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In many industries, firms consider the option of outsour@ngmportant service process associated with the goods or
services they bring to the market. Often, competing firmsaurtce this service process to one or more common service
suppliers. When they outsource to a common service prqvillisr gives rise to a service supply chain. We develop
analytical models to characterize the benefits and disaalgas of outsourcing in service industries in which theilers
compete with each other in terms of the price they chargeoartioé waiting time expectations and standards which they

adopt and sometimes advertise. We show that the benefitdsiuraing are affected by the supplier’s ability to exploit

the benefits of service pooling as well as differences in tst @tes themselves.

1. Introduction

In many industries, firms consider the option of outsour@ngmportant service process associated with
the goods or services they bring to the market. Often, compé&tms outsource this service process to one
of more common service suppliers. For example, internatlees such as Amazon, Barnes and Noble and
other book distributers use common carriers to deliver teechrandise to their customers. After-sales sup-
port and maintenance services of appliances and electeguipment are often outsourced by competing
firms to a common maintenance or repair service provider.séinee applies to (part of) the technical sup-
port function of software vendors. For make-to-order comsugoods, the potentially outsourced service
process may refer to the final production or assembly statfeeqgfroduct itself. Japanese automobile manu-
facturers, for example, have adopted make-to-order adgeydiems to cut inventory costs for themselves
and their dealers, and to reduce the need for rebates forsglhiwg vehicles.

The outsourced service process is often of critical stratigportance to the competing firms, as the

above examples indicate: internet book distributers whfigate themselves to a large extent in terms of the
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delivery time guarantees or expectations they are spagiftg their customers ( along with price advan-
tages.) In many industries, the product itself becomesagingly commoditized and firms differentiate
themselves in terms of the quality of the after-sales serthey provide, even though maintenance, repair
and technical support functions may fail to be part of the $iroore competency and, as a consequence,
are often outsourced. A recent survey by AMR, (see Bijesak €002)) estimates that after-sales services
represent, on average, 24% of the revenues and no less thanf4be profits earned by consumer goods
merchandisers. Dennis and Kambil (2003) and Wise and Baunegg1999) report similar results for a
large verity of industries. (see also Cohen et al. (2006)6 attractiveness of the after-sales service process
is, once again, often determined by the waiting time custeragperience before their problem is solved,
along with the price they pay for their service contractafin in the automobile industry, customer wait-
ing times become an increasingly important component ofithes’ competitive strategies, along with the
purchasing price of the automobile itself, in particulawtbat the quality gap between Japanese manufac-
turers and their American and European competitors hasiklsignificantly. For example, Toyota’s goal is
to reduce the average waiting time between dealer orderelive ) to fourteen days; see e.g. Fay (2004).
In this paper, we develop analytical models to charactehiedenefits and disadvantages of outsourcing
in service industries in which the retailers compete wittheather in terms of the price they charge and/or
the waiting time expectations and standards which they taalogh sometime advertise. When some or all
of the firms outsource the service process to a common seskaeer, this gives rise to service supply
chain The competing retailers may represent independent caegpandivisions of the same corporation.
Staying with the example of the automobile industry, we halygerved that most domestic, European and
Japanese manufacturers have chosen to “bring the markghfirm” by creating separate and competing
divisions with broad managerial autonomy. Perhaps sumngis different divisions often sell similar cars
with identical chassis and engines, often produced-terdanda common plant. An example is Toyota which
sells, the Sienna and Lexus Rx-30, with identical chassieagines, via two independent divisions, which

"outsource” the assembly process to common plants in Wegtnié and CanadaSeveral papers in the

9Baye et al. (1996) document similar practices in the mid tiseamong the big three domestic manufacturers: "For el@mp
General Motors produced the LeSabre (Buick Motor Divisianyl the Olds 88 (Oldsmobile Division) which, while diffegiin
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economic literature provide theoretical frameworks torabterize the benefits of divisionalization, see e.g.
Baye et al. (1996), Baker et al. (2001) and the referencesithe

In the general strategy literature, several reasons ar¢ioned as to why firms may benefit from out-
sourcing: first, the service provider to whom the servicepss is outsourced, may enjoy lower operating
cost rates, as the service process representore competency rather than that of the service retailers. A
second explanation relates to possiet®nomies of scalendeconomies of scop@he former consist of
reduced per unit costs as the customer volume increases thiillatter points at the benefits of pooling
demand streams into a common service facility. Benson ardmémo (1996) and Lacity and Hirschheim
(1993), for example, identify cost efficiencies as the pglecfactor driving outsourcing decisions for main-
tenance functions and information systems, respecti@lpta and Zhender (1994) emphasize economies
of scale in the cost structure as a prime reason why outswli€ioften beneficial.

To assess the benefits of outsourcing strategies, we neddtess the following questions:

(I) When are firms better off if all of them choose to outsourceeathan perform the service in-house?
Given a unique equilibrium under in-house service, the fipnafits are unambiguously specified. Under
outsourcing, these depend on (i) what fraction 1 of first best aggregate performance the service chain
achieves, and (ii) what (minimum) participation profitsthe outside service provider demands. For the
sake of brevity and simplicity only, we present all of ouruks wheree = 1 and P = 0, thus portraying
the outsourcing option in the best possible light. {Th we show that first best performance can indeed be
achieved by a decentralized service chain, under specifimgrschemes, the structure of which depends
on the type of competition the firms engage in.)

(I when will a service chain in which all firms choose to cuisce to a common provider be stable
in the sense that no firm has an incentive to unilaterally dbarthe chain and provide in-house service
instead? More generally, assuming identical retailersy fewge a service chain of outsourcing firms is
stable? How do the answers to these questions depend ortehsifp of the competition, the number of
firms in the industry and the sales volume of the firms?

styling, are built on the same chassis and, comparable pegiisell for virtually identical prices. Similarly, the ioMotor Co.
produced the Sable (Lincoln- Mercurey Division) and thertiayFord Division), which are effectively the same car vdifferent
name plates, as are the Chrysler Corporation’s Plymoutladeryand Dodge Caravan. Indeed, in just about every pricgeratl
the major domestic manufacturers have several divisiooduyming competing products.”
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(1 In what direction do equilibrium prices, waiting time stands and demand volumes change when
all firms move from in-house service to outsourcing?

(IV) How do the answers to the questions raised in (1) -(lll) delb@mwhether the outside supplier pools
the service processes completely or in part, and whetherable to operate at lower cost rates than the
service retailers themselves?

Each of these above questions is analyzed under each otypeeof competition: (iPrice competition
in which all waiting time standards are exogenously giveththe firms compete on the basis of their prices
only, (i) Waiting timecompetition: here all prices are exogenously given and tmepetition is in terms
of waiting time standards, and (iiffimultaneous competitiorll prices and waiting time standards are
selected simultaneously by the various service retailers.

We represent a firm’s demand rate as a general function ofieigpand all waiting time standards in the
industry. We focus primarily on two important classes of dechmodels: The first class uses a separable
specification which, in addition, is linear in the price waci he second class is that of the attraction models.
Here, each firm is characterized by an attraction value diyea general function of its price and waiting
time standard. A firm’s market share, is given by the ratiot®fitraction value and the attraction values
of all firms in the industry, that of the no-purchase optiocluided. These broad classes of demand models
allow us to represent general tradeoffs for potential custs among the prices, waiting time standards and
other service attributes. Price and waiting time are teeagetruly independent attributes, in that, in general,
a change in a firm’s waiting time standard g#ibe compensated by a price change that leaves all market
effects unchanged.

The system of demand functions determines the rates at whistomers arrive to the different service
retailers. We assume all service retailers face Poissormademrocesses while service times are exponen-
tially distributed, with a rate to be determined by the ssgvprovider. Under outsourcing, the common

service provider may employ general dynamic priority sceemo prioritize among customers referred by

LWe refer to Allon and Federgruen (2007) for a discussion of ilis important to treat prices and waiting time standarsls a
independent strategic instruments, in contrast to thétimadl approach in the literature on service competitiarwhich the price
and waiting time are aggregated into a single, so caflébprice measure.
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the different firms. Whoever provides the service incurs tyaes of costs: First, a cost per unit of time
proportional to the adopted capacity level and a seconmus@etion/handling cost per customer served.

In §3-6, we analyze the special case where (a) all service eetashare identical characteristics, and
(b) the demand functions are affine in both the price and seteivel. This special case permits analytical
characterizations of the benefits of outsourcing.

The following represent some of our main insights: startirii the case where the retail firms engage
in price competition , under a given waiting time standare shiow that they may eatower profits under
outsourcing, even if the resulting service chain operategmaimum efficiency. The potential for such profit
reductions arises, even when the service chain under autegwperates at maximum efficienay=£ 1)
and even if economies of scope are exploited under outsayioy pooling of the service processes, and as
long as the cost rates of the external supplier are not eixeésbelow those faced under in-house service.
More specifically, assuming the supplier operates undenticl cost rates as the retailers, they benefit
from outsourcing if and only if their sales volume, when pricat cost, falls below a given threshold.
This threshold is a decreasing function of the waiting tirtendard, i.e., the more ambitious the firms
are regarding their service level, the more likely it is ttie firms benefit from outsourcing. Only in the
extreme case, where the retailers redifthe profits of the service chain - and the supplier merelyksea
even (P =0) - are the retailers guaranteed to benefit from outsourditogeover, even under this best case
scenario for the outsourcing option, the service chain naélytd be immune to unilateral defections by
one or more retailers. Such defections will not occur whemdhare up to 3 firms in the industry. When
the number of firmsV > 4, defections can be avoided if a certain index which meaghemtensity of
the price competition and varies between 0 and 1, is aboveeahhbld, given by a function oWV alone.
This threshold is increasing iN and converges to the maximum value of oné\agoes to infinity. If the
competitive intensity is below the threshold value, deéectan be avoided if and only if the firms’ demand
volume, when pricing at cost, is below a critical value, whilccreases with the degree to which benefits of
service pooling are exploited under outsourcing. In othends, in an industry with a large number of firms,
there is an incentive for a single firm to leave the servic@lewen under this most favorable service chain

design, unless the price competition is very intense or thedfisales volume value sufficiently small. We
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also show that there is always a chain sizg such that a service chain with° firms is stable in the sense
that no firm outside the chain has an incentive to join therchad no firm in the chain has an incentive to
bring service in-house.

When the supplier's marginal cost rate per customéwiger than under in-house service, the increased
benefits of outsourcing manifest themselves, for exampléhat the break-even sales volume (between
outsourcing and in-house service) shifts upwards as a tpudtine function of the supplier’s cost rate
advantage.

Similar conclusions prevail when the firms compete in terftheir waiting time standards and under
simultaneous price and waiting time competition. In thesalog of service pooling or the supplier enjoying
lower cost rates, whether the retailers benefit from outsngrdepends on which fee combination is used,
but sometimes the retailers are worse off under any of thesslmating schemes (which avoid periodic
fixed transfer payments). For example, under waiting tinmametition, if the external supplier services the
different retailers with dedicated facilities, the seevichain is, even in the above best case scenario for
outsourcingalwaysstable whenV < 3, neverstable whenV > 5, and undetV = 4, it is stable if and only
of a similar index of the intensity of the waiting time comigieh is above 0.96. In contrast, if the service
chainfully exploits the benefits of service pooling, the chaialisaysstable. More generally, undpartial
exploitation of the benefits of service pooling, there exias in the case of price competition, a chain size
m?, such that a chain witln° firms is stable. We give a general condition under which thigirt size is
unique, and show that it only depends on the number of firmisdrnirndustry and the competitive intensity.

In §7, we identify for the general model, payment schemes fordtaglers such that, under outsourcing,
the service supply chain can operate at a first best level {), as assumed in many of the companies
in §3-6. Under price competition, it suffices to charge eachilezta constanfee per customeibut under
waiting time competition and simultaneous competitioiis itecessary to add a second periodic fee which
is inversely proportional to the waiting time standard resfed. (We also show how the exact fee levels can
be determined.) Alternatively, the second periodic fee ipayget to be proportional to the capacity level
which the supplier would need to adopt if he were to serve e¢falers’ customers in a dedicated M/M/1

facility. In the case of simultaneous competition, a unigokime based fee and capacity based fee are



Allon and Federgruen: Outsourcing Service Processes to a Common Service Pravidiar Price and Time Competition

Article submitted to ; manuscript no. (Please, provide t@sucript number!) 7

required to achieve first best profits but under waiting timmpetition, a continuum of such fee pairs may
coordinate the service chain. The above fee structures magiplemented with a periodic fixed fee to be
paid by the retailers to the supplier (or vice versa). Outsiog contracts often include volume based and
capacity based fees, see K'Djah.com and Jackson (19991 asigh et al. (2006) and Chander (2007).

In §8 we use a numerical study to demonstrate how the above fisdargy over in asymmetric industries
and when the demand functions are given by an attraction In§f8leompletes the paper with a brief outline
of how our analysis can be extended to systems with more gesewice processes, represented by general
queueing systems.

The literature on outsourcing in service industries is mecAksin et al. (2006) and Gans and Zhou
(2003) consider a single server retailer (e.g. call cemtbr) can outsource part of its business to an outside
supplier. In Aksin et al. (2006), both firms incur costs pndgjpmal to their selected capacity level, but the
outside supplier enjoys a lower capacity cost rate. Demarahy given time interval can be satisfied if
it falls below the total available capacity, with any excbsefg lost. The authors state that for tractability
reasons they do not model the service facility as a queuenAdtsal. (2006) consider the following two
arrangements between the outside supplier and the sestaiter which are closely related to the above
volume- and capacity- based fees: in fhst, the retailer buys a certain capacity level from the supplie
for which it is charged a given fee penit of capacity All demand is first directed to the supplier with any
excess “overflowing” to the retailer’s own facility. In tlsecondarrangement, demand is first directed to
the retailer’s own facility while any excess is handled by thutside retailer, at a given fee per customer
referred. Under this arrangement the service retailer aglde supplier choose their capacity levels non-
cooperatively and the authors establish the existence nigaie Nash equilibrium. Gans and Zhou (2003),
model the service facilities as queueing processes, butasthat both the capacity level of the retailer and
that of the outside supplier are determined by the form&ro(@ustomer classes are considered; outsourcing
is an option foroneof them according to a queue-size dependent strategy.)

