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1. Introduction

Why to coordinate a supply chain with contracts?a¥\dre supply chains and which impor-
tance they have in economic practice? Joseph hg&wg1950) was the first researcher who
defined in his scientific papéNertical integration and antitrust policy’the term touble
marginalizatiori and has got the ball rolling for further reseatch

Basically the main problem by which researcherscardronted is performance inefficiency
resulting in ordering to littlé. This inefficiency results from having at least teompanies
instead of having one company in a supply chaimlelail, we can distinguish between differ-
ent companies being independent, acting alone aimd) besponsible for their own mark-up.
Hence, every involved company adds value to a mtolly producing, upgrading, transport-
ing and selling. For example, a manufacturer preduwe specific product and sells it to a re-
tailer who resells it to end-consumer.

All companies involved in the supply chain maximtheir profits. They are characterized by
risk neutrality. The retailer is confronted with stochastic demarehning that he does not
know how much the end-consumer will buy during season. In the case of deterministic
demand in which the retailer knows the number tdssa advance it is possible to decrease
the double-marginalization effect to zéro.

The reason for having a problem with “double-maagization” and consequently with supply
chain inefficiency is due to the fact that the itetaorders too little as compared with an inte-
grated supply chain. Hence, the optimal quantitannintegrated supply chain is the bench-
mark for the comparism of coordination mechanisms.

A lot has been done by researches to solve thdgmobf “double marginalization” and its
consequences to supply chain performance. Therefongractual agreements as coordination
mechanisms were developed to improve the supply @eformance.

The paper of Lariviere and Porteus (2001) can ke ss a starting point for the research of
supply chains with regards to efficiency. They hattedied the consequences of a wholesale-
price contract (also called the price-only confracttotal supply chain profits. Their results
indicate that a price-only contract could nevebsoordination mechanism in the sense that

the retailer would order more. But they have atatesl reasons in which a price-only contract

! See Spengler, J. (1950), pp. 347-352

? See Lariviere, M. A., Porteus, E. L. (2001), p. 293

% See Pasternack, B. A. (1985), p. 133.

* For elimination of the ,double marginalizationexdf‘ see Kolay, S., Shaffer, G., Ordover, J. A020)
pp.431-437 in the case of complete information.



could be better off in contrast to other coordingtcontracts in relation to specific demand
properties’

The researchers Cachon and Lariviere (2005) haamieed the consequences of a specific
marginal revenue curve to supply chain efficieneyler a wholesale-price contract. They
stated that under specific assumptions it is maffecalt to implement a coordination me-
chanism because of the additional administrativeldmit cause$.

The researchers have critical grappled with coatthn mechanisms being already applied in
economic practice.

The procedure of a revenue-sharing contract has inggdemented by Blockbusters Inc. who
was faced with customer dissatisfaction becaudeawing too little videocassettes for rental
in their stores. The buyback contract has already been appliechéyjdurnals- and maga-
zines-industry under which the producers boughkhatsold units at the end of the day or
week® The sales-rebate contract under which the paatiese on price deductions on higher
sales is used by HP through a specific reward progrAnd the quantity-flexibility contract
is used by companies such as Microsystems, Nipp@ Solectron, Toyota Motor Corpora-
tion and Compad’

All the above mentioned coordination mechanisms tairachieve a better supply chain per-
formance in the sense of giving an incentive tetailer to order more. Consequently, the
total supply chain profit increases and makes tipply chain more efficient.

Hence, this working paper deals with the questiow lit is possible to improve a supply
chain in the matter of increasing the total supgigin profits and consequently to improve
supply chain efficiency.

The working paper is structured as follows: In 8§ @ifferent coordination mechanisms will
be discussed in reference to supply chain effigie@orresponding graphs shall show on one
side the problems and on other side the solutionthe total supply chain. In § 2.1 the mod-
el, notations and assumptions for further reseailitbe presented in more detatl.

It will be shown that the contracts discussed in383 coordinates the supply chain: The re-
tailer orders more and the total supply chain priofireases. Finally, in 8 7 the main results

will be summarized.

® See Lariviere, M. A., Porteus, E. L. (2001), pp6-3@1.
® See Cachon, G. P., Lariviere, M. A. (2005), pp488-
" See Cachon, G. P., Lariviere, M. A. (2005), pp330-
® See Pasternack, B. A (1985), pp. 133-140.

% See http://www.hprewards.co.uk.

19 5ee Tsay, A. A. (1999), p. 1340.

' Based on Cachon, G. P. (2003), pp. 233-237.



2. The wholesale-price contract™

2.1 Introduction

The basis in studying supply chain coordinatiorhveibntracts is the wholesale price contract.
An intensive analysis in this respect was madedoywiere and Porteus (2001).

The reason for operational research in this sdierdrea is the supply chain inefficiency re-
sulting of the fact having two firms instead of ey one firm. In other words, we have two
profit realizations whereby in the first case thargin is lower than in the second case. The
aim is to develop contracts as coordination insémi® to increase efficiency in reference to
the total supply chain performance.

Spengler (1950) called this fact afoyble marginalizatiot!®. He engaged in this area of re-
search because of the fact that the Supreme CbthedJnited States saw it illegal to inte-
grate one firm in another. They had the opinior this strategy leads to reduced competition
without consideration the differentiation and imipathorizontal and vertical integratidf.
,Double marginalization“can be illustrated by these that the retailer takes too little on stock
as in the case of an integrated channel. Theremoedination mechanism such as the buy-
back contract (Pasternack 1985), the revenue ghadntract (Cachon, Lariviere 2005), the
guantity-flexibility contract (Tsay, Lovejoy 1999nd the sales rebate contract (Taylor 2002)
were developed to receive a better supply chaifopeance. But these coordination mechan-
isms are linked with an administrative burden. @ouently we have first to investigate a
price-only contract to make further research iratieh to other contracts to determine in
which extent the administrative expense is wortring

An example for an administrative burden could béhim sense of a collaborative relationship
whereby the manufacturer has to monitor the saldbeoretailer to assess the revenue for
profit sharing. This example is important assoclat&h a revenue sharing contract which we
will discuss later®

Now we have to define the model. The supply chamststs of two persons: the manufacturer

producing the necessary quantity of a single prbdod sets the wholesale price and the sup-

12 Based on Cachon, G. P. (2003).

13 See Lariviere, M. A., Porteus, E. L. (2001), p.293
4 See Spengler (1950), p. 347.

!5 See Lariviere, M. A., Porteus, E. L. (2001), p329

'8 See Cachon, G. P., Lariviere, M. A. (2005), p. 31.
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plier, who ordes a specific amount of goods from the manufactarer sells it to the cusm-
er after random demand is reali.. The following time line gives an overview on théeirzc-

tions between the manufacturer and the ret'’

The manufacturer produces The retailer orders the quantity. The random demand is realized.
a single product and determines
the wholesale price.

Figure 1®

As can be seen in figure 1 we have a time horiZame. In reality it can be counted as ¢
year. Furthett is a classical newsvendor problem. The retatelers a specific amount of t
single product without knowing demand. After demasdealized he retailer isconfronted
with two situations, i.e. thatitber he has ordered too much or he has orderetittiecof the
single product?

Additional another importarquestion arise in this context. Because thereveoeparties n-

volved in that process it has to be answehow the resulting supply chain inefficiency c
be defined and calculated@herefore we have to consider of two scenariast e assum
having one business, also called an integratednehawhere the manacturer and the rel-

er operates under the same company name. It idateduby transfer paymts without a
mark-up Second we assume a situatas shown in figure 1.

If we comparehe resulting profits ireach situation to each oth&re can say more about t
supply chain efficiencyHence, we have two different profits sito compar.

An important assumption in this model is that manufacturer can be seen as a Stacke!
leader. He decides on the higdss of the wholesale pr and makes the first step in thisa-

tegic game?

A very interesting fact in relaticto specificmathematical characteristic of tdemand distri-
bution is itsimpact to the supply chain efficier and to the division of total profit betwe
manufacturer and retailecariviere and Porteus (200found out that the coefficient of va-

tion (the division of the standard deviation by thean from the demand distribution) play
important function fo the total performance. In their research theYitarelative variabii-

ty”. As relative variability falls the manufactureets a higher wholesale price, which le

" See Lariviere, M. A., Porteus, E. L. (2001), p..

'8 See Cachon, G. P. (2003), p. 234.

19 See http://en.wikipedia.org/wiki/Newsvendor_prok.

% See Lariviere, M. A., Porteus, E. L. (2001), p. 20%
http://en.wikipedia.org/wiki/Stackelberg_lea.
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into a better supply chain efficiency. Hence, hts gelarger portion of the supply chain prof-
it. !

Therefore, it is possible that the supply chainhvat price-only contract get better-off than
with another coordination mechanism in connectiath @n additional administrative burden.
Lariviere and Porteus (2001) proposed two poss#sli in which the manufacturer will set a
smaller wholesale price. In the case of a fixedgomewsvendor (the retail price is exogen-
ously) the manufacturer can increase the wholegate without an impact on demand.
Hence, in a situation where the retailer can be seeprice-setting newsvendor (the retail
price is not exogenously and the retailer influsndemand) the manufacturer would not in-
crease the wholesale price. A higher wholesaleepniould imply a higher retail price. A
higher retail price would imply less demand. Conssly the optimal quantity would not be
achieved and there would not be an improvemertiostipply chain performanée.

The second possibility where the manufacturer lisefd to set a low wholesale price is in the
case of arore powerful retailer The retailer has opportunity costs. He has a#dgve pos-
sibilities to make business. Therefore the manufacthas to take into consideration hiss-
ervation utility’ as secondary condition to maximize his profit.

In the next subchapters we will discuss more alloatwholesale-price contract, which is
playing an important role for further study andrigeoften watched in practice.

