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Outsourcing through Competition:
What is the Best Competition Parameter?

Ehsan Elahi, University of Massachusetts, Bosttisan.elahi@umb.edu

To appear in the International Journal of ProductiBconomics (2013)

Abstract

In this paper we consider a single buyer who waatsutsource the manufacturing of a
product toN potential suppliers. The buyer’'s objective is taximize the service level she

receives from the suppliers. The suppliers competethe buyer's demand based on a
competition parameter which the buyer announcesgalath an allocation rule. We model

each supplier as a make-to-stock queueing systesimgla simple proportional allocation

function, we compare two competition parametersvise level and inventory level. We

show that inventory competition creates a higharall service level for the buyer. We also
show an optimal form of competition parameter whign induce the maximum feasible
service level. Our base model shows the resultstier competition between identical
suppliers. We then extend the results to a caseawhe suppliers are heterogeneous.

Keywords: Outsourcing, Inventory Competition, SeevCompetition, Optimal Mechanism

1. Introduction

Companies are increasingly using criteria othen tha product price to evaluate the performandbeif
suppliers. Royal Philips Electronics, for examias a supplier rating system in which cost weighlg o
15% among other service and innovation relateariait As another example, Hawker Beechcraft, a
manufacturer of business jets, has a suppliergaystem in which price/cost weighs only 10% among
other service and quality related critéri®ecause of the availability of multiple supplieaad the
existence of powerful buyers, who can set the pmoent price, many suppliers try to distinguish
themselves through the quality of service they ®vOn the other hand, suppliers’ quality of seavi
can play an important role in the performance & luyer. For example, the suppliers’ reliability to
deliver on time (for make-to-order suppliers) oe thvailability of the product when the buyer neitds
(for make-to-stock suppliers) can have a signifideapact on the buyer’s operations and her abitity

fulfill the demand she faces.

! http://www.philips.com/shared/assets/company_profile/downloads/Supplier_Rating.pdf
? http://www.hawkerbeechcraft.com/supply_chain/files/srs_supplier_training.pdf
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One of the mechanisms that buyers use to induck hkagvice level in their supply base is
competition. Instead of negotiating for high seevievel with each individual supplier, the buyenca
specify a criterion (a performance measure) andllasation rule based on which the suppliers compet
for the buyer's demand. We call this criterion dmmpetition parameterThe competition parameter
could be a service measure (e.g. fill rate, prdiglnf on-time delivery, etc.), or other perfornan
measures that determine the service level provigeslippliers (e.g. production capacity, inventayel,
etc.). The allocation rule is such that each sepglishare of demand is increasing in the level of
competition parameter provided by the supplier.mfaximize his own profit, each supplier chooses an
optimal level of the competition parameter. Thedruhen allocates the demand based on the allocatio
rule and the guaranteed levels of competition patamIn general, competition can improve the diera
service level while saves the hassle of negotigitogesses.

Firms’ competition for demand share has been siugltensively in the literature. We can categorize
these papers according to the parameter basedioh thie firms compete. Those who study competition
based on inventory level include Karjalainen (1992)pman & McCardle (1997), Parlar (1988), Wang
& Gerchak (2001), Mahajan & Van Ryzin (2001a, 200T=achon (2003), Netessine & Rudi (2003), and
Li & Ha (2008). There are others who study firmsmpetition based on service level. Among these
papers one can refer to Li & Lee (1994), Lederdri &1997), Hall & Porteus (2000), So (2000), Armony
& Haviv (2003), Bernstein & Federgruen (2004), Boiy& Gallego (2004), Allon & Federgruen (2007 &
2008), Xiao and Yang (2008), and Wu (2012).

All the above-mentioned papers, however, consigercompetition between firms in a market with
several customers. In these papers, firms compegdtriact a larger proportion of customers. There i
another stream of research that (like this papecudes on the competition between suppliers who
compete for the demand share of a single buyerinAga can categorize these papers according to the
parameter based on which the suppliers competbeGi& Weng (1998), Ha et al (2003), and Jin &
Ryan (2012), Benjaafar et al (2007) and Elahi gf2all2) all study the competition between suppliers
when the share of demand allocated to each suglg@ends on the service level the supplier guagante

Gilbert & Weng (1998) model a principal who alloeatdemand to two competing agents (service
facilities). The identical agents decide aboutrtiestly service rates to attract more demand shdiee
principal either allocates the demand to the agiota a single queue or from separate queues (equal

expected waiting times). They show the conditiomsctv one allocation might be superior to the other



one. Ha et al (2003) model two suppliers who comget supply to a customer with deterministic
demand. When the identical suppliers compete basedklivery frequency, the authors (using an EOQ
model) show an allocation scheme which minimizes ¢hstomer’s inventory cost. Jin & Ryan (2012)
model two identical make-to-stock suppliers who pete based on both price and service level (fill)ra
for demand shares of a single buyer. The buyer aisedlocation function in which the allocated decha

is proportional to an exponential function. Thilehtion function is characterized by a parameteickv
shows the relative importance of price versus serlgével. The authors show the optimal value of thi
parameter which minimizes the buyer’s cost.

Benjaafar et al (2007) compare two competition rae@ms: supplier allocation (SA) and supplier
selection (SS). In a supplier allocation (SA) medtim, each supplier receives a share of the buyer's
demand which increases with the service level thaiplier provides. In a supplier selection (SS)
mechanism, the buyer selects only one suppliegdeive the entire demand. The probability of a Bapp
being selected increases by the service level beiges. They show (SS) can result in higher service
levels. In addition to service level, Benjaafamk{2007) introduce another competition parameibe
authors show a reformulation of their problem inichhthey choose the demand-independent component
of the service cost (which they name it suppli@ff®rt) as the competition parameter. They show that
when the demand is allocated proportional to a pdwection of this competition parameter, supplier
service level can be maximized. Benjaafar et aD{2Gcknowledge that the service-based and effort-
based competitions can lead to different equilibriservice levels. However, they do not actually
compare the two types of competition. In this resdeawe focus on the simplest form of allocation
function (simple proportional) and compare the Houum service levels under different competition
parameters. Elahi et al (2012) show an optimal favfnallocation function for a service-based
competition which can result in maximum buyer'sfiirdA review of service-based outsourcing can be
found in Zhou & Ren (2010).

There are other research papers that study thdietgbigompetition based on non-service measures.
Bell & Stidham (1993) model the competition betwaen servers in a marketplace when the demand
share of each server depends on the server's tadagel. Cachon & Zhang (2007) model the
competition between two identical make-to-orderpdigps who supply to a single buyer. The buyer
allocates the demand to the suppliers based on ¢hpacity levels. The authors show the impact of

different allocation schemes. In their model, theyds’'s objective is to maximize the service level



provided by the suppliers. They show the form thaar allocation function which can produce thetbe
results. The authors also mention the possibilitglmcating demand based on service level (defined
terms of waiting time). They show that the maximigasible capacity that can be induced in a capacity
competition could, under certain conditions, behbigthan the maximum feasible capacity that can be
induced in a service competition. Although the gehenessage of this result is aligned with what we
show in this paper, their result is different framrs since they focus only on the maximum feasible
capacity, not the equilibrium point of a competitizased on a given allocation function.