To our knowledge, Cachon and Harker (2002) is the only pageciwaddresses an industry of two
competingservice retailers, modeled as M/M/1 systems. In the outsogipart of the paper, demand rates

are linear functions of the firms’ full price (= price + muligpof the expected sojourn time). Moreover, the
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demand of a firm is equally sensitive to a change in its ownepaig to that of its competitor. Both firms
may outsource to a common supplier, who faces the same costwse as the retailers themselves, and
who serves the customers of each retailer in a dedicatdiyaftir a given fee per customer. The authors
show that both firms benefit when thbgth outsource, compared to when they service the customers in-
house, irrespective of the fee charged by the supplier.iBilis fee is set at a sufficiently high level, one
of the retailers may benefit by keeping its service proces®mirse, assuming the competitor continues
to outsource. As mentioned, these results contrast with, autere firmslo not necessarilpenefit from
outsourcing, even when the service chain operates at a éistidvel ¢ = 1), unless the supplier’s profit
is reduced to zeroK = 0). Hassin and Haviv (2003) and Allon and Federgruen (200f&r aurveys of
competition models in service industries. See also theamditerature on competition models in which
waiting time sensitive customers are segmented into nheltfasses. e.g. Loch (1991), Lederer and Li

(1997), Armony and Haviv (2001), Afeche (2004), and Allorddedergruen (2004).

2. Model and Notation

We consider a service industry witki competing service retailers each acting as an M/M/1 fgailihen
providing in-house service. Each firiifferentiates itself in the market by selecting a prigeas well as

a waiting time standard;. The waiting time standard is defined as the expected staatywsaiting time
experienced by the customers, wge.= E(W;). (Alternatively, the waiting time standard may be specified
as a giverfractile of the waiting time distribution. All of our results contiado apply, since the structural
form of all profit functions remains unchanged.) When firrserves its customers in-house, it faces two
types of cost: first, it incurs a cost per customer served, and, second, it incurs a capacityatastatey;

per unit of capacity installed. Similarly, when the servimecesses are outsourced to an outside supplier,
this supplier incurs the same two types of costs, at ratesd~, respectively. The capacity of a service
facility is defined as the facility’s service rate. Liet 1, denote the capacity levels chosen by firand the
outside supplier respectively. Under in-house service following simple relationship exists betwegn

w; and\;, the firm’s demand rate. Assuming > 0, we have

1
i = Ai+— 1)

K2
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(When\; =0, u; = 0 as well). The first term in this expression is these capacity leveénsuring stability
of the system, while the second term is gevice based capacitgquired to guarantee a given waiting
time standard.

If an outside supplier services the customers of the diffiefiems in separate (dedicated) facilities, the
required capacity is, therefore given yff = Zﬁil (Ai + U%) Allon and Federgruen (2004) have shown
that, undepooledservice, the minimum required capacity level, considedhgon-anticipating dynamic

priority schemes, is given by:

p_ R o
Ho = g max {Z Ai + S } = gmax Z i+ > X (2)

~~~~~~~~~~ ics ics 72]’65‘)‘3' w;

(Note, under non-identical waiting times, it is no longeadible to serve all customers on a FIFO basis)
Proposition 1(a) ibid show that)” < u, reflectingeconomies of scopéMore generally, the pooling of
any two groups results in cost savings.) This observatioiitself, bodes well for the increased benefits
of outsourcing under pooled service versus service withcaged facilities. The presence e€onomies of
scopedo not imply that the cost structure (2) exhilgisonomies of scales well: as demonstrated in Allon
and Federgruen (2004), both marginal and average costsigneer may increase if the demand volume
of asinglefirm is increased.

The pricep; is chosen from an intervah? ", p7e*] i =1, ..., N. Clearly, firm: selects a pricg; which
results in a non-negative gross profit margjn- ¢; — ;. (By (1), ¢; + v; is the marginal cost per unit of
demand.) Thus, without loss of generality, we sel¢tt = ¢, +v;, i=1,...,N.Astop"*, itis chosen
to be sufficiently large as to have no impact on the equilinrbehavior.

The demand rata; may depend on all of the industry’s prices and waiting tinsndards, according to

a general set of twice differentiable functiohs= \;(p,w), i =1,..., N, with gzlj <0, gjj_ <0 and);

9%,
Bw?

varying concavely witho;, i.e. < 0. In our base models, we focus on the following class of demand
functions which are linear in the prices: g8, when addressing the general model, we do consider demand

functions given by attraction models.)
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A = |ai(w;) — E ij(wy) — bip; + E Bijpi| »i=1,...,N 3)
i#j i#]

wherez™ = max(z,0). a; is a decreasing concave function, reflecting the fact ttduatons of a firm’s
waiting time standard result in increases of its demandnaetthowever, these increases become progres-
sively smaller as the waiting time standard continues toutehe functionsy;; aregeneraldecreasing
functions, since a reduction of a competitor's waiting tistandard results in a decrease of the firm’s
demand volume. The price coefficiertts> 0, 3;; > 0,7 # j satisfy the well known dominant diagonal

conditions

(D) bi>> B (D) 6> B i=1,....N

J#i J#i
These conditions are generally satisfied; they merely lstipauhat auniformprice increase by alN firms
cannot result in an increase in any firm’s demand volume, laada price increase by a given firm cannot
result in an increase of the industry’s aggregate dentand.

Leth, =b;, — Z#i B; > 0 denote theotal price sensitivity of firmi’s demand ,i.e., the (absolute value
of the) marginal change in firris demand volume due a to uniform price increase by all firms.

In contrast, (3), in addition to enjoying analytical sinfigiations, specifies a firm’s demand to be zero
under such extreme choices. Allon and Federgruen (200W) stad under (3) the firmsquilibriumchoices
induce a positive market share for each. To guarantee tisasttne case, it suffices in the Price Competition
model to assume,

Ni(c+7y,w)>0,i=1,...,N,Vw € [0,w™**]", (4)

i.e., any firmi can achieve a positive market share at least when willingperate with zero variable
profit margin, i.e. whem, = p/" = ¢, + ;. (4) guarantees that undéis price, \; > 0, regardless of the
competitors’ choice$ However, other price-service level combinations may taésutero demand. In the

2 As is well known from the literature on oligopoly models withoduct differentiationsystems of demand equations need not,
but often can be obtained from one of several underlyingwmes utility models, in particular thepresentative consumer mogdel
the random utility modeknd theaddress modelSimilarly, (3) may, e.g. be derived from a representativestmer model with
utility function U(X,0) = C + $ATB~'X\ + AT B~ '@(w) where theN x N matrix B hasB;; = —b; and Bi; = 45,1 # 7,
a(w) = ai(wi) — >, aij(w;) andC > 0. ((D) ensures thaB~! exists and is negative semi-definite, giving rise to a jgintl
concave utility function). The demand functions (3) arigeoptimizing the utility function subject to a budget corétt.

3 (4) reduces to lower bounds for the intercept valugéd) > D2 i i (W) + bilci +7i) = X2 Bis (e +75)-
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two remaining competition models (Waiting Time Competitend Simultaneous Competition),Allon and

Federgruen (2007) show that a somewhat stronger cond#ioeéded, namely
Ai(p,w) >0,%p € Ly [pr, pe] ,w € [0,w™ ] 4 (5)

3. Identical Retailers: Price Competition
We initially focus on a basic class of models wittentical service retailers, and demand functions of the
guasi-separable type (3). This allows for analytical congoas of the equilibria and coordinating pricing
schemes under each of the three types of competition andbé#ud various outsourcing options.

Thus, assume the firms face identical cost paramdigrs;}~., = (¢,v). Consider firm independent
demand functions with price linearity as in (3), and assumag the functions;(-) anda;;(-) are affine as

well. Thus, for positive constant8, a, o, b and3:

+

A= ao—awi—i—aij—bpi—i—ﬁij ,i=1,...,N. (6)
J#i J#i

Similar to condition (D), we assume without practical lofgenerality, that
a>(N-1)«a (7)

Ji.e., no firm experiences an increase in its demand volumanah firms increase their waiting time stan-
dards by the same amount. Define the intensity of the pricepetition by p = w and the intensity

of the waiting time competition by = ~=1

. Note that bothp and 6 are dimensionless indices, with
0<p<land0< 6 <1, by (D)and (7). In the symmetric model, condition (5) can bplaced by a

considerably weaker requirement, namely:
Xi(p,...,pw,...,w)>0forallc+~<p<pm® andw™" < w < W™ (8)

In other words, when the firms offer identical terms to thetaoeers, each faces an identical and positive

*(5) reduces to similar lower bounds for the intercept vatuge).
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demand volume. ((8) is identical to the following lower bduor a® : a® > b(1 — p)p™** 4+ a(1 — §)w™*.)
When allN firms providein-houseservice, the profit function for firmis, by 1, given by

7ri:>\1-(pl-—c)—v,ul-:Ai(pi—c)—y(ANL%). 9)

K2

Assume first that the firms engage in price competition, urtkrtical waiting time standards; = w.
Theorem 1 in Allon and Federgruen (2007) establishes tikatwith all price-linear demand functions,
for identical as well as non-identical firms, the price coftitf®n model has a unique price equilibriup

which satisfies the set of linear equations
N=b(pf—c—7)i=1...,N (10)

whereX; = \;(p*,w) > 0. It is easily verified, by substitution in (6) and (9), that

e e @ mwe—(N-Da)+blc+7) ., . 2 7
pi=p" = 5% — (N—1)3 pom=bi(pt =) - (11)

In particular, by (10), the model has a unique symmetricldayiim, with pf =p* > c+ 7.

We now compare the decentralized system with in-houseceati the service retailers, with various
outsourcing scenarios. We start witbhasemodel in which a common supplier faces d@mecost rates as
the retailers encounter when providing in-house serviogui the outsourcing option in the best possible
light, we assume the resulting service chain, while comtigito be decentralized, operates at maximum effi-
ciency. The profits in @entralizedchain, under outsourcing, are unaffected by transfer paysriztween
the retailers and the supplier, and are giverityy) = S>> A\ip; — ¢S A — (vazl Ai + 5). Here
1 <v < N represents an inefficiency index. The extreme valuesl andv = N arise when the suppliers
exploit economies of scope maximally, or not at all. Whervisgy the customers of different retailers in
dedicated facilitiesy = N, see (1); when pooling all service processes insinglefacility, » = 1. (When
the same waiting time standards and the service time disiits apply to all customers, there is no advan-

tage to give priority to some firms over others. i.e., cust@aee optimally served on a FIFO basis and the
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supplier's service process is an M/M/1 system with arrimdagji 1 Ai. The capacity related cost is thus
given by~ (Zf’zl A+ %) .) More generally, the potential for economies of scale may belexercised in
part, giving rise to an intermediate value for the inefficigindex.

The functionll is a strictly jointly concave quadratic function @f(In its Hessian, the diagonal elements
equal—2b, while the off-diagonal elements equal This matrix is negative semi-definite ,since by (D),
the absolute value of the diagonal element dominates theasuhe absolute values of the off diagonal
elements in each row.) Thus, theiqueoptimal price vectop®? is the one that satisfies the set of first

order conditions:

—b(pi—c—Y)+ X +BY (p;—c—7)=0, (12)
J#i

This system of equations hasymmetricsolution,p®®, which is independent for

cB_ 0B a’ —w(a— (N —1)a) +c+7:ao—w(a—(N—l)oz) +c+7

I 20— (N —1)5) 2 % 2 (13)

Let A9 = \(p©P w) andII“? =TI1(p°?) denotes theptimalchain-wide profits in the service chain. Note
thatp*, p©Z, \* and\“® are all independent of the inefficiency index. Propositidnshows that each firm's

optimal price level is higher and its demand volume lowenthader in-sourcing.

Proposition 3.1(Comparing decentralized system vs centralized systemm)imes (4). (a)p* < p°?;
(b) A* > X°B, (c) For a fixed value ofb, the total price sensitivity of demand]“? is inde-
pendent of p, while, under in-house service, each retailer's profits rdases with p: 77 =

([ao —w(a— (N —-1)a)]— (C+ry)5)2 (1;;)

2—p)?2°

=

As shown ing7 the service chain, under outsourcing, may achieve firsides aggregate profite & 1),
whenever a specific per customer f8€” is charged to each retailer. The retailers’ share of thesfitgr
depends on whether a fixed per period payment or subisidy added to the volume based fee. Hasija et
al. (2006)’s survey shows that such fixed payments are addsdnhe of the contracts, but not to others.
In the next theorem, we therefore consider three poterdimies for a fixed paymemrt’: (i) K=0, (i) K

is set to compensate the supplier for the cost of the senasedcapacity, and (iii) K is set to ensure that
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the supplier merely breaks even. We are particularly isteckin (iii) as it reflects dest case scenarior

outsourcing: a maximally efficient service chain in whick tetailers’ share of the profits is maximized.

Theorem 3.XProfit comparisons between in-house service and outsogiyohssume the service chain
under outsourcing achieves first best aggregate profitsskdficiently largew!**:

@) EN 708 > Zf;l w; regardless of what fixed transfer payments are used. Undefixed payment

=0 "1
K, 9P is independent of the supplier’s inefficiency indexi = 1,..., N. 7;°7 decreases withr.

(b) In the absence of fixed transfer paymeits=0)

2—p 475
VI=p\/4p—p2 V W

(i) @ <0 for w sufficiently small, i.eqw < w(v), with w(v) increasing inv.

(i) 7O >qriff AMc+vy,w) <\ =

(c) Assumél = I, i.e., each retailer compensates the supplier periodychali the service based capac-
ity he imposes (if served by herself®? > 0, 798 < r* irrespective of the waiting time standaud

(d) Assume the fixed payméhitis set to ensure that the supplier breaks even. Then; 98 (v) — 7} =

A (ety,w) 2 (N—v)y
b 4(2p—p)2+ Nw

Thus, without fixed transfer payments, whether or not thailrétms benefit from outsourcing depends
on the given waiting time standard. For any given valuevpbutsourcing is beneficial if and only if the
firms’ demand volume, when pricing at cqgt= c + ), is less than a given break even value, and this
break-even volume is inversely proportional with the sgeraot of the waiting time standard. Outsourcing
is beneficial only when the demand volume falls below a givezak-even point, since the firm’s cost
function , under in house service, is affine with a per unit gogen byc + v + (%) +. In other words, the
averagecost function exhibit®@conomies of scaleven though the marginal cost is constant. In addition,
the smaller the waiting time standard the more pronounced the economies of scale are, and tlez they
break even volume. In the absence of fixed transfer payntbetbreak even volume is independent of the
supplier’s inefficiency index.

If the coordinating volume based fe€” is complemented with a periodic fé€ = 1, i.e., the cost of
the service based capacity which the retailer imposes osupglier, if served by himself, the retailers are

always worse off under outsourcingespectiveof their demand volume. However, Theorem 3.1(d) shows
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that there are payment schemes under which all retailersfibéom outsourcing and the supplier breaks
at least even. The expression, there, denotesr@émurmbenefit retailers can reap when outsourcing, i.e.,
assuming the service chain, under outsourcing, is maxynefficientand the retailers are able to squeeze
the supplier’s profits down to zero. The expression for teagimum benefits consists of two parts. The
first term represents the benefits, if the supplier maieesse of the potential for service pooling, while
the second term denotes the additional benefits that acdree the supplier applies full or partial service
pooling. The benefits increase as the competitive intepsiiycreases, for a fixed simple price sensitivity
b, and even, for a fixedotal price sensitivityb and hence for a fixed demand volume, when pricing at
cost. They grow in proportion to thequareof this demand volume. Not surprisingly, the more efficient
the supplier, the larger the maximum benefits associateld auwisourcing: indeed the maximum benefits
depend linearly on the inefficiency index

As mentioned in the introduction, beyond the outside s@pplability to exploit economies of scope by
pooling the service processes for the different retail fimsecondlriver behind the benefits of outsourcing
often results from the supplier's ability to operate withvkr cost rates than the retailers. (The service
process often represents the supplier's core competettoyrrdnan that of the retailers.) We refer to the
on-line Appendix for Theorem A.1, which generalizes Theorel to allow for arbitrary cost differentials
between the supplier and the retailers. (To simplify theosijon, we confine ourselves, there, to the case
where the supplier uses a dedicated facility for each of étailers. All results can be extended to the
general case with a general efficiency indey Theorem 4.1 showed that in the base outsourcing model
without fixed transfer payments, the retailing firms aredyaiff outsourcing iff their demand volume, when
pricing at cost, is below a critical value. The same charaztgon applies to the case where the supplier
enjoys lower cost rates. The break even value for this dermahone increases with\, the differential
in the total cost rate enjoyed by the supplier. The break &adure is also decreasing in the waiting time
standardw. Thus, the higher the service level, the higher the minimwmand under which a retailer
prefers preforming service in-house. While this phenomeazurs in the base model (see Theorem 1(b)),

it is all the more pronounced when the supplier operatesrloder cost rates.
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4. Price Competition: Stability of Service Chain

Even if all retailers benefit frornollectiveoutsourcing compared to all of them providing in-house iserv