Therefore we begin by formulating our newsvendodeian detail. Afterwards, we compare
the result of an integrated supply chain (= sifgleiness) with the sum of the profits from
the manufacturer and the retailer resulting in ppsuchain (=no single business). Hence,
when we can say more about supply chain ineffigieitas possible to answer our question
why the wholesale-price contract does not belontpéocoordination mechanisms and ascer-

tain the reasons why to develop supply-chain cotdra

2.2 The model®

As mentioned above we have two persons in our gughdin: the manufacturer who produc-
es the single product and the retailer who ordeessingle product to the manufacturer and
sells it to the end-consumer. These persons d&@eigtral and are maximizing their expected

profit.?®

L See Lariviere, M. A., Porteus, E. L. (2001), p429

22 See Lariviere, M. A., Porteus, E. L. (2001), p130

2 See Lariviere, M. A., Porteus, E. L. (2001), p42&d p. 301.
4 See Cachon, G. P. (2003), pp. 233-242.

% http://en.wikipedia.org/wiki/Risk_neutrality.



We face stochastic demand with a time horizon @&. drhe following sequence occurs: The
manufacturer offers the retailer a wholesale-pdaetract, which he can accept or reject. In
the case of agreement to the offered contract témmsetailer orders a specific amount of the
single product and afterwards, demand happens.

For now we assume that the retailer has no opptytaosts and he is a fixed-price newsven-
dor, meaning he has no bargaining power.

A further important assumption is that the ordegaentity corresponds to the produced quan-
tity due to the contractual enforcement. In thigteat it has to be mentioned that there are
two different compliance regimesvdluntary complianceand “forced complianceas stu-
died by Cachon and Lariviere (2001). Under a coamale regime the manufacturer is respon-
sible to have the ordered quantity of the singledpct on stock otherwise he has to take the
legal consequences into account. Under voluntargpdiance the ordered quantity is inde-
pendent of legal consequences on stdck.

In the next step we define the necessary varidBles:

L e Retail price
Cpywvvrreeennneennnneennnne o Production costs — manufacturer
Crovrrrrrri e Marginal costs - retailer

(o PR Goodwill costs - retailer

o Goodwill costs - manufacturer
Vot Salvage value

Wi Wholesale price

C=C +Cpurernninnnnannnns Total costs of the supply chain

0=0, T, ceeememeennenns Total goodwill costs of the supply chain

(@) =q9-S(q) ---e--onon Expected leftover inventory
L@=u-95(q).......... Expected lost sales

% See Cachon, G. P. (2003), p. 234.
2’ See Cachon, G. P., Lariviere, M. A. (2001), p.-63Q and Cachon, G. P. (2003), p. 236.
% See Cachon, G. P. (2003), pp. 233-238.
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The value of unsold goods is the salvage valubeaehd of the season. Goodwill costs occur

in the situation of lost sales. Therefore, theilets profit function is
7.(q) =rS(a) -wa-c,q- g, L(q) +vI(q) (1)*°
and the manufacturers profit function is
7,,(Q) = wg-c,q-g,L(a) (.7
The supply chains total profit can be determined as

M(q) =7, +m, =rS(q) —cq-gL(q) +Vvi(q) (3
=(r-v+9)S(q) -(c-v)g-gu

In the next subchapter we will discuss the supplgirt performance and we will answer the

guestion whether the wholesale-price as coordinatiechanism is a coordinating contract or

not?

2.3 Wholesale-price contract and its consequences to supply chain

performance®

In our game the manufacturer offers the retaileomtract being accepted by the retailer. The
retailer knows now the offered wholesale-price hrdmaximizes his profit function. Hence,
he differentiates his profit functiofl) with respect to q and receives the following optim

quantity.

om, _o((r-v+g,)S(q) — (¢, —v)q-9g, 4~ Ww0q)
Jq Jq

=(r-v+g,)S(q, ) -(w+c, -v)*

9 See Cachon, G.P. (2003), p. 236.
%0 See Cachon, G.P. (2003), p. 236.
%1 See Cachon, G.P. (2003), p. 237.
%2 See Cachon, G. P. (2003), pp .238-239.



By understanding the problem of supply chain igtficy we have to differentiate the profit

function of an integrated supply chain with resged to obtain the optimal order quantity.

on _o((r-v+g)S(q) - (c-Vv)q-gu)
oq aq

=(r-v+9)S(g°) - (c-V)

If we compare the optimal quantity  being chosen by the retailer in a supply chai wie

optimal quantityq® in an integrated supply chain the following carsben:

oxr . C—V o _WHC, —V
S(a”) :m # S(q,) Zm

(4)34.

These results illustrates that the wholesale-pgsg®t a coordination mechanism in the sense
of improvement of the supply chain performance.
The wholesale-price is not a coordinating contladtit is the basis for further study as men-

tioned above in the introduction.

In compliance with(4) the retailer does not order the optimal quarfity

Now the question arises at which wholesale-prieerttailer orders the optimal quantity so
that there is no supply chain inefficienty.

To answer this question we have to equate forrfd)land calculate the necessary wholesale

price:

C-V _W+c -V
r-v+g r-v+g,

Further we assume the goodwill costs are 0 andaethe equatiol = c, +c_, into account.

The wholesale-price has to be

33 See Cachon, G. P. (2003), p. 238.
34 See Cachon, G. P. (2003), p. 237.
% See Cachon, G. P. (2003), p. 238.



W=Cc-V-C, +V
w=¢, +c, -v-c, +v (5)*
w=c,

to get the optimal quantity’ .

In other words, if the manufacturer equates thelegabe-price with his costs he would make

no profit but the supply chain would be efficientreference to the optimal order quantity.
The retailer would order the quantity if thew=c,.

If the wholesale-price is greater than the supiglieosts we have the problem alduble
marginalizatiori (Spengler 1950) resulting in the non-optimal argeantity.

To answer further questions regarding the suppéyncperformance we have to determine the
supply chain efficiency in mathematical terms. Agady mentioned in the introduction the
development of coordinating contracts is the keseteeive the optimal order quantity.

The supply chain efficiency can be calculated #evis:’

+
% = the degree of supply chain performar(6g.

The termm, + 77, is the sum of the profits in the sequential sugblgin game with the non-

optimal order chosen by the retaiféfThe termM is the total profit in an integrated supply

chain, where the retailer and the manufacturerdbaiie company without inefficiency. The

wholesale-price contract would never achieve a lyugmin efficiency of 1. Only in the case

where the manufacturer makes no profit and setsvtiw@esale-price to his costs the supply
chain would be efficient.

A very interesting fact in this context is the demaroperty of stochastic demand and their
positive impact on supply chain efficiency withdwatving a coordination mechanism. It could
be the situation that a wholesale-price contracidccde better in profit realization as other
coordinating contracts having the goal to genenaiber supply chain efficiency. Why? The

reason is the administrative burden caused by doedmating contracts. In some situations
the supply chain would be better off having a whale-price contract as having a coordina-

tion contract with an administrative burden, whietluces the supply chain performarite.

% For another mathematical illustration see Cact®rP., p. 238.
" See Cachon, G. P., p. 240.

¥ See Figure 1, p. 4.

%9 See Lariviere, M. A., Porteus, E. L. (2001), pp6:300.
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In the next subchapters we will discuss the denthsitibution property of a power function,
the shape of a marginal revenue curve (convexitgonmicavity) and its consequences to the
supply chain performance with a wholesale-pricetraan. Therefore, we will ascertain if in
specific situations it would be better to have i@gonly contract in contrast to other coordi-

nation mechanisms.

2.4 Demand distribution property of a power function and its conse-

quences to supply chain performance.*

The following example was taken from the workingp@aof Cachon (2003) and shall demon-
strate the efficiency of the wholesale-price corttahere demand follows a power function
distribution®*
We formulate the following power function distribart F(q) with its density function f(q):
F(a)=q"
f (q) - kq(k—l) .42
F(a)=1-F(a) = S(q)’
Expected sales are:
S() =q@- F(@)+ [ Y(fyay.
The manufacturers profit function is:
7T, (A, W(Q)) = W(a)q —C,,0 ~ g, (1~ S(Q)) -
The manufacturer determin@gq) dependent o, and can be written as:
w(g) = (r —v+g,)F(a) - (c, -v)*

= o _ (Wtce, —v)
F(a)=3(q,) —m-

For further study we have to determine efficiencgasures for the wholesale-price under
consideration of the power function distributith:

“ See Lariviere, M. A., Porteus, E. L. (2001), pp7-3@1.

*1 See Cachon, G. P. (2003), pp. 240-241 and LaeiyMr A., Porteus, E. L. (2001), pp. 298-299.

2 See Cachon, G. P. (2003), p. 240 and Bagnolipergstrom, T. (1989), p. 10.

3 See Cachon, G. P. (2003), p. 238.

* See Cachon, G. P. (2003), p. 240 and for furthetysLariviere, M. A., Porteus, E. L (2001), pp.82300.
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(G W(T) _ K+1

R = the degree of the manufacturers profit sharthéodecentralized
M(a) k+2

total supply chain profit and

ne,) = k+2

@) ™

= efficiency of the wholesale price contract.

Hence, the manufacturer calculates the optimal tityaq,, to inducew(q;,) from his profit

function 77, (g, w(@)) by differentiating to g.
Assuming thatge (01) and k>0* we are calculating the efficiency for the wholesptice

contract (=total profit of the decentralized supphain divided by the total profit of the inte-
grated supply chain) and the profit share of thauneacturer.

The following graph shows these results:

100%

== Suppliers profit share
50%

= Efficiency

Coefficient of variation

O% T T T T 1
0 2 4 6 8 10

Graph £°

As can be seen by Graph 1, the efficiency of thelegale-price contract is increasing with
increasing distribution parameter k and with desireg ‘relative variability*’. As relative
variability falls the manufacturer gets the highpsttion of the total decentralized supply
chain profit.

In a situation with a high distribution parametet ls more difficult to implement a coordina-
tion contract with consideration of the additioadministrative burden.

> See Bagnoli, M., Bergstrom, T. (1989), p. 10.

“® See Lariviere, M. A., Porteus, E. L. (2001), p929

4" See Lariviere, M. A., Porteus, E. L. (2001), p428hey define felative variability” as the measure of the
coefficient of variation (=standard deviatiamided by the mean).