In all the above-mentioned papers, the focus isherallocation rule based on which the demand is
allocated (for a given competition parameter). Tisathey mostly try to address the question of twha
form of allocation rule can provide higher servieegels. We can conclude from this stream of re$earc
that the form of the allocation rule has a sigaifitimpact on the intensity of the competition. Btrer,
by using rather complicated allocation rules, thgds can induce the maximum feasible service level.

To the best of our knowledge, none of the existiagers in this field focus on the impact of
competition parameter. Although both Cachon & Zh&@07) and Benjaafar et al (2007) acknowledge
that different competition parameters can leaditierént competition intensity, none of them aclyal
compare the equilibrium points of competitions lbasm different competition parameters. In this
research, we want to fill this gap by comparingakerage service level that the buyer can achiaderu
different competition parameters. More specificalye want to answer these questior®: does the
choice of competition parameter have a signifidamtact on the overall service level that the buyer
receives? If) which competition parameters create higher coitipetintensity and therefore better
results for the buyer) can we find (or design) an optimal competitiorrguaeter that induces the
maximum feasible service level? Answering thesestijoles not only creates a better understanding of
competition as an outsourcing mechanism, but atewiges the potential opportunity to orchestrate a
more effective and more practical form of competiti When the buyer uses a simple proportional
allocation function along with a proper competitiparameter to create high competition intensitg, th
simple and intuitive form of allocation function kes it easier for the buyer to communicate the
competition setup to the suppliers (compared tetapsin which the buyer uses a complicated form of
allocation function).

To answer the above-mentioned questions we usgliaest queueing model in which a buyer

outsources tdN potential make-to-stock suppliers. We first conepidne competition based on the service



level with the competition based on inventory leviélat is, we examine the impact of using seneeell
(fill rate) versus inventory level (base stock lgwes the competition parameter. Although the Ldtien
goal is to maximize the overall service level, widl show the unexpected result that the competition
based on inventory provides higher service levahtthe competition based on the service levelfitsel
Our base model shows the results for a case whersuppliers are identical. We then extend theltgesu
to heterogeneous suppliers. To focus on the impéctompetition parameter, we use a simple
proportional allocation function. We show that theyer can design an optimal competition parameter
which is capable of inducing the maximum feasilgiesice level; even when we use a simple proportiona
allocation function.

The rest of this paper is organized as followsti8e@ formulates our outsourcing problem. Section
3 solves this problem when the buyer owns the sensplor has the power to dictate the contract $g&rm
The solution to this problem provides a first bestution for the buyer, which can be used as a
benchmark for the solution to our competition penh$. Section 4 shows the Nash equilibrium for the
service and inventory competitions and comparegdhalts of the two competitions. Section 5, shows
how the supplier heterogeneity can impact the tesfilsection 4. In section 6, we show an optiroaif
of competition parameter which can induce the maxinieasible service level. Concluding remarks are
presented in Section 7. Appendix A provides thefwto the theorems. Appendix B shows the resatts f
the competition based on the number of backordgrpendix C provides a list of all the variables and

parameters used to model the problem and theinidefis.

2. Model Formulation

We consider a supply chain in which a buyer wantsutsource her demand for the manufacturing of a
product toN suppliers. Suppliers manufacture this product make-to-stock fashion using base-stock
inventory policy. Demand at the buyer occurs adogrtb a Poisson process with rateThe fraction of
demand allocated to supplieis denoted byd , where0 < J, <1 and ZiN:ld =1. The parameted can

be viewed as the probability that incoming demasdillocated to supplief. Therefore, the arrival

process at each supplier is also Poisson with & oatd A . Production times at each supplier are

* Although a truly probabilistic allocation is unlilein practice, it is useful in approximating theHavior of a
central dispatcher that attempts to adhere to eifige market share for each supplier. It is alseful in modeling

settings where demand arises from a sufficientigdanumber of sources. The variahfle correspontisaincase
to the fraction of demand sources (e.g., geograplocations) that are always satisfied from sugapli
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exponentially distributed with ratgs. The assumptions of Poisson arrival process ambrential
processing time (in addition to being plausible ritany practical setups) make our derivations
mathematically tractable. Hence, the productiotesygsat each supplier behaves likeMi/1 queue. In
response to the demand share allocation, the suppldjust their capacity (production rate) to rrsima
fixed target utilization,0 =dA/ 4, 0<p <1. In practice suppliers’ utilization might changéwa
change in their allocated demand since they mightadjust their capacity exactly proportional te th
change in the demand share. However, we use tkismgdion to make our model mathematically
tractable. This is consistent with the assumptiorBenjaafar et al (2007).

Finished goods at the suppliers are managed aogpiulia base-stock policy with base stock lexel
(z >0) at supplieii. This means that the arrival of demand at suppkdways triggers a replenishment
order with the supplier's production system. Sumgliincur the inventory holding cost. That is, each
supplieri incurs a holding cosh, per unit of inventory per unit time. Moreover, kaupplier incurs a
production cost, per unit produced, and a capacity ckisper unit of capacity (measured in terms of the
associated production rate). Each supplier's rewésthe procurement pricp which he receives from
the buyer per unit demand allocated to the supplier assume this price is set by market mechanisms,
it is the same across all suppliers.

The demand which cannot be fulfilled from on-hangeintory is backordered. That is, when a
supplier is out of stock, the buyer waits until gupplier produces the backordered units. Wherksiat
happens at a supplier, we exclude the possibifithe buyer switching to another supplier sincean
violate the demand allocation scheme. We also declhe possibility of the buyer procuring the pradu
from a supplier outside of the pool of competingiers, assuming that the product is not readily
available in the market. The assumption of backimgehe demand when it cannot be satisfied from on
hand inventory is consistent with the assumption€achon & Zhang (2007) and Benjaafar et al (2007).
Netessine et al (2006) also consider this assumpiibey study the impact of customers’ backordering
behavior on the performance of competing firms maaket.

Backordered demand is costly for the buyer. It miphve a negative impact on the buyer's
production system (for instance when the buyer agest-in-time system), or it might delay the detly
of the product to the buyer’'s customers. Thereftre,buyer measures each supplier's service level i
terms of fill rate,§ = Pr(l, > 0). That is, the probability that a unit demand adked to a supplier is not

backordered and can be fulfilled immediately fromt@nd inventory [, is the inventory level at



supplieri). Hence, the buyer’s objective is to maximize #verage service level she receives from her
suppliers,

a=)..ds- (1)
Maximizing the average service level is equivalEniminimizing the expected number of backorders
which in turn means minimizing buyer’s backorderaugt.

