demand uncertainty with the risk of unexpected loss. This paper expands the ex-
isting research scenarios of supply chain contracts, which is closer to the actual production situa-
tion of the market for decision makers, and also provides a reference for the design of diverse
contracts.

The rest of this paper is organized as follows. Section 2 provides the basic model description,
establishment, and assumptions. Section 3 analyses of the RS contract with a specific PT and co-
ordination conditions of SC. Section 4 provides the analyses under the buyback contract with SC
PT and coordination conditions. Section 5 presents the numerical analysis of contract selection
with the given PT. Section 6 summarizes and concludes the study results.

2. The basic model, description, and assumptions

In this section, we construct a basic contract model with a PT similar to Yang et al. [19]. Consider
a two-stage SC consisting of one upstream supplier and one downstream retailer. The market de-
mand during the single-season is stochastic. To avoid an unexpected random demand outcome
that will cause chain disruption, the SC participants will set a PT. The PT is pre-determined and
expected to be achieved in advance. The probability of achieving a PT is SC participants’ decision-
making variable as the self-interested on the stability and adoption in a SC.

To facilitate this model, this paper has the following assumptions:

Assumption 1: The SC upstream and downstream participants are rational decision-makers.

Assumption 2: The SC participants will determine the optimal order quantity and the maximum
probability of achieving the PT based on the pre-determined target point.

Assumption 3: The SC shortage lost is not considered.

Assumption 4: The SC downstream retailer has only one opportunity to decide the ordering vari-
able. As the classical newsboy problem, there is only one chance to order at the
beginning of a single season.

We consider the SC contract parameters with a unit wholesale price w, a unit selling price p,
and a unit salvage value v. The market demand is x and we denote F(x) as the distribution func-
tion of x with its density f(x).

Expected profit of downstream retailer

For the comparison, we first characterized a benchmark case with the retailer’s profit function.
Within the classical newsboy problem, SC downstream retailer's order quantity g is under the
conditions of:

nr:{px+v(q—x)—wq x<q 1)
pq —wq x=2q
Then, the expected profit of a SC downstream retailer under the newsboy problem is as follow:
q +00
B, = | x40 =0) - wof@dx+ [ (- wa)fdx @
0 q

For the retailer's profit analysis, where the downstream retailer set a PT, we donate the con-
straint conditions of order quantity. When x < q the retailer’s profit increases with the increase
of market demand; else when x > q the retailer’s profit does not change with the change of mar-
ket demand and the maximum profit can be reached when x = q. If the retailer has a PT t, to
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tr
p-w’

. . : ' t .
achieve, it cannot exceed the maximum profit, as t, < pg —wq and q = p_rw. Thus, if g <

then t,, > pq — wq, the probability of achieving the PT is 0. When g > pt_—rw, in order to achieve the

(w=v)q+t,

PT, the condition needs to satisfy px + v(q — x) —wq = t,.. Hence, we can get x > ) and
the probability of x > % is1—-F (%). Therefore, the probability of the SC retailer’s
0 q< i
. p—w
PTis: P(t,) = 1—F ((w—v)q+tr) S bt
: (p-v) 1=%w .
When g < p_rw, the probability of the SC retailer’s PT is 0; when g > p_rw, the probability of the

retailer achieving the PT increases with the increase of q. The optimal order quantity of the re-
tailer can be obtained as —— where the probability of the retailer’'s PTis 1 — F ( r )

p—w p—w
Definition 1: In the SC downstream retailer’s decision on maximizing the probability, he first sets
a PT ¢, based on his actual situation. In order to achieve a PT, the retailer's optimal order quantity

is pt_—rw and the probability of achieving the PT is maximum 1 — F ( i )

p—w

Expected profit of upstream supplier

SC upstream supplier has a unit production cost c and the total profit of the supplier can be ex-

pressed as follow:
1_[ s=wq—cq (3)

Where the expected profit of the SC upstream supplier under the newsboy problem is as follow:

Ey = j (wq — c)f ()dx 0
0

For the SC upstream supplier, who does not face the market demand directly, the profit will
not change with the change of market demand. Therefore, the profit that the supplier can achieve
is wq — cq, and the probability of achieving her PT is 100%.

