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Abstract (b"

This study investigates the bullwhip effect (BWE) under the revenue sharing co RSC)

in a competitive supply chain network consisting of two or more main and ri pliers and

another layer consisting of several retailers. This study examines, the lar @wer bound for
the variance ratio of demand estimation from the suppliers' pers&and a bi-objective
nonlinear programming model was presented to reduce the BW, d determine the optimal
contract parameters. Analysis of the variance changes 1&% ers' demand estimates by
suppliers showed that BWE decreases when suppliers inggeaSe the percentage of contract profit
for retailers in the intervals of 0.4-0.5 and 0.6-0.8° r%h management perspective, the BWE
will be minimized in the network if the final rices)s&within the 50-70 range. Also, the profits
of both suppliers remain relatively constan%points except at point 0.8. Therefore, suppliers
can ensure their profits and prevent B from aggravating the network by choosing points in
the ranges of 0.4-0.5 and 0.6-0 %nsidering the BWE phenomenon. Furthermore, the
results show that suppliers c&just the delivery time in the range of 1-4 range based on their

available resources to be t retailers' needs.

Keywords: Rev. haring Contract, Bullwhip Effect, Commodity Substitution Policy,
Quantitative@ is, Game theory.

O

\KMroduction

B is one of the most detrimental phenomena that negatively impacts SCs performance,
leading to overproduction and excessive orders, increased inventory, waste and consumption
of raw materials/energy, poor customer service, and inaccurate demand forecasting, which
incurs significant costs for the SC [1].

The bullwhip effect is amplified at each stage in the supply chain. The effect discovered by
Procter & Gamble (P&G) and then brought to extensive academic attention by [2], [3], [4], and
[5]. Fig. 1 shows the volatilities of demand and BWE in the SC. It demonstrated several high
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volatilities in the middle of the time span. When an order is placed by the retailer, there may
be a small change in retailers’ orders. The volatilities are shown bigger when orders are

transferred from retailers to suppliers [3].

[Figure 1]

One approach for analyzing the BWE is the statistical method, which is derived from the
variance in orders made by suppliers in the time domain. this approach has been adopted to
investigate BWE under lead time, information sharing, batching, and operational deviﬁ@ns.
BWE were determined in the supply chain by building a lower bound on the ptofi ity in
[2], [6], [7], and [8] . The results indicated that the magnitude of the BWE&
primarily based on the specific business environment and it could c @from 10 to 30
percent. [9] built upon the control-theoretic approach that differs froN ing related work on
characterizing the BWE of SC.

Multi-layer network modeling helps to understand how contra&@ ocus on demand transparency

or price stability affect the bullwhip effect [10]. Recently, m@
integrated with contractual obligations to minimum ogder t

rm varies

arning-based forecasting models,
ies or price discount agreements, can
help reduce the bullwhip effect by improving forecas é&acy and providing better alignment between

orders and actual demand patterns. Forecast agCur ey to reducing unnecessary ordering behavior

and stabilizing the supply chain[11]. Also, i study, authers presented a two-stage stochastic
optimization model aiming to minimize verall cost of dealing with unknown demand uncertainty
and relying on economic and envirl stainability to investigate how developing the operational
flexibility of the medical supp ain (MSC) can maintain healthcare in the face of disruption risks,

such as the COVID-19 p . The authors analyzed the sensitivity of their model responses to

different scenarios inc seven cases based on demand uncertainty intervals with seven different

reliability levels. dings showed that regardless of the degree of disruption, their method led to
improvements-ef % in terms of overall cost, order delivery time, release quantity, and inventory
shortage Q[lZ]. Also, in a study [13],presented a two-stage stochastic programming model for
designi @(ible HSC humanitarian supply chains considering viability under unknown demand and
cap%certainties. Their computational analysis showed that integrating the machine learning
algorithm into GA yields superior results in all risk level settings, leading to a win-win situation for all
stakeholders in HSCs.

When the downstream sector of supply chain sends an order, the upstream sector processes a
part of the data as a signal for prospect demand. The upstream managers reset the demand
forecasts based on this signal and orders are sent to the upstream supplier. The demand signal

is the main factor creating BWE. The order sent to the supplier indicates the amount required



for warehouse replenishment to meet future orders and precautionary reserve. The long
schedule may cause weeks of the precautionary reserve, which leads to a BWE [2].

[16] studied a case in which suppliers' capacity is rationed and a shortage occurs. Lin et al.
[17] examined the nonlinear theory and dynamic behavior of BWE to analyze customer
behavior in a competitive economy and explained that BWE could not explain the dynamic
and complex behavior of supply the chain system.

The BWE is strongly influenced by the using forecasting methods, and developme{%'in

2

forecasting methods and data processing cause to have better analysis for the c rs
[
behavior in different aspects. For example, better forecasting for customers’ l@ons, the

number of orders, and duration time between two orders are possible using techniques

for supply chains [18].
Nguyen et al (2025) developed a hybrid ARIMAX-LSTM forecast/%nodel to improve the

ability to capture different combinations of linear and nonléne@tterns in a case study of

coffee demand in Vietnam using time series [19]. &
Recently, some methods for simulating and predictin@WE have been suggested to refer
to for further study. In another paper, the authc mined revenue sharing contracts in

competitive supply chain network coordj ti@Location based on VMI policy and the
bullwhip effect [20]. Another approach in@ed by [21], is control-theoretical, which is to
quantify the BWE of the SC inA,% frequency domain. This approach employs the
transformation to derive the BWE, based’on the transfer function that maps the output to the
input. YU et al. Therefore, a@k view of the actual demand of customers appears that leading
to BWE. @
Few studies have e ed and analyzed BWE under the SC contracts. This study aims to
quantify BWE j pply chain under the profit-sharing contract. The supply chain of this
study comprises one major supplier, one competitor supplier, and multiple retailers. Regarding
the competiion between suppliers, it is normal to see the substitution of the same commodities
by retailers and, subsequently the suppliers' sensitivity to minor volatilites in demand for
retailers. Besides the abovementioned cases, price volatilites, delayed order delivery, and
precautionary reserve to meet future orders of retailers intensify the BWE, which is
investigated in this paper. The novelty aspects of this study are:
e Contract mechanism is used to examine and reduce BWE in the competitive network
(in a general supply chain network, participants of the supply chain make diverse