In order to induce higher service level in her dydyase, the buyer let the suppliers compete for
larger shares of her demand. We consider two tgpemmpetition: inventory competition and service
competition. In service competition, each supgbeawarded a demand share based on the servide leve
(fill rate) he guarantees. The buyer uses an altmtdunction af(s, S, ) which specifies the fraction of
demand allocated to suppliebased on his fill rate and the fill ratess; =(S,..., $1, 810§ )
offered by supplieri’s competitors. In other wordsd =a’is($,sﬂ.). In inventory competition, a
supplier's demand share depends on his base swek In this type of competition, the buyer usas a
allocation functionay (z, z;) which specifies the fraction of demand allocatedupplieri based on his
base stock levelz and the base stock levelz_ =(%,...,Z,, Z,,..., ¢ ) offered by supplieii’s
competitors, which meang =a'(z,z, ). Note that an increase in eithgr or z can increase the
average service level received by the buyer. Howehe allocation function based on one of the two
might induce higher competition intensity and heresilts in better results for the buyer.

We focus on a simple proportional form for the edition functions. That is,

s —_ S
a’(s,8)=gn—and )
Zj:lsj
ail (Z’ Z—i): 5 ' (3)

Zj:lzj
This form of allocation function is not only intivié but also easy to communicate to the suppliers.
Different forms of proportional allocation functidrave been widely used in the competition literatur
We will show that even this simple form of allocatifunction can induce the maximum feasible service
level when it is used with a proper competitionguaeter.
After the buyer announces the allocation functisuppliers simultaneously choose their base stock
level'. Each supplier chooses his base stock level tamize his expected profit; considering other

suppliers’ possible decisions. Then the demand lvdllallocated based on the allocation function. We

4 Suppliers participate in the competition as long as they can earn a non-negative expected profit.
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assume that the buyer can enforce the fill rateBase stock levels chosen by the suppliers. Heege, w
consider a setup with complete information. Thatsigopliers’ cost structures are common knowledge.
This is consistent with the previous papers thadystlemand allocation through competition. To cleoos
the optimal base stock or service level, each sewplphs to consider the trade-off between highezmae
due to larger demand shares and the higher inweataervice cost. The suppliers’ expected profiler

the two types of competition can then be written as

(5,8 =G5 §)AC P i Kp)— 8 3, (4)

7(z,2)=a (7, 2)A(pic K p)- 4 % and (5)
where g°(.) and g (.) are supplier's expected holding cost in terms ibfrate and stock level,
respectively. We therefore havg' (z) = hH 1], where E[1,] is the expected number of on-hand
inventory. Using theM/M/1 queueing results, it is easy to verify that (§@eexample Buzacott &
Shanthikumar, 1993)

| I :

(z)=h| z———@A-19%) | 6

g (2) .{z 2a-a) ©)
We also knows = Pr(l, > 0)=1- p* . Therefore,

S _ |n(1_5)_ B

gi(s)—h( np 1_p|$- @)

The suppliers participate in the competition onlyew they can earn a non-negative expected proét. W

can then rewrite the buyer’s average service lewetier service and inventory competitions as
N
9°=> _a(s.s) s and ©
N
q = Zi:laiI (z,z)2-R%). ©)

Note in the absence of competition (when the denstwades are fixed values independent of the stock o
service level), there is no incentive for suppliées hold inventory. Therefore, in the absence of
competition (and other contractual commitments),ppfers hold zero inventory. That s,
z=5=0, i=1,..,N.

In sections 3 and 4, we will focus on a case wiimtical suppliers. Thatis; =c, k =k, h =h,
and p = p,i=1,...,N . This will allow us to provide closed form resue will then study the impact

of supplier heterogeneity through numerical exampiesection 6.



3. Buyer’s First Best Solution
In this section, we want to establish an upper Holam the average service level that the buyer can
achieve. Consider a setup in which the buyer canatdi both the suppliers’ base stock levels
z=(z,...,,) and the demand sharés=(J,,...,0, ). This might be the case, for example, when the
buyer has the market power to offer a take-it-ameit contract in which the suppliers’ stock lesvale
dictated as contract terms. Since the supplierssams are directly controlled by the buyer, therage
service level obtained in this problem providesupper bound for the average service levels achievab
by the buyer. Hence, the solution to this problem serve as a benchmark for solutions obtainedrunde
any competition setup. The suppliers’ expectedifpcah then be stated as

7°(z.d)=dA(p- c- K p)- 4( ).
This profit function is decreasing concaveznand is equal to zero & = 2"(J), where Z™(3d) is
the unique solution to the following equation.

_JA(p-c—ki p)
‘ |

7%(2,4)=0 = z—ﬁ(l—p‘) (10)

We know each supplier's service level is increadimchis base stock level. Therefore, for any
demand shar@ allocated to suppliei; the stock level which maximizes the supplier’s/ee level is
Z"(J) . Therefore, the maximum feasible service leveladf@upplier who receives a demand shdre
will be

§"(g) =1-p7 @),

When there is no limitation on the amount of demtrad can be allocated to a supplier, it is optimal
for the buyer to allocate the whole demand to qunt supplier. That isg, =1, and 5] =0, j#i. This
means that the maximum feasible average servietigv

q=s""(). (11)
To prove this result we show that any sets of dehstiares = (J,,...,0, ) and any sets of service levels
s=(s,...,§ ) result in an average service level that cannddrbater thanj. We note thas™(J,) is

an increasing function, which meag8*(3) < s™(1). Therefore, we have

N N X N _ _ A
4=2..,45s2,,d57@) <Y, "= " W)=" (12)

This means that it is best for the buyer to alleddte entire demand to just one supplier while that

supplier provides the maximum feasible servicelles/&*(1). This is the case when there is no limitation

on the amount of demand the buyer is willing toedte to a supplier. In many situations, howeves, t



buyer might prefer to allocate her demand to mdw@ntone supplier to lower the risk of supply
disruption. Facing suppliers with identical cosustures, one logical way to allocate the demant is
give each supplier an equally share of demand.m&d@mum feasible average service level under this
setup will be

g=> @/ N)*@1/ N= £/ N. (13)
We will show that our symmetrallocation functions defined in (2) and (3) resmltequal demand
shares at the equilibrium point of the competitlmatween identical suppliers. Therefore, we use the
maximum average service level defined in (13) bsrachmark for the service levels achievable under o

competition setups.

4. Competition Equilibrium

The following two theorems show the equilibrium ditions of inventory and service competitions.

Theorem 1. The service competition of identical suppliers witle proportional allocation function
defined in(2) has a unique Nash equilibrius =(s,...,§, ), wheres =5, i=1,...,N, and s; is the

unique solution to the following equation.

*_(N—lj A(p-c-k/p)

NZ (14)

1 P }
(1-s)In(/p) 1-p

Moreover,a>(s ) =1/N, i=1,...N. Hence, the buyer's average service leve|is= S,.