From the basic model analysis, we can get the following three aspects of the problem:

e Comparing to the SC downstream retailer conditions, the upstream supplier does not bear
the market risk, and her profit will not change with the change of market demand. The sup-
plier only incentivized to get the downstream retailer’s order as much as possible, so that
she can achieve higher profit;

e When the SC retailer determines the PT, it can increase the probability of achieving the PT
by adjusting his order quantity. There is an optimal order quantity under each specific PT
for retailer, but the SC downstream's order quantity is not optimal from the point of supplier
and the overall SC.

o Forthe SCretailer and supplier, the level of PT that can be achieved by both participants are
less under the decentralized decision-making control.

Thus, the research of PT oriented SC contracts analyzes both participants' decision-making in
order to find the overall SC coordination conditions.

Definition 2: When the SC participants are making an uniform decision in order to maximize their
probability of achieving PT with an optimal order quantity, we define this condition
as the SC coordination.
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3. Revenue-sharing contract with a specific profit target

In this section, we construct the RS contract with PT oriented SC retailer and supplier, then we
consider the coordination conditions under the RS contract from the perspective of SC partici-
pants’ PT. The downstream retailer is a SC leader and the upstream supplier is a follower.

Based on the Definition 1, the events of the decision-making process under the RS contract with
SC participants’ PT and based on the Definition 2, the analyzes of the coordination conditions un-
der the RS contract with SC participants’ PT are as follows:

1) SC downstream retailer and upstream supplier set their PT.

2) SC upstream supplier is committed to providing for the retailer a lower wholesale price,
while the downstream retailer is committed to returning a certain percentage of sales rev-
enue.

3) SC retailer and supplier will determine their PT and set the optimal order quantity.

4) According to Definition 2, obtaining the PT based RS contract coordination conditions.

5) Analyzing the RS contract conditions for the improvement of the overall SC profitability.

3.1 Analysis of the retailer’s decision

Under the RS contract, the supplier charges wholesale price w,, per unit product while the down-

stream retailer is committed to returning a certain percentage (1 — ¢) of sales revenue to the sup-
plier for making up for the supplier’s profit loss due to the lower wholesale price to the retailer.
Thus, the total profit of the downstream retailer can be expressed as:

_(plpx +v(q —x)] —wpq x<gq
r= (5)
PPq — Weq x=q

Where ¢ assumed to be in the range of 0 < ¢ < 1, and the expected profit of the downstream re-
tailer under the newsboy problem is as follow:

q +00
Eq, = f (¢(px +v(q —x)) = wyq)f (x)dx + f (¢pq — wyq)f (x)dx (6)
0 q
For the retailer's PT analysis, when t,. > ((pp - W(p)q, we have P(t,) = 0, that is, when q <
ty A _ B e tr 4 ]
p— P(t,;) = 0; when ¢, = (pp — w,)q, which is q Al have P(t,) = 1 — F(q); and when
_ . tr _ 1 _ o ((we—ev)gttr
t, < (pp —w,)q, or equivalently g > p— we have P(t,) =1—-F (—(p o) ) Therefore, the
0 q< (ppt_rw
probability of the retailer’s PT under RS contracts is: P(t,) = (Wo=v)a+tr . ¢
Bl R =

Theorem 1: Under the RS contract, the optimal order quantity of the SC retailer is  _ and the

PP—Wyp

probability of achieving PTis 1 — F ( fr )

PP—Wyp
ty
PP—Wy

Proof of Theorem 1: In the case where q < the probability of achieving retailer’s PT is 0. In

t Wo—pv)q+t C . :
the case where g > (p—r, Wy, — v > 0 we have Wozev)atty which is increases with the increase

P—We o(p-v)
(wq,—(pv)q+tr
@(p-v)
function. Therefore, the retailer's optimal order quantity is (pzfiw' and the probability of achieving
PTis1—F(—=).

$p—w

ofqg.1—F ( ) decreases with the increase of order quantity q. F(x)is an increasing

Corollary 1: Under RS contract condition, ¢ > % (W > W(p), retailers can increase the prob-
ability of achieving PT by increasing the RS contract coefficient ¢.
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Proof: To increase the probability of SC retailer’s PT achievement, the conditions of 1 —

F( fr ) >1-F (i) must be satisfied. It is equivalent to ‘r 5 thus we have o>
Pp-wy p-w p-w

PP—Wy

tr

@(W > W(p). By taking the derivative of 1 —F( ) with respect to ¢, we have

®

ty Pty s o . _ ty oo
f ((pp_ww) * Cwipe)? > 0 for any ¢. Therefore, the probability of achieving PT 1 — F ((pp_w(p) in

creases with the increase of RS contract coefficient ¢.