decisions; some retailers sign a contract with other suppliers of their chains, while



others cooperated without a contract. This paper studies the effect of contract presence
in the competitive network on the BWE).
e Creating a network composed of two or more suppliers (major and competitors), and
multiple retailers.
e Competition between suppliers to substitute the same commodities and achieve higher
utility.
e Estimating the demand depends on the communication between retailers in a n?ﬁrk
by suppliers. R
Because retailers’ demand is estimated by major and competitor suppliers, it c@hted that
the estimator is sensitive to minor volatilites in retailers’ demand, and ereages a kind of
correlation between estimates. Estimators indeed create a subjectiv gkl'ation between
estimates based on their subjective background of former demand ofhrs considering event
minor volatilites in these demands. However, such cor the actual space of a
competitive market is a common case. For instance, sup y use various methods, such
as moving averages to forecast retailers’ demand, Q&y compare retailers' behaviors
considering the prevailing atmosphere in the ma.r d subsequently, changes in retailers'
behavior are confirmed for suppliers wher“th havior of the whole network is changed.
Therefore, retailers' behavior is not inde e% of the suppliers' viewpoint.
The next part of the study presents th ement of the problem and its mathematical modeling
of it, and then computational amn ical analyses are done. Finally, the conclusion and
recommendations for furthe ies are presented.
2. Statement of
Consider a two- eQ upply chain that comprises of major suppliers (s1) and competitor

supplier (s1) 1= at supplier echelon and includes n retailer at retailer echelon. In this

chain, re&g re set in a network with n nodes N = {vi |i =12,.., n} . Set L includes edges of

this the weight of each edge is assigned based on the demand dependence and demand
cromacts between retailers from the viewpoint of suppliers. From the viewpoint of
suppliers, indeed, a network of retailers is created and its edges represent the coefficient of
correlation between network retailers. Because the demand of network retailers is satisfied by
one or more suppliers, the supplier perceives a kind of dependence and interaction between
retailers based on the retailers' background. This demand correlation and order volatilites

between retailers can be seen from the viewpoint of an audience in the real-world and local

markets. Each node i has the equivalent weight of Wi,t,s, (weight of possible loss if the same



commodity of the competitor supplier is substituted in the retailer's order under the contract
with the competitor supplier in period t). The network in fact has undirected edges and one
edge exists between two pairs of nodes in a network. It is worth noting, however, that retailers'
demands are independent of each other. Before retailers take the order, suppliers take orders
from their upper echelon to respond to their retailers' orders and provide their inventories before

any order comes from retailers. According to this system, suppliers must estimate their desired

retailers' demand. If Qt(,?') indicates the estimate of demand of retailer i from the view@he

cov(Q::,Qf;) ’

—_ VI represents the correlati \9efficient
) Jarcl e

demand estimate of retailer i from the view of supplier | and demand@ f retailer j from

suppliers;, corr(

the view of the same supplier.
For example, Figure 2 depicts a network with three nodes 1‘ 3 in which, demands are

between retailers whose demand has been satisfied major and competitive suppliers,

responded to by two suppliers. In Figure 2, the contmub dicates the connection edge
while the dashed line shows the connection edgeh‘ en two retailers whose demand is at
least satisfied by one supplier. As show FGJre 2, the demand of Retailers 1 and 2 is
estimated by both suppliers, but the demandOf Retailer 3 is satisfied only by Supplier 2.

Therefore, the edge of connection be n retailers 1 and 2 is shown as a continuous line with

a weight of corr (Qflt +Qp, zwt), while the connection edge between retailers 1 and 3

oD@

and retailers 2 and 3 is sh a dashed line. The weight of the edge between nodes 2 and 3

equals corr (stft + S

)and the weight of the edge between nodes 1 and 3 equals

For example, to explain the figure, the correlation coefficient between

corr (Qg; +

retailers
retawand 3isequal to 0.4 and the correlation coefficient between retailers 2 and 3 is equal

to 0.6; in which case it represents the correlation between retailers 2 and 3 is greater than

in t equal 10 is equal to 0.5, as well as the correlation coefficient between

retailers 1 and 2 as well as retailers 1 and 3.
[Figure 2]

Assume thatgoi(f') represents the supplier of total profit between supplier and retailer. This
contract is described with two parameters (Cg, ,goi(f') ) in which the supplier receives a wholesale

price CSI that is less than the final cost of entity (W, ) from the retailer in exchange for



(1—(p(5'))% of the retailer’s revenue. Constraint (wSI <c5|)sets channel coordination

(Giannoccaro and Pontrandolfo 2009). Moreover, it is assumed that a retailer can sign a
contract with two suppliers, but only one supplier can take the order, and only one contract of
suppliers is active. This policy leads to the substitution of the same commodity supplied by the
competitor. Commodity substitution by the retailer makes the condition vague for the supplier
because the retailer may have taken an order from the major supplier in one period but
substitutes the competing commodity with the commodity provided by the major s jer
during the period and vice versa. In addition, it is assumed that the competitor sup I@igns a

new revenue-sharing contract with retailers in the network retailers to substitut

A kind of discontinuity appears in the retailer's orders taken from a specifi
the supplier's inventory control problematic. The reason is that the sf& is not sure whether
the retailer takes an order from him or not in the next period; on the,other hand, this case makes
the supplier have a weak view of the actual demand of the r, " %ring different periods.