Theorem 2. The inventory competition of identical supplierghwthe proportional allocation function
defined in(3) has a unique Nash equilibrium =(Z,...,7, ), wherez = Z, i=1,...,N, and z, is the

unique solution to the following equation.
\ :(N —1) A(p—c—k/ p)

1 N2 Z+1
hl1-P""nt
1-p p

Moreover, ai' (Z)=1/N, i=1,...N . Hence, the buyer’s average service leved'is= 1—,027 )

(15)

The subscript§ andl in s*S and zf stand forServiceandInventorycompetitions, respectively. Theorem

3 compares the results of the inventory and sedoepetitions.

A symmetric allocation function is an allocation function which allocates equal demand shares to two suppliers
who provide the same service or stock level.
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Theorem 3. Using simple proportional allocation functions asated in (2) and (3), inventory

competition always results in higher average serVéwels,q' > .

This means that, using simple proportional allaratifunction, the buyer prefers the inventory
competition over the service competition. It isemgsting to note that although the buyer’s goabis
maximize the average service level, the competitiased on inventory level can provide higher awerag
service level than the competition based on seriésel itself. That is, the competition based on
inventory can induce higher competition intensitjle competition intensity can be related to thgpsha
(curvature) of the suppliers’ profit functions atig service levels that maximize these functiorsngy
an approach similar to what we use in the prodhebrem 3, it is easy to prove that the servicellthat
maximizes a supplier's profit under inventory cotigen (for any given set of other suppliers’ seei
levels) is larger than the similar value under mencompetition. That is, to achieve their maximum
profit, suppliers have to provide higher serviceels under inventory competition (compared to sErvi
competition), which means that we have a more ggaeompetition when inventory is our competition
parameter. This observation shows that the buyerffact the outcome of the competition by choosing
the parameter based on which the suppliers com@impetition parameters are not restricted to
inventory level and service level. In section 6, wi# elaborate on this point by showing the resutir
the competition based on expected number of baekardection 6 also derives the optimal form of
competition parameter which can induce the maximampetition intensity.

In addition to setting the parameter based on wthietsuppliers compete, the buyer might have some
level of control over the number of competing sigagland their utilization level. In the remaindéthis
section we study the impact of these two factoreofem 4 characterizes the impact of the number of

suppliers on the equilibrium conditions of the te@mmpetition modes.

Theorem 4 The equilibrium service leved; and base stock leved, as stated in theorenisand?2 are

both decreasing in N and approach zero as N apgreadnfinity.

Theorem 4 suggests that the buyer prefers the mmimumber of competing supplierdN(=2).
Figure 1 shows the impact of the number of supplaaT the equilibrium service level, base stocklleve
and the suppliers’ profit for a numerical examjptethis example, we compare the equilibrium cooditi
of inventory and service competitions as well aslibyer’s first best solution. As we expect, thgdris
first best solution provides better results for heyer (higher service and base stock levels) wieteilts

in the lowest (zero) profit for the suppliers. Betm the two competition types, we can see thabulyer

11



is better off under an inventory competition (higkervice and base stock levels) while the supphbee

better off under a service competition (higher sigpgprofit).

Equilibrium Ave. Service Level Equilibrium Base Stock Level
1.00 -~ 60 -
—x»— First Best
Solution
0.80 - 45 -
—e— Inventory
0.60 - 30 A Comp.
0.40 - 15 - —&— Service
Comp.
0.20 T T T 1 0 T T T 1
0 5 10 15 20 0 5 10 15 20
N N

Equilibrium Total Supplier Profit

250
—»— First Best

200 Solution
—e—I[nventory
150 4 Comp.

100 - -~ —8&—Service
Comp.
50 A
0 I HHHAHHHHHHHHK
5 10 15 20
N

Figure 1 — The impact of the number of suppliers@mpetition equilibrium
A=2, p=150, c= 20, k= 5, h= 3, p= 0.95
Figure 2 shows the impact of suppliers’ utilizatidn general, the buyer prefers lower levels of
utilization since it results in higher service llsveHowever, very low utilization levels could rétsin
very high capacity cost for the suppliers and tfigeclowers their ability to provide high serviaveéls.

This means that at very low utilizations both tlydr and the suppliers are worse off.
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Supplier Utilization

Figure 2 — The impact of supplier utilization ommuetition equilibrium
A=2, p=150, c= 20, k= 5, h= 3, N= 10

Although analyzing the impact of the functionalrfoof allocation functions is not the focus of this

study, it is worthwhile to have a short discussionhis regard. Theorem 3 states that, under tmplei

proportional allocation functions, inventory conipeh always provides higher service levels. Altghu
this result cannot be extended to competitions wuatleforms of allocation functions, there are more

general forms of allocation functions under whick wan still proveq' > ¢°. For instance, consider a

more general form of proportional allocation funa§. That is, a/(z, ;)= ZV/Z]_N:1 Z and

a’(s,s;) = $V/21_N:1 &, whereyis a positive constant. Using an approach sinidathe proof of

theorem 3, we can prove that these allocation fomstcan induce symmetric equilibrium points

(S; =5, 2= "z, EL,...,N) such thatg' > g°. This more general form of proportional allocation
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function is widely used in the competition and ewsttliterature; see Benjaafar et al (2007) and the
references therein. Consistent with the resultSaxfhon & Zhang (2007) and Benjaafar et al (2008), w
cannot guarantee the uniqueness of the equilibpioimts wheny >1.

The result that inventory competition provides leghervice levels is not guaranteed under all forms
of allocation functions. For instance consider the allocation functions
a(z,z)=01- & )/zj”:l(l— d) and as(s,s;,)=(1- aﬁ)/zj”:l(l— d), whereO<a<1lis a
constant. Our numerical results in Figure 3 sholet,tusing these allocation functions, inventory

competition can provide lower service levels whHeagupplier utilization is in the higher range.

Equilibrium Average Service Level

1.0 +
—&— Service
0.8 A Comp.
0.6 - —e— Inventory
Comp.
0.4 -
0.2 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

Supplier Utilization

Figure 3 — Competition results under other formallafcation functions
, N : N s:
a'i' (z,z)=(1-& )/ijl(l— a) andais(s,, s)=(1-&a )/ijl(l_ a)
A=2, p=150, c= 20, k= 5, h= 3, N= 10,a= 0.3
To be able to focus on the impact of the competifarameter, we continue our analysis using ordy th

simple form of proportional allocation functionsstated in (2) and (3).