it is not clear whether the service chain, under outsourémignmune to defections by individual retailers,
or, whether collective outsourcing arises as an equilibyiwhen each firm has an upfront choice whether to
outsource or to keep service in-house. This applies even whesourcing is portrayed in the best possible
light, i.e., the service chain achieves first best level goéill of which are earned by the retailers.

Thus, consider the following two-stage game: in the firggst@ach retailer decides whether to outsource
the service process or to perform it in-house. For the firme wt for outsourcing, the resulting chain
is assumed to guarantee maximum possible profits for itscgeating retailers, i.e., it operates under a
perfectly coordinating pricing scheme with fixed transfayments, reducing the supplier’s profits to zero.
In the second stage game, the service chain competes wiitoéte retailers that have chosen to perform
the service in-house, once again ensuring the firms insieeltiin of first-best level profits, given the
competition of the firms outside the chain.

Theorem 4.1 characterizes under what conditions the saoluthere all retailers decide to outsource in

the first stage, is a Sub game Perfect Nash Equilibrium (SPNE)

Theorem 4.1 (Sustainability of service chains under price competition

(@) Leto <p*(N)=—2(N?—4N +5) +12\/(N2 —4AN+5)2+ (N —1)(N—3)<1,and\(p,N,v) =

2 2
_ By N+l
I(1-%)|b (%) — 4| - The solution where all firms decide to outsource in stage one
Vi PNET
and adopt the price vectgi“? in stage two is a SPNE if and only if one of the following threeditions is
satisfied: ()N <3, (i) N >4, p> p*(N) (i) N>4,p<p*(N)and\(c+~v,w) < X(p,N, V)

(b) p*(N) is non-decreasing itV with lim x 1, p*(N) = 1.

As mentioned, the profit values in Theorem 4.1(d) is argudlidybest a participating service retailer
can hope for, as it maximizes chain-wide profits while preisgrall such profits for the service retailers
and reducing those of the outside supplier to zero. WiNed 3, the service chain, under outsourcing, is

immune to defections. However, whé&h> 4 and the supplier fails to exploit economies of scape-(V),
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Figure 1  Stability of the Service Chain
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an individual service retailer has an incentive to leavectign and bring the service process in-house if and
only if the competitive intensity is below the critical valp* (V). In other words, whether the chain is stable
or not depends on whether the pair of industry charactesigi, p) lies below or above the switching curve
{p*(N): N =2,3,...} depicted in Figure 1. (Defineg*(2) = p*(3) = 0.) This phenomenon occurs because
the unmitigated competition a firm faces when defectings d&ts as a deterrent when the competitive
intensity is lower. Cachon and Harker (2002), in their dugpoodel, established the existence of a linear
wholesale pricing scheme under which both service resllenefit from outsourcing, the outside supplier
earns a profit and the chain is immune for defections. Thedrdmshows that stability of the chain, while
guaranteed under a small number of competitdis; 3, becomes increasingly more difficult to achieve as
the number of competing firms increases.

The reason defection from the service chain may be beneificthlt the chain adopts a significantly
larger price than, say, the prigé in a decentralized system so as to drive the profits of thecjzating
retailers to their maximal level. A defecting retailer, mayhenp < p*(IN) exploit this by adopting a
significantly lower price and thus attracting a significatdrger market share. Paradoxically, the chain can
prevent defections, by inducing the participating retaite adopt the pricg* instead ofp“Z, even though
the resulting profits for the retailers are lower than untlerdoordination scheme of Theorem 4.1(d) (As
shown in§7, the chain may induce the retailers to adapy desired price> ¢ + ~, by charging a specific
volume based fee'.)

Stability of the service chain under outsourcing is enhdnoehe extent the supplier exploits the benefits
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of service pooling: whemn < N, the chain remains stable, even wh¥n> 4, andp < p*(N) as long as
the sales volume, when pricing at cost, is below a given ttmelsvalueX(p, N,v). The more efficient the
supplier, the lower the inefficiency index and the larger the threshald Similarly, the stricter the waiting
time standard or the larger the cost of capagityhe larger the sales volume threshold to ensure stability,
when the supplier applies partial of complete service gl

Finally, it is easily verified that any cost rate advantagestifie supplier, see Appendix B, reduce the
potential for defections of individual firms from a servideain with outsourcing: wheV <3 or N >4
andp > p*(N), such defections are precluded in the base model and certtirne precluded if the supplier
enjoys cost rate advantages. At the same time, the statilitye service chain continues to prevail under
such cost rate advantages, even wheh 4 andp < p* provided equilibrium demands are not too large.

Theorem 5.1 identifies the necessary and sufficient comdifiar universaloutsourcing, i.e., for a service
chain with allV firms, to arise as a SPNE in the two-stage game. We now adtiees®ire general question,
when a Nash equilibrium arises with’ firms maintaining in house service, and the remaimirig= N —m’
firms outsourcing their service processes, for @aaym’ < N — 1. In other words, when is a service chain
with m? participating firms stable, in the sense that none of the finsisle the chain has an incentive to
bring the service process in house, while any of the firmsighog in house service incurssdrict profit
loss by outsourcing and joining the service chiairhe following Theorem shows that a (pure) SPNE exists,
for at least one value of.°, and it provides a sufficient condition fat°, thesizeof the outsourced service
chain, to bauniqueamong all Nash equilibria. (Clearly, if a Nash equilibriumigts with1 < m° < N firms
in the chain, any of thféﬁz) nets ofm? firms among the industry oV, gives rise to a Nash equilibrium.)
We have observed that, except when the number of firms in thestry is very small§ < 3), or when the
competitive intensity is very large, equilibria arise withartial outsourcing, i.el < m° < N; this, even

in an industry where all firms have identical charactersstiet

°(i,m°)[r°(0,m?)] = the profit of a firm currently in a service chain with® firms,
when switching to in-house service [ when continuing to outse].

5 This asymmetric definition favors the outsourcing optiongase of a tie.
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7'(i,m")[r"(0,m")] = the profit of a firm, currently among’ firms providing

in house service, when continuing to do so [ when switchingutisource].

Note,7°(i,m°) =7 (i, N —m°+1); 7°(o,m?)=7"(o,N—m°+1), V 1<m°<N.A SPNE, with

m? firms outsourcing, exists iff

7°(0,m°) > 7°(i,m°) and 7' (i, N —m°) > n(o, N —m°) (14)

Finally, let X be a lattice with partial ordes andT" an ordered set. Milgrom and Shannon (1994) define
a functionf : X x T'— R as having the stricsingle crossing point property for all « > 2’ andt € T,

Flx,t)> f(2',t) = f(z,t) > f(,¢') if forall ¢/ > t.

Theorem 4.2 (a) The two stage outsourcing game has a (pure) SPNE
(b) Assume the function® : X x Ny — R with X = {i,0} andi = o has the strict single crossing
point property. Then, a SPNE exists for a single value ofaurtsng firmsm?, which decreases with the

inefficiency index.

Thus, under the single crossing point property, the moresémeice supply chain is able to exploit the
benefits of service pooling, the larger a service chain siisthe two stage outsourcing game. We now show
that the sizen® of a stable outsourcing chain, depends critically’onthe number of firms in the industry,
and the competitive intensity, similar to the stability conditions for universal outsomg (m° = N) in
Theorem 5.3. To do so, we confine ourselves to the case whethmon supplier services each of the
participating firms in a dedicated facility. In this cases tondition for a stable chain with° firms reduces

to a pair of inequalities, merely involving°, N, andp.

Theorem 4.Assume the supplier in the service chain serves each of tiieipating firms in a dedicated

facility. In the two stage game, an SPNE wiitlt outsourcing firm arises iff

2(14 355 ) - 35 (N —m)

1) (2= (m=1)g2y ) (N —mym (525

> (15)

2(1-(N=m-1)
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Figure 2  Stability of the Service Chain
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We have observed that for almost all valueshdfand p, the functionz® has the single crossing point
property so that the equilibrium size of the service chaimigjue. However, for some very high competitive
intensities, the property may fail to hold, and multiple #igtium chain sizes may arise. Figure 2 shows
for an industry withNV = 10 firms, how the equilibrium value(s) of° vary as a function op; even under
a low competitive intensity;®” = 3; asp increases so does® . Whenp > p*(N), a chain withm?® = N

firms is stable, but so is one with® = 6 firms.

5. Identical Retailers: Waiting Time Competition
In this section we assess the benefits of outsourcing wheretaiders compete by selecting their waiting
time standards, under a given, exogenously specified, leriegp.

Corollary 2 in Allon and Federgruen (2007) establishes fmagal systems with possibly non-identical

retailers, that a unique equilibrium vecter exists. In our case, this equilibrium satisfies the first orde



Allon and Federgruen: Outsourcing Service Processes to a Common Service Pravidiar Price and Time Competition

Article submitted to ; manuscript no. (Please, provide t@sucript number!) 21

871—1-

B = —a(p—c—7)+ ﬁ =0,ie.wi=---=wy =, /5= Allon and Federgruen (2007)

show, in fact, that this equilibrium is dominantsolution, i.e. it is optimal for each firmito adopt this

conditions

waiting time standard regardless of the choices made byitgpetitors.
In comparing the case of in-house service with the equilibriinder outsourcing we portray the latter
again in the best possible light, i.e., we assume the sechia@ under outsourcing operates in the most

efficient possible way. We first need to following Lemma:

Lemma 5.1A service chain achieves first-best performance, when atisfindopt a common waiting time

standardw®®, both when the supplier serves the different firms in dedit#icilities and when it pools

the service process. In the former cas€” = -w* = |/5-—L—, in the latter casew“” =
- —0 a(p—c—7)

D N R 1 v

VN V/1-6 N(1—0) a(p—c—7)

Thus, aggregate profits in the service chain, under an op{tnenmon) waiting time standard, are
given by [T (w) = (p — ¢ — ) Y0, A, — 7Y when dedicated facilities are used, and85” (w) =
(p—c—7) Zf’zl A; — =, under service pooling. As in the case of price competitiva,give a unified
treatment to both settings, as well as intermediate ondspuaittial pooling, giving rise to profit function
I3 (w)=(p—c—7) Zjvzl i — %, for a general inefficiency indek< (V') < N with a corresponding
optimal waiting time standard“? = , /%. Thus,w®? <w* iff # <1— £ andw®” increases
in proportion to the square root of the inefficiency index§ T we show that the service chain can achieve
first best level aggregate profits under a continuum of volbased and capacity based fee pairs. We also
show how the retailers’ and the supplier’s profits are affddty the choice of a coordinating fee pair.

We now show that, even when the retailers reap maximum berfiefin outsourcing the service chain
may fail to be immune to defections. Even more pronouncetiththe case of price competition, the ability
of the supplier in a service chain to exploit the benefits ovise pooling , has fundamental implications
for the stability of the chain: without service pooling theain is stable only wheV < 4 (and forN =4

only when the competitive intensity> 0.96). Under full service pooling, the chain&@waysstable.

Theorem 5.4Sustainability of service chains under waiting time cotitios)
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(a) The service chain is stable, i.e., the solution wherdiatis decide to outsource in stage one of the

outsourcing game, and adopt the waiting time standaf® in stage 2 is an SPNE iff

0/v(N —2) (1-6)v(N)
NEEnE TR 0

In particular, stability is enhanced whenever the inefficigindex(-) is decreased.
(b) With dedicated facilitie$r = N), the chain is stable ifV <3 or N =4 andéf > 0.96. The chain is
never stable wherv > 5.

(c) With full service poolingv = 1), the chain is always stable.

Finally, it is easily verified, along the lines of the abovegf that for example with dedicated facil-

ities, an SPNE exists witm® outsourcing firms iffeNN*_“;“ \/MT + QW < 92and2>
“VTN—T
N—m°—1 1 N—mo_2
0=+~5 \/@‘FQW

In general, Theorem 4.2 continues to apply, i.e. a pure SHN&ya exists in the two-stage outsourcing

game. It induces aniquechain sizen? if the functionz° has the single point crossing property.

6. Identical Retailers: Simultaneous Competition

When the retailers compete simultaneously in terms of {hiédes and waiting times, the benefits of out-
sourcing are somewhat more difficult to assess. For one figisaf condition is required to ensure that a
decentralized system has a unique equilibrium which is sgtrimand that the centralized system has a
symmetric optimal solution as well. We start with the caserghan outside supplier serves the customers
of each firm in a dedicated facility. Foe=1,..., N, letn} (p,w) denote the equilibrium profit for retailey
under the price vectgr and the vector of waiting time standardsand letlI°? (p, w) denote the optimal

aggregate profit of the service chain under outsourcing.

Theorem 6.F(Comparison of price and waiting time choices, with and withoutsourcing, under simul-

taneous competition) There exists a vajuguch that for alky > ~:

5 The parameter conditions are overly restrictive. They jgleguarantees under the simplest verifiable condition ttrefNash
equilibrium under in-house service and the optimal sofutinder outsourcing are symmetric
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(@) Assumeb > a+ (N —1)(a+ ). There exists a unique equilibriup*, w*) in the decentralized

system, which is symmetric, iy§.= - - - = p}, andw; =--- = w},, where

a’ —w*a(l—0)+b(c+7)

p g
b(2—p)
. 0 _ _ _
the unique root om0, w™] of C"* (w) = w* — w?~ ion) 4 pe-a,
* . a?(1-6 max a®— c+v)b(1— max
w = Zf’)’ S b((27p)) (w )2 |: (a(l’l)gg 2) —w ]
wmer otherwise

max

The retailers’ equilibrium sales volumg* = a(fjj—V)Q if w* < w™* and \* < a(f’u—”)Q if w*=w

b) Assume&b > a+ (N —1)a+ 2(N — 1)3. There exists a unique optimal solutipf’Z, w?), in the
q p

centralized problem, which is symmetric, p&€? = - .- = p§f andw(? = - .. = w{¥, where
p y N 1 N
OB — a® —wBa(1—0) c+~
2b(1 — p) 2
the unique root onj0, w™*] of C° (w) = (w?)? — (wCB)”O*(ZaZ)Zgl*”) + 239,
CB _ ; — a2(179) max)2 GO*(C+ )b(1—p) max
w- "’ = zf’yﬁz: o) (wmaer) [W—w ]
wmer otherwise

Let \°B denote the retailers’ optimal sales volume, in the certediproblem. Theh“? = % if