11



The rational explanation for the decreasing regatiariability is the fact that the retailer has
less demand risk. Hence, the manufacturer setgtehivholesale-price and the compensa-
tion for the retailer is small. Assuming that treefficient of variation would be 1 the supply
chain efficiency would be 100% and the retailer ldaarn zero profit.

Hence, the gap between the decentralized and tbgrated supply chain profit depends on
the distribution parameter k. The smaller the naiffecult it is to implement a coordination
contract with respect to its administrative burden.

The next chapter gives an insight into the shapa ofarginal revenue curve (convexity or
concavity) and its consequences to the supply gbeiformance with a wholesale-price con-
tract®® In our study we will observe that the shape ofagimal revenue curve plays also an
important role for the supply chain performancethé marginal revenue curve is concave
then a positive influence on the degree of efficieoan be noted. Hence, it is more difficult

to implement a coordination contract in refereracéhe administrative burden.

2.5 The shape of a marginal revenue curve and its consequences to

the supply chain performance™®

We assume the following points:
» The goodwill costs and the salvage value are zero.
« The marginal revenue curveR¢q)' =1-q°, whered > 0 andqe[07] .5
« A function in the form ofw(q) = R(g)" exists to induce the optimal order quantity

» The supply chain inefficiency is expressediby

The first order condition of the suppliers protinttion can be determined as follows:

7, = q(w(a) —c) -
1, =R(q)' +qR(Q)" -c¢

Because of the fact that the wholesale price isaketpu the marginal revenue the optimal

wholesale price can be determined as follows:

“8 See Cachon,
49 See Cachon,
%0 see Cachon,
1 See Cachon,
2 See Cachon,

., Lariviere, M. A. (2005), p. 40.
., Lariviere, M. A. (2005), pp438
., Lariviere, M. A. (2005), p. 39.
., Lariviere, M. A. (2005), p. 38.
., Lariviere, M. A. (2005), p. 38.

12
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0=R(q, ) +0, R(g, )" -¢
R(g, ) =w(q, ) >
w(g, ) =c-q, R(q,)"

For further study in reference to the supply cledfitiency we have to determine the optimal

quantity both for the decentralized and centraligiaghtion.

0=R(q, ) +d, R(g, )" -c
0=(-q%)+a(-&"") -c
0=1-¢°-&° -c
q’+6&y° =1-c

, (1-c
d (1+ 9)

1

. 1-c)e 2 54
=|—| <g°=@1-¢)?,asR(g°) =c.
ds [1+9j q°=(1-c¢) (9°)

If we compare the two results it can be seen tiabtdered quantity under a wholesale-price
contract differs from the optimal quantity in artegrated supply chain. Hence, we are faced
with the problem of supply chain inefficiency.

Cachon and Lariviere (2005) used the following gsafp show that the shape of a marginal

revenue curve plays an important role in the impment of the efficiency.

3 See Cachon, G. P., Lariviere, M. A. (2005), p. 38.
** See Cachon, G. P., Lariviere, M. A. (2005), p. 39.
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Marginal revenue curve
©=1/2 and ¢=0,05 g, = 0.3
1,00 R(g, ) =0,29
= 0,86
R(g*®) = 0,03
T 050
o
) —R{q)’
wig, )
[
0,00
0,00 q; 0,50 q° 1,00
q
Graph 2°

Marginal revenue curve
©=4 and ¢=0,05

Graph 3°

How it is possible to measure the supply chainficiehcy A of the two cases? The area right

and above the red dashed line can be seen asefffieiemcy. It results from the non-optimal

55 - 1
See Cachon, G. P., Lariviere, M. A. (2005), p.\88erebyd = 7

% See Cachon, G. P., Lariviere, M. A. (2005), p.\88erebyd =10.
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order quantityqs*. Hence, the amount of lost profit in the case dkeaentralized system can

be measured as follows:
J.. (R@-9dg®™’

Additional the following can be noted:
* If 8<1 the marginal revenue curve is convex,
« If d=1itislinear and

e if d>1itis concave.

!
convex

For further understanding we add to our model twiditeonal notations:R(Q) and

R( q) 'concave'

Now it is possible to calculate the degree of iiceghcy if 6 >1:

[ (R e 90

Aconcave =0 '
[} (R@)%oncave™ 9

and

if @<1:

J; (R(@tone~ 9l

[} (R@%omes= 9da

If we compare the two results we can note Aat, . < 1 .With concavity of the marginal

convex
revenue curve the degree of inefficiency decreddesce, the supply chain is more efficient
in the case of concavity. These results illustréties if the marginal revenue curve is concave

it is more difficult to implement a coordination af@nism with an administrative burden.

" See Cachon, G. P., Lariviere, M. A. (2005), p 39.
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2.6 Summary

The outcome is that in specific situations the wekale-price contract would be better off in
contrast to coordinating contracts in relationheit administrative burden they cause. Expli-
citly, specific demand distribution properties be tshape of a marginal revenue curve com-
plicates the implementation of coordination arrangnts into a supply chain.

Further, we have ascertained that the wholesate montract cannot be seen as a coordina-
tion tool but its implications are important fortiuer research.

The next chapter gives an insight into the firsttcact in which the manufacturer and the
retailer shares the revenue to increase the subpiyn quantity and consequently to increase
efficiency.

3. Therevenue-sharing contract

3.1 I ntroduction

In response to the supply chain inefficiency Cachod Lariviere (2005) have examined the
revenue sharing contract. It was already known amplemented by companies such as
Blockbusters Inc.

Blockbuster Inc. is a company that offers the gubti to rent or buy cinema films. They are
present around the world with over 2600 businessgaged in the rental and selling of home
entertainment® Their success story has begun in 1998, whereliheg entered into a reve-
nue-sharing contract with their suppliers. Befa®#@8 Blockbusters faced the problem of cus-
tomer dissatisfaction. They had an insufficientrgitg of video cassettes for rental in store
because the purchase-price or wholesale-price emsigh. As a consequence Blockbuster
Inc. agreed to pay its suppliers between 30% ard dbits profits. In return the suppliers
have reduced the wholesale-price for a video tapm $65 to $8. Despite of the fact that
Blockbuster has given a large share of its proditsuppliers their profits increased after 1998

%8 http://www.blockbuster.com/corporate/internatiddpérations.
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dramatically. Their market share increased from 26%91% and the cash-flow increased by
61%.°

Hence, with a revenue-sharing contract it is pdsgidbincrease the ordered quantity and con-
sequently the supply chain performance.

The question arises whether it is possible to imgelet this type of coordination mechanism
in every industry or not? Cachon and Lariviere &0Bave identified three restrictions of
implementing revenue-sharing contracts as coordimanechanisni®

The first and most important restriction is the austrative burden. The supplier must have
an insight to verify and control his share of profithich is linked with effort and costs.

The second restriction would be in the case oflestaffort. The retailer enhances demand by
investing in advertising and promotion. In thise#se question arises, up to which extent the
supplier bears the costs. This situation would liead higher administrative burden and the
coordination contract would not be better off conegato the classical wholesale-price con-
tract. And third, in a price-setting newsvendor rlodhe retail price is not stated exogenous-

®1 in the form of

ly) with quantity competing retailers (also knows“@ournot competition
an oligopoly the revenue-sharing contract doeswikwThe retailer is faced with the profit

function contingent on price, quantity and the psodf the other retailers. Hence, the reve-
nue-sharing contract does not work in an oligofdk@nly in the case of perfect competition
the revenue-sharing contract can be used as catiatirechanisrf®

In the next section we get to the bottom of thestjoa how the revenue-sharing contract
works and how it is possible to increase the oVexabply chain performance? And how
much the retailer orders if he is confronted witldiional effort costs? For example: He in-
vests in promotion and advertising to enhance aoesuwemand. Therefore, is it possible to
generate the optimal order quantity as in the o&se integrated supply chain? If yes, which
value the corresponding contractual parameters dvbale? Therefore we are first defining

the model.

¥ See Cachon, G. P., Lariviere, M. A. (2005), pagé@
http://knowledge.wharton.upenn.edu/article.dnieleid=258.

0 See Cachon, G. P., Lariviere, M. A. (2005), p. 31.

®1 http://en.wikipedia.org/wiki/Cournot_competition.

%2 See Cachon, G. P., Lariviere, M. A. (2005), pp386-

%3 See Dana, J. D., Spier, K. E. (2001).
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3.2 The model®

For further study we take the notation and varslale determined in the previous model. We

augment our model by the variabfe- ¢) being the portion of revenue the retailer hasayp p
to the manufacturer. Hence, [0, 1] is the portion of revenue the retailer keémr himself.

We assume the same timeline for the interactiohsdsn the manufacturer and the retailer as
defined in figure 1. The retailers profit functioasulting from the additional contractual

agreement in reference g can be determined from the formula definedln

7, (q,w) =rS(q) ~wg-c,q-g,L(q) +vi(q)
. (g,w) =rS(q) ~wg-c.q-d, (#-3S(a)) +v(q-S(q))
T (qw) =((r-v)+g,)S(q) - (w+c, —V)g-g, u4

We define the tern{r - J)S(qg) as the revenue dependent on quantity and retaé pnd re-

ceive the following profit function:

. (9,w, @) =(@r —v)+9,)S(q) - (W+c, —g)q-g, i

(7) 65
7, (q,w, @) = ¢R(q,r) - (w+c, —e)q-g, (¢ —S(a))

The manufacturers profit function can be determimethe same way and can be defined as

follows:

7,,@,w,¢) = (- ¢)(r = vYS(q)) - (¢, ~w-L-¢)v)q - g, (4~ S(a))

(8)66
., a,w,¢) =1-9R@,r)-(c, ~w-1-@9Vv)q-g,(x-5(a))

If ¢ =1the profit functionq7) and(8) correspond to a normal wholesale-price contracé Th
term vg has to be seen as part of the revenue. Henceetdnéer has the contractual obliga-
tion to pay the manufacturér- ¢)vq.