——— Without contracts

I LI "

al
600( 8000

Fig. 1 The probability of achieving the PT: different sharing coefficient vs. no contract

Fig. 1 illustrates a comparison of the SC retailer’s probability of achieving the PT under differ-
ent contract parameters and no contract case, where P, represents the probability of achieving
the PT with no contract case; Pz represents the probability of achieving a PT under the condition

where the RS contract coefficient satisfied ¢ < Z22*¢ p, represents the probability of achieving

a PT under where the RS contract coefficient is larger, i.e., ¢ > %. From Fig. 1 we can get the

conditions of P > P4 > Pg.
Fig. 2 illustrates a comparison of retailer’s probability of achieving PT under different targets
and no contract case respectively, where t,, = t,; < ty, = t,,. Consequently, Figs. 1 and 2 indicate

that if p < @ retailer’s probability of achieving its PT will be significantly reduced. On the

contrary, i.e., if ¢ > @ retailer’s probability of achieving its PT will increase. Thus, the retail-

ers prefer to use RS contract to increase their probability of achieving a PT when ¢ > e,

Moreover, it can be seen from Fig. 1 that the condition where RS coefficient is larger, the retailer’s
probability of obtaining PT increases.
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Fig. 2 The probability of achieving the PT: different PT vs. no contract
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3.2 Analysis of the supplier’s decision

Under RS contract the total profit condition of SC upstream supplier can be expressed as follow:

HS_{(l—rp)[px+V(q—x)]+W<pq—cq x<gq o
(1= 9)pq +wyq —cq x=q

Let t; denote the expected PT of the supplier. For further analysis of the supplier’s profit func-

tion, we know: when t; > [(1 — ¢)p + w,, — c|q equivalently q < W, where the probability
W«;-C

is equal P(t,) = 0; and when ¢, = [(1 — ¢)p + w,, — c]q which is equivalent to g = ————, we

(1—(p)p+w¢—c'
(c—wp)a-(1-p)vq+tg
(1-¢)(p-v)

). Thus, we have the supplier’s PT

have the probability of P(t;) = 1 — F(q); where P(t;) =1 — F(

(c-wgp)a-(1-@)vg+ts
1-9)(p-v)
ts
0 q< (1-@)p+wy—c
((c—wq,)q—(l—(p)vqﬂs) > ts
1-9)(p-v) T (A-@)ptwy—c

), which indicates

ts
(1-@)p+wy—c

q > , where we have P(t,) =1 — F(

probability: P(t,) =

Theorem 2: Under the RS contract, the optimal order quantity of the upstream supplier is

ts ‘s s . _ ts
TPy and the probability of achieving the PTis 1 — F (—(1_(p)p+w¢_c>.

ts o ]
A-)p+wy—c the supplier’s proba

. I . ts : . o
bility of achieving the PT is equal to 0. When g thhe inequation (c Wo

Proof of Theorem 2: For a given order quantity, where q is g <

(c—wy)a—(1-@)vg+ts

1- go)v) > 0 always holds. Therefore, increases with the increase of g. And

1-)(p-v)
1-F ((C_W‘("l)f;;;p;; q+t5> decreases with the increase of the order quantity gq. F(x) is an increas-
ing function. Thus, the SC supplier's optimal order quantity is Ls and the probability of
(1-@)ptwy—c

achieving the PTis 1 — F (t—sc)

(1-@)p+wep—
Corollary 2: With the increase of RS coefficient ¢ supplier's probability of achieving PT decreases.

ts
(1-@)p+wy—c

Proof: By taking the derivative of 1 — F ( ) with respect to ¢, we have —f (t—s) *

(1-@)p+wy—c

— P <0 for any ¢. Thus, the probability of achieving the PT 1 —F <#) de-

(C—W¢+p(—1+(p)) (1-@)p+wy—c

creases with the increase of the RS contract coefficient ¢.