The length of commodity procurement led by the maj plier is the main reason for
commodity substitution by the competitor suppli .?re, the major supplier shortens
commaodity led length to achieve timely delivery %commodity and decrease the loss caused

by the contract that the competitor suppligissigns with retailers. This supplier considers a
commodity-based investment (Cprevi Zx;esides an optimal estimate for each retailer in the

network to prevent commodit gel and prospect substitution of competitor supplier's
commodity. To make the ct@titive atmosphere of the network more actual, it is assumed

that the major supplier f@
competitor supplier the order rate of the major supplier; therefore, a game with complete

the compensation policy instead of timely non-lead, and the

information is etween two major and competitor suppliers. In this game, the major

supplier mu de to reduce the loss of attacks by the competitor in the network and its
similar c@mdity substitution by determining the optimum rate of ISA parameters and lead
per?iompetitor supplier substitutes the commodity by retailers based on the decision of
the major supplier to determine the optimum rate for parameters of the revenue sharing contract
and commodity lead period. The competitor supplier indeed tries to increase the probability of
commaodity substitution with retailers and attract retailers by selecting suitable rates for profit-
sharing contract parameters and the proper value of commodity lead.

Parameters and variables of the problem are defined before defining the suppliers’ strategies:

n, Non-utility rate of competitor supplier’s contract with retailer i for the major supplier (this
value does not depend on the commodity shortage) (77, = - ).



) Price of the commodity for retailer i in period t.
It

¢(s|) Parameter of revenue sharing contract and equals percentage profit assigned to retailer i by
" supplier | in period t (0 < goi(f') <1,
Q. Size of commodity order in period t by retailer i.
it
w,, The wholesale price of supplier | given to suppliers during the contract period.
W Possible loss of major supplier caused by the contract signed between retailer i and supplier |
its in period t.
n Number of nodes in network N (network size).
corr Highest demand correlation between two retailers i and j from the view of supplier I.
i Al
( it j,t)
SW. Utility rate of the contract signed between competitor supplier and retailep i i@iod t
IS regarding the weight of expected loss for retailer i.
W Non-utility rate of the contract function from competitor up to retailer i 1@» wpoint of

Wit competitor supplier in period t.
C Purchase price of the commodity from external sources by supplier I@
v, The utility function of supplier I in the equilibrium state.

M One large positive number.

Commodity lead period of the retailer i by supplier I.  © (b
4

e Penalty for late delivery of commodity for competi
a Penalty for late delivery of commodity for a majofisupptier.
2.1.  Players’ strategies (major supplier and ¢ itor suppliers)

The major supplier's strategy is to determine optimgal®values of contract parameters and optimal

lead length in the network. The major s curs a cost called the cost of accelerating

commodity lead (C_., ) to prevent pogsiblerioss of retailer i, which this cost is spent on

prey;
transportation and timely com ity, distribution. The probability of a competitor supplier's

success in substituting the s commodity under the contract with a retailer equals P(Cprevi )

in which, P represents d@asmg continuous convex function; therefore, the strategy of the
major supplier is Xy, Xy, X, ) in Which X =(¢ff')'Pi,qu. Lig )

The strategy, g‘npetitor suppliers is shown in S;. Competitor suppliers can draw a mixed
strategy @making m possible choices among retailers for contract signing. Here, the
co supplier's strategy will be a possible vector S, =(p,, p,...., p, ) in which pi represents

the probability of substitution and selling commaodity under a contract signed with retailer i. It

is assumed that p,>- > p =1and. Moreover, losing the contract between a competitive

i=1

supplier and one retailer does not affect the other retailers.

2.2. Measuring the weight of loss for a major supplier under the revenue sharing
contract



A loss rate is considered for major suppliers- or a profit rate for competitor suppliers for each
retailer- based on the relative profitability of the revenue sharing contract, which is measured
in Equation (1):

W, =(1-6) Q. (W, —¢,)Q;  VI=12..L (1)

2.3.  The utility function of major and competitive suppliers signing the contract with
retailers under the RSC
If the contract signed between a competitor supplier and one retailer is successful, the retailer

allows the competitor to meet his/her demand during that period. It is assumed the cost (loss)
of the major supplier is a linear function (fi), which is matched with the interva @

commodity transfer from order taking to time of retailer delivery i. Here, equatlw nd the
expected utility function of the major supplier equals Equation (2). The utili n-utility of

a retailer from the view of a supplier depends on some factors, su & ility, demand,
place, marketing rate of the retailer, etc.

f = Ozl_iySl +1,

Usl (52'31) = _P(Cprev)él fi\Ni,t ZCprev ,Q (2)
:*P( prev) n |:(0‘L 5 )(( (Sl) pl tQi 1\’@ Qlt %Cprevi

If the same commodity of the competitor | ted under the contract signed between the
competitor supplier and desired retailer, the”competitor supplier's profit depends on the
parameters of that contract Wlth t tailer. The expected utility function of competitor

supplier equals:

5 (51.S,) Z L A
) 6 3)

= (( (S'))pth”+( CSI)QM) vVl=23..,L

>

According t oints mentioned above, although some tools are like a zero-sum game, we
face a n@ero-sum game because the profit obtained by a competitive supplier under the
con?’rgned with a retailer is not necessarily equal to the loss incurred by the major supplier
becauSe of missed profit under the contract signed with the same retailer. The reason is that
contract parties may have different parameters, so this case may cause asymmetry. It should be
noted that this model assumes that symmetric information exists between suppliers, and the

major supplier knows the parameters , 5, of the competitor suppliers. This assumption is

obviously possible based on the information about competitors obtained by the major supplier.