5. The Impact of Supplier Heterogeneity

To characterize the equilibrium conditions of intag and service competitions when the suppliees ar
not identical, we first notice that each suppligsfit function under service competition (5) mncave

in the supplier's service level and has a uniqusitpe and finite maximizer (for any set of other
suppliers’ service levels). Therefore, a Nash dguilm should be the simultaneous solutions tofittse
order optimality conditions. Therefore, a Nash &uum of the service competition should be the

solution to the following system df+1 equations.
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Gs -S
GS2

—c - - 1 . _
A(p-G-k/Rn) h[(l_sf)ln(llm 1_[)'], i=1,...,N (16)

N
Gs=2.18 17)
Using a similar argument, we can show that a Nasfilibrium of the service competition should be the

solution to the following system &f+1 equations.

G -3 = 'O'Ziﬂ 1 i=
2 A AMp-c-k/ip)=hl1-E—in=1|, i=1,..N 18
G? (p-G-k/n) ( -5 np. . (18)

N
GI = Zizlz (19)
It is difficult to derive a closed form solution rf@ither of these two systems of equations. We can,
however, prove the existence and uniqueness ofdheions which means that each competition mode

has a unique Nash equilibrium. Theorem 5 statssgdsiult.

Theorem 5.There exists a unique Nash equilibrium for bottvieerand inventory competitions when the
allocation functions are defined i§2) and(3), and the suppliers’ profit functions are defined(#yand

(5), respectively.

We use numerical results to provide some insightstree impact of supplier heterogeneity on the
competition equilibrium conditions. Figure 4 shotlie impact of heterogeneity in suppliers’ produttio
cost for the competition between two suppliers.cbuer a full range of possibilities, the resultsthiis
figure are presented for a relatively wide rangec@ét ratios. In most cases, however, the diffexenc
between suppliers’ production costs is smaller tt@nmaximum values shown in this figure. The large
differences between production costs could happéenwthe suppliers use different production

technologies.
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Figure 4 — The impact of heterogeneity in suppligraduction cost on competition equilibrium
A=2, p=150, ¢ = 20, k= 5, h= 3, p= 095N= 2

To make the first best solution results comparabta the competition results, we assume that the
demand shares of the suppliers are proportiontheio service levels in the first best solution.afg we
can see that the inventory competition consistemtbyvides higher service levels. So, it is the bisye
preferred competition mechanism. However, the seplprofit is higher under service competitiors (a
was the case for identical suppliers) only for lovesels of heterogeneity. For higher levels of digy
heterogeneity, suppliers’ profit under inventoryrgeetition can be higher. This is due to the faei th
when the difference between suppliers’ productiosts increases, the profit of the more efficient
supplier (the supplier with lower production casigreases while the profit of the less efficienppgier
decreases. As the difference increases both athochinctions (2) and (3) tend to allocate more deth
to the more efficient supplier. The inventory cotigen, however, is more effective in allocating rao

demand to the supplier with higher efficiency. Téfere, the inventory competition can perform better
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the higher levels of supplier heterogeneity. Thisans that at this high level of supplier heteroggne
inventory competition is the preferred mechanisrmmf both the buyer's perspective and the suppliers’
perspective.

It is also interesting to note that optimal comipani induces relatively high inventory level (to
provide the maximum feasible service levels). Fov levels of cost heterogeneitg, / ¢, the average
inventory level under optimal competition is deciag with heterogeneity, while the demand shares ar
very close to 0.5 (a nearly balanced allocatiohjsTs because the demand shares are proportmtta t
service levels while both service levels are closene. An increase ig, / ¢, is equivalent to an increase
in C, (sincec, remains fixed), which means that the maximum itenlevel of supplier 2 decreases
with an increase irc, / ¢,. Therefore, considering a nearly balanced allooadi low values ot, / ¢, an
increase in heterogeneity means a decrease invénage equilibrium inventory level. For higher vedu
of cost heterogeneity, however, the competition nanlonger induce a balanced allocation and the
demand share of the supplier with lower productiost grows rapidly (as can be seen in Figure 4is Th
results in an increase in the average inventoml lesince the supplier with a lower cost providdggher
inventory level).

The impact of heterogeneity in price and other pasameters [, k ,andh ) is similar to the impact
of heterogeneity in the production cast Hence, for the sake of brevity, we do not preseamn here.
The impact of heterogeneity in suppliers’ utilinatiis, however, somehow different. Figure 5 shdvis t
impact for our numerical example.

The numerical results suggest, as the utilizatietetogeneity increases, the difference between the
average service levels of the two competition tygesreases. However, the difference between the
suppliers’ total profit under the two competitiorodes increases while service competition consigtent
provides higher total profit for the suppliers. i in contrast with the impact of heterogeneitythie
production cost. The reason behind this changeebfatior is the difference in the behavior of the
equilibrium allocations. The demand allocated tpplier 1 (the supplier with higher utilization) is
increasing in utilization ratio under inventory goatition but decreasing under service competitidre
reason behind this observation can intuitively ki@la@ned as follows. In Figure 5, to create théiaation
heterogeneity, we keep the utilization of supplieconstant and reduce the utilization of supplier 2
Lower utilization means that the supplier can rejsle the inventory faster. Hence, the inventorglef

supplier 2 decreases under both types of competiths a result, supplier 1, who is competing with
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supplier 2, reduces the inventory level as therbgtneity increases. This results in a decreasben
average inventory level of suppliers under botresypf competition (as it can be seen in FigureD4ir.
numerical results suggest that the decrease imtemtory level of supplier 1 happens at a slovege r
(since it is in response to the decrease in supglie inventory level). Therefore, under inventory
competition, supplier 1's demand share increasds tle utilization heterogeneity. On the other hand
service level is related to inventory level througiipplier’s utilization § =1- 0% ). Therefore, the
service levels under the two types of competitiehdyve differently. Supplier 1's service level deses
due to a decrease in inventory level under bothgsygf competition (utilization is constant). SuepR’s
service level tends to decrease due to a decreasevéntory level too. However, since supplier 2's
utilization decreases, numerical results show,aberall impact is an increase in the service lefel

supplier 2. Therefore, under service competitiarppsier 1's demand share decreases with utilization

heterogeneity.
Equilibrium Ave. Service Level Equilibrium Ave. Base Stock Level
1.00 60.0 X
—*— First Best
45.0 - Solution
0.80
300 - —e—Inventor
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Figure 5 — The impact of heterogeneity in supplietitization on competition equilibrium
A=2, p=150, c= 20, k= 5, h= 3, p= 0.95N= 2
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6. Optimal Competition Parameter
We observed that the competition parameter (basedwvlich the suppliers compete) can have a
significant impact on the intensity of the competitand hence on the outcome for the buyer and the
suppliers. We compared two common competition patara: service (fill rate) and inventory (base ktoc
level). There are other parameters which can be aseompetition parameters. Naturally, we expet t
each different parameter provides different contipetintensity and therefore different outcome tloe
buyer and the suppliers. For example we canjseEB — EB as the competition parameter, where
EB is the expected number of backorders &8B, is a benchmark for the expected number of
backorders. We know from tHd/M/1 queueing results thdEB = p*"*/(1- p). Appendix B shows
that the competition based on this parameter hasnigue Nash equilibrium. Moreover, when
EB, > p/ (- p), the average service level under this competigdess than the average service level
under service competition.