In the next subchapter we are discussing the seefwin a revenue-sharing contract and its

impact on supply chain performance.

% See Cachon, G. P. (2003), pp. 246-247 and Cachdp,, Lariviere, M. A. (2005), p. 32.
% See Cachon, G.P. (2003), p. 246.
% See Cachon, G.P. (2003), p. 246.
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3.3 Revenue-sharing contract and its consequences to supply chain

performance®’

What is the optimal wholesale-price in a revenuarisig contract to receive the optimal quan-

tity (q,) like in an integrated supply chain?

We know from the wholesale-price contract that tienufacturer has to set the wholesale-

price to his costqw=c, Yo receive the optimal order quantity. But in tlisuation he

would make no profit.

To answer the question we have to differentiatentda(7) with respect to q:

o, (Q,W,9) _
T

r=v)+g,)S(a) - (w+c, - )
From the above differentiation we can determinedgbantity chosen by the retailer under a

revenue-sharing contract:

W+C, —@/

A= Ar-v)+g,

(9)

If we assume for clearer understanding that thedgdbcosts and the salvage value are zero

and compare the results to that of a wholesaleemaontract the following can be stated:

W+C, W+,

() = > 5(q)) =

Hence, the retailer orders under a revenue-shaongact more as in the case of a price-only
contract. Therefore, the revenue-sharing contramenses the efficiency of the supply chain
and consequently the total supply chain performance

For further calculating we assume that the goodweolsts are zero and the total costs are

(c, +c.,). In the next step the optimal quantity calculdieen an integrated channe$(q® ' )

) set to be equal 8(q" ')

®" For detail mathematical analysis see Cachon, @®3), pp. 246-248 and Cachon, G. P., LariviereAM
(2005), pp. 32-36
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C-V _ W+C -/
r-v+g ¢r-v)+g,
w=(c-V)g-c +@v

w=g—-c, (10). %

To obtain the optimal quantit{g,) the manufacturer has to set his whole-price equal to

the formula(10).
For further understanding the following gre showsthat the manufacturer has to set

wholesale-price below hisosts to achieve coordinati

The revenue fraction and its impact on
the wholesale-price

Graph 4

The wholesalgrice would be negative wh@<—-°° and would be in the situation in whi
c

the manufacturer has to pay for making busineds thi retailel

This result also shows that theanufacturer has to set his whole-price under his costs

achieve coordination. Hence, the manufacturer seéisordered quantity at a loss but h
entitled to get his fraction from the revenue mhgehe retaile °

As can be seen by formu(8) the revenue-sharing contractdkser to the optimal orde

guantity expressed in the formu(4).

% See Cachon, G. P., Lariviere, M. A. (2005), f.
%9 See Cachon, G. P., Lariviere, M. A. (2005), f.
"See Cachon, G. P., Lariviere, M. A. (2005), f.
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3.4 Effort costs and their consequences to revenue-sharing”

Promotion, advertising, price discounts, samplas\auchers are connected with additional

costs (((e)) but they enhance consumer dem&nt.would be unfair if the retailer would

have to bear all the costs. In that case the eesaibtal costs increase and his profit share de-
creases. Whereby the manufacturers profit sharainsnunaffected negatively. He will profit
from such a case. Thus, in respect to fairnessdditi@anal contractual agreement would be
necessary but that would be linked with additicedinistrative expenses. And, how much
of the sales can be allocated to the effort costs.

For now, by the additional effort costs demand eewknue increases and the manufacturer
gets more without a contribution to effort costsl #me question arises under which conditions
the retailer orders optimal. Therefore, we havednsider the integrated profit function and
the retailers profit function to say more.

The integrated profit function dependent on thengjtya and the effort level differentiated

with respect to e is:

orn(ge) _or(qe)
oe e

-e)=0"%and

the profit of the retailer differentiated with resp to € is:

o, (ge) _ ¢,6R(qe)’

-de)'=0"
oe o€ a©

The retailer would only order optimalgf=1. In this case the manufacturer would earn noth-
ing because he would have to equate the wholes@lepith his costs\ = c,) to induce the

optimal order quantity.
Voluntary contribution and transparency would sale problem. The manufacturer shares
the effort costs with the retailer, which is calledfort sharing”.”® Cost sharing is possible if

effort costs and demand are determinable, wheretmadd further has to be observafile.

" See Cachon, G. P., Lariviere, M. A. (2005), p. 41.
2 See Krishnan, H., Kapuscinski, R., Butz, D. A.qaQ p. 51.

3 See Cachon, G. P., Lariviere, M. A. (2005), p. 41.
" See Cachon, G. P., Lariviere, M. A. (2005), p. 41.
> See Krishnan, H., Kapuscinski, R., Butz, D. A.G2)Q) p. 56.
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3.5 Summary

Revenue-sharing increases the order quantity ashece@s a better supply chain performance.
Therefore, the manufacturer has to set his prit@bbis costs to achieve coordination.
Effort costs which are spent to increase consurearashd needs to be fairly shared so that

nobody in the supply chain gets worse off.

® See Krishnan, H., Kapuscinski, R., Butz, D. A.G2)) p. 55.
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4. The buyback contract’’

In the following chapter we will discuss the buykaontract and their consequences to the
supply chain performance. We will assess thattfiie of contract can be seen as a coordina-
tion mechanism and we will see that a buyback eshtdoes not differ from a revenue-

sharing contract in the fixed-price newsvendor nhodeer certain assumptions.

4.1 I ntroduction

This form of contract is often observed in busind$s publishers of journals, magazines and
periodicals offer the contractual agreed possybiid buy back the unsold goods one day,
week or month later. By such a contractual agreértien supplier has the intention to in-
crease the ordered quantity to the optimal ordantity. This procedure reduces the retailer’s
risk of making a loss if he orders too much.

In specific contractual agreements the supplierthedetailer bears the risk of unsold goods,
which leads to a better supply chain performancéhé study of Pasternack (1985) three dif-
ferent contractual agreements are presented taicabe the supply chain, whereby one of
them induces the optimal order quantity both in $hegle-retailer environment and in the
multi-retailer environmen®

The first contractual agreement contains the cldogethe manufacturer is obligated to buy
back all unsold goods at full value. This claussdteto a full shift of risk to the supplier or
manufacturer, whereas the retailer has no risks€gumently he would order suboptimal. The
second contractual agreement allows the retaileztton a percentage of bought goods at full
value. To receive system optimality it can be addpb a single-retailer environment but not
to a multi-retailer environment. In the third cattual agreement the retailer has the possibil-
ity to return all unsold goods at partial valueisTarrangement can be adapted to the single
and multi-retailer environmerit.

A further interesting fact is the similarity of thelyback contract to the revenue-sharing con-
tract in the fixed-price newsvendor model. In afxprice market with a buyback agreement

it is possible to calculate contractual terms, Whaéce inducing the same solution as in the

"In the style of Cachon, G. P. (2003), pp. 242-246 Pasternack, B. A. (1985), pp. 133-140.
8 See Pasternack, B. A. (1985), p. 135.
" See Pasternack, B. A. (1985), pp. 135-137.
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case of a revenue-sharing contfdn contrast with a price-setting market, coordimatis
only achieved by the fact that the supplier or nfacturer makes no profit.

A buy-back contract could also cause an adminiggdiurden. An example could be if the
manufacturer has to check and monitor the leftameentory which would imply higher
costs. Hence, the additional costs reduce the sofaply chain performandé.As a conse-
guence it could be difficult in certain circumstaado implement a buy-back contract where
the gap between the additional profits is closethtbadministrative burden. In such a case it
could be better to have a price-only contract.

After having introduced some basic concepts comagiie buyback contract we consequent-
ly define the model for a buy-back contract. Thes aalculate the order quantity under the
different contractual agreements to have a deeysgght into the supply chain performance.
We will assess that there are four different polés to design a buy-back contract, where-
by three of them can be used for supply chain doatn.

Finally, we calculate the contractual terms, whatch inducing the same profit realization as
under the revenue-sharing contract in the fixedegpriewsvendor model. In other words, we
are looking for the contractual parameters of albagk contract which are inducing the same

result as in the case of revenue-sharing.

4.2 The model

We assume a fixed-price newsvendor model in a eirghiler environment with stochastic

demand. The interactions as mentioned in figurakiég place. We extend our model by the
term R. R stands for the percentage of leftover inventoryctvttan be returned by the re-

tailer after the season. The retailer receivevithge b per unit returne&®

We distinguish between 5 scenarios or contractgedeaments to analyze supply chain per-

formance®

1. no buy-back R=0 andb =0),
2. total buy-back at full valueK =1 andb =w),

3. total buy-back at partial valueR(=1 andv <b <w),

8 See Cachon, G. P., Lariviere, M. A. (2005), pp33a3

81 See Cachon, G. P., Lariviere, M. A. (2005), p. 34.

82 See Cachon, G. P. (2003), pp. 242-243.

8 See Pasternack, B. A. (1985), p. 135 and CachoR, 2003), p. 242.
8 See Pasternack, B. A. (1985), pp.133-135.
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4. partial buy-back at full valueR =[01] andb = w) and
5. partial buy-back at partial valu&(=[01] andv<b<wj).

The solution of the first contractual agreement \Mche the same as in the case of a whole-
sale-price contract.

In the second scenario, where the manufacturer alligoods of leftover inventory from the
retailer at full value cannot be considered asnopitf® In this case the manufacturer would
bear all the risk of unsold goods. The retailer Mawt have the incentive to order optimal.
Demand forecast costs money and so he would ordee mather than having too less on
stock®®

The third, fourth and fifth policy can be seen asiroal for further calculation. Therefore, we
will discuss in the next chapter the third, fouatid fifth policy in detail.

4.3 Buyback contract and its consequences to supply chain perfor-

mance’

We do not assume the situation where the goodwstscare zero. As can be shown by the
interactions (Figure 1) the manufacturer and thailex do not know consumer demand in
advance. And so the manufacturer has to take cdouwat for further calculation also the sit-
uation that there are expected lost sales. Wedalswt assume that the salvage value is zero.