2.4. Equilibrium



The major supplier first selects the strategy S: then the competitor supplier makes the strategic

decision{S; (S, )} . In this game, equilibrium for each S; and S1(S1) equals [30]:

S, =U, (87(0).8,)<U, (57(0).8,) 4)
{s, (8,)=Us (S,(0).8,)<Uq (57(0).8,)

Theorem 1. A pure strategy exists for each decision made by the major supplier, which is the
best response to the competitor supplier [30].
The major supplier may set the parameters of the contract signed with retailers. @(Ddhe

strategy taken by the major supplier, we will have:
n A‘:;:,y' 5
MinUS1(SI’Sl)=iZl:Pi(aLi,sl+77i)((1 (o(%))ann—'_( —C )Qt) (b ( )

xeN
Under such circumstances, the utility function of the competitor sup%equals:
n S [ ‘2:>H (6)
Us (S,.5,)=>.P (]/Livsl +5i)((1 of .>)p| Q. +( —c, m v1=23,..,L
0<p<1 i=1

2.5.  Preventive Costs

If selected values for contract parameters and corrﬂ&' lead period by the major supplier are
shown by x” in the equation and the retailer tl@) tract signed with the competitor supplier

is indicated with i*, the utility function of jor supplier equals Equation (7) based on the

preventive costs: %
Usl (X*’i*):_P(CpreVi )[aL_*’ssz\/* -C (7)

i"ts, prev..

3. BWE index used in th y
As it was mentioned be@, BWE intensifies demand volatilities in the movement toward

upstream nodes in Q ly chain. The ratio of created order variance (output) to the demand

variance (input to measure the bullwhip effect. This variance ratio (VR) is expressed

asVR :%9 If VR>1, BWE occurs. If VR<1 then smoothing occurs, and if VR=1 then

Input
inpuzrder up to output order policy occurs [11].
4. Problem Modeling
In this section, the problem is first examined with two (major and competitor) suppliers and
multiple retailers, and then it is generalized and assessed for the mode of multiple suppliers
and retailers.

4.1.  Two suppliers and multiple retailers



Assume that major suppliers and retailers use the moving average method based on m previous

periods to forecast demand, and the supplier wants to increase inventory rate greater than the

m

>3,

optimal inventory in each period. Demand average is defined y, = *~-=L— for m previous
nm

network periods with n retailers. Here, each network retailer follows an available policy in

which, the order point is determined based on the observed demand of end-consumer y?ml
shown in Equation (8). R (D‘
y.ts. —u,tsl+zSD N (8)

Where Hirs, indicate mean order observed by supplier s; for retailer i in ious periods

(tirs =Lis 2), Zshows the constant coefficient of normal dIStI‘I% graph based on the
optimal inventory, and SD, , |s the standard deviation from‘b@mventory in period t that

is ordered by the retailer i to supplier s. 0
The following equations are used: @
W(u(i'))/(o) ((1 §0( ))plt ( —C )) vl @ )
Definition 1. Following equatlo is  defined for  threshold limit
2L, W) L W 22 COV(Q.t ! )
1+ Q@ ;t -2t J<h) per i =
m (s1) C
Wlt/(Q) Zvar(Qi,t)
i=1

1,2,...,nand real nu

2
limsup| |1+ )'5 (Q)

n—w m

_o 1<) Qi <y (10)

iZ_l“var( i)

(1)
W(I t)/(Q)

(L.S,W )2}[ . > corr e JvarQ,l varQ!¥
s W)

SincEsu!ppliers and retailers follow RSC, yiwzi’t'sl (the profit obtained from the RSC signed with

retailer i for supplier s) based on yl%,sl) is defined as Equation (11). The lead time is considered

the same for all periods to simplify calculations.

|ts (S)
y., I Wltl/(Q)y.ts.

an

Y =W ot + 2y (W )SD

it (it (1L,)/(Q vl=12

its

10



Equation (12) can be written based on the RSC for retailer i in which, Ai(f;) indicates the profit

obtained from revenue sharing contract based on the Qi(’f') :
Qlt _yltS| y|115|+int_1 VI =
a2
S S ) — Wi,t,5| Wi, S 4 S _
A( Wl(t)/(Q)QIt , Ai(,t)_ Y. " Y, +Q t—1W(.(t))/(Q) VI=12

it-1

Since n retailers exist in the network. Equation (12) is developed to Equation (13) \‘ggz'h,

yI " indicates the sum profit obtained from RSC for supplier s per n retallers.ba@)n the

y® | and AIQ(S') is the profit obtained from the RSC for supplier s; per n retail@ésed on the

it,s)

QY. x&
T Wl sl (sl) (s)) _
Zl ) ks Zzw(, 0 Dy V1=12 k}(b' 13)

n
sl (s1) T (s1) _ T Wits TWits (s) _
A'vt )\N (i tI M(Q)! |t - yLt - yi,t—l. | @1\/\/@ tl)/(Q) vi=12
i 1

>

i=1

— (s1) (s1) (s1)
- L W I +ZQ|th|t|/(Q)+ZZW|t|/(Q)(

(i.1)/(Q)

x QW o (LW
= (W(s) it (Q)]ZQH 1} ;[( po (Q)JZQH ; 1}
ﬁ /(Q) DI t-1s) )j

Aﬁ?ﬂ to Equation (13) and pairwise demand independence between retailers,
T

S5

n
Qi,{( = ZQi(’f') variance can be written as Equation (14):

i=1
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Ath(S|) :Z(ll’li,t,sI _lui,t—l,s )W (S)@‘ &m(fstl))/@) (SDi,t,sl B |t -1, ) ZQM 1W|(St|)/(Q)

- SDI -1, )



n (5|)
T.(s (s) .5 (I t)/(Q)
Var(Ai,t( )) { (W(n/(o) ]J var ZQn 4

n (5|) (5|)
5 ' Su (i,)/(Q) ' Su (i.1)/(Q)
2{ Wft)/(Q) ) JJ[ ) JCOV[ZQH I’ZQII p 1}
2
n (L W®) n
i,s "7 (i,1)/(Q)
+ EEE— var :
[il[ mn \JJ (il Ql’tplj
(ZW(l(s:))/(Q)) Var(Z(SDI ts |t -1 ) ®
; L (Sl)l(Q) " C)
5 s (0/Q)
2z z W(g,t))/(Q) COV ZQM l'ZSDl s j x
i=1
Ww.e) D L WY . (DQ
| |s, (i.1)/(Q) s " (i,1)/(Q)
[[Z[W(l(st),@) J\J ( Y J ]var ZQMJ /x&(
=1 i=1

2L W) n n
+22[1+%\]00V[ QI,tl’ZSDItS|) ZWfS:))/(Q) “ar( its |t -1s j

(i, t)/(Q)

var(AiT,é(S')) N E”ZLW )
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var (ZW fil )/(Q)Q J

w(5o.)