’UJCB < qmaz and)\CB < a(lzbg()l(;g)Bﬂ |f ’UJCB = qmaz
(c) Assumeb>a+ (N —1)a+2(N—1)8.1f 0 > [<]5%4 thenw®? > [<Jw*.
P
2

(d) Assume&b>a+ (N —1)a+2(N —1)3.If p©Z <p*, thenw®? > w*, and hence > 3

(e) Ifp=0,w"? >w*and B < \*,

If the cubic function<C*(w) andC“ (w) have a root, this root can, of course, be solved in closed,fee®
e.g, Abramovitz and Stegun (1965). Contrary to the waitingetcompetition model under givenprice
level p, it is no longer certain that the firms choose a lower waitingetstandard when providing in-house
service, as compared to when they outsource. However, ifthasity of the waiting time competitiohis
sufficiently large compared to the intensity of the price petition (as specified by the conditiér> ﬁ),

and, in particular whef > p this will be the case: the larger the price competitive isigtp, the smaller



Allon and Federgruen: Outsourcing Service Processes to a Common Service Pravidiar Price and Time Competition

24 Article submitted to ; manuscript no. (Please, provide tlsucript number!)

the minimal waiting time competitive intensity for which outsourcing results in lower service, i.e., a
higher waiting time. Part (d) shows that it is impossibleldoth pricesandthe waiting time standards under
outsourcing to béower than those selected under in-house service.

To compare the firms’ profits with and without outsourcing, eemsider again the best case scenario
for the outsourcing option, i.e. where the service chainimees its aggregate profits by implementing
a perfect coordination scheme. As will be shown§if)y a two-part scheme, with a (volume based) fee
per customer served and a second (capacity based) fee, ag#ioes to achieve perfect coordination.
Clearly, the aggregate chain wide profit under outsourdrdgher than that obtained by the retailers when
providing in house service, i.@fvzo OB — vazl 77 > 0 and the aggregate benefits of outsourcing, can be
allocated arbitrarily between the supplier and the retsiléhen adding a periodic fé&) to the supplier, in
conjunction with the above two-part payment scheme. Assgmo such fixed fees are used = 0), and

similar to our results for Price competition and Waiting €mompetition, retailers do not always benefit

from outsourcing:

Proposition 6.1(Profit comparison between in-house service and outsogreiith dedicated facilities
under simultaneous competition) Assuate w“”? < w™*. Under the conditions of Theorem 6.1 and in
the absence of periodic transfer paymef#s=0):

OB e (\9B)2 10 [ABay o (32 A ay
(a) W;F _W;F >0 iff b(i—p) - b > b b

(b) Assumé = 52, 7% — 77 > 0iff p > 3 (andf > 0.5)

In the case of Price Competition, Theorem 4.1(b) revealsthiwaretailers benefit from outsourcing if and
only if the demand volume (when pricing at cost) falls belogigen threshold. Under Simultaneous Com-
petition, the necessary and sufficient condition does rthtae to a simple upper bound fiis demand vol-
ume. For general combinations @, p), whether outsourcing is beneficial for the retailers or depends
both on the magnitude of the retailers’ sales volume (und&aurcing) and how much in additional sales
they can realize under in-house service. The special caseslh- 2%{) shows that outsourcing is more
likely to be beneficial for the retailers when the intensityh@ competition (measured IByandp) increases;

in this special case, outsourcing is beneficial if and onjy¥f 2 andé > 0.5. This finding confirms, once
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again, that, in the absence of service pooling or cost ratardadges for the supplier, the main benefit of
outsourcing arises from the ability to induce the retaiteradopt a first best solution.

As in the case where the firms compete along one dimension thyservice chain fails, in general,
to be immune to defections, even whalh of the benefits of outsourcing are assigned to the retailers.
When N = 2, the chain is always immune to defections, since, after adaliein the system returns to the
original decentralized system and the defecting firm eafns %Ef:o 7798 In the special wheré = p,
and% = % the demand model (6) reduces to a full price model, i.e. woess aggregate each firm’s price
and waiting time standard into single so called full price measurg; = p; + kw;, so that all demand
volumes can be expressed as functions of the vectonly: \; = a® — bF; + Z#i BF;i1=1,...,N (Here
k = ¢). Cachon and Harker (2002) addressed the benefits of oatagtor this specification, in an industry
with N = 2 firms andg = b i.e. § = p = 1. In stark contrast to our results, which do not include this
limiting value, but cover a much larger parameter spaceathbors conclude that outsourcingaisvays
beneficial to the retailers (The condition in part (a) is iedesatisfied whep =6 1 1. They also claim that
the service chain is always immune to defections. As to ttierlave obtain the same conclusions when
N =2. For N > 3, the necessary and sufficient conditions for the servicendbde immune to defections
no longer reduces to a single condition in terms of the meds)of competitive intensity and the number
of firms in the industry. We have observed, however, that barcis more likely to be immune whehor
p increases, i.e. when the competitive intensities act asragits for defections. Example 1 in Appendix
A exhibits this phenomenon. As in the case of one-dimensi@hice or Waiting Time) Competition, the
benefits of outsourcing are significantly larger, if the aéssupplier is able to benefit from lower cost
rates or by pooling the service processes of the individuakfi Pursuing the latter option, the cost saving
from service pooling make it more likely that the waiting érstandardv“? and pricep®” adopted under
outsourcing are lower than their counterpartsandp*, under in-house service. Following the proof of
Proposition 2, the profit functiofl“” (p, w) = vazl Ailpi —ec—7) — 'YZZN:N%&L Following the proof of
Theorem 1 in Allon and Federgruen (2004), it can be shownttiefunction is jointly concave ifp, w)

if the demand value$)\;} are sufficiently large on the feasible price/waiting timesp. Also?gip =
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(a(N=1)=a) S 7L 1 (2 juwy) = (SR A Mg awj—win > orCP
_a(pi_c_ )+a27751( C—’)/)—’}/ (ZN1)2 = d apz -
—1)— N SwW s ) — aw; —w . .
Ai—=bpi—c—=7)+ B3P —c—7) —7(B(N D702 m Z)Zf(v a E o 0wy it Sincell“? is
j=1
jointly concave. it has a symmetric maximum with? = - - - = p§F = p°F andw(” = - - = w§f = w?.

Substituting these identities, we obtain tiiat”, wF) is theuniquesolution to the system of equations:

~(a=(N=Da)p-c-7)+7

s =0, and—(b— (N~ 1)8)(p—c—7) + A=0.

Eliminating p, we obtain, as in the proof of Theorem 6.1, thet” is the uniqueroot of the cubic

equationuw? — w? (OB 4 2008, — 0, unlessy > Ny, in which cases” = w™e.

We conclude thatv®? < w* iff § <1 — 2((12 2l Thus, for given competitive intensity valuésindp, it is

increasingly likely that this condition is satisfied as themier of firms in the industry increases. It is also
more likely, though still not guaranteed, that the retaileenefit from outsourcing under the again unique
two part pricing scheme which induces perfect coordinatianally, it is, also, more likely that the service
chain is immune to defections, assuming the retailers rédgeaefits from outsourcing. To illustrate this,
when adapting Example 1 to the case of pooled service, tha chstable whenV =4 andf = p = 0.57
(while it fails to be so under dedicated service). At the séime, the chain is again prone to defections for

the same values éfandp whenN = 5.

7. Efficient Outsourcing: Pricing Schemes

In most of the comparisons i§B-6, we have assumed tlhest casescenario for outsourcing, where the
resulting service chain operates at maximum efficiencyhig§, we show that this can be achieved via a
coordinating pricing scheme which induces the retail firmmadopt a first-best price, waiting time standard
or a combination thereof (, depending on the type of conipatthe firms engage in). We refer to Golany

and Rothblum (2006) for general derivations of coordirgapricing schemes.

Price Competition:
Under this type of competition, a vector of waiting time stardsw® is exogenously given. The retail firms
can be induced to adophydesired price vectgy’ - for example the price vector which maximizes chain

wide profits - via a simple volume based fee, i.e., by chardiimg i a feec!" for each of its customers.
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The profit function of firmi is then given byry = \;(p, w°)(p; — ¢;*' ), assumed to be strictly concave in the

firm’s own pricep;. Thus, firmi chooses the desired pripg if %;i’w)(p{ — ")+ Ni(pf,w?) =0. The

—1
coordinating fee!" is uniquely determined by the linear equati¢h = p! + [%}jwo)} Xi(p!,w®) < pf

Under the demand model (6) §8-6, this reduces ta’¥ = p’ — 2(p’, w"), such that the supplier’s variable
profit marginc’ — c — v = p(p’ —c— ), see (12). Thusy, the competitive intensity, denotes the fraction
of the total variable profit margin earned by the suppler urtkde coordination scheme. As explained in
Theorem 3.1, the coordinating volume basedd®emay be complemented with a fixed payméntfrom

each retailer to the supplier.

Waiting Time Competition

In this case, a vector of prices is exogenously given. To induce the firms to adopt any desieetbr of
waiting time standard8 < w’ < w™* (e.g, the vector maximizing chain wide profits), a simpleuoé
based fee}” for each firmi, no longer suffices. Instead, this fee needs to be combingdanfeec!” for
any unit of service basezhpacityfirm i requires ( under dedicated service). The profit functionrai fiis

now given byr? = \;(p°, w)(p? — V') — e/Vw; which is strictly concave imv;, since the demand function

i

orf _ oax(@%wh)
ow;

is concave inw;.” Thus, firm: adopts the desired waiting time standarflif 0 = o (p; —

V) + % In other words, perfect coordination is achieved as lontpageegc!", e!") are chosen from

—1
the line segmenl{(cf‘/,eiw) ce)y =pd+ (w]) 2 [%j}jﬂw[)] elV;elV > 0}.
In the symmetric demand model (6) usednthis reduces tdi(c", e") : eV = a(w?)?(p — V) : "V < p}

induces perfect coordination within the service chain. the case of price competition, the volume-and
capacity fees may be complemented with a fixed periodic eaqsyment/i’, which does not affect the
equilibrium choices. In Theorem 7.1 below we assume fhat 0. Let \*Z and\; denote firmi’s demand

volume, under outsourcing and in-house service.

Theorem 7.XProfit comparison between in-house service and outsograier waiting time competition)
(@) SN, OB (v) > S wr; aggregate profit$ | 797 (1) decrease with the inefficiency index

=0 "1 i=0 "'

” An alternative to the capacity based fee is to charge théeetan proportion taany convexly decreasing function of the waiting
time standard.
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(b) Consider a coordination scheme, with a given choice:fore" (), the corresponding capacity fee
andr;98(v), the resulting profit for firm, are, respectively increasing and decreasingin

(c) Asc" varies from one side of the break even value interval to therpa retailer’s profit is either
uniformly higher or lower under outsourcing as opposed thduse service, or there exists a unique break
even valug" at which the retailers switch from benefitting to losing, dneutsourcing,

(d) Asc" varies from one side of the break even value interval to therpthe supplier either uniformly
earns a profit or loses money or, there exists a unique break ealuec” such that the supplier switches
from losing money to earning a profit

© rrOB 50

B
o o < 0, i.e., the retailers’ and the supplier’s profits move in opppe directions as we move

from one end of the spectrum of coordinating schemes to He. ot

If a break even valuel} exists for the retailer’s profit differentiat;®? — =¥, see part (c), and if a
break even value?’ exists for the supplier’s profit, see part (d), then, the §uppain’s benefits from
outsourcing may be divided continuously between the sapphd the retailers as one moves between the
break even values. (Whet = ¢}Y, all benefits go to the supplier, and wheh = ¢¥’, all benefits go to
the retailers.) However, situations where the retaileesnarse off under outsourcing irrespective of which
pair of coordinating feegéc", ") is employed may arise in particular when= N, i.e. when the chain
uses dedicated facilities for the firms. Note that in the affimction inc'¥ may have a negative slope (e.g.
whena? is sufficiently large) so that;©® — 77 < 0 for ¢V > ¢+, see part(b). Moreover, {f) — ¢ — ), the
variable profit margin, is sufficiently smat;“® — 7 < 0 even where"” = 0. To allow for a full spectrum
of possible allocations of the benefits of outsourcing, oiag therefore need to add a fixed payménto

the compensation scheme.

Simultaneous Competition

To induce the firms to adopt any desired price vegtoralong with any desired waiting time vector
w! <w™** a combined volume- and capacity base fee, again, suffisdsefore, let}” ande}” denote the
fee per customer and per unit of service capacity, resggtiRerfect coordination now requiresiaique

or I T or I T
pair of fee rategc!”, /") obtained from the set of equatiori§x% ) — 0 and -2+ — 0. (Specific

R It
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parameters restrictions may be required to ensure thatrdfié function is jointly concave injp;, w;), see
—1
§6): ¢V =p! + [M} Xi(phwh)elV = (w))? [M} (pf — ") > 0. Under the symmetric

Op; 2 2 ow;

demand model (6) used §, this reduces td) < ¢V = p/ — @ < p!,ande" = a(wI)QW >0,

(Note that\(p’, w!) =a’ — (b— (N —1)8)p" — (a — (N — 1)a)w'b(1 — p)(p' —c—~) < bp".)

8. Asymmetric Models: Numerical Study

Existence and characterization of equilibria via first erclenditions all carry over, under mild conditions,
to the general model with non-identical retailers, bothemd-house service and the various outsourcing
options, see Allon and Federgruen (2004, 2007). Howevéh, nan-identical retailers, it is no longer pos-
sible to obtain closed form expressions for these equalidn appendix A we report on a numerical study
aimed to investigate which of the insights obtained3r6 for the symmetric model, carry over to general
asymmetric industries. Here we confine ourselves to a fewmémsights.

Our initial set of problems involves an industry wiffi = 3 firms and demand functions of the quasi-
separable form in (3). Under price competition, we showe§Birthat under outsourcing with a maximally
efficient service chain, prices are higher and demand vaduoweer than when then firms provide service
in-house. These patterns are, in general, maintained bgsyanmetric instances, but a few exceptions arise.
We showed that in a symmetric model witi = 3 firms, the service chain is always stable. With three
asymmetric firms, the chain is ,again, stable in most, butatipinstances. As in the case of symmetric
retailers, stability of the full chain is increasingly likeas the competition intensity increases. Under
pooled service, the full service chain (, with 3 asymmetrim§,) is always stable. We also report, for all
instances, the equilibrium under simultaneous compatitmd investigate when the full chain is stable.
The above observations for the case of price competitiotirnomto apply here.