- I
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Fig. 3 SC participant’s probability of achieving the PT under RS coefficient
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Fig. 3 illustrates a comparison of the SC participants’ PT probabilities with the RS coefficient
changes. As can be seen from the Fig. 3 above, the probability of achieving the PT of the retailer
increases with the increase of the RS coefficient, while the probability of achieving the PT of the
supplier decreases. Moreover, the increasing probability point where the SC participants have the
same PT decreases the actual PT. Therefore, an appropriate and coordinated PT will help to
achieve a win-win situation.

3.3 Coordination conditions under the revenue-sharing contract

In this subsection, we discussed the SC coordination conditions under the RS contract. To achieve
overall SC coordination, the optimal order quantity of the SC participants should be coherent with
their PT, so that the optimal order quantity based on the probability of achieving the PT. In this
case, under the RS contract conditions, the SC participants can reach their optimal order quantity
at the same time they both get the highest probability of achieving their PT. Considering the coor-
dination conditions of the RS contract, we have the following Theorem 3.

Theorem 3: Under the RS contract with SC participants’ PT, the SC coordination condition is t,. =
_ ts(pQD_W(p)
c—p+pP-wy
. . . . . . p-cC
retailer can achieve the higher PT than the upstream supplier; otherwise, i.e., 5 < (p(p — W(p) <

where 0 < (pgo - W(p) < p — c If the condition falls to 0 < (pgo - W(p) < %, the SC

p — ¢, the PT of retailer is less than that of the SC upstream supplier.

Proof of Theorem 3: Under the conditions where the SC is coordinated, the optimal order quantity

. . . t
that the SC upstream supplier and downstream retailer can achieve the PT are equal (pp—rw =
Wo

. ts(po- -
SR — Thus, we obtain t, = —M. For t, > 0,t, > 0, we have _(powy) >0,
A-@)p+we—c C—p+pP-—wy p—c—(pp-wy)

whichis 0 < (p(p — W(p) <p—corp—c< (p(p — W(p) < 0. However, p — ¢ < 0 it does not hold;
thus, we have 0 < (p(p - W(p) <p—c.When0 < (p(p - W(p) < %We have t, > tg; When% <
(p(p — W(p) < p — c, therefore t, < t;.

According to Section 2 basic model analysis with the three aspects of the problem, this section
analyzed the improved conditions of PT oriented SC under the RS contract.

Fig. 4 illustrates SC participants’ probability of achieving PT under different conditions. The
horizontal axes represent the PT and the order quantity, respectively. The vertical axes represent
the probability of achieving PT. P;, P, indicate the maximum probability that the retailer will
achieve his PT when no contract condition and under RS contract, respectively; P; indicates the
maximum probability that the supplier will achieve her PT under the RS contract condition; P,, P
indicate the probability of retailer’s achieving his PT under the different order quantity, when no
contract condition and the RS contract condition, respectively; q;, g, indicate the retailer’s opti-
mal order quantity to achieve a specific PT, under the no-contract condition and the RS contract
condition, respectively; P,q, P, indicate the retailer’s probability of achieving a specific PT under
the no-contract condition and the RS contract condition, respectively; A4y, 441 indicate the range
of PT that the supplier can achieve under the no-contract condition and the RS contract condition,
respectively; 4,9, 1,1 indicate the range of PT that the SC retailer can achieve under the no-con-
tract condition and the RS contract condition, respectively.

From the Fig. 4, the following conclusions can be seen:

e For the SC retailer, under the RS contract the probability of achieving a specific PT is higher,
P,.; > P,y; the range of PT that the retailer can achieve under the RS contract will also in-
crease A1 > Ay;

e For the supplier, under the no-contract condition the probability of achieving specific PT is
100%, under RS contract condition the range of PT that the supplier can achieve will also
increase A¢; > Agq;

e Under the RS contract condition the SC retailer's optimal order quantity g, is less than the
optimal order quantity g; when non-contractual condition. However, the SC retailer’s prob-
ability of achieving his PT will increase, because of the supplier’s RS portion.
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Fig. 4 Analysis of PT oriented SC coordination conditions under the RS contract.

4. Buyback contract with a specific profit target

In this section, we discussed the buyback contract under the SC participants’ PT. Firstly, we con-
structed the buyback contract conditions for the SC downstream retailer and upstream supplier
respectively. Then we analyzed the coordination conditions under the buyback contract within SC
participants’ PT.