The retailers profit with a buy-back agreementenegral can be shown as follows:

71,(q) = rS(q) —wg-c.q-9g,L(q) +bR(q-S(q)) +v(- R)(q—5(q)) .
71,(q) =rS(q) —wg-¢.q-9,L(a) +(q-S(q))(bR+ V(- R))

Now we investigate the third contractual agreemdmre the manufacturer buys the remain-
ing of ordered quantity back at partial value.HrstsituationR =1 andv <b <w. Hence, the

retailer is faced with the following profit functio

% See Pasternack, B. A. (1985), p. 137.

8 For example, as reported in the February 18, 1988ue of the Wall Street Journal, record manufaatsir
had been allowing full credit for all unsoldagts records by retailers. The article went on tpas that
recent policy changes by a number of manufactunave limited the amount of returns for fullditéo

around 20%”"(Pasternack, B. A. 1985, p. 134).

87 For detail mathematical calculation see PasterrBch. (1985), pp. 133-140 and Cachon, G. P. (2008.

242-246.
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TT(D) ypace = FS(A) —Wa—¢,q -9, L(a) +b(q - S(a))

We now differentiate the above profit function tamd receive:

N _ W+ Cr - b 88
S ) oy act = brg (12)

It can be proven that the above formula is closeB(iq®) as formula (4) being the solution

in the case of price-only contract. Hence, we caess the following solution with respect to

S()':

S(q );nt egrated < S(qr )Luybacl? < S(qr )(Nholesaleprice '

_w+c, -b

Order quantity frornS(q:)'buybaclz R > as the order quantity from
s _ WHC, -V
S(q,) =————.%
r-v+g,

Hence, it is possible to induce a better supplyircparformance with the buyback contract
under the third contractual agreement bechuse.
Now, we look at the fourth contractual agreemenemglthe manufacturer buys at full value a

portion of unsold goods back. The retailers prifiitction in this case is:
T1(D) e = FS(A) ~Wa - ¢.q- g, L(q) + WR(q - S(q)) +vA-R)(q-S(q)) -

The manufacturer buys the portion of unsold godadeeawholesale-price back and the retail-
er sells the remainder at the salvage value. Teederivative of the retailers profit function

with respect to g is:

o =G FtWE-R)-VA-R) 0
S(Qr )buybaclé - r+g, —WR_V(]-_ R) . (12)

8 For detail mathematical analysis see Pasternack, B.985), pp. 135-138.
8 Supply chain efficiency increases, see graph 81p.
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] Cr +W_V. .
buvback =—-———induces the solution under a
e r+g -V

Proof: We assume thRt=0. Hence, S(q;)

wholesale-price contract.
Finally, the retailers profit under the fifth coattual agreement would be

7T yuypace = FS(A) W@ - ¢ q-g,L(q) +bR(g - S(q)) +v{L- R)(q - S(a))
and the first derivative with respect to q is

WG SBRIVAZR)
S(ql’)buybaclé - r+ gr —bR—V(l_ R) ' (13)

wW+cC -V
=——— — The same solu-

Proof: We assume th& =0 andb =v. ThereforeS(q:);uybacﬁ +g
Y

tion as in the case of a price-only contract wdaddnduced.

In the next subchapter we will analyze the soligibased on a graphical illustration. We will
compare the first derivative of the expected safabe wholesale-price contract with that of
the different contractual agreements under a buybantract. We will assess that a buyback

buy-back contract induces a better performanca #wicase of a price-only contract.

4.4 Graphical illustration of the three contractual agreements™

We assume the following information’s:

Retail price..........ccccoovieiiiinn. 12
Retailer's costs............ccovvune.. 5
Retailer’s goodwill costs............. 2
Salvage value...................oene. 2
Wholesale-price........................ 5
Manufacturer’'s costs.................. 3

% For detail mathematical analysis see Pasternack, B.985), p. 136.
%L For detail mathematical analysis see Pasternack, B.985), p.136.
92 Regarding to the illustration of the five contizaitagreements see Pasternack, B. A. (1985), p. 138
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Manufacturer’s goodwill costs...... 2
Buy-back value........................ 3.5

The retailers and the manufacturer’s goodwill casescalculated by lost profits. We assume
that the buyback value is the mean of the salvafigevand the wholesale-price (for the third
and fifth contractual agreement) and plays an itgporole in calculating the solution for the

fifth contractual agreement.

The first graph shows the derived expected salesfasction of the buy-back rate.

The fourth and the fifth contractual
agreement
0,7
ik T —
0,6 T eseea T
0,5
—~ 0,4 === 5(q*) buyback4
?nq 0,3 === 5(g*)’buyback5
0.2 S(g*)’integrated
S(g*)'wholesale-price
0,1
0
0 0,2 0,4 0,6 0,8 1
R...buy-back rate

Graph 5

Graph 5 indicates that the two contractual agreésniemprove the performance of the total
supply chain. The higher the buyback rate the clssthe supply chain performance to that of
an integrated supply chain. With this contractugibament it is possible to augment the order
guantity but it is not possible to induce the imgggd supply chain quantity.

The fourth contractual agreement induces a bettefopnance than the fifth contractual
agreement as long as the buyback value is betWeesalvage value and the wholesale-price

(v<b<w). On condition that b=w the following result would be induced:

S(q:)'buybad? = S(q:):)uyback“' Hence, the buy-back contract with these two emtial agree-

ments can be seen as a coordination mechanism.

The second graph shows the solution of the thirdractual agreement.
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The third contractual agreement
0,7
I Ly
o6 ( U7 Tme=-
0,5
.04
> === S(gq*) buyback3
@ 0,3 . .
S(g*)'wholesale-price
0,2 S(g*)’integrated
0,1
0
2 4
b...buy-back value

Graph 6

Graph 6 indicates also an improvement of the perémice. Hence, the third contractual
agreement can also be seen as a coordination mgehan

If we compare the two graphs with each other wegeize that the best performance is in-
duced by the fourth contractual agreement, whianesponds with economic practice (re-
ported in the Wall Street Journal, February 18,2198ecord manufacturers had been allow-
ing full credit for all unsold records by retailer§he article went on to report that recent
policy changes by a number of manufacturers hawgdd the amount of returns for full cre-
dit to around 20%%).

In the next chapter we will see that the buy-bagktiact is similar to the revenue-sharing
contract under certain assumptions. Therefore, Wecalculate the contractual terms of a

buy-back contract inducing the same optimal sotuti%ye are looking fo{b, wb] correspond-

ing to[¢,wr ]

% See Pasternack, B. A. (1985), p. 134.
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4.5 The similarity of the third contractual agreement to a revenue-

sharing contract™

As we have defined the same assumptions for thecomadination mechanisms it is possible
to confront the retailers profit functions with easther. By way of illustration we compare
the retailers profit function with the third conttaal agreement with the retailers profit func-

tion under the revenue sharing-contract.

7 = S(E(( ~b) +9,) = AW, + ¢, ~b) =g,
9 = S(QAT ~V) + G,) = AW, + €, ~ ) = g 4

From the above profit functions we calculzﬂbewb] by equation and substituieby ¢c—c, %

and receive the buy-back rate and the wholesatepwhich are inducing the same profit

realizations as in the case of a revenue-sharintyan:

r-b+g, =¢(r-v)+g,
b=r-¢r-v) 96

Wb+Cr _b:Wr +Cr - 97
w, =¢g(c-Vv)—-c, +b

The buy-back rate is dependent on the retail pHesce, this model works only with a fixed-

price newsvendot®

The calculation of the contractual parameters pniee-setting newsvendor model would only
be possible if the manufacturer publishes the almoveractual terms. Whereby the buy-back
rate and the wholesale-price must be dependeriteoretail price®

b(r) =r-¢(r-v)

w,(r)=¢c-v)-c, +b.

% For detail mathematical analysis see Cachon, G.afiviere, M. A. (2005), pp. 33-34.
% See formula 10, p. 20.

% Compare with Cachon, G. P., Lariviere, M. A. (2045 33 for another resuilt.

" Compare with Cachon, G. P., Lariviere, M. A. (2G5 34 for another result.

% See Cachon, G. P., Lariviere, M. A. (2005), p. 33.

% For details see Cachon, G. P., Lariviere, M. A080p. 34.
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4.6 Summary

We have ascertained that it is possible to indneesame supply chain performance as in the
case of a revenue-sharing contract. Further, we Btated that the fourth contractual agree-
ment has the best performance by contrast witlvibeothers. The graphical illustration cor-
responds to the economic practice as publishetidoMall Street Journal.

The buy-back contract can be used to induce arbsttdormance. Hence, a buy-back con-

tract coordinates a supply chain.

5. The sales-rebate contract'™®

5.1 Introduction

The idea behind the sales-rebate contract is igatanufacturer gives the retailer an incen-
tive to order more. The consequences should be. diéa retailer orders more and the total
supply chain profits should increase.

We can distinguish between two contract formstliAear-rebate” contract, in which the
manufacturer is obligated to give a price deductiarevery unit sold to end consumer and a
“target-rebate” contract, in which the manufacturer is obligatedgtve a price deduction
only after a specific amount of goods were 38tdn the latter case the bilateral agreement
involves a threshold and a discount rate.

Hewlett Packard (HP) has introduced a reward sydstarmesellers. A registered company
gets between 1% and 5% in cash of their sales batich is credited on its account. The
credited money can be spent again in further Helymis+%2

In 2008 HP has established the “gold-partnershipgmam. The “gold-partners” work closely

with HP. They have stood out from other companigstoict compliance of HP guidelines

191 the style of Taylor, T. A. (2002), p. 992-108d Cachon, G. P. (2003), pp. 252-254.
191 5ee Taylor, T. A. (2002), p. 992.
192 5ee http://www.hprewards.co.uk/.
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and trainings®® For the gold-partners HP has developed a mixedndwystem consisting of
a linear and target-rebate schefffe.