We can also use a combination of other performameasures to form new competition parameters.
In our search for a competition parameter which iceluce the highest average service level for the

buyer, we designed the following combination of/gsx (fill rate) and inventory (base stock) measure

N
N-1
¢ =%L(p—t”j k,p)(%-lf)p ‘Q’H | 0
When we use€f, as the competition parameter, the supplier’s pfofiction can be written as
n(&.€)=a°(§ & )Ap-c-kl/p)- &), (21)
where
A&, E) == and (22)

Z :'\lzl g(i |

go(a):W(Nﬁ)

The superscriptO indicates that the competition based gn can be considered as ti@ptimal

N-1

: 23]

competition parameter. This competition parametembre complicated and less intuitive than direct
measures like fill rate, base stock level, or bad&rs. It is, in fact, an abstract measure thatsedrthe

shape of the profit function such that the equiilitbr point occurs when each supplier provides its
maximum feasible service level. In other wordsstparameter can intensify the competition to its

maximum level, where each supplier spends alléwusmue to provide the maximum feasible leve€af
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Note, in the definition of this parametez, and § are interdependent parametegs¥1— 0% ). It is not
very difficult to show thaté, is an increasing function of eithe or §. Therefore, when a supplier
guarantees the maximum feasible levelépf it means that he guarantees the maximum feaséiéce
level as well. To define this competition parametetinear combination o and § is raised to the
power of (N —=1)/ N to account for the number of competing suppligfse linear combination takes
into account the cost structure of the suppliers.dah even rewrite the competltlon parameter mgeof
the service cost function (7). That i§,= [Ng ($)/A(p-c k/p)] N/ N The use of supplier cost
function in the design of optimal competitions @& nnprecedented. Cachon & Zhang (2007) incorporate
the supplier capacity cost function to design the@ar and proportional allocation functions.

Also note that the cost function stated in (23)ds convex. Hence, the supplier’s profit functi@i)
is no longer concave (as opposed to previous fefittions stated in this paper). Therefore, wedrtee
provide a separate proof for the existence anduenigss of the Nash equilibrium for this competition
These results are stated in the following theorklere, we assume that participating suppliers are
required to provide a positive value for the coritjmet parameter{, > 0. It is not difficult to verify that
a positive &, is equivalent to a positive service levgl,> 0. This means that all participating suppliers

are required to provide a positive service level.

Theorem 6.The suppliers’ competition based on the allocafiamction stated irf22) has a unique Nash
equilibrium £° =(&°,....&7). The buyer, at this Nash equilibrium, receives thaximum feasible
average service level which is equal to the buyfirs best solutiong® =G = $"*(1/ N). Moreover,
(%) =0 anda®(€®) =1/N, i=1,..N.

Since the competition based af (as stated in theorem 6) results in the maximuasifde average
service level for the buyer, we can consider itresoptimal competition mechanism. As we can see in
theorem 6, the competition equilibrium results qua& demand shares for each supplier. This is Iplessi
since the suppliers are identical and the allondtimction (22) is symmetric. Therefore, the contjuat
stated in theorem 6 is optimal as long as the sengphre identical and the buyer is willing to alte
equal demand shares to all suppliers (see oursfismuabout the optimal set of demand shares tiosec
3).

However, when the suppliers are heterogeneous enwie buyer is willing to allocate a predefined
set of demand shares, the competition stated wrehe 6 cannot achieve the first best solution. &ald

with this more complicated setup, the buyer canarnize the competition parameter for each supplier.
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Consider a setup in which the suppliers are hetgregus and the buyer is willing to induce a predefi
set of demand sharés=(J,, ...,0, ) at the equilibrium of the competition. Here, wesase the set of
demand shares chosen by the buyer is feasible.iﬁ',hEiNﬂé'i =1l and0<9d <1,i=1,..N. For this

heterogeneous setup, the buyer can design thevfoliccompetition parameter which is a modificatain

what we defined in (20).

= _ h yo) -5
=9 = : .
‘ [wp—q—k/m(z Iy ’°‘H o

The allocation function based on this competitiangpeter has the following form.

—, (25)

z :'\lzl Ei

Note that (24) tailors the competition parametereach supplier based on the supplier’s cost strect

Sy

a’(&.&)=

utilization, and targeted demand share. Followireggtame approach that we used in the proof of ¢éheor
6, we can prove that the competition between nentidal suppliers, based on allocation function),(25
has a unique Nash equilibriug® = (£°,...,.£°) which results in zero profit for the suppliers and
cTiO(EO) =Jd. In other words, competition parameter (24) has tmportant properties. First, it can
intensify the competition to a level where all sligns spend all their revenue to provide the maximu
feasible & , which corresponds to the maximum feasible seriével S™(J). Second, at the Nash
equilibrium, the allocation function allocates @gefined demand sha® to each supplier. Therefore,
the average service level for the buyer will bertreximum feasible average demand share for theeohos

set of demand shares. That is,

a° =" 35™(d).

7. Conclusion

Through a stylized make-to-stock queueing model,aralyze an outsourcing problem in which the
buyer let the suppliers compete for a share obther's demand. The buyer is interested to maxintiee
average service level that she receives from haplgus. While the competition literature focusestbe
impact of allocation rule on the competition outegrim this research, we study the impacatahpetition
parameteron the intensity of the competition and hence @ndrvice level the buyer receives from her
suppliers. The buyer uses a proportional allocafimction which can be considered as a simple and

intuitive allocation rule. We observed the unexpdatesult that the competition based on inventary c
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induce higher service levels compared to the coitipetased on the service level itself. We alsoveh
that the buyer can design an optimal competitiorapater which is a combination of inventory and
service levels. This optimal competition parametan intensify the competition to a level in whicchk
supplier spends all his revenue to provide the mari feasible service level. When the suppliers are
heterogeneous or when the buyer want to allocategeted (asymmetric) set of demand shares to the
suppliers, the optimal competition parameter shdaddtailored for each supplier to account for the
suppliers’ heterogeneous cost structures and/fardift targeted demand shares.

Although we derived the results of this paper fatdized queuing model, we believe the general
insights hold for a wider range of applicationsaf’ts, the choice of competition parameter can lave
significant impact on the competition outcome. Miwer, we should be able to design a competition
parameter capable of inducing the maximum levadarhpetition intensity and hence the best result for

the buyer.
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Appendix A
Proof of Theorem 1
Since gs(s) is a convex function, it is easy to verify thag tupplier’'s profit function (5) is concave in

S . Therefore, to find the Nash equilibrium, it isoeigh to check the first optimality condition.