Based on the Definition 1, the events of the decision-making process under the buyback con-
tract with SC participants’ PT and based on the Definition 2, the analyzes of the coordination con-
ditions under the buyback contract with SC participants’ PT are as follows:

1) SC downstream retailer and upstream supplier set their PTs;

2) The upstream supplier shares the market risk and will buy back the unsold products.

3) SC retailer and supplier will determine their PT and set the optimal order quantity.

4) According to Definition 2, obtaining the PT based RS contract coordination conditions.
5) Analyzing the RS contract conditions for the improvement of the overall SC profitability.

4.1 Analysis of the retailer’s decision

Under the buyback contract, the supplier charges a retailer wholesale price w;, for each unit or-
dered product and provides the buyback credit b for each unit remaining product at the end of a
selling season. Thus, the profit conditions of the SC downstream retailer can be expressed as fol-
low:
px+(Mb+v)(@—x)—wpq x<gq
-
pq — wpq x=q
Considering the contract conditions within PT probability we can get the followings. When the
retailer’s PTis t, > (p — w},)q which is ¢ < —Z—, the retailer’s PT probability is equal to P(t,) = 0

)
p—wp

p_tCVb, we have the retailer’s PT probability P(t,) = 1 — F(q)

When PTis t, = (p — wp)q, whichis g =

when t, < (p —w)q ie. q > (ppt_rwb we have P(¢t,) =1—-F ((W”;li_%). Thus, we have overall
0 q<-—=
probability condition of retailer’s PT as follow: P(t,) = Wh—-b—v)g+t, p_:”.
—F ( p—-b-v ) q = pP—Wp

Theorem 4: Under the buyback contract, the SC retailer’s optimal order quantity with his PT is
- t:V » and the probability of achieving the PTis 1 — F (t—’)
~—Wb

p-wp

tr
p-wp’
the PT is equal to 0. In the next case where order quantity q =

Proof of Theorem 4: In the case where order quantity g < retailer’s probability of achieving

tr
)
pP—Wp

wp—b-v

> 0.

the probability

p—b-v
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Thus, (Wp—b-v)q+tr (Wp—b—v)q+tr
p—b—v p-b-v
of order quantity q. F(x) is an increasing function. Therefore, retailer's optimal order quantity is
pt—; and the probability of achieving PTis 1 — F ( s )
~Wp

DP—Wp

increases with the increase of g. And 1 — F ( ) decreases with increase

Corollary 3: The SC retailer's probability of achieving his PT cannot increase under the buyback
contract conditions.

Proof: In case of no contract, the supplier charges downstream retailer with the wholesale price
w for unit product. While under the buyback contract, supplier charges downstream retailer the
wholesale price wy, for unit product and provides buyback credit b for remaining product at the
end of selling season. Compared to the case where the contract is not applied, the supplier will
generate a transfer payment to the downstream retailer at the end of selling season due to the
buyback contract conditions. Therefore, to ensure the profit, the upstream supplier must charge
higher wholesale price, i.e., w;, > w. Similarly, under the RS contract, the upstream supplier will
receive a portion of the retailer’s revenue for each unit sold, so the supplier will be willing to sell
at a lower wholesale price, i.e,, w, < w. Consequently, we have w, <w < w,.

In order to increase the retailer’s PT probability, the contract condition has to satisfy 1 —
F(-2)>1-F (-, thatis = > -

P—Wp p-w p-w’ p-wp
the premise w, <w < wy. Hence, the probability that the retailer achieves his PT cannot increase
using a buyback contract. Therefore, compared with the situation under the RS and buyback con-
tracts, the SC downstream retailer prefers to choose the RS contract rather than the buyback con-
tract.

. Thus, we have w;, < w which is a contradiction with

4.2 Analysis of the supplier’s decision

Under the buyback contract the total profit of the SC upstream supplier within the newsboy prob-
lem can be expressed as follow:

HS:{—b(q—x)+wbq—cq x<q )
wpq — cq x=2q
With the supplier’s PT,when t, > (w, — ¢)q,i.e, q < (Wts o We have P(t;) = 0;and when t, =
.
(wy, —0C)q, ie, q= (Wts 5 we have P(t;) = 1 — F(q); finally, when the supplier’s PT is t; <
o
(wp —c)q,ie,q > (Wts o we have P(t;) =1—F ((Wb_b;ﬂ)' Thus, we have the supplier’s PT
o
0 q < s
probability: P(t,) = =)
' S 1—F ((Wb_b_c)q_fs) > ts
b - (wp-0)
Theorem 5: Under the buyback contract, the optimal order quantity for the supplier is g = (Wts 3
.