In the United States over 400 million rebate schemre offered with a total volume of $6
billion every year®® Cho, McCardle and Tang (2009) have brought umterésting question
in this context. Why companies do not launch sipoite reductions instead of rebate pro-
grams? In their scientific paper they advanceditweresting arguments®

1. In the case of a price reduction consumers ofthyag “wait and see” strategy. As a
result turnover is lost temporarily.

2. Rebate schemes can be more profitable in the saaseonsumers often forget to
claim rebates. According to Cho, McCardle and T&9) 40% of total granted re-

bates are un-cashed.
In their paper they also brought two negative ¢ffet rebate schemes ifY:

1. Temporary price reductions seem more attractivelaagte schemes. The reason lay in
the fact that for consumers it is more stressfuketteem a rebate as compared with a
price-reduction.

2. Companies have to advertise and promote theiregiaicy, which is connected with

additional costs.

In our case rebates and price reductions cannobimpared with each other because rebates
are cashed only in the case of sales realizaffon.

Also in the case of time horizons in which chameblates are granted has to be differentiated.
Channel rebates can be granted without a timedtroit as in the example of HP or with a
time restriction. In our model the time restricsothoes not play an important role because we

have assumed a one-period mdd2l.

103 gee http://h41320.www4.hp.com/cda/mwec/displayiiipp_content.jsp?zn=hpsmb&cp=1931-9129-
9196 4063 5_ .

194 hitp://www.channelweb.co.uk/crn-uk/news/202946 Abgers-pfr-changes.

1% 35ee Cho, S., McCardle, K. F., Tang, C. S. (200926.

1% g5ee Cho, S., McCardle, K. F., Tang, C. S. (2009.26.

19735ee Cho, S., McCardle, K. F., Tang, C. S. (2009327.

1% 5ee Taylor, T. A. (2002), p. 993.

19 5ee Taylor, T. A. (2002), p. 993.
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Taylor (2002) has also studied the impact on s&fiiest on coordination. He found out that if
sales effort has no impact on demand a targeteqialtcy coordinates the channel. In this
context a better supply chain performance cannogéaehed by a linear-rebate policy.

The rebate policy has also to be distinguished feoquantity discount policy. In the latter
case the discount depends on the amount of goodg parchased by the retailer instead of
realized sale$*

According to supply channel coordination the saddsate contract can induce the same result
as in the case of a revenue-sharing contract. Tdrereit is possible to calculate specific
sales-rebate parameters which induce equal reg@utsit must be mentioned that the sales-
rebate contract only induces the same performameehich the retailer is not a price-taker.
The retalil price is endogenously defined by thailet He can be seen as a price-setting
newsvendof?

Hence, different policies can be examined if theyachieving channel coordination. And so,
we can distinguish between the following schefiés:

1. A target-rebate policy, and

2. alinear-rebate policy.

We will see that the two coordination mechanisnthige a better supply chain performance
and that it is not always possible to induce a win-situation (both the manufacturer and the
retailer are not worse-off)*

We will further see that a linear-rebate policyunds a better performance in contrast to the
target-rebate policy without the assumption of win-and under specific contractual agree-

ments.

5.2 The model

Based on the assumption being already defined wieeiuassume that the retailer cannot de-
cide about the retail price. He is a price takere¢onomic practice the retailers has often the

10 For details see Taylor, T. A. (2002), p. 993.

11 5ee Taylor, T. A. (2002), p. 994.

112g5ee Cachon, G. P., Lariviere, M. A. (2005), pp330
113 5ee Taylor, T. A. (2002), pp. 992-993.

114 5ee Taylor, T.A. (2002), pp. 992-1007.
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obligation to comply with a given price. Such start$ defined by manufacturers are called

as RPM f{resale price maintenance”and MAP-policies‘fninimum advertised pricey:**

We assume further that the salvage value couldegative. This circumstance occurs if the

retailer or the manufacturer has to dispose obleit inventory:*® The granted rebate is ex-
pressed by the term (05[0,1]) and the threshold is expressed by the ferm

We will also examine the impact of mixed strategesupply chain performance as in the
case of HP, whereby the rebates are paid onlydarcéise of sales realization. But first of all,
we will study the target and linear rebate policyletail.

5.3 The target-rebate policy and its consequences to supply chain

performance™!’

The retailers profit function under a target-reljaaticy if sales®®”** >T can be written as:

EeT(q,a,T) = 1S(0) ~wa - ¢.q - g, (4~ S(0)) + V(a - S(a)) +awq - {OWT +aw] F( y)dy}

for q>T 8

As contrasted with Cachon (2003) the retailer nex®ia rebate payment in the amount of

awg (a is declared as percentage) minus the rebate payméne threshold and the units

unsold.
The retailer receives only a rebate payment fotsusold. For units unsold he receives a sal-

vage value per unit. In our analysis units unsokl expressed by the teri{(q) = q- S(q)
(=leftover inventory). We further assume that Bq, asq>T. In detail, the manufacturer
grants a rebate on the amounta% above 3% of unit’'s ordered. Hence, the retailers profit

function can also be expressed as follows:

(0,0, T) = 1S(0) ~wg = 6.9 - g, (4= S(a) + W(q ~ () + awq - m{ﬁq +[F( y)dy}
A

15 35ee Taylor, T. A. (2002), p. 995.

118 5ee Taylor, T. A. (2002), p. 995.

171 the style of Cachon, G. P. (2003), pp. 252-a86d Taylor, T. A. (2002), pp. 995-999.
18 5ee Cachon, G. P. (2003), p. 252.
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Hence, the retailer receives a total rebate payroerdll units ordered minus the threshold
and leftover inventory for which he has no claim.

In the situation in whichB =1 the retailer does not receive a rebate paymentaltige fact
thatT =q. On the other side in whicf = 0 the retailer receives a payment on all units sold.

Hence, the solution under linear-rebate policy wdg induced™

The same applies to the situation in which 0. Therefore, in both case@(=1,a =0) the

supply chain performance of a price-only contractild be induced.

For further analysis we assume the following tranplayment relating to the target-rebate

policy:

T target-rebate — awq - a\Nqu - gw(q - S(q)) 120,

The retailer has a claim to a percentage of theleglate-price times the ordered quantity mi-
nus the threshold and the rebate payment on ttevéfinventory for which he has no claim.

Consequently, the retailers profit function is:

7 (q,a,T) = rS(a) - wq - ¢, - g, (4~ S(@) + v(a — (@) + awqg — aw/3q - aw(q - S())

The first derivative of the retailers profit furmti yields to the following solution:

an.:arget—rebate(q,a’-l—) B W+ Cr —V+aVV,B _
0q r+g, —v+aw

S(qr );arget—rebate

If B =0 the retailer receives for all units sold a reljzagment in the amount afv. In the
situation in which the manufacturer does not geargbate ¢ = 0) the same solution as in the
case of a price-only contract would be induced.gegnently, if3 =1 and a =0 the solution
of a price-only contract would also be induced.

If we compare the first derivative of expected sadé a price-only contract, a sales rebate

contract and the solution of the integrated chammeare able to state the following:

9 See pp. 38-41.
120 For detail mathematical expression of the trargégment see Cachon, G. P. (2003), p. 252.
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S(q: );nt egrated < S(q: )'sales—rebate < S(q: ):Nholesale price *

For the graphical illustration we assume the saata ds defined in chapter 4.4. We further

assume that > c,, and that the rebate is between 1% and 45% antl =40%.

The target-rebate policy
B=40%
0,7
0,6
0,5
.04
*5 = S5(q*) target-rebate
“ 0,3 .
e S(q*) integrated
0,2 S(g*)'wholesale-price
0,1
0
0,00 0,10 0,20 0,30 0,40 0,50
o...rebate
Graph 7

Graph 7 indicates that the target-rebate policyaané the total supply chain performance.
The manufacturer grants the retailer a price rednaif —aw for units sold above the thre-
shold, therefore the manufacturers profit decreaselsthe retailers profit increases with in-
creasingr .*%*

The following graph should demonstrate this case:

121 For details see Cachon, G. P. (2003), pp. 253a2@4Taylor, T. A. (2002), pp. 995-999.
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Rebate payment and consequences to
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If the manufacturer wants to induce the integratepply chain performance and>c, he
has to choos&w as the difference between wholesale-price anaddsss: aw=w-c, and
as resulv=c_. Hence, we have no double marginalizafittithe manufacturer makes zero-

profit and the retailer earns the total profitmshe case of an integrated business.

Now, we examine the manufacturers profit functiod assumg =0 and the goodwill costs

are zero.

124

717" = wq - ¢,,q — awS(q) .

The term-aws(q) is the rebate-payment on expected sales whicimdmeufacturer has to

pay to the retailer. The first derivative in redpiecq leads to the following solution:

a n.rebate
oq

=w-c¢, —aws(g)’ =0'%°

122 For detail mathematical analysis compare with @acks. P. (2003), pp. 253-254.
12 5ee Spengler, J (1950).

124 Eor another expression see Cachon, G. P. (200353

125 Compare with Cachon, G. P. (2003), p. 254.
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We assumw& >c,, The manufacturer has to choose the rebate-payimémduce the result of

an integrated channel as follows:
aws(g)' =w-c,

In such a situation the manufacturer would earm peofit and the retailer would earn the

total profit. Intuitively, as the rebate-paymentr@ases the ratio of the manufacturers profit to
the total supply chain profit decreases. Hence,réhailer receives with increasing rebate-
payment the partial profit of the manufactutet.

In the next subchapter we will examine the linedrate policy and will compare it to the tar-

get-rebate policy.