4.2.  Problem pment to multiple suppliers-retailers model
If over two a@s exist {l =1,2,..., L}, one supplier is taken as the major and the others as

competitomstppliers. In the real world, some retailers may sign revenue sharing contracts with

\%

=

S0 ers, while some of them have no contracts. This study assumes that all network
retailers have signed a contract with all suppliers. This is a beneficial assumption for study in
two ways; first, the most complete scenario is examined in terms of contract presence and
quantification of BWE when a contract is signed. Second, the commodity substitution policy
taken by retailers and creating a type of non-continuity and irregularity in orders lead to a

competitive atmosphere in which, each supplier considers a precautionary reserve if the order

12



is done by the retailer. According to the mentioned points, the sum demand estimate variance

by all suppliers <ZQIt ) Is measured based on the following equations:
1=1

ZAT ) _ZZQ (i ZAHSI :Z( y ey +;Q|l W.(st')uo))

1=1 i=1 1=1
L L n
;AI{(SI) :g(g(ﬂi"’sl ~Hiras )W(fil))/(o) ZZWES‘)’(Q)(SDM =SDi s )+ZQ" ! '”(Q)j
L n ZQi,t—l - ZQi,t—p—l n
=z ZLI slwfstl)l(Q i=L L +iZ:1:Qi,t— |tl(Q) + ZZWH/(Q) (SD LS, _SDi,l—l,slz @)

1= it mn
LS| we L SIWI‘SI')/(Q) SRS |S,W|(S'(I)/(Q)
:z Zl: W”I)/(Q) ZQ" 1 Z Z ZQH p-1

i=1 I=1{ i=

+ i(z [iw(fi' Q) ( —SDi ))j ,x&

2
L L n [IRVASY
T(s) | _ (s,) s (i,1)/(Q)
v 3247 j[z [w(.;,@ el J] v
| 1=1 i=1

n LoWe)

L
+£Z (R | t /(Q)

a7

i sWi y n
M]COV[ Qi,t—li SDi,t,Su j}
i-1 i=1

1=1

IfW( )/(Q) max {W () the variance ratio is more intense and Equation (18)

(i t)/(Q)} 12,0, 1=1,2,..L

can be written:

13



( <f't>/(Q)) (i[ivar( )j+2z 3 cov[z & ,Z":Qﬁ)D

I=1 1 k(I<k)

we)

o L W(SI)/(Q) S W(s')/(Q) 2
5 s (it |sI it
Z_ W(i(,t))/(Q)+ mn + IZZ

i=1

Vi=12..n Vlk=12..L (bv
RV,
\

var (Z QY j @,
If  A=maxi—2—2 and  COIr =max {corr [Z ”k)j} then

Var(ZQi'tj 1k=12,...L

following steps are taken to achieve a well-ordered equatloro

18)

1=1,2,...,L

>
var( n Qi SQ .var ZQ ]
i=L ] (19)

n (s1) n (s1) 2
ZL:Z WI(S:)/( (i,)/(Q) 4 N Ln s,Wlt/(Q)
I=1 il &(@ mn =1 i=L mn

k=12,..,L

Equation (19 @IFI ten:

el O )

var(iZ::Qi,tj.var(Zn: Qi,tj (20)

j=1

— (s, 2( L L n S . s
Z(Wfi,t))/(Q)) (Z(A)+Z(ZJCOW(ZQi&l),ZQ}{)jAj

1=1

=12,..,n VILk=12,..,L

Equation (20) is then summarized as Equation (21).
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—(s) )2 :
LA[(W(i,t)/(Q)) [l+(L—1)corr(QS| o )D vi=12,..,n VI,k=12,...L ()

ittt

4.3.  Simultaneous contracts signed by competitor suppliers in the network
If a competing supplier tries to impose more loss, he/she can do this by setting contract

parameters and considering the suitable lead time with b retailers. Here, we will have:
Ze,s = vl=2,..,L 22)

Under such circumstances, the maximum lower bound of variance ratios is shown aw(la'

Ly Wi Lo L W, ’
[[;1[ e <°>n +[.Z;.1 Al }J ZLB (23)
(( |t/(Q) 1+(L 1) or&

4.4.  The nonlinear programming model for reducing BWE h competitive network
and RSC
This part of the study considers competition between major @mpetltor suppliers to present

E]

a new multi-objective mathematical model by consid of RSC, price volatilities, and
commodity substitution policy adopted by netwoﬂs@érs to decrease BWE as follows:

Sw(gar]]

min i = 2 =121 (24)
var(ZQ,t
i=1

min v, Vi-z.. (25)

@
) S s N.t')/(o) (e L s Wit 2
S.t. [[ZZ(W(M)I( | n +['“21: m(n ] J [(WE-MQ)) (1+(i 1)corr( "Q?")B ) (26)

]

2 2
L W_(S\) Lo L W_(S|) 1
(s1) s " (1.)/(Q) is ' (i.4)/(Q)
(W.W o ]] +[ZZ - — >0 @)
1=1i=1 1=1i=1 (s1)
[(W(i,l)/(Q)) (1+(L 1)corr( .t )D