and the SC supplier’s PT probability is P(t;) =1 — F ( s )

(wp=c)
ts
(wp—c)

s c)the inequation (w, — b — ¢) > 0 always holds. Therefore,
-

Proof of Theorem 5: For given order quantity q, when q < SC upstream supplier’s probabil-

ity of PT is equal to 0. When q >

(w
—b—c)q—t; . . . . —-b—c)q—t
(W”b¢ increases with the increase of order quantity. 1 — F ((W”TCMS

the increase of order quantity q. F (x) is an increasing function. Thus, the supplier's optimal order
ts . L —— ts

o and the probability of achieving PTis 1 — F (Wb_c).

Compared to the case under RS contract where the supplier ‘s optimal order quantity is

Es p the probability of achieving PTis 1 — F (t—s)

(1-p)ptwy— (1-@)ptwyp—c

) decreases with

quantity is
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When w;, > (1 — ¢)p + w,, the supplier’s probability of PT under the buyback contract is
greater than under the usage of a RS contract, otherwise, i.e, w, < (1 — ¢@)p + w,,, the supplier’s
probability of PT under the buyback contract is less than the RS contract condition.

4.3 Coordination condition under the buyback contract

PT oriented SC coordination conditions under the buyback contract are the same as the RS con-
tract condition, where the optimal order quantity of the SC participants should be coherent with
their predetermined PT. In this case, the SC participants can reach their optimal order quantity
and achieve a higher probability of their PT.

Theorem 6: Under the buyback contract parameters within the PT, the SC coordination condition

E@-W) \when wy, > 2
(wp—c) 2

. o +c . . .
upstream supplier; otherwise, i.e.,, wp, < pT, the downstream retailer’s achieving PT is smaller.

ist, = the SC downstream retailer’s achieving PT is higher than the

Proof of Theorem 6: When SC is coordinated under the buyback contract, the optimal order quan-
tr ts

tity that the SC participants can achieve the PT is equal, i.e., vl Thus, the coordination
—wp b
condition is t, = %. When wy, > pTJrC, the SC retailer can achieve a higher PT than the up-
e

stream supplier, i.e,, t, > tg; When wy, < pTJrC, the PT of the downstream retailer is less than that
of the SC upstream supplier, i.e., t, < t,.

5. Numerical analysis

In this section, we numerically analyzed the contract selection with the given PT for both SC par-
ticipants. We assumed that ¢ = 30, p = 50, v = 15 and market demand x is uniformly distributed
with U(0,200). The density function and the cumulative distribution function of the stochastic de-

%, F(x) = %. We assumed that the SC downstream retailer's

PTis t, = 800 and the upstream supplier's PT is t; = 1000. Following the Theorem 3, we assumed
with the difference of ¢, = 800 < t; = 1000, where % < (pgo - W(p) <p—c, and where we

have 30 < w,, < 40.
For the RS contract analysis, the SC downstream retailer's optimal order quantity is assumed
500 following to Theorem 1. Where the probability of achieving the PT of 800 is 1 —

500-w, 50p-wy
1000

50(1-¢@)+wy,—30

mand x are respectively f(x) =

as

For the SC upstream supplier, following to Theorem 2 the optimal order quantity is

5

and the probability of achieving the PT of 1000 is 1 — 50G-p)Fwy—30'

Thus, we can analyze the RS

80+9w,,

450
In Table 1, the first-row numerical values show the condition where the RS contract can coor-

dinate the PT based SC. In this case, the probability that the SC retailer and supplier can achieve
their PT are equal. With the same wholesale price but under the different RS coefficient the prob-
ability of the SC retailer’s PT is increasing with the increase of the RS coefficient. The probability
of supplier’s PT decreases with the increase of the RS coefficient and increases with the increase
of the wholesale price. This table shows that retailers prefer the contract parameters combination
with high revenue sharing coefficient and low wholesale price, while suppliers prefer the oppo-
site.