5.4 Thelinear-rebate policy and its consequences to supply chain

performance™®’

The manufacturer pays the retailer a rebate iratheunt ofaw per unit sold. Therefore, the

retailers profit function under a linear-rebateippkan be expressed as follows:

7 = 1S() =Wl = 6,9~ g, (1 = S(a) + V(A — S(a) + awg - aw(g - S(q))
7" = 1S(0) ~wa - ¢, q = g, (4= S(0)) + V(a - S(q)) + awS(q)

Hence, the manufacturer grants a rebate in the ahodall units ordered and sold minus the

leftover-inventory:
Tlinear—rebate = an _ aVV(q _ S(q)) )
For the correct rebate-payment the manufacturetchesrify the amount of units sold which

is connected with an administrative burden. Theggfthe question arises if it is worth to en-

ter into a linear-rebate agreement in contrastgacae-only contract. Hence, the manufacturer

126 For detail mathematical analysis compare with @acks. P. (2003), pp. 252-254 and Taylor, T. A02)0
pp. 995-999.

127 For detail mathematical analysis compare with @acks. P. (2003), pp. 252-254 and Taylor, T. A02)0
p. 996.
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has to take into account the administrative cosiishvdecrease his expected profit. For now
we assume that the administrative costs are zero.

By differentiating the profit function with respetct g and receive:

W+, —V
r+g, —v+aw

*
S(qr );inear—rebate =

If we compare the results of a target-rebate alivtear-rebate policy the following can be

stated in relation to the overall channel perforogan

S(qr ):Nholesale price > S(qr );arget—rebate > S(qr );inear—rebate > S(qr );ntegrated )

The linear-rebate policy induces a better resutiontrast to the target-rebate policy. Howev-
er, the question arises if the linear contraatriplementablé®® Due to the fact that the manu-
facturer grants the retailer a price-reduction werg unit sold it could be the situation in
which the manufacturer makes a loss or he hasafa.prhis would be in the case in which

the margin does not cover the cobts+- aw) < c,,. Compared to the target-rebate policy this

fact is of concern above the threshold. Taylor @0tas assessed that coordination is possible
but the manufacturer would incur a 1383Also Cachon (2003) faced up to profit allocation
with a precise analysis. He concludes that it ispagsible to implement this type of contract

to enhance supply chain performance in the caseotfintary compliance™*°

The following graph illustrates the consequences laiear-rebate policy to supply chain per-

formance:

128 5ee Taylor, T. A. (2002), p. 992.
129 For details see Taylor, T. A. (2002), p. 996.
130 5ee Cachon, G. P. (2003), p. 254.
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The linear-rebate policy
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Graph 9

Graph 9 and 7 illustrates the above solutfdrn the situation in whicte = 0 the linear-
rebate contract induces the same result as the-pnily contract.

Hence, the linear-rebate policy induces a betteplsichain performance in contrast to the
target-linear policy and the wholesale-price caritrBut it has been mentioned again that
under specific contractual parameters the manufacwould not participat&®

But it could be a situation in which the manufaeturas a bargaining power whereby the
manufacturer offers the retailer specific contratfparameters which can be seefitake-it-

or-leave it" 1**

offer. So, the retailer does not reject the cantifehis opportunity costs are
covered. In such a case the retailer would make-geafit and the manufacturer would re-
ceive the total supply chain profit!

In the case of a non-constant wholesale-price (udg® on quantity) a suitable profit sharing
is possible without that one of the supply chaits georse off (win-win-situation)*

Taylor (2002) has also brought up the questionis possible to induce contractual parame-
ters inducing the same result as in the case ehtesharing. He concludes that it is not

possible'3®

e S(qr ):Nholesale price > S(qr );arget—rebate > S(qr );inear—rebate > S(qr );ntegrated.

132 5ee Taylor, T. A. (2002), p. 995 and Cachon, G2803), p. 254.
133 5ee Taylor, T. A. (2002), p. 996.

134 See Taylor, T. A. (2002), p. 996.

135 For details see Taylor, T. A. (2002), p. 997.
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Since profit of the retailer in a revenue-sharingtecact isg —w, and under a li-

evenue-sharing

near-rebate policy is+aw, By equation of the wholesale-prices the rebate-

rebate

W,

rebate
paymentaw would be negative. Hence, a revenue-sharing ocirdiiers from a linear-
rebate and target-rebate policy.

In the next chapter we will compare the quantityedunt policy (in which the retailer rece-
ives a rebate payment on each unit purchasedgtintar-rebate policy (in which the retailer

receives a rebate payment on each unit sold).

5.5 The quantity-discount policy and its consequences to supply

chain performance™’
The retailers profit function under a quantity-a@isnt agreement would be:
ey dsent = rS(q) - wg - ¢, g - g, (4 = S(0)) + v(a - S(0)) + awg

The retailer receives for every unit purchasedatepayment in the amountaf. The first

derivative of the retailers profit function is

_W+cC, —vV-aw
r+g, -v

NI
S(qr )quantity—discount

The following graph should demonstrate the abowgtisn.

1% 5ee Taylor, T. A. (2002), p. 997.
37 For detail mathematical analysis see Cachon, @0®3), pp. 254-255.
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The quantity-discount policy
0,7
0,6
0,5 ~
—~ 0,4 —S(q*) target-rebate
(=2
@ 0.3 =S5(q*)’integrated
S(g*)'wholesale-price
0.2 = S(q*) quantity discount
0,1
0
0,00 0,10 0,20 0,30 0,40 0,50
a...rebate
Graph 10

Hence, the quantity-discount policy enhances tipplsuchain performance in contrast to the
linear-rebate policy. It is also possible to indtive performance of an integrated channel as
far as the manufacturer increases the rebate paymarspecific amount. In our case it would

be in the situation in which the violet line cross$lkee red line.

5.6 Summary

Receiving a better supply chain performance angktyeinsuring that no party gets worse off
(a situation in which all parties involved in thgpply chain make a profit) implies that the
manufacturer has to know the demand distributioorder to offer the retailer suitable con-
tractual parameters®

Hence, linear-rebate and target-rebate policieeaela better supply chain performance but
they are not practicable in relation to outcomesyldr (2002) have therefore designed a con-
tract in which the retailer can give back unsolddmat an agreed value and receives a target-
rebate for sold goods under the assumption ofleesasales effort. Such a contract is practic-
able and implementabfé®

138 5ee Taylor, T. A. (2002), p. 998.
139 For detail mathematical analysis see Taylor, T(2802), pp. 999-1005.
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6. The quantity-flexibility contract'*

6.1 Introduction

Under a quantity-flexibility contract the manufaeupays the retailer the losses on unsold
inventory. In contrast to the buyback contractrttenufacturer fully takes on the risks of un-
sold units. Hence, the quantity flexibility contréally secures the retailer on his ordét.

The question arises if such a policy in the desctimanner could be effective and will be
implemented in economic practice. If the retailetsgon the total amount of unsold goods a
compensation in the amount of his losses he woolidb@ar a risk being resulting in an ineffi-
cient ordering system.

It has to be noticed that an additional contracapeeter must be implemented to avoid the
described scenario. Hence, under a quantity-fleilmontract only a fraction of unsold in-
ventory is compensated by the manufactufér.

A lot of companies can be named which are usingtimeept of a quantity-flexibility con-
tract. Examples are Microsystems, Nippon Otis, &ode, Toyota Motor Corporation, Hew-
lett Packard and Compa¢f

In the case in which the manufacturer pays theleeta partial of his losses measured accord-
ing to an agreed fraction of unsold goods we hasgeaial form of a quantity-flexibility con-
tract being studied in the literature extensivéljs called a backup agreeméfitin the re-
search of Eppen and lyer (1997) the retailer (#ogtaompany) communicates the total order
and orders a part of it at the beginning of thegaerAfter the retailer has observed the first
demand signal he orders from the backup-quantittheé case of not ordering the total back-
up-quantity the retailer has to pay a penalty d@over backup-quantity*® This procedure is
applicable in industries with long cycle times,ighhpercentage of uncertainty, a high degree
of returned units and the possibility to adaptribenber of units?*°

The quantity-flexibility contract was studied ing@vely by Tsay and Lovejoy (1999). In their

model they defined a number of processing timesashel periods and demand forecast actu-

1“0 Based on Cachon, G. P. (2003), pp. 248-252.

141 5ee Cachon, G. P. (2003), p. 248.

192 5ee Cachon, G. P. (2003), p. 248.

193 For details see Tsay, A. A. (1999), p. 1340.

144 See Cachon, G. P. (2003), p. 248 and for deted<Eppen,G. D., lyer, A. V. (1997) pp. 1469-1483.
195 See Eppen, G. D, lyer, A. V. (1997), p. 1469.

18 For details see Eppen, G. D., lyer, A. V. (1997)1469.
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alizations™*’ Therefore, to answer our question regarding t@lughain performance and the
effectiveness regarding to decreasing of the domaleginalization effect their complex
scientific paper is not qualified in that context.

In this context it has to be mentioned the “rollimgrizon-flexibility contract” (Bassok and
Anupindi 2008). Under such an agreement the retadenmunicates in every period in ad-
vance in every period the needed quantity. Afterrétailer has recognized a demand signal
he has the possibility through a contractual agpesdentage to alter his order (e.g. the retail-
er communicates a specified order quantity forque# which can be adapted by plus/minus
10%) 18 In their study they give an insight into the cluesistics of rolling-horizon-

flexibility contracts regarding to effectivenessahgh two heuristics*

Hence, uncertain demands, the behavior of ovecésteng and information asymmetry are
the main reasons for developing different typeguaintity flexibility contract$® Effectively
the retailer has to pay more for more flexibilitgdause of additional inventory carrying costs
arising at the manufacturer. Therefore, the manufacis faced with long production and
procurement times implying inflexibility and so eyher build-up inventory is necessary to
meet consumer demand in a short petfddHowever, the manufacturer could also agree with
a lower price per unit in return for more certairggarding to forecasting?

How important a quantity flexibility contract regimg to supply chain performance might be
can be demonstrated by the following example fraomemic practicé>® Mattel a supplier

of toys relied on higher sales after Thanksgivimghie year 1998. However, the retailers
could not place their orders as expected. As asgprence Mattel incurred a loss in the
amount of $500 million. Mattel responded to thaslby signing the retailers to place their
orders before Thanksgiving in order to avoid creatinnecessary stock of inventory. There-
fore, Mattel does not offer flexibility which couldad to supply chain inefficiencies. Mattel
has not reacted correctly because of the facthiea¢ are possibilities to implement flexibility
mechanisms decreasing the risk and leading to awvirsituation and therefore to a better
supply chain performandg?