De,=b VvI=2..,L (28)

DR(rL, +8)((1-0)pQu (W, —¢, )Qu ey =v VI#L o)
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.n Pu(al— +77|)((l_¢£?))pi,tQi,t "‘(Ws1 _Csl)Qi,t)S

£+ a0 0+, . ) -2

(o —c4 ) Qs <(co(s')p.t W, )Qi,t vI=12,..,Li=12..,n (31)

vI#1 (30)

W0 = ((1 o ))pi,t+(Ws.—Cs.)) vlI=12,..,L (é‘sz)

w, >C vli=12,..,L o O (33)

Py > W vli=12,..L Q (34)
L<p®<g, Vit .0 el x&b )

Equation (24) minimizes the demand estimate variance ratlo @e view of suppliers to the
sum demand of retailers, which minimizes BWE. It aim ize the absolute value of the
difference between the variance ratio of demand estl % the view of suppliers to the sum
demand of retailers and the lower bound of vari 0s. Equation (25) ensures minimizing
the loss of major suppliers in competition &etltor suppliers. Equation (26) ensures that

Equation (27) ensures that the lower

the lower bound of variance ratios becomes lessthan its maximum rate at the equilibrium point.
é%nd of variance ratios is not less than zero. Equation

(28) indicates the number of Mts signed between competitor suppliers and retailers.
Constraint (32) confirms tha@iﬁerent values of the RSC parameters, the desired retailer of
competitor suppllers the shortest lead time. Constraint (33) ensures that the maximum
rate of the competQ plier's utility function occurs at the equilibrium point. Equation (34)

ensures that th

(35) indic eGQeW(I‘St'),(Q) based on the variables and parameters of the problem. Equations (33)

obtains the same profit with or without signing the contract. Equation

andesure that wholesale prices be greater than the price of external resources-based
procurement, and the end price is greater than the wholesale price, respectively. Equation (35)
shows upper and lower bounds for demand estimates, which can be measured based on the

suppliers' consideration in terms of capacity, cost, etc.

4.5.  The solution algorithm used in the study
Nonlinear programming problem with nonlinear constraints is a programming problem widely

used in engineering sciences (For example, refer to [36]). These problems are usually solved

16



based on three approaches: 1) gradient project and related techniques, 2) the complex method
of the box, and 3) penalty-function techniques. This study used MATLAB optimization box to
solve the programming model in which, an interior-point algorithm that is based on the second
algorithm is used.

5. Analysis of numerical analyses
In this section, the demands related to retailers 1 and 2 were used from the article [12]. However,
considering that some of the necessary data were not available in that article, the random data i ble

1 was used in addition to the data from that study. the stochastic data of Table 1 W.ere@ sed
because some required data were not available in the mentioned paper. 0\

[Tablel]
5.1. Optimal results with and without RSC
The problem is solved through MATLAB software by using thesinterior-point algorithm. In
this solution, demand estimates of suppliers have been takeri arfable values. Table 2 shows
optimal values of demand forecasting with/without a co@

[Table2]

According to Table 3, the largest lower bound Nstimated demand variance ratio for the
supplier to the retailer's demand variance ggua .026. Lead time equals 1 in the optimum

model.
le 3]

When no contract is signed between sﬁ%ier and retailer, the supplier provides commodity for
the retailer at a wholesale price, a ic€ values are not calculated for suppliers. According to
Table 4, the largest lower bo f the suppliers-to-retailers variance ratio equals 0.100, which

is greater than the cas%{ ich a revenue sharing contract has been signed. Therefore, BWE

is amplified when ract has been signed.
@ [Table 4]

5.2. m;ﬁng optimal results of demand estimate based on other demand estimation
ods
Thi?of the study compares the results obtained from the studied model with common

demahd estimate methods. Table 5 reports suppliers' demand estimate for orders of both
retailers by the studied model and Naive methods, exponential smoothing, and moving average
per steps 3, 4, 5, and 6. According to the data reported in this table, the variance ratios of the
method proposed in this study outperform other techniques. Therefore, this method can

decrease BWE more effectively than other techniques.
[Table 5]
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This part of the study examines variance changes of sum estimates relative to percent profit

variances ((pf:')), price variations( p;, ) , and lead time variations ( Li‘SI ).

5.3.  Taguchi-style test design to check the parameters of the problem

In this design, which was done in the mini-tab software, the results of which are shown in
Figure 3. In this graph, parameter A is the same as the subscription percentage, parameter B is
the same price and the supply period parameter is the same as C. The first to third modes have
a subscription percentage of 0.5, 0.6 and 0.7, and the first to third modes have a price e

30, 40 and 50, and the first to third modes have a supply period equal to 2, 4 and @

corresponding values are approximately equal to the following maW Minitab

software.after analyzing the table above in the software, the results are obt s follows.

In this section, a test design with three parameters of contract pro%&centage, price and
procurement period is designed in three levels. The minitab17 sgftware was used to perform
this test. The first to third modes of the subscription percen a. %5, 0.6 and 0.7, the first to
third modes of the price are equal to 30, 40 and 50, and %&t to third modes of the supply
period are equal to 2, 4 and 5. Following the impl Qon of this test in the minitabl7
software environment, the following results h en obtained, which will be discussed
below. According to the results of the tes\% e parameter has the highest impact and the
t inpa

supply period parameter has the lowe ct variance variance total estimates of retail

demand 1 and 2 by the main suppli

Graph 7 shows the ratio of S/N as as the averages of the response. According to this figure,
S/N ratio charts, as well as r se averages, confirm each other in all cases.

competitor.

[Figure 3]
Taking into accoun sults of this experiment, below the optimal levels of each parameter,
the analysis an nation of changes in the total variance of the estimate is given in detail.

The foIIOW|Q: ghanges in variance will be examined relative to the changes in each of the
paramet his study confirms the results of the Taguchi method.