In the second part of the study, we consider price compatitistances withiV = 3 firms, whose demand
functions arise from an attraction model. In this case, wechale, for example, that the full service chain

under outsourcing, wittv' = 3 firms, isalwaysstable.
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9. Conclusions and Extensions
In many service industries, competing firms consider theopif outsourcing an important service process
to a common service provider. When the firms choose to outsothis gives rise to a service supply chain.
We have developed analytical models to characterize trenpat benefits of outsourcing. Two factors are
critical determinants of these benefits: (i) the ability e tommon service supplier to exploit economies
of scope by complete or partial pooling of the service preesdor the different firms, and (ii) the ability
of the outside service supplier to operate at lower cossrate

Our models always allow for numerical comparisons of theildgjiwm prices, waiting time standards,
demand volumes and profit levels under in-house servicehanestrious outsourcing options. Such numer-
ical comparisons have been carried ou§8nFor symmetric models, in which the retail firms have ideaiti
characteristics, these comparisons can be made andiytiesulting in important general insights. For
example, we have shown that when the outside supplier ggevath identical cost rates and when the
service processes fail to be pooled, firms do not necesserilgfit from outsourcing even when the service
chain can be designed to achieve first best level profits. M@ even when all firms benefit from collec-
tive outsourcing, the service chain may fail to be stabée, it may not be immune to unilateral defections.
We have shown how the benefits associated with the variogsuting options and the stability of the ser-
vice chain depend in simple ways on the number of firms in teastry, a single index characterizing the
intensity of the price competition under in-house servacsimilar single indexX, characterizing the inten-
sity of the waiting time competition and the inefficiency @xd . Similarly, we have shown how equilibrium
prices, waiting times standards, demands, profits and thefite of outsourcing depend on a benchmark
demand volume- e.g, the demand volume a firm would face ifrafificharged at cost- or the differential
A in the marginal cost per customer between outsourced ahduee service. See the Introduction for a
summery of the general conclusions we have been able to prove

One important restriction of the model is the assumption the service process can be modeled as
an M/M/1 system. For the in-house service and outsourcirig dedicated facilities options, the ability
to generalize our results to more general queueing sysiepgnds on the ability to obtain an analyti-

cal characterization of the dependence of the service rataverage number of customers which can be
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served per unit of time) with respect to a firm’s demand volame waiting time standard. Allon and Fed-
ergruen (2003) have shown that such analytical charaaters are indeed possible for a wide variety

of queueing systems. More specifically, the capacity famc{il) can be extended to one of the type-

BiA + By/w + /B3s\2+ B\ Jw + Bs /w? either exactly (e.g. for M/G/1 systems, Jackson networks) o
as a close approximation (e.g. GI/GI/1 or GI/GI/S) systéamsilarly, extensions of our equilibrium results
underpooledservice require the ability to characterize the so-calleglievable performance space, i.e.,
the region of the feasible demand volume - and waiting tineors which can be achieved undegiaen
(pooled) capacity level. Such characterizations are abvilfor multi-class M/G/C and G/M/C systems, see
for example, Federgruen and Groenevelt (1988) and Shamtfsikand Yao (1992). (For the former, the
waiting time standard must be specified as the expected efaye service.) Bertsimas et al. (1994) have
developedpproximatecharacterizations of the achievable performance spasafaus multiclass queue-
ing networks. Future work should investigate how the besefivarious outsourcing options depend on the
characteristics of the queueing systems (for example,da#ficients of variation of service and interarrival

times), and what priority disciplines should be used undaigd service.
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Appendix A:  Examples

Example 1: Let a® = 1000;a = 100,b = 50, = 0.75, 3 = 0.375 andc = ~v = 1. In an industry withV = 4 firms,

the retail price and waiting time standard under outsogreirep®? = 11.6 andw®? = 0.0328; when all benefits

of outsourcing are assigned to the retailers, each egtt¥é = 4.305. An individual firm can increase its profits (to
4.306) by switching to in-house service, simultaneouskyreasing the price by $0.22 and the waiting time standard
by 1 x 1073, In this instance) = p = 0.03. It is only when the competitive intensities are increased + p = 0.6

that the possibility of defections from the service chain ba eliminated. At the same time, for the same value of
6 = p= 0.6 the service chain is again unstable whén= 5. Herep®? = $25.95 andw“® = 0.032 and the firms earn

a profit of 11.458. By switching to in-house service, an iidlinal firm can increase its profits by more than 4%, again

simultaneously decreasing the price to $17.47 and thenggitine standard to 0.025.

Appendix B:  Numerical Study

As mentioned ir§8, our initial set of problem instances consider an indusitil N = 3 firms, and demand function

of the quasi-separable form, as follows: (3)

I 7 3.5 350 1T
A1(p,w) = {405 — 0.1w; + 0.04ws + 0.04ws — P+ P pa + P D3

I L—p L—p L=p "]

[ 7 3.5 35p 17
A1(p,w) = {405 — 0.1wy + 0.04w; + 0.04ws — P+ p P+ p D3

I L—p L—p L=p "]

[ 7 3.5 35p 17
As(p,w) = |825 — 0.1ws + 0.04ws + 0.04w; — pg+ 2204, 4 20P

I L—p L—p I—p |

Thus, the total price sensitivity= 7 for all three firms. As to the cost parameters= c, = 10, andy; = v, = 5,
while c3 = 5 and~; varies. We specify, = % Z?:l ¢; andyy = % Z?:l ~:, 1.e., the supplier fails to face systematic
cost rate advantages or disadvantages compared to theige-Bervice option.

We start with 4 instances, corresponding with 4 values-0{~; = 5,10, 15,20), a price competition intensity
p = 0.3 and a common waiting time standard= 1. This quartet is followed by two others, one wjik- 0.3 replaced
by p = 0.9, and one witho replaced byw = 0.01. These instances may, for example represent an industnyewiiell

established domestic provider (firm 3) facing competitigrivso more recent and identical foreign entrants who are
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able to operate at lower capacity costs, but higher traimsacbsts per customer. (The fact that firm 3 is the more
established or recognized provider is reflected by the tangercept of its demand function.) Since the total margina
cost per customer is given ly+ v;, firm 3 enjoys a cost advantage over its competitors when 5, while firms 1
and 2 have the advantage when> 10. (It follows from (9) that if two firms have identicabtal marginal cost rates

¢; + i, the one with the lowex value enjoys a cost advantage.)

In Table 1, we compare for all 12 instances the equilibriurder(i) in-house service, (ii) outsourcing to a supplier
using a dedicated facility for each of the firms, and (iii) suircing to a supplier who pools the service processes.
As to the firms’ profit levels under outsourcing (in (ii) and)}i we continue to present the outsourcing option in the
most favorable light, i.e., we continue to assume that thasechain is perfectly coordinated whitdl of its profits
are earned by the retail firms. In the symmetric case, thiguely characterizes each firm’s profit level, but with
asymmetric firms this is no longer the case. When dedicatdlititss are used, it seems reasonable to assume that each
firm in the service chain is awarded all revenues that araroddddrom its customers and that it is charged the cost of
the dedicated facility the supplier operates on its beNgdftherefore repothis profit allocation along with the firms’
price and demand volumes. The same performance measumepareed with respect to the in-house service option
(). In the case of service pooling, there is no “obvious” tayallocate aggregate profits; here we merely report the
chain wide profits. (As we showed to be the case in symmetratspunder identical waiting times, the firms adopt
identical prices and demand volumes when the service chanrfectly coordinated, whether the service processes
are pooled or not.)

The brand recognition firm 3 enjoys, allows it, under in-re@asrvice, to position itself in the market with a higher
price than its competitors, irrespective of the value.pbr the competitive intensity. Whenp = 0.3, firm 3’s price
differential is approximately $19. When= 0.9, the much more intense price competition compels firm 3 toced
the price difference to less than $1.50. (Note, that allgwiceduce sharply whem moves from 0.3 to 0.9; while
variable profit margins are above 100% and sometimes 200% whe0.3, they shrink to 20% for firms 1 and 2 in
casey; = 5 and to approximately 20% for firm 3, in casg = 20.) When~; = 0.3, firms 3’s market share is above
50% (except whens = 5, where it is slightly below 50%), its large price differeaithotwithstanding. Whep = 0.9,
the intensive price competition causes firm 3's market stwasérink to the 42-45% range. Comparing corresponding
instances, one notes that firm 3’s profit reduces approxlynbtea factor of four, and those of its competitors by
approximately tenfold, when going from= 0.3 to p = 0.9. Finally, underp = 0.3, as~; and hence the marginal cost

rate per customer of firm 3 decreases in increments of $5pappately 60% of the cost saving (or $2.94) is passed on



Allon and Federgruen: Outsourcing Service Processes to a Common Service Pravidiar Price and Time Competition

Article submitted to ; manuscript no. (Please, provide t@sucript number!) 35

to the customer, forcing firms 1 and 2 to reduce their pricearbglmost identical amount. In contrast, whes 0.9,
90% of the same cost rate reductions is passed on to the carstom

In the symmetric model df4, we proved that, under outsourcing, prices are higher anthdd volumes lower than
when the firms perform service in-house. This pattern is raaied by our asymmetric instances, with the exception of
two instances with; = 20 andp = 0.3, where, under outsourcing, firm 3 faces a sliglsteasan its demand volume,
along with a slight price increase. (Note, however, that tliimand increase is the result of the supplier operating at a
lower capacity cost rate, = 10 compared withy; = 20).

Note that the firms do not always benefit from outsourcing wthersupplier uses dedicated facilities, even though
all of the service chain’s profits are assigned to the retil/hile this is different than what we proved to be the
case for symmetric models, see Theorem 4.1, it should beynéoed that (a) the employed profit allocation, while
highly plausible, is by no means unequivocal under nontidahcost and demand structures, and (b) the supplier
is assumed to operate with different cost rates than thodeipiag to any specific firm. In 5 of the 12 instances,
even theaggregateprofits of the retailers are higher under in-house servits;dan be explained by factor (b). At
the same time, whep = 0.9, individual firms’ profits are always higher under outsongziand the same applies, a
fortiori, to aggregate profits. Here, the benefits of outsimg clearly stem from the ability to circumvent the cut thtro
competition, by creating a perfectly coordinated servitaie. For the first eight instances, only small differencesea
between the outsourcing option with dedicated facilitiessus pooled service. This is due to the cost of the service
based capacity being very small compared to the other cospanents, in these instances. (The cost savings that
arise from service pooling are confined to the cost of theisehased capacity.) Table 2 exhibits whether the service
chain that arises under outsourcing is immune to defect®iven the ambiguity about how profits should be allocated
among non-identical firms, we define a chain to stabd®ifieprofit allocation exists which deters defections. Clearly,
this is the case if and only if the aggregate profits in therchae bigger than or equal to the sum of the profits each
firm can obtain when defecting. Recall that in symmetric nidee have shown that in instances with up to 3 firms,
stability always prevails, but that the chain fails to beb&avhen the number of firms is larger and the competitive
intensity is below a thresholet (), which is increasing inV. Table 2 shows that, with 3 asymmetric firms, the chain
is stable in most instances, but fails to be in a few. Howes@nsistent with our results for symmetric retailers, the
chain is impeccably stable whenis large, and in two of the 3 instances where it is not, stgbiéils only under
dedicated service and this only by a small amount. Furthegntbe lack of stability may well be due to the supplier

operating with higher cost rates than some of the firms.
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Table 1 Price Competition
Scenario | | In-house | Dedicated | Pooled

Firm | Price Demand Profit | Price demand profits |  Profit
¥3=20,w=1,p=0.3 1,2 | 40.25 15252 3846.6Q 41.95 138.57 3262.49
3 |59.79 347.87 12081.0p60.10 349.83 14601.3
total 21126.00| 21141.00
¥3=15,w=1,p=0.3 1,2 | 37.31 173.11 3857.40 41.40 142.42 3451.39
3 56.85 368.46 13561.0p59.55 353.68 15259.96
total 21141.00| 22201.00
¥3=10,w=1,p=0.3 1,2 | 34.37 193.70 3747.00 40.30 150.12 3791.24
3 53.90 389.05 15126.0p58.45 361.38 15695.2p
total 23278.00| 23290.00
¥3=5w=1,p=0.3 1,2 | 31.43 214.29 3515.5Q 39.75 153.97 4062.76
3 |50.96 409.63 16775.0057.90 365.23 16273.3p
total 24397.00| 24406.00
¥3=20,w=1,p=0.9 1,2 | 28.99 279.21  3900.8Q 47.45 142.14 4128.69
3 |31.44 450.63 2881.00 49.65 338.83 10601.14
total 18858.00| 18874.00
¥3=15,w=1,p=0.9 1,2 | 24.44 311.03 2932.10 46.35 149.84 4406.41
3 26.89 48245 3310.20 4855 346.53 11108.21L
total 19919.00| 19933.00
v3=10,w=1,p=0.9 | 1,2 | 19.90 342.85 1674.20 45.80 153.69  4726.98
3 22.35 514.27 3768.20 48.00 350.38 11555.87
total 21010.00| 21023.00
¥3=5w=1,p=0.9 1,2 | 15.35 374.66 127.01| 44.70 161.39 5057.8(
3 |17.80 546.09 4255.20 46.90 358.08 12015.7
total 22129.00| 22139.00
v3=20,w=.01,p=0.3 | 1,2 | 40.22 152.22 3839.0Q 41.95 138.57 2273.14
3 |59.73 347.33 12064.0060.10 349.85 13613.238
total 18157.00| 20153.00
v3=15,w=.01,p=0.3 | 1,2 | 37.28 172.80 3850.1Q 41.40 142.42 2626.97
3 |56.79 367.92 13536.0059.55 353.70 14436.1
total 19713.00| 21377.00
v3=10,w=.01,p=0.3 | 1,2 | 34.34 193.39 3740.0Q 40.30 150.12 3131.14
3 53.85 388.51 15094.0p58.45 361.40 15035.8R2
total 21299.00| 22631.00
¥3=5w=.01,p=0.3 1,2 | 31.40 213.98 3508.8Q 39.75 153.97 3568.07
3 |50.91 409.10 16736.0p57.90 365.25 15779.18
total 22913.00| 23912.00

OT

OT

OT

Table 3 exhibits and discusses, for all eight combinatidnsand~s, the equilibria which arise undeimultaneous
competition, both when the firms provide in-house servicg @hen they outsource to a supplier using dedicated
facilities.