For the buyback contract analysis, the SC downstream retailer's optimal order quantity is as-

:i)alb following to Theorem 4. Where the probability of achieving PT of 800 is 1 — SO:wa'
000

For the SC upstream supplier, following to Theorem 5 the optimal order quantity is (Wl 30) and the
e

Then, according to Theorem 6, we can ana-

o . 370
lyze the coordination condition under buyback contract as w;, = %.

condition ¢ =

sumed as z

probability of achieving the PT of 1000 is 1 — >
(wp—30)
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Table 1 SC participants PT probabilities within the RS contract parameters

W(P [ q* P(tr) P(ts)
35.00 0.88 90.00 0.55 0.55
35.00 0.89 84.21 0.58 0.52
35.00 0.90 80.00 0.60 0.50
35.00 091 76.19 0.62 0.47
35.00 0.92 72.73 0.64 0.44
35.00 0.93 69.57 0.65 0.41
35.00 0.94 66.67 0.67 0.38
35.00 0.95 64.00 0.68 0.33
35.00 0.96 61.54 0.69 0.29
35.50 0.88 94.12 0.53 0.57
36.00 0.88 100.00 0.50 0.58
36.50 0.88 106.67 0.47 0.60
37.00 0.88 114.29 0.43 0.62
37.50 0.88 123.08 0.38 0.63
38.00 0.88 133.33 0.33 0.64
38.50 0.88 145.45 0.27 0.66
39.00 0.88 160.00 0.20 0.67

Table 2 SC participants PT probabilities within the buyback contract parameters

Wp q* P(tr) P(ts)
41.11 90.00 0.55 0.55
40.50 84.21 0.58 0.52
40.00 80.00 0.60 0.50
39.50 76.19 0.62 0.47
39.00 72.73 0.64 0.44
38.50 69.57 0.65 0.41
38.00 66.67 0.67 0.38
37.50 64.00 0.68 0.33
37.00 61.54 0.69 0.29
36.50 59.26 0.70 0.23
36.00 57.14 0.71 0.17

In Table 2, the first-row numerical values show the condition where the buyback contract can
achieve coordination. At this point, the probabilities that the SC participants can achieve their PT
are equal. Table 2 shows that under the buyback contract parament w;,, the probability of SC
downstream retailer’s PT increases with the increase of the wholesale price, while the probability
of the SC upstream supplier PT decreases. This table shows that retailers prefer contract param-
eters with high wholesale prices, while suppliers prefer the opposite.

6. Conclusion

The traditional SC research is based on the expected utility theory, where the expected utility
maximization as the decision-making goal. Most of the studies are based on the statistical average
value and thus cannot avoid the low returns or large fluctuations in profitability. For decision-
makers, maximizing the probability of achieving the PT can effectively reduce their own risk. How-
ever, from the perspective of SC, each decision-maker has its own goal. There is a certain conflict
between the goal of decentralized decision-making and the overall optimization of the SC. There-
fore, this paper proposes the research of SC contracts based on PT.

In this study, we investigated the RS and buyback contracts based on the SC participants’ PT.
Different from the traditional SC contracts, it has valuable advantages for SC participants to deal
with market risk. Through the research of SC contractual coordination under the PT, our main
findings can be summarized as follows:
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This study analyzed the RS contract and buyback contract with PT and obtained the optimal
order quantity and the probability of achieving PT for both SC participants. Additionally, we
analyzed the coordination conditions of the RS contract and buyback contract with the PT.

When the RS coefficient of the contract is within a certain range, the probability of achieving
the PT can be increased for both SC participants. As the RS coefficient increases, the proba-
bility of SC retailer’s PT increases, and the upstream supplier’s probability of PT decreases.
From the comparison, it can be seen that under the buyback contract a SC retailer cannot
increase the probability of achieving the PT by adjusting the contract parameters. There-
fore, under the PT strategy, the retailer is more willing to adopt the RS contract rather than
the buyback contract.

Under the buyback contract, the SC supplier can adjust the contract parameters within a
certain range to increase the probability of achieving her PT. Compared with the RS con-
tract, the SC upstream supplier's contract selection decision depends on the specific con-
tract parameters.

Coordination conditions analyses under the two main contracts proved that the PT of the
SC participants can be achieved based on the contracts’ parameters. This study found the

unique condition where both SC participants can achieve their PT and coordinate overall
SC.
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