54. Z Sum estimation variance per percent profit
According to data reported in Appendix I, the sum estimation variance of demand of retailers

1 and 2 by major and competitor suppliers is shown per percent of profit variations. Contract
profit percent has been considered between 0.4-0.8 to achieve a real understanding of the
problem. A constant profit percent is considered for the contract signed between major and
competitor suppliers and retailers. The minimum sum variance ratio occurs at a point of 0.8.

The maximum variance ratio occurs at a point of 0.6. the sum variance ratio is descending in
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the 0.4-0.5 interval, while ascending in the 0.5-0.6 interval, and again becomes descending in
the 0.6-0.8 interval. Therefore, a contract profit percent of 0.5-0.6 must not be taken to prevent
BWF amplification in the network. Although the minimum sum variance ratio occurs at the
point of 0.8, suppliers are less willing towards this point because of their low-profit percent for
them. Figures 4,5 and 6 depict the variance of demand estimation by suppliers per retailer 1
and 2.

[Figure 4]

[Figure 5] (b,

[Figure 6] R Q
5.5.  Sumdemand variance per price variation N
According to Appendix Il and Figure 7, the minimum sum variance of suppli!@Ecurs at the

price point of 30. The maximum sum variance of suppliers occur%%e point of 40.

Although the estimation variance of retailer 2's demand by suppliers is er than other points,
following figures 8 and 9, the variance will increase at the pd@of 40 because the major

supplier’s estimation of demand variance of retailer 1 is ]@at this point. However, the

optimal solution of the model appears at the point of nce the values of variables are
considered in the optimal solution. .\

i ]

igure 9]

5.6. Sum demand variance per lead time variation
picts the sum variance of suppliers in the points of

According to Appendix 11, Figur

lead time that have feasible ImThe minimum sum variance of suppliers occurs in lead
time 1, while the maxim variance of suppliers occurs in lead time 4. According to
Figure 11, the minim% riance rate of retailer 1’s demand estimation by the competitor
supplier occurs in time 5. Figure 12 indicates that the minimum variance rate of retailer
2's demand eé;{ ‘%by the competitor occurs in lead time 1. Since the competitor supplier

ailer 2 to sign the contract, the minimum variance of retailer 2's demand

has seleq
estiw y the competitor supplier occurs in the lead time 1.

[Figure 10]
[Figure 11]
[Figure 12]

5.7.  Competitor supplier’s profit variance per percent profit
According to Figure 13, major suppliers’ profit at the point of 0.8 is higher than other points.

The profit of both suppliers is almost the same in other points; therefore, the supplier's percent
profit does not change the supplier's profit in other points except for the point of 0.8. A major

supplier's profit is greater than the profit of a competitor supplier at all available points.
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[Figure 13]

5.8.  Competitor supplier’s profit variance per price variation
According to Figure 14, the competitor supplier’s profit is almost fixed in the price range of

30-60, while this profit at the price point of 40 is higher than other points.

[Figure 14]
5.9. Competitor supplier's profit variance per lead time variation
According to Figure 15, the major supplier’s profit is almost fixed in the price range of 1-5.

The competitor supplier's profit remains constant in the price interval of 1-4, while is double

in lead time 5 compared to other points. Although the competitor supplier's profit is a at

a point of 5, this is a considerable point that the competitor supplier cannot select” time
of 5 because of the competition between suppliers. Q

6. Conclusion and Recommendations }

This study aims to present a programming model to reduce the bullwhip effect and loss of

major suppliers when competing with competitor suppller sing the revenue sharing
contract. This study examined the BWE under RSC withi ~echelon supply chain in which
one layer comprises two or more major and compgtit %ers and another layer comprises
a network of retailers. In the next step, a lower Wwas measured for the variance ratio of
demand estimation by suppliers within fic modes of two suppliers and multiple
suppliers (one major supplier and competitorsyin presence of RSC to propose a multi-objective

nonlinear programming model wit inear constraints for the problem. The first objective

of the model was to minimize the E in the network and another objective was to decrease
competitor suppliers' profit f major supplier). A numerical analysis was done to validate
the studied model. A to the results of numerical analysis, the demands' variance ratio
under the revenue Q g contract was less that the case without a contract. The largest lower
bound with a Cc qualed 0.026, while this rate equaled 0.1 in the case without a contract;
therefore is amplified in the case without a contract. The results of optimal demand
esti Qy the proposed model were compared with other methods of demand forecast
(na‘%thod, simple exponential smoothing, and moving average method). The results
indicated that the estimation variance of this model outperformed other methods regarding the
data presented in this research so that this method could effectively reduce the BWE in the
network. Variance changes in retailers' demand estimation by suppliers per contract percent
profit were examined in the next step.

The following discusses the managerial insights derived from the research results. the results

showed that variances had a descending trend in all points except for some specific points. It
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can be stated as a management insight that BWE will be lower if suppliers increase contract
percent profit for retailers within the 0.4-0.5 and 0.6-0.8 intervals. Demand estimation variance
per price variance was examined. In terms of management insight, the BWE will be reduced in
the network if the end price is set at the 50-70 interval. After the estimation variance per price
variance was examined, the estimation variance per lead time variance was assessed.
According to numerical results and customer satisfaction, the shorter the lead time, the lower
the BWE in the network will be. Moreover, BWE variance per contract percent profit,_lead
time, and price variances were assessed, and then the supplier's profit variance pe (bglct
profit, price, and lead time variances were measured. According to the results.0S§ pliers'
profit variance per contract percent profit variance, the profit of major and ¢ itor suppliers
is almost constant in all points except for the point of 0.8. Thereforg, g rs can obtain a

%ﬂ at 0.4-0.5 and 0.6-
0.8 intervals and considering the BWE phenomenon. Accordi@ the results of suppliers'

profit and prevent BWE amplification in the network by selecting a

profit variance per price variance, the major supplier's profit\is mflaximum at the price point of
40. This rate almost remains constant at other price poifits; therefore, suppliers can adjust the
price based on the end-consumers’ affordability t‘o& profit and reduce BWE. According

suppliers' profit is almost constant during ad times except for lead time 5 for the major

to the results of suppliers' profit varian @ad time variance, major and competitor
©

supplier. Therefore, suppliers can cbg%e the lead time within 1-4 intervals based on their
available facilities to satisfy ret

The limitation of this resear@that, given that this research has addressed the general issue
of reducing the buIIwhi;@e , in order to implement it in different chains, it must first be
accurately identifie \.eu the factors affecting its disorders must be discovered in order to
obtain more ac esults.