Commenting briefly on the results in Table 3, under in-howseise, firm 3 positions itself as the firm with the
highest service level, whep, =5, i.e., when it operates with lower costs than its compeditédrherny; = 10 and all
firms exhibit identical marginal costs, they offer virtyaitlentical waiting time standards. Finally, firm 3's waiin
time is higher wheny; > 15, i.e. when firm 3 is at a cost disadvantage. As in the case oé mdmpetition, firm 3
exploits its larger brand recognition to charge a highezgthan its competitors, albeit that the price differergal
considerably smaller under high valuespofJnder simultaneous competition, the prices charged bysfirrand 2 are
much less sensitive to the cost valyeand the corresponding price of firm 3 than under price conipeti

Comparing the equilibria under in-house service and outsog, we note that the coordinated service chain is
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Table 2 Price Competition, defections

Scenario 3rd firm defects 1st firm defects
Firm  Price demand profit | Firm Price demand profit
¥3=20,w=1,p=0.3 | 1,2 38.1 171.29 3376| 1 35.35 196.305 3989.8
3 60.1 338.28 11854 2 39.2 152.04 8664
3 57.35 363.315 8664
¥3=15,w=1,p=0.3 | 1,2 37 176.515 3581 1 35.35 194.655 3956.2
3 5735 362.48 13524 2 38.65 156.715 9098.6
3 56.8 367.99 9098.6
v3=10,w=1,p=03 | 1,2 359 181.74 379.2| 1 35.35 191.355 3889.1
3 54.6 386.68 15303 2 37.55 166.065 9544.6
3 55.7 377.34 9544.6
¥3=5,w=1,p=0.3 1,2 348 186.965 4009| 1 35.35 189.705 3855
3 5185 410.88 17190 2 37 170.74 10003
3 55.15 382.015 10003
¥3=20,w=1,p=09 | 1,2 27.1 336.565 2941] 1 22.7 488.63 3757
3 3095 365.78 2156 2 25.45 209.515 2628
3 27.65 406.215 2628
¥3=15,w=1,p=09 | 1,2 249 317.315 2604.2 1 22.15 457.83 3268.5
3  27.65 458.18 3490.1| 2 24.35 234.54 3023.7
3 26.55 431.24 3023.7
¥3=10,w=1,p=09 | 1,2 227 298.065 22884 1 22.15 388.53 2773
3 2435 550.58 51379 | 2 23.25 276.89 3610
3 25.45 473.59 3610
¥3=5,w=1,p=0.9 1,2 205 261.49 1869| 1 21.6 357.73 2356
3 20.5 681.48 71505 | 2 22.15 301.915 40725
3 24.35 498.615 4072.5
v3=20,w=.01,p=0.3] 1,2 38.1 171.2999 2386 1  196.3248 35.35 3495.2
3 60.1 338.2998 98743 | 2  152.0499 39.2 7674.3
3 363.3249 57.35 7674.3
¥3=15,w=.01,p=0.3 | 1,2 37 176.5249 2756| 1 35.35 194.6748  3461.6
3 5735 362.4998 12039 2 38.65 156.7249 8273.9
3 56.8 367.9999 8273.9
v3=10,w=.01,p=0.3| 1,2 359 181.7499 3132 1 35.35 191.3748 33945
3 54.6 386.6998 14313 | 2 37.55 166.0749 8884.9
3 55.7 377.3499 8884.9
¥3=5,w=.01,p=0.3 | 1,2 348 186.9749 3514| 1 35.35 189.7248  3360.9
3 5185 410.8998 16696 2 37 170.7499 9508
3 55.15 382.0249 9508

consistently able to charge higher prices and offer higlegting time expectations. As in the case of price compeitjtio
the benefits of outsourcing are considerably higher when0.9. Under outsourcing, firm 3 adopts a considerably
lower price and service level, when= 0.9 compared tgp = 0.3, while firms 1 and 2 adopt a higher price and lower
service.

Table 4 exhibits the equilibria when either firm 3 or one otwte competitors defects from the service chain under
outsourcing (, with dedicated facilities). This allows os/erify whether the chain is immune to defections. As in the
case of price competition, the chain is sometimes unstable.

We conclude this section with a set of instances with demandtfons from an attraction model.

(B) Demand functions given by an attraction model

Here, there is a given potential number of customérsn thr market. Each firm's market share is determined by

the so called attractiveness valug itself a general function of the firm’s prige and waiting time standard,, i.e.
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Table 3 Simultaneous Competition

Scenario In-house Dedicated
Price  Waiting Time demand profit Price  Waiting Time demand profit
v3=20,p=0.3 | 1,2 | 34.788 1.5896 197.8801 3918 42 10 137.504 3253.72
3 | 58.9724 2.4263 339.724 11533 60 2.08 351.592 14646.03
total 21151.00
v3=15,p=0.3 | 1,2 | 34.582 1.5979 195.8201 3831 42 10 137.504 3483.52
3 | 56.4435 2.0288 364.4354 13274 60 2.08 351.592 15233.99
total 22197.00
v3=10,p=0.3 | 1,2 | 34.3759 1.6064 193.7595 375 40 10 151.504 3786.93
3 |53.9148 1.603 389.1482 15137 58 2.08 365.592 15717.25
total 23291.00
v3=5,p=0.3 | 1,2 | 34.1697 1.615 191.697 3672 40 10 151.471 4039.23
3 | 51.3865 1.0991 413.8645 17124 58 1.42 365.658 16330.42
total 24407.00
v3=20,p=0.9 | 1,2 | 21.5737 2.7579 460.1624 3023.216.6667 4.72 162.3521 4598.40
3 | 28.0988 8.0337 216.9172 669)749.3333 6.04 311.4403 9654.02
total 18849.00
v3=15,p=0.9 | 1,2 | 20.7408 2.9518 401.6838 2303.3 46 4.06 146.0914 4284.27
3 25.225 5.358 365.7469 1908[2 48 6.7 362.6548 11364.36
total 19929.00
v3=10,p=0.9 | 1,2 | 19.9032 3.1933 343.2239 1681.3 46 3.4 146.098 4527.076235
3 | 22.3505 3.6884 343.413 37794 48 6.04 362.668  11966.9397
total 21021
¥3=5,p=0.9 | 1,2 | 19.0647 3.5073 284527 11551 44 3.4 160.032  4906.710852
3 |19.4739 2.2973 663.1725 6280.6 46 4.72 376.8 12308.99668
total 22120

Table 4 Simultaneous Competition, defections

Scenario 3rd firm defects st firm defects

Firm Price Waiting time demand profit Firm Price Waiting time  demand profit

¥3=20,w=1,p=0.3] 12 42 10 137.6515 3257 1 35.4263 1.5646 204.2634 4169.2
3 60.0881 2.3875 350.8806 12303 2 42 10 127.3009 8616.2
3 60 2.08 341.4097 8616.2

¥3=15,w=1,p=0.3 | 1.2 39 10 158.7104 3544 1 34.9762 1.5821 199.7625 3987.3
3 57.14 2.0097 371.3995 13786 2 39 10 152.1267 9082.1
3 57 2.08 366.2355 9082.1

¥3=10,w=1,p=0.3 | 1.2 39 10 154.9425 3718 1 34.9762 1.5821 199.7625 3987.3
3 54.6421 1.5883 396.4206 15709 2 39 10 152.1267 9514.5
3 57 2.08 366.2355 9514.5

¥3=5,w=1,p=0.3 1,2 39 10 151.1713 3880 1 34.9743 1.5822 199.7427 3986.6
3 52.1446 1.0892 421.4455 17757 2 39 10 152.0841 9947.4
3 57 1.09 366.3315 9947.4

¥3=20,w=1,p=0.9 1,2 30 5.05 254.606 2968.4 1 24.5708 2.2857 2.2857 6409.9
3 31.8933 5.3864 482.5327 33225 2 30 7.03 7.03 2402.5
3 33 4.06 4.06 2402.5

¥3=15,w=1,p=0.9 1,2 30 4.06 175.8594 2342.7 1 24.57 2.2858 669.8981 6408.7
3 29.3938 3.996 657.5626 6173.2 2 30 5.05 118.1862 2696.4
3 33 3.07 233.9634 2696.4

¥3=10,w=1,p=0.9 | 1.2 30 4.06 97.0792 1454.5 1 23.8943 2.371 622.6043 5535.5
3 26.8945 2.8995 832.6174 9900.1 2 30 3.07 2.6063 3186.9
3 30 3.07 422.6063 3186.9

¥3=5,w=1,p=0.9 1,2 30 3.07 18.3 3.04E+02 1 23.8943 2371 622.6043 5535.5
3 24.3947 1.8637 1007.6 14502 2 30 3.07 2.6063 3541.8
3 30 3.07 422.6063 3541.8

z; = z;i(ps, w;). For a given positive constang, the demand rates of the firms are thus given by the systenuatiegs

A= M—r 2i(piy i) i=1,...,N (18)

> im1 Zi(p,w;) + 20 ’

Without loss of generality, we assume

0z, 07
<0, == <0. 19
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Table 5 Attraction demand model

Scenario In-house Dedicated
Price demand profit| Price demand profit

v3=20| 1,2 | 75.74 2371.1 120310 87.3333 2058.1 142005.69
3 |93.63 2858.2 181870100.6667  2860.4 235505.90
total 519517.28
v3=15| 1,2 | 75.71 2354.7 119400 86.8 2079.1 145819.74
3 | 91.61 2947.6 196340 100.4 2861.2 239588.56

total 531228.05
¥3=10| 1,2 | 75.68 2338.6 118520 86 2106.8 149576.13
3 89.61 3034.8 211250 99.6 2881.5 243768.23
total 542920.49
¥3=5 1,2 | 75.65 23229 117650 86 2106.8 153096.156
3 |87.62 3120.3 22659D 99.6 2881.5  248582.005
total 554774.317

Table 6 Attraction demand model, defections

Scenario 3rd firm defects 1st firm defects

Firm Price demand profit | Firm  Price demand profit

¥v3=20| 1,2 79.6 2148 131599 1 74 2611.8 154090
3 94 2995.6 206680 | 2 82 2003.5 168910
3 956 27215 168910

v3=15| 1,2 7838 2166.7 134610 1 74 2596.5 153190
3 924 3048.1 220670 2 81.2 2035.6 173080
3 9438 2749.3 173080

¥3=10| 1,2 78 2178.6 1372509 1 74 2589 152750
3 90 3133.6 235010 | 2 81.2 2029.6 177180
3 94 2784.9 177180

¥3=5 | 1,2 77.2 2196.5 140280 1 74 2581.5 152300
3 884 3183.1 249550 | 2 80.4 2067.2 181310
3 94 2776.8 181310

See Bell et al. (1980) and Leeflang et al. (2000) for an axianfatindation of the class of attraction models and
various specifications of the attraction functions. The tildmial Logit specification arises with the choieg=
ei(wi)=bip;

Under the attraction model (18), a firm maintaingasitivemarket share irrespective of how extreme and uncom-
petitive its price and service level choices are.

In our numerical study, we assume again an industry Witk 3 firms operating with the same cost rates as before,
M = 15000, z1(p, w) = z2(p,w) = 1800 — 20p + 15log(10/w) andzs(p, w) = 220 — 20p + 151log(10/w). As with
the previous instances, firm 3’s larger brand recognitionifeats itself in the larger intercept of its attraction €tion.
In Table 5 we compare, for each of the fourvalues, the equilibrium under in-house service with thesirg under
outsourcingvithoutservice pooling. Table 6 describes the equilibrium whelmegifirm 3 or one of its two (identical)
competitors defects from the service chain. As with the jotevinstances, firm 3 is able to exploit its superior brand
recognition to charge a significantly higher price than asipetitors, while continuing to be the largest providehia t
market. These observations hold, both when service is ¢edvin-house and when it is outsourced and irrespective of

firm 3's capacity cost rates. Under in-house service, firm 3's price is rather sensitivihe value ofys, with roughly
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40% of the cost savings due to a reductionygfbeing passed on to the customer. In contrast, under ogisguthe
prices are quite insensitive to the capacity cost rate.igdase, outsourcing enables an increase of aggregatesprofit

by more than 20%. The chain is immune to defections.

Appendix C: Benefits of outsourcing when the supplier enjoysost rate advantage

In this Appendix, we characterize the benefits of outsogreihen the outside supplier is able to operate with lower
cost rates than the retailers. ligtand~, denote the suppliers cost ratesAy= ¢ + v — (¢o + 7o) > 0. To simplify the
exposition, assume, that the outside supplier utilizesdacdéed facility for each of the retail firms he services.I(Al
results can be extended to the general case where the sampirate with an inefficiency indéx< v < N.) Thus,
let p°© denote the optimal price level for the centralized profitdion I1 (p) = >, _; N {\;(pi —co —70) — 2 }.
(As in the base model, it is easily verified that profits arérojzied by using identical price levels at each firm.)

Let c"¢ denote the suppliers’ charge per customer which induceretaders to adopt the price levet©, recall
from sectior§7 that

/\CC

WEWC — pCO = (20)

where “® = \(p°“,w).
Finally, let7:°¢(K) denote the equilibrium profit retailéiobtains under outsourcing when charged the coordinat-

ing per customer fee"'“ along with a fixed franchise fe (—oo < K < c0).

Theorem C.1(Profit comparison between in-house service and outsogreith lower cost rates for the supplier.)

@3N, oK) >N mOB(K') > SN | 7 for any pair of fixed payments, K’

(b)In the absence of fixed transfer payments

bA42, 2282 (4 _q)_T1
(i) w:O(0) > ;O (0); m;O%(0) > w7 iff AMe+7,w) < ks (ot ) it

(2—p)2 -1

(i) There exists a minimal waiting time“ < w” such thatr;““(0) < 0 if w < w®

(c)AssumeKk = 19, i.e., each retailer compensates the supplier periodjcédr the service based capacity he

imposes on herr;°“(K) > 0 regardless of the waiting time standawel while 7;°¢(K) > =7 iff A(c + v,w) <
— 52 B(~—~0
bA+2\/ <Z—Ap)22 +( (2—4;))2 71) bu(lejm)

4
(2—p)? !

(d)Let K [K/P] denote the break even value for the fixed transfer paymetit® teuppler such that;°“(K2) =

0[ms@P(KpP)=0]. Thent;°¢(K) > n;°B(Kf) > m;Vi=1,....,.N

Proof:
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(a)The first inequality follows frond Y | 7€ (K) = IT*° = max, [1° (p) > max, 1% (p) = II*5 = 3"V  779P.

The second inequality was shown in Theorem 3.1.

(b) () From the proof of Theorem 3.4:0¢(0) = Xlcotan:w) o Aetaw) _ 705 (). Also, 779 (0) — 7f =

X eotro.w) _ (lef((;f”l’%2 + 2 50 thatdb(m;°¢(0) — m...) = A2(co + 7o, w) — % + 42 Substituting the

identity A(co + 70, w) = A(c+7,w) + b(1 — p)A, we obtain thattb(r:°¢(0) — 7;,) = [Ac + v, w) 4+ b(1 — p)A]* —

% + 4;:} and this quadratic expressionifc + v) is negative for\ below it's positive root.
(i) Again, from the proof of Theorem 3.4;°°(0) = % — ¥ sych thatlim,, o 757 (0) = —oo and

there exists a valu@“ such thatr;°¢(0) < 0 for all w < w®. Also, forw < w®, 7;°2(0) = W - =

Meotro) MUpIAle _ Moo o Xlatiose _ Mo — 750€(0) < 0 50 thatw® < w®.

Q)50 () =708 (0) + 2o = % > 0, following the proof of Theorem 1(a). By the proof of part,(a)

7700 (1) _ gx = Meotrow) _ (Qb;f((;t”l’)“g)2 + 2=20 The rest of the proof is analogous to that of part (b).

(d)immediate from part (a) and the fact that all centralized el®tiave symmetric solutions.

Appendix D:  Proofs

Proof of Proposition 4.1 Consider a setting where aN firms are part of a common chain which operates under
the above described perfect coordination scheme. Assumeéha one of the firms, without loss of generality firm
N, decides to leave the chain and to service its customersuseh After the “defection”, the industry operates as a
two player game: the chain comprised of firms.., N — 1 is the first player, deciding on a vect@s,...,py_1)

and firm NV is the second player, selecting a single ppige= p° for its in-houseservice. Foralt =1,...,N — 1,
Ai=al + Bp' + aw —w(a — (N —2)a) — bp; + 3 Z;;.l p;. Thus, for any price level, the best response problem
faced by the chain is equivalent to the centralized probleasystem withV — 1 firms and no outside competitors,
and an intercept for the firms’ demand function givendy= a° + 3p* + aw. As shown above, it is optimal in the
centralized system to select identical prices forMall- 1 firms. Thus, withp® denoting the common price among all

firms1,..., N — 1, for theiroutsourcedservice, we obtain from (13) that

@ wa— (N-Da) | ety P
Ve TRp o) 2 T (N_2)h) @)

Firm N’s profitmy = A'(p* —c—7v) — % with A =a® —w(a — (N — 1)a) — bp* + (N —1)3p°, S0

i a’—w(@—(N-1)a) c+vy p°BN-1)
p'= 5 + 5 + % . (22)
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Substituting (21) into (22) we obtai! | “-2R-END | elonle(Nte) [20-(RB0 SN |

c 20+4(N-1 i 2(b—(N—=2)8)+B(N—-1 20+(N-1)8)(b—(N-2)8
% [ Q(b )} andp’ = (ao —w(a—(N— 1)a))4bgb—EN—2;,8;—,82((N—i) +(c+7) (élb(bE(Nf)Z)L)B()fﬁg(Nf)l))' By (10)

T ) .

0 e (e 2O (N=DB BN =1) T (@26 (N = 1)B) (b~ (N 28) 117~
G . (;V( . )))4b(b—(12V—2)6)—62(N—1)+( + | G-z —r—n Y] %
= |:4b(b (]2\; ?8)( ) ﬁj(N_ 1) [ao _w(a_(N_l)a) _(C+7)(b ( )6)} - E
= C wz—l.
= 52(N—1)} Metmwl =g, @3

In contrast, when firmV remains part of the chain, it obtains®”, as in (25). Since the second term in (21) is always

25— B(N—3) 2

4b(b—(N-2)B8)—p2(N-1)

IN

larger than the second term in (22), filhhas no incentive to defect from the chairbiﬁ
m S 403 (N —3) —48b(N? —4N+5)— (N -1) <0< Q(p, N)=4(N —1)(N —3) —4p(N? — 4N +
5) — p? <0, where the second inequality follows by multiplying bottes with the product of the denominators and
the third inequality follows by multiplying both sides B — 1) /b%. WhenN < 3, the quadratic functio®(p, N) is

negative for alp > 0, i.e., itis more advantageous for firM to stay in the chain, see (i). At the same time, fop> 4,