07>(S, S -
(5.8 _G S A(p-c-kil p)- 1 -P_1=0, i=1...N, whereG=>" 5
0s G (1-s)In@/p) 1-p =
We show that this system ®f equations has a symmetric solutign= g*, i=1,...,N. Assuming a

symmetric solution, we have = N%*. We can then rewrite the first optimality conditias

N-L1, 1 _p
TSR {(1—§)In(1/,0) 1—pj'

Or equivalently,

N2

5;=(N_1j ( A(p-c-k/ p)

1 _p )
(1-s5)in(t/p) 1-p
Since the profit function is concave, this equatlms a unique solution, which represents a Nash
equilibrium s =(s,...,§, ), wheres =&, i=1,...,N. The uniqueness of the Nash equilibrium can be

concluded from Theorem 1 of Benjaafar et al (2007).

Proof of Theorem 2

The proof of this theorem is similar to the probffeeorem 1.
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Proof of Theorem 3

We can rewrite equations (14) and (15) as follows

Service Competition:f¢(Sg) = ( NN_zlJ Alp- Ch_ klp) (A1)
Inventory Competition:f, () = ( NN_Z:LJ A(p= Ch_ Kip) (A2)
Where,
o 1 0
f = - - d
(89 SS{ <)o) 1—p} 3

o 1 1 __P
fi(s)=@1 $)|n(1_§j{(1—§)ln(l/,0) 1—,0}

Lemma 1 below shows thdi (s) > f,(9 for any 0<s<1. Since the left hand sides of equations (A1)
and (A2) are constant and equal to each other. &deconclude that the solution to equation (A2) is
always greater than the solution to equation (&lgure Al helps to understand this argument.

N

(N—lj/i(p—c— ki p)

fS(S)V N2 h

fi(s)

L - >s
S S
Figure A1 — Optimal service levels for inventorydaservice competition
Lemma 1. f4(s)> f,(9 foranyO<s<1.
Proof of Lemma 1.
The left brackets in the two functions are the samiderefore, it is enough to show
s>(1-9 In(l/ - s)) . Using the Taylor expansion of the exponentiatfiom, it is easy to verify that

for any x<1

1, Ix
X

_<e;_ =e
X

Therefore,

NW/x<X = xin(/x)<1-x
X

Let s=1- X. Then we have
@-s)in(1/@-s)< s

25



This concludes the proof of the lemma.

Proof of Theorem 4

We prove the theorem for the service competitiame proof for the inventory competition follows the
same approach. The right hand side of (Al) is desimg inN and approaches zero Bsapproaches
infinity. It is also easy to verify theft,(0)=0 and f¢(.) is an increasing function. Therefore,

decreases ds increases an$; approaches zero abkgoes to infinity.

Proof of Theorem 5
We know that any game with a compact strategy spadea concave utility function has at least orme pu
strategy Nash equilibrium (See for example TheotePnin Fudenburg & Tirole, 1991). The suppliers’
profit functions under both inventory and serviaempetitions are concave with respectzoand 3,
respectively. For the service competition, the sieai space of each supplier§s’][0, min(1,$ )], where
§ is the unique solution to

Alp-¢-k/p)- ¢ (=0
Therefore, the strategy space of the service catigpeis a compact set. A similar argument can edu
to show that the strategy space of the inventonyegess compact too. This proves the existence oashN
equilibrium for both competitions.
We next prove the unigueness of the Nash equitibrdar the service competition. We have already
shown that a Nash equilibrium should be a solutiothe system of equations (16)-(17). Therefore, fo

supplier i, the Nash equilibrium service level skosatisfy

Gs-s 1 o)
——A(p-G¢—-k/p)=nh -— A3

X (P-G-k/p) '((1—§)In(1/,0|) 1_[)') (A3)
For any given value ofGg < A, equation (A3) has a unique positive solution, kghe

AlP=G-k/p) (A%)

h| ot - A
Inl/p) 1-p

Since this solution depends on the valu&gf we denote it withs (G;) . The uniqueness of the solution

A=min

can be concluded from the fact that the right h&idd of (A3) is increasing in si, while the leftrigbside
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is decreasing in si and equal to zero at si=Gs. ddmalition (A4) guarantees that the left hand side
greater than the right hand side at si=0. Thereforea given value of Gs<A, (A3) has a unique sohu
Since we know that this system of equations hakeadt one solution (we have already proved the
existence of the Nash equilibrium), therefore,eh'eraG; such that

G=),,8(&). (A5)
Now, if we prove that there is only or@; which satisfies (A5), it means that the systeneafiations
(16)-(17) has a unique solution, which in turn needmat there is a unique Nash equilibrium for the
service competition. It is easy to verify thg{( G;) is decreasing irG. Therefore, an increase B¢
means a decrease in the right hand side of (ASalidcrease in its left hand side. Therefore, vaaaa
have aGg greater tharG; that solves the system of equations. For a similason, we cannot have a
G, smaller thanGg that solves the system of equations. Theref@gr= Gy is the only solution. This

concludes the proof of the theorem.

Proof of Theorem 6

Let us write the profit functions of the supplienderms ofy, = g (s) =34 (s)"*%). That s,

&£ =2 A=k p)-AEZKD (g v, (A6)

where G :zi“ilfi . The constraint that all suppliers provide positfy means that a Nash equilibrium (if

it exists) is an internal point of the decision dom It is also easy to verify that
I 7P(E..) = =

We also know thatzz° (0,&_; )= 0. Moreover, each supplier’s profit function (A6)decreasing a§, =0
. This means that each supplier’s profit is negaiivthe vicinity of & = 0. Considering the participation
condition that each supplier expects a non-negginedit, we can conclude that a Nash equilibrium
should satisfy the first order optimality conditiofhat is, at a Nash equilibrium, for ady,, we have
677?(5i ,¢é4)/0é =0. Moreover, a Nash equilibrium should correspond taaximum (not a minimum)
point. Therefore, to prove the existence of a uaijash equilibrium, we need to show that the foitmwv
system of K+1) equations with unknownsg,,i =1,...N andG has a unique solution that maximizes
(AB).

0’ (§.44) _G-§ S N-1

_1 _1
Alp-c—k/ p)—A(p- c— k/ NN——& N=0, i=1,...,N, and A7
2¢ 2 (p p)—A(p P) N $ (A7)

G=Y L4 (A8)
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or, equivalently,
1

< IW(, 1)+ .
YN(1-Y)-|— 1-—|GN=0, i=1..,N,and (A9)
N N
N
2% =1 (A10)
whereY, =& / G. We can rewrite the first order optimality conalits as
1
IW(, 1) i+ N
D(Yi):(NJ (1—NJG Noi=1 LGN DY (A1)

where D(Y,) = YN (1- Y). We can see thaD(0)=D(1)=0, D(Y,)>0 for 0<Y, <1, and D(Y,) <0 for
Y >1. Also, D(Y) has a maximum at/(1+N) which is equal toN/(L+N)*"N_ Hence, for any
G<G"‘aX=( N2 7 (N=12)( N+1)“N)N/(N_l), equation (Al1) has two solutioB<Y;<Y,<1. We
want to argue thal,; corresponds to a local minimum for supplisrprofit function, (A6). We observe
that the sign of the derivative of the profit fuoet of supplieri, equation (A7) or (A9), changes from
negative to positive when we increagefrom values smaller thalf ; to values bigger thalf ;. We also
observe that, for fixed decisions of the other siepp Y =& /(& +zj¢ifj) is increasing in¢.
Therefore, when we increasg, the sign of equation (A7) changes from negativepositive at
&= (Yi,ll(l_ Y,l))szj , Which in turn means thaX; corresponds to a local minimum of supplier
profit function. Since each supplier tries to maizienhis profit, ¥;; cannot correspond to a Nash
equilibrium. Similarly, we can show tha{, corresponds to a local maximum of supplisr profit
function. Therefore,Y, ,, i1=1,...,N is the unique solution to the system of equati¢h®) which
corresponds to the values §fthat maximize the profit functions of the supgiefigure A2 graphically
illustrates the above argument.