147 See Cachon, G. P. (2003), p. 251.

18 For details see Bassok, Y., Anupindi, R. (2008%60.

199 For details see Bassok, Y., Anupindi, R. (2008} 8.

150 5ee Tsay, A. A. (1999), p. 1356.

151 See Schuster-Barnes, D., Bassok, Y., Anupind{2802), p. 171.
1525ee Tsay, A. A. (1999), p. 1356-1357.

153 5ee Schuster-Barnes, D., Bassok, Y., Anupind{2802), pp. 171-172.
154 See Schuster-Barnes, D., Bassok, Y., Anupind{2802), p. 172.
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Another type of contract in that context is the{aylelay contract which is often used in the
Semiconductor-industry. The supplier has the pddgibb make his order at a later time but
has to make a prepayment which will replace theymement costd>

For further analysis and the answer regarding pplsuchain efficiency as well as the double-
marginalization effect the scientific paper of Casl2003 is qualified best® Therefore, we
define in the next chapter the model under a gtyafiéxibility contract with total and partial
compensation in a one-period model. Afterwards madyae supply chain performance with

regard to the double marginalization effect.

6.2 The model

The manufacturer pays the retailer a payment iratheunt of
T=w+c, —-v.*’

The retailer receives that payment on his leftaagentory or on a part of his unsold units

which will be expressed by the tetr[07] "> Therefore, the retailer agrees to the contractual

termsT and « being specified by the manufactufét.
Hence, we can distinguish between the following teotractual agreements:

1. The retailer receives a payment in the amount ohThe total amount of leftover in-
ventory or

2. the retailer receives a payment in the amount of & part of unsold units.

In the first contractual agreement it is importamtkeep in mind that the supplier gives a
wrong incentive. In that case the retailer wouldesrwithout considering consumer demand
leading to an inefficient supply chain. He wouldl@r as much as possible to cover demand
without punishment to increase his profit. Therefdor further calculation we take only the

second contractual agreement.

1% 5ee Schuster-Barnes, D., Bassok, Y., Anupind{2802), p. 172 and for details see Brown, A. Oy Ha
Lee (1997) and Jun Wu, Wuyi Yue, Yoshitsuguméanoto, Shouvang Wang (2006).

1% 5ee Cachon, G. P. (2003), p. 248-252.

157 5ee Cachon, G. P. (2003), p. 248.

138 Compare with Cachon, G. P. (2003), p. 248.

139 See Cachon, G. P. (2003), pp. 248-249.
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6.3 The quantity-flexibility contract and its consequences to supply

chain performance

In this chapter we will analyze the supply chainf@enance under second contractual agree-
ment in detail to assess whether the flexibilityntcact in the above manner decreases the
double-marginalization effect and hence coordindtesupply chain.

The retailers profit function under the second caxctual agreement is:

m =(r-v+g,)S(q) - (c, —v)q- g, —wg+(w+c, —v)(q-3S(q))w
or

7= (r =v+9,)S(d) = (¢, ~V)g - g, —wq+(W+c, ~V) TF(y)dy160

(-w)q

The payment under the second contractual agredaiezd place only on a fraction of unsold
goods.

Hence, from the viewpoint of the manufacturer nésessary to differentiate the above profit
function to g to calculate the optimal supply chaivits under the quantity-flexibility contract.

Therefore, the first derivative of the retailersfirfunction is:

_(w+c -v)A-F(@) + (- W)F (- @)Tq)) 161
r-v+g,

or, 1
o = 3(0 ) quantiy- lexibilty

If we compare the result under a wholesale-price#raat with the above formula we can as-

sess the following:

‘o _(w+c, -v)A-F(q)+(1-)F (A-w)q))
vig > S(, ) quaniity- flexivilty = r-v+g,

* N7 W+ CI’ -V
S(qr )wholesale price —

162

The quantity-flexibility contract in which a portiaof the unsold goods underlie a compensa-
tion paid by the manufacturer can be seen as ai@tion mechanism. Under the above con-

tractual agreement the retailer would order moce@rerall supply chain performance would

180 5ee Cachon, G. P. (2003), p. 249.
161 5ee Cachon, G. P. (2003), p. 249.
1625ee Cachon, G. P. (2003), p. 238.
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increase. Notice that the manufacturer acts agaral “Stackelberg-leader”. He decides
about the contract terms and forces the retailactainder his interest§?

To show how the quantity-flexibility contract deases the double-marginalization effect we
calculate from the first derivative the wholesat&@ as a function of the fraction of unsold

goods and receive:

(r-v+g,)1-F(q)) c 164

W() quantiy- fiexiviity = ; ~ GtV
( )quantlty—erX|b|I|ty 1- F(q )+ (1_ C())F ((1_ C{))q )

If we compare the above wholesale-price to the edale-price calculated from the first de-

rivative under a price-only contract we can asfesgollowing:

165

w =(r-v+g, )S(q')' - C, +V > W(W) quaniy- fiexivilty -

price-only —
The manufacturer induces the optimal quantity (itkan integrated channel) if he sets his

costs to the wholesale-price/ c,). In this situation the manufacturer would earrozgrofit

and the retailer would earn the total supply clpaiofit.

In the case of a price-only contract in whiat®> c, we recognize the double-marginalization

effect. If we compare the wholesale-prices of ageonly contract and a quantity-flexibility
contract as calculated above we see that the wdlelgsice under the price-only agreement is
higher as the wholesale-price under the quanteyHlility agreement. Hence, the wholesale-
price as a function of the fraction of unsold goodhices a better supply chain performance
as in the case of a price-only contract. Therefibie double-marginalization effect is mini-
mized by the quantity-flexibility agreement.

In the case in whiclee =0 the solution of a price-only contract will be iroedal:

w(0) = (r-v+g,)S(q’) +v-c,

v _ W0O)+c —v
S(q):r(—)v—+g

166

In the case in whicla =1 the following result can be recognized:

183 For the distinguishment of forced and voluntarynptiance see Cachon, G. P. (2003), p. 235.
184 See Cachon, G. P. (2003), p. 249.
185 For calculating the wholesale-price in a priceyarontract see Cachon, G. P. (2003), p. 238.
186 5ee Cachon, G. P. (2003), p. 250.
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WD =r-v+g, —C +V ¢,
w@) =r-c +g, .

Hence, the wholesale-price under a quantity-fléixyoagreement has to be between:

v-c, sWa) <r-c, +g,."%®

6.4 Summary

In this section we can conclude that the quantéy#bility contract induces a better supply
chain performance and reduces the double-margataliz effect.
To which extent the different profit shares aretd@tween the manufacturer and the retailer

depends on the fraction of unsold goods compens&ted

167 5ee Cachon, G. P. (2003), p. 250.
188 5ee Cachon, G. P. (2003), p. 250.
%9 For details see Cachon, G. P. (2003), p. 251.

48



7.Conclusion

The revenue-sharing, the buyback, the sales-redvatethe quantity-flexibility contract are
suitable as coordination mechanisms with the exaef the wholesale-price contract. They
provide an incentive to the retailer to order mane total supply chain profit increases. With
increasing supply chain profits the efficiency bé tsupply chain also increases independent
of profit allocation.

In specific cases the supply chain would be beifiein contrast to the presented coordination
arrangements. Because coordinating contracts @uadministrative burden their implemen-
tation would be more difficult in the sense of gystefficiency. And consequently, the attrac-
tiveness of the wholesale-price contract increaGspecially in the cases in which demand
follows a power-function distribution with decregirelative variability and in the case of
concavity of marginal revenue curve the degreeipply chain inefficiency decreasts.

Under a revenue-sharing agreement the manufadtaseto set his wholesale-price below his
costs to achieve coordination. Effort costs whick spent to increase consumer demand
needs to be fairly shared so that nobody in th@lgughain gets worse off.

Under a buy-back agreement three possibilitiesirfgeroving the supply chain were pre-
sented. The agreement in which the manufactures byyartial of unsold goods back at full
value has induced the best performance correspgmdth economic practice (reported in the
Wall Street Journal, February 18, 1889 Further, the buy-back contract induces the same
result as in the case of revenue-sharing by equatid substituting.

We have ascertained that a target-rebate policycesdthe manufacturer’s profit above the
threshold and increases the retailer’s profit. Tihear-rebate policy induces a better supply
chain performance in contrast to the target-repatiey but under specific contractual para-
meters the manufacturer would not participdfdn such a case he would make a loss or zero
profit. Further a linear-sales rebate contract dadver induce the same result as in the case

of a revenue-sharing contract.

10 See Lariviere, M. A., Porteus, E. L. (2001), p42&d Cachon, G. P., Lariviere, M. A. (2005), p. 39
"1 See Pasternack, B. A. (1985), p. 134.
12 5ee p. 35-36
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Abstract in English

This paper has a focus on supply chain inefficidmasyed on the problem of “double margina-
lization” and consequently non-optimal ordering wmfityg. Well-known scientists have grap-
pled critical with coordinating contracts in a matatical way to investigate them with re-
spect to total-profit efficiency. On the basis béir intensive research this paper gives the
answer for how “double-marginalization” arises, @hicontracts exist in economic practice
and which of them coordinates the supply chain wetard to increasing total supply chain
profit.

Abstract in German

Der Fokus dieser Diplomarbeit liegt auf dem Problden “doppelten Marginalisierung” und

den daraus resultierenden Konsequenzen fir dieséfgnpfungskette.

Sehr bekannte und renommierte Wissenschaftler hsiscbhrmathematisch mit koordinieren-
den Mechanismen in Form von Vertrdgen befasstpereits in der Praxis ihre Anwendung
finden. Basierend auf ihren Erkenntnissen, wirdlieser Diplomarbeit zunachst die Entste-
hung der “doppelten Marginalisierung” thematisidkteiters wird erlautert, welche Vertrage
in diesem Bereich existieren und welche geeignstheinen, die Wertschdpfungskette in

Bezug auf die Gesamtperformance zu koordinierensiereffizienter zu gestalten.
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