It is recommended that further studies use metaheuristic algorithms to solve the large-sized
problem.\M@reover, more studies can be conducted on the BWE under the other contracts in
the rk. Other interesting subjects may include investigation of BWE in the network
within the generalized mode in which some retailers have signed a contract with some suppliers

beside topics about symmetric and asymmetric information of chain participants.
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Table 1: retailers' demands

@ Month Retailer 1 | Retailer 2

\J Januair 45.2 17.4

February | 42.6 13.6

Maret 44.9 14.7

@ April 43.8 14.4

Q Mei 45.3 17.6
Juni 44,6 18

O Juli 457 13.2

Agustus 45.1 16.4

September | 43.6 12.1

Oktober 44.8 12.6

November | 43.7 16.6

desember | 45.4 16.2
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Table 2: parameters' values

a |y n 0 b m COV(Ql,t Qa4 )
1 1 1 0 1 3 0.03
Cy | C, | var(Q,) | var(Q,) | Wi pro, | pro
S s 1t 2t W (i1,1)/(Q) 1 2
15 |15 |09 4.3 30 0.5 0.5

Table 3: optimal values of demand forecasting with/without a contract

17.4 17.4
42.6 43.6 13.6 13.6 42.10 13.25
44.9 45.9 14.7 14.7 44.38 14.48
43.8 44.8 14.4 14.4 43.29 14.11
453 46.3 17.6 17.6 44.80 18.10 17.06
44.6 45.6 18.0 18.0 44.09 %p 1846 | 17.67
45.7 46.7 13.2 13.2 45.19 46:49 13.88 12.89
45.1 46.1 16.4 16.4 44.61 .18 16.96 15.82
43.6 44.6 12.1 12.1 43. 43.36 12.80 11.77
44.8 45.8 12.6 12.6 44.99 13.29 12.27
43.7 44.7 16.6 166 @ . 43.55 17.10 15.95
454 46.4 16.2 16.2 .90 4547 16.77 15.67
Table 4: optimal vgues )f variables with contract
(s1) (s1) (s2) (s2)

(01,11 ¢2,t ¢1,t2 ¢2 t2 Wsz P pZ,t LB

0.45 0.45 0.27 25 25 60 60 0.026

Tl,s1 Tz,sl T1 s2 2, > Ll,s1 I'.L,s2 I‘Z,s.1 I‘2,s2

0.0 0.0 1 1 1 1

@e 5: optimal values of variables without a contract
L L. L, A LB
1.0 1.0 1.0 22.13941
Tl‘sl 2,31 leSZ TZ,SZ WSZ 0.100
0. \ 0.0 0.0 1.0 17.97097
A4

Table 6: comparing different methods of forecasting demand.
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Januair 452 | 456 | 506 | - - - - - - 474 | 182 | 178 | - - - -

February | 426 | 430 | 491 | 452 | 452 |- |- |- |- | 136 | 145 | 140 | 474 | 474 |- |- |- |-
Maret 00 | 453 | 504 | 426 | 448 | 326 | - |- |- | 147 156 | 151 | 136 | 423 | 252 | - |- |-
April 438 | 442 | 498 | 9.9 |39.6 | 32.1 | 354 | - - 214 | 153 | 148 | 14.7 | 382 | 16.6 | 243 | - -
Mei 453 | 457 | 507 | 438 | 402 | 33.0 | 354 | 374 | - | 17.6 | 184 | 180 | 21.4 | 35.7 | 179 | 168 | 229 | -
Juni 206 | 450 | 503 | 453 | 41.0 | 366 | 299 | 32.4 | 346 | 450 | 188 | 184 | 17.6 | 33.0 | 280 | 24.7 | 225 | -
Juli 457 | 46.1 | 509 | 206 | 37.9 | 372 | 388 | 33.1 | 346 | 132 | 141 | 136 | 45 | 348 | 253 | 243 | 224 | 26.6
Agustus | 5.1 | 455 | 505 | 457 | 39.1 | 238 | 292 | 32.1 | 284 | 504 | 172 | 168 | 132 | 315 | 362 | 315 | 295 | 20.9
September | 43.6 | 440 | 497 | 51 | 340 | 315 | 287 | 320 | 340 | 71 | 130 | 125 | 504 | 344 | 236 | 289 | 267 | 270
OKktober | 448 | 452 | 504 | 43.6 | 354 | 312 | 348 | 320 | 342 | 43.6 | 135 | 13.0 | 7.1 | 303 | 33.7 | 285 | 319 | 258
November | 23.7 | 44.1 | 49.7 | 448 | 368 | 37.4 | 293 | 32.6 | 30.6 | 166 | 17.4 | 17.0 | 43.6 | 32.3 | 224 | 294 | 262 | 29.5
Desember | 454 | 458 | 507 | 237 | 349 | 380 | 394 | 325 | 347 | 102 | 17.0 | 166 | 166 | 29.9 | 23,3094 | 256 | 293
Varance | | 005 | 0004 | 100 | 006 | 007 | 007 | 001 | 002 | - | 002 | 002 | 101 | 011 | 014 | 009 | 004 | 04

ratio
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