ForG =1, the only solution for equations in (A9) that nraiies profit function (A6) isY, , =1/N. It
is easy to see thaX ,is decreasing ifG (see figure A2). Therefore, faB<1, we haveY,, >1/ N or

hilYi’Z >1, which is not a feasible solution. Also, f@>1, we haveY ,<1/N or

equivalently 3"
equivalentlyZiN:lYL2 <1, which is not a feasible solution as well. Therefor;, =1/ N and G=1 (or
equivalentlyg‘iO:l/N) is the unique solution of the system of equati¢hs)-(A8) which maximizes
each profit function in (A6), given all suppliersopide a positivé, . Replacing fromqﬁo =1/N in (20),

we will have
A(p-c-klp)_ o _p 0
=z -——L_@1-p%).
N Z 1_p( p*)
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Therefore, we can conclude that®=2"%(1/ N), or equivalently §°=$"(1/ N). Hence,
o° =g = $"*(1/ N). Itis straightforward to verify°(€°) =0, and a°(&°) =1/N.

DY) - i
a4
N N

Figure A2 — The solution to first order optimal@gndition (A9)

Appendix B
We define )y, = EB, — EB. When we usg/, as the competition parameter, the supplier’s pfofiction
can be written as

. y)=aP(y .y A(p-c-kip)- &), (B1)

where
Y
pINNZ
In[p/[A-A)(EB,-y)] __p
In(1/ p) 1-p

The superscripB indicates that the competition is based on theetgnl number d8ackorders We will

a’(y.ys)= , and (B2)

gB(Vi)=h( + EEé—Vij. (B3)

show that the average service level the buyer vesainder this competitiorg®, will depend on the
EB .
Since gB(yi) is a convex function, it is easy to verify tha¢ tbupplier’s profit function (B1) is concave

in ). Therefore, to find the Nash equilibrium, it isoemgh to check the first optimality condition.

0. yi) G-y .. 1 ea _ N
& A(p-c-k/ p) }{(EBb—yi)ln(ll,o) 1}—0, i=1,...N, whereG =) " y

We show that this system of equations has a symmetric solutign= y;, i=1,...N. Assuming a

symmetric solution, we have = Ny*B. We can then rewrite the first optimality conditias
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N-1 _ 1 B
N7y, (PO A= {(Eeb—y;)lna/p) 1)

Since the profit function is concave, this equatlms a unique solution, which represents a Nash
equilibrium y =(y;,....J ), where )y =), i =1,...N . The uniqueness of the Nash equilibrium can
be concluded from Theorem 1 of Benjaafar et al {200

We know EB = p(1- )/ (1- p). Therefore,ER, - y; = EB, = p(1- &)/ (1- p). Hence, we have

N-1 _1-p 1 Yo
—=A(p-c-kip)=h ; - j
N?yq P ((1—33)ln(1/p) 1-p
Or equivalently,
1-p % 1 L |_N-1
—"EB -1 - = A K p). B4
[p % +S“}((1—s;)ln(1/p) 1—p} e (P e k) (B4

It is easy to verify that for anfB, > o/ (1- p), the left hand side of (B4) is larger than thé kefnd side

of (Al). Using the same argument that we usederptioof of theorem 3, we can conclude tB;a\K SS

Appendix C — Notation

ais(s, S, ): Supplieri's demand allocation function based on suppliensiise levels

a’i' (z,z,): Supplieri's demand allocation function based on supplieasetstock levels
a®(&,&,): Supplieri's demand allocation function based on optimal atitipn parameter
aiB(yi,y_i ) : Supplieri's demand allocation function based on excess nuaitiackorders
4 : The proportion of demand allocated to supplier

V¥, - Excess number of expected backorders beyondethehimark value

M : Supplieri's processing rate

A : Buyer's demand per unit time

71°(z,0): Supplieri's profit function under for the first bust solutio

7T°(S, S, ) : Supplieri's profit function under service competition

lz‘ (z,z,): Supplieri's profit function under inventory competition

lqo(fi,fﬂ. ): Supplieri's profit function under optimal parameter competit

ﬂiB(yi,yﬂ. ): Supplieri's profit function under backorder competition

P2 Supplieri's utilization

¢ : Optimal competition parameter for supplier

C : Supplieri's unit production cost
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EB : Expected number of backorders at supplier

EB,: Benchmark expected number of backorders

gis($): Supplieri's holding cost function based on suppliers’ senlévels

gi' (z): Supplieri's holding cost function based on suppliers’ basekdevels

giO (&) : Supplieri's holding cost function based on optimal compmtiparameter

giB(yi): Supplieri's holding cost function based on excess numbkackorders

Gs: ZiN:lS'

Gy L3

h: Supplieri's unit holding cost per unit time

I, : Supplieri's actual inventory level

k : Supplieri's capacity cost per unit of capacity

N : Number of competing suppliers

p : Product unit price (buyer’s procurement price)

g : The average service level received by the buyer

g°: The average service level received by the bugdenservice competition

q' : The average service level received by the bugdeuinventory competition

g : The maximum feasible average service level receby the buyer (no allocation restriction)

q: The maximum feasible average service level reckily the buyer (all suppliers receive equal
demand shares)

S : Supplieri's service level

S, : The vector of service levels provided by the Siepp's competitors

§"(d): The maximum service level that a suppligrcan provide given his demand allocatio@lis

S;: The equilibrium service level under service cotitios

§;: The equilibrium service level under service cotitipa (general proportional allocation function)

S : The vector of equilibrium service levels undewige competition

Z: Supplieri's base stock level

Z_, : The vector of base stock levels provided by thepBeri‘s competitors

Zz™(d): The maximum base stock level that a suppliecan provide given his demand allocatiois

Z: : The equilibrium base stock level under inventooynpetition
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Z,: The equilibrium base stock level under inventooynpetition (general proportional allocation
function)

Z : The vector of equilibrium base stock levels urideentory competition
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