Q(p, N) viewed as a quadratic function jn is non-positive fop > p*(N), its positive root. Clearly*(N) > 0, since

(N —1)(N —3) for N > 4. Also, p*(N) <16 2\/(N2—4N +5)2 + (N —1)(N —3) <1+ 2(N? — 4N +5) &
4(N —1)(N —3) <1+4(N?—4N +5), which holds for allN.

(b) Note, since*(N) <1,

Q(p"(N), N+1)=4(2N =3)(1 - p"(N)) + Q(p"(N),N) = 0. (24)

Equation (24) implies that* (IV + 1), the positive root of the quadratic equatiQfp, N +1) = 0, is larger thamp* (N)

4(N-1)(N-3)

VAT R v (v s vt o

.Finally, the positive root of the quadratic equation camiiéten as

2
whichlim .. p*(N) = 1is immediate. Finally, ifr;O® — 3, > 0 < A2(c+7,w) {4@ 57— (B2 ) } >

X (% — 1). WhenN >4 andp < p*(N), the expression within squared brackets is non-positigedn + v, w) <

w

/):(p, N, v) is the necessary and sufficient condition to prevent defestisee (iii).

Proof of Proposition 4.2

(a)Note m°(0,1) = 7°(i,1). Let m* = max {1 <m < N :7w°(o,m) >7°(i,m)}. If m* = N, a SPNE exists with
m® = N since all firms are part of the service chain and none wantilsto in-house service. th* < N, (o, N —
m*) =7°(o,m*+1) <7w°(i,m*+1)=7n"(i, N—m*), so that a chain withn* firms is in equilibrium: all firms inside

(outside) the chain are better off continuing to outsoupce\ide in-house service).
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(b)re(i,m* + 1) > 7°(o,m* + 1), and by the strict single crossing point property(i, m* + 2) > 7°(o,m* +
2),...,7°(i,N) > w°(o, N), so that no chain witn® > m* is stable. Similarly, for a chain witm° < m* firms,
(0, N —m°) =7°(o,m° +1) > w°(i,m° + 1) = 7' (i, N — m°), where the inequality follows from the strict single
crossing point property. (i (i, m° +1) > 7°(o,m° + 1), thenz°(i,m*) > 7°(o, m*), contradicting the definition of
m*.) This implies that a firm outside the chain can improve itis (or keep it equal) by outsourcing and will there-
fore defect, contradicting the stability of the chain. Thermatonicity ofm* in v follows from the fact thatr (i, m) is
independent of, while 7°(0, m) decreases witlr. These properties are easily verified, since the equilibguices

of the firms inside and outside of the chainmtat depend onv, see the proof of Theorem 5.3.

Proof of Proposition 4.1

1 1
26— (N—-1)3) 2%(1\74)5} >

* a®—w(a— —1Da c a®—w(a— —1)a c
@p°" > p & SRlEin g+ > IR & (a0 —w(a—a(N - 1)) [

(e+) |y — 3] (@ —w(a —a(N ~1)58585 > (+7) (N 1) 0 < Me+y,w) = a® ~w(a—

a(N —=1))—(b— (N —1)8)(c+~). But, the last inequality holds by (8).

(DAP =a® —w(a— (N —1)a) — (b— (N = 1)B)p°” < a® —w(a— (N —1)a) — (b— (N — 1)3)p* = \* by part
(a) andb > (N —1)8.

(o)t follows from I19% = NA“E(p©F — ¢ — ) — 22 and (12) thall®” = Nb(p©? — ¢ — ~)? — 22 which is
independent op, by (13). By (10),7; = b(p; — ¢ — v)®> — L. The expression for; follows by substituting the
expression fop* in (10). It is decreasing ip, since the funcitio 21:;)2 is.

Proof of Theorem 4.1

@Y, w8 =T(p°?) > U(p*) = SN  w(p*) = S, 7mr. 7O is independent of since both the retail price
p°® and the customer fe€"? are. However, the supplier’s profitd 2 3=V A\°F — (c+7) [, AP + 2] — K is

i=1"" w

a decreasing affine function of sincec'V'? and\"'” are independent af.

(b)Using (20), (12), and (13),

iy

on = xenges gy - O _ 0T memy) bo(N-1)6)

) A(c+vy,w
- E[ao—w(a—(N—l)a)—(0+’7)(b—(N_1)6)}2:%' (29)
Similarly, from (11),p* —c— v = Af,irﬁpf) and

L Netyw) v
SCE R =
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Thus, ;08 — rr = 2(etaw) [i - (2jp)2} +2, and part (i) follows. Part (i) is derived fromg®% = N (cVZ — ¢ —

Y)A“P — 2 sincec™? and\“? are independent ab.

(c)In this caser;9f —7; = *2(“5””) [4 o p)z} <0, while ;0% = N(cWB — ¢ —y)AB + X1 5

(d)Consider first the case where= N, i.e, the supplier services the customers of each retaikededicated facility.
In this case, the optimal aggregate profit of the servicemghaider outsourcing, equals the sum of the retailers’ rofit

under in-house service, assuming the price veetdt is adopted. Thus, by (20,97 = \°B(p°E —c—~) — 2L =

w

(% = e = 76— (N = 1)8) — 2 = X228 — 2, by (25). By (26)m;0% — 7 = 2 [1— ot | =

w 4b(1-p) b (2-p)?

W (251)2 -Whenv < N, 759" = NAXCP (WP —c—v) — 22 + NK, where\“” andc"” are independent of.
Thus, whenv < N each retailer’s periodic fee can Ié@# lower than when = N, and its profit correspondingly

higher, without affecting the supplier’s profit level. Thus

Nety,w) vy
*OB _ ’ 27
e H(1—p) Nuw 27)

Subtractingr; we obtain the desired expression.

Proof of Theorem 5.3

Assume m® = N — m' firms outsource, without loss of generality, firmsn’ + 1,...,N}. For given
prices {p},...,p’ .} of the firms outside the chain, the aggregate profit of the rchai given by II° =
SV s Mo —e—7) = 2], where, = a® — [a — (N — DaJw —bp, + B0 _.p; + B3, pi. Itis easily
verified that the chain’s aggregate profit function is a ceraguadratic function, such that the optimal prices for the

participating firms satisfy the first order conditions

oII°
0= F—=X—blpi—c—7)+8 Z (ps—c=") (28)
Di i= m*+1]7’51
= a®—Ja— (N —1)a]w— bpl—l—ﬁZpJ—i—ﬁ Z pﬁﬁZpJ
j=mt,j#Ei
Cbp—em 4B Y (mmemimmi LN

j=m*+1,5#4
This represents a linear system(@f — m?) equations in as many unknown pricgs,:.1,...,px }. By writing the
system in matrix form, one easily verifies that this systeracgpfations has a unique solution which is symmetric, i.e.

there exists a pricg°, such thap; =p° forall j=m*+1,...,N
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po:ao_w(a_(N_l)a) C+7+ ﬁzy;lp; (29)
2b— (N -mi+1)0] 2 2b— (N—-m'+1)0)
It follows from (28) that\; = [b — (N —m' 4+ 1)3](p° —c—~v) foralli=m*+1,...,N. Thus
"0, N =) = g = Z M —e=7) = L= (N + D)7 e~ L (30)
N—-mi N- m“ v (v* K w P 7 w

mi41

The firms: = 1,...,m performing in-house service, have, under a given (commadnog p° for the outsourcing
firms, a profit functionr; = X\;i(p; —c— ) — L, with \; = a® — [a — (N — 1)a]w — bp; + 52;-7214# p; + B(N —
m?)p°. For a given price’ for the outsourcing firms, the remaining’ firms engage in an‘-person game in which
the Nash equilibrium satisfies the first order conditions:
0= 2% 5 —bpi—cm) = [0 —wla— (N= D)+ (V=) = 2bp+ 5 3" py+bletn)yi=1,...,m'
J=1.5#i 1)
Once again, this system of linear equation has a uniquei@o]wthich is symmetric. In other words, for any priee

selected by the outsourcing firms, the remaining firms chaasemmon price’, i.e.p, = p*,j =1,...,m’, where

i a’—w(a—(N—1)a)+ (N —m)Bp° +b(c+7)
b= 2 — (m°—1)8 ' (32)

Also, by (34),\; =b(p* —c—~) foralli=1,...,m’, and

g 1=

m(i;m) =\ (0 —c=7) = L =b(p' —c =)’ (33)

An overall Nash equilibrium in then’ + 1 person game, consisting of the service chain andirms with in house

service, uses a price pdip‘, p°} which satisfies (33) and (30). This system of two equatiossHmafollowing solution

2(b+8) — BN —m)
)B )(25) ()m 1)B) = (N —m)mf3*

) — (JX - gl)mﬂ

P = (@~ ufa= (V- Do) go— 2
—(N—-m—-1)8)(2b+ (N

26— (N=m—-1)3)(2b— (m—1)p

p* = (0 —wla— (N =1)a)) sm— 35— (m —1)5) = (N — i) °

(b—(N—m—1)3)(2b— (m—1)B) +bBm

20— (N-m—1)p)(2b— (m —1)B) — (N —m)mf?

~—

+ (c+7)

Substituting these into (34) and (37), we gét(i, m’) > 7' (o,m*) =7°(o, N —m’ + 1) &

2(b+B) — BN —m)
2(b— (N=m—=1)p)(2b— (m—=1)8) = (N —m)m/3?

b {(ao —w(a— (N —-1)a))
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(b= (N —m —1)8)(2b+ (N = m)5) _4F>
20— (N —m - DB (m—1)5) — (N - m)mp?
2b+ 0

<mwN—mfn—wmﬁw—Mw4N—wm
(

+(c+7) [

- m I (1) (N mm
b—(N—-—m—1)3)(2b— (m—1)8) +bBm _1]}
20— (N —m = 1))(2b— (m — 1)5) — (N — m)m®

+(c+7) {

After rearranging the terms, the above can be shown to bea&eui to

{ 2(b+ ) ~ BN —m) TA%
20— (N =m—1)8)(2b— (m—1)5) = (N = m)m/5?

2b+ 3 ?
(“*N‘mmﬂ%mwN—m—nm&wwm—nm—UVwmmm}A“*““

c+y,w)b >

By dividing both sides of the inequality iy we obtain (32). By (30) and (31), the necessary and sufficiemdition

for an SPNE withm?° outsourcing firms consists of (32) and(o, m®) > 7°(i,m°) = 7' (i, N — m° + 1), which, by

the above argument is equivalent to (33). |
Proof of Lemma 6.1

If firms are served in dedicated facilities, aggregate mafie given byI1¢? (w) = (p—c—7) Zf—il Ai—7 Zfil <,

a jointly concave function oy, whose optimum is symmetric and satisfies the first orderitiond @gf =(a—(N-—
1a)(p—c—~)— = =0. Hence, the expressions fof'“. Under service poolinyl“* (w) = (p—c — ) SV A -
~u*, with p* given by (2). Note first that under an optimal vector of wajtiimes, the maximum in (2) is achieved
for S ={1,...,N}. Allon and Federgruen (2004) show thataagestset S* exists which achieves the maximum.
Assuming to the contrary that # {1,..., N'}: the waiting timew®” : i ¢ S*} could be reduced without increasing
the required capacity while increasing the first term in tredfipfunction under pooling; this contradicts the optinpali

of w®B. (%:—a+(N—l)a<O). Thus

wi

9% (w) = (p— ¢ — ) ZN: A — 77221 A (34)
i=1 ' ZZV:I Aiw;
and
CcB - vazl Ai o
muz}xH (w) = w>13%5(>0{;(p—c—'y)/\i—'yT|Z)\iwiZW} (35)

N ZNF/\l N
— i —e— =170 W, —
—w%%%&%{iﬂp NI *”(Z;&% ”ﬁ}

=1
where the second equality follows from the strong dualigottem of convex programming, @fil Aw; is a strictly

concave quadratic function af. Note that the inner maximum (for any givé#, § > 0) is achieved by a vector
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with identicalcomponents since the objective within curled brackets isreave (quadratic) function af, which is
invariant to permutations of the vectar, ..., wy). Thus, if a vectorw(*) with non-identical components obtains the
maximum, so would all of its permutatioqss”,i=1,..., N1}, but their average = -, SN w® with identical

components achieves a higher objective value than eaclesé thptima. The expression fof' Z follows, again, from

aTIc B (w)
ow;

=0 using (40) and the fact that at the optimum point=--- = Ay. |
Proof of Theorem 6.2

(a)lmmediate fromd_" | 7708 = I17 (wC?).

(b)It follows from (40) that WEVB((”U)) = aw®B(v)(p — V). Sincew®?(v) is increasing inv, so ise" (v) and

e (1) Jw (1), X°F (v) andm; O (v) = (p — ¢V )ACE (v) — 5y are decreasing in.,

(c)-(e)To prove parts (b)-(e), note that®? = \“B(p — W) — wC—WB andm; = A (p — ¢ — ) — -%. Substituting the

above expressions far“” andw; into (3) we obtain expressions far andA\“?, and one foe"'. After some algebra

we conclude:

708 _ 1t = (a® = p(b— (N=1)B)) (c+7— ") (36)

w 'YV(N)
~ e ’(za‘(N‘”o‘)\/Nm—<N—1>a><p—c—w>

1p—c—1)

+ (a— (N = 1a)y L=

+vay(p—c—1),

an affine function ofc" which takes on a negative value fe¥’ = ¢ + v, thus verifying part(b). Since;°” +
SN (w98 — ) =118 (wB) — S 77 > 0 does not depend arl, it follows thatm;°? is an affine function of
" as well, the slope of which has the opposite sign from thateftinction (36), thus verifying part(c) and (d)l
Proof of Theorem 6.3
(a)Assuming the best case scenario for outsourcing, i.e. amallyi efficient chain with the retailers obtaining a

maximum share of the chain-value profits, we ggt? = L1197 (w?) = X8 (p — ¢ — ) — 2200 = [0 — pb(1 —

P)(p—c—7) —2/“ /ya(1—0)(p — c—~) If one of the firms, without loss of generality, firiv, leaves the
chain, the industry operates as a duopoly: the remaininpafdirms 1,..., N — 1, is the first player who decides
on the vectofwy,...,wx_1), and firmN is the second player choosing the single “in-house” waitimg standard

w'. Itis easily verified that irrespective of firfN’s waiting time choicev’, it is optimal for the firms in the remaining

v(N—-1)y
—(N=2)a)(p—c—7)’

chain to make identical waiting time choices = \/(Nfl)(a while w* = w* continues to be the

dominant choice for firmV. Thus\’ = (a° — p(b— (N —1)3)) — aw’ + (N — 1)aw® represents the demand volume
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of the defecting firm N. Substituting® andw® we obtain firmN’s profit 7* when providing in-house servicg =

(@® —pb— (N =1)8)) (p—c—7) —2y/valp — c—7) + (N — 1)y /LE=R 2@—ea) Thys, firmN doesn't benefit

a—(N—-2)a

from defection if and only if

oot = i o -0 v v ey MR o

which is equivalent to (17).

(b)In this case, the stability condition can be written as

21-vV1-0)>0 1N72<:> 2> f @2,/1—9N_221+\/1—9

. This inequality is always satisfied whéh= 2 and N = 3. WhenN > 5, 2\/1 9= < 2\/1 -2 <1+V1-0,

since the last inequality is equivalentdot+ /1 —6 > 1 for all 0 < 6 < 1, as can be seen by squaring both sides
and grouping terms. Thus, the chain is never stable wken 5. Finally, whenN = 4, the conditior2,/1 — %9 >

1+ +/1 -0 is equivalent to a quadratic inequality, which on the in&f¥, 1) is satisfied only fof € [0.96, 1).

(c)In this case, the stability condition reduceSZtg % + <2.ButH(#,N) is decreasing inV,

0
V(N=1)(1-6)+0
so thatf (6, N) < H(6,2) =21 —0+6 < 1.5 forall § < 1. (To verify the last inequality, note that the function to

the left is concave, achieving its maximum fb& 0.5, since its derivativé — @(1 — )2, has# = 0.5 as its root.)

[ |
Proof of Theorem 7.1Assumey > a(w™**)? max{ &, %}.
(@)Letm; = \;(p; —c—7) — =. Note,
op, ~ PlpimemFAs ——a(pi—c—7)+w?. (37)

m; is jointly concave in the paifp;,w;) on [c + ~,p™**] x [0,w™**], since its Hessian, on this rectangle, has
diagonal element§—2b) and —2}, and a determinant’y — a? > 0, sincey > (w"“‘”)?’j—i. It follows that a

w3 !
k2

Nash equilibrium exists. Moreover, the Nash equilibriunursquesince the Jacobian of the system of equations
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{g;” =025 =0,i=1,.. .,N} is negative definite. (The Jacobian= is
' —-a a -« ’MQJ 0 --- 0
0
a - a —a 0 -+ 0 *w_%j

dominant diagonal, sinc > a + (N — 1)(a+3) and2} > a + (N — 1)a. Since its diagonal elements are negative,

J is negative definite.) Thus any pdjp, w), which satisfies the first order conditions:

67Ti aﬂ- max 6 _ max ;o

o, Oaw1—0|fw <w andawZ yifw,=wm*i=1...,N (38)
is theuniqueNash equilibrium. We show that (38) is indeed satisfied byrarsgtric vector, i.ep; =---=py =p
andw; = - - - = wy = w. Using (37) this implies:

a’ —w(a— (N —1)a) +b(c+7)

P= 2 — (N—1)3 (39)
(Substituting this identity into the expression @f in (37), we obtain after some algebra arid- %:
om w5 ,a’—(c+y)(b—(N-1)8) (26— (N—-1)5)
ow, ¢ Y a—(N-1a a(a— (N —1)a) (40)

Clearly, 7= > 0 when evaluated ab = 0 (andp = %). Thus, if 22¢ > 0 when evaluated ab = w™**, the

pair [2—% e ((jj Bg)*b(‘”) w™*] is a Nash equilibrium. Otherwise, (40) has a unique rooflon™*], since

g—gi is monotone and the characterization of the unique equifib(p*, w*) follows. Finally, using (37) and (38), we

obtain— 2 + = [>]0, if w* < [=]w™ee.

N
(w*)?
(b)The proof is analogous to that of part (a), after establghthat the profit functionII(p,w) =
ZZI.VZI Ailpi—ec—7) — %} is jointly concave in the vectdp, w). This follows from its Hessian being negative dom-

inant diagonal under the stated conditions.

(€)C(w) and C*(w) differ by +a constant. 19 > [>]32, C“(w) > C*(w) > [> 0]0 for all w < w*, so that

w > [>]w*. Similarly, if 0 < 32, C*(w) > C°(w) > 0, for allw < w?, so thatw* > w”.

(d)Since(p*, w*) is a Nash equilibrium under Simultaneous Competitiohjs an equilibrium in the Waiting Time

competition model, when the price level is fixedpat p*. Thusw* = ﬁ as shown ir§4. Similarly, w®?

is the optimal waiting time standard in the centralized peobwhen the price level is fixed at'Z, so thatw“? =
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\/((L*(N*l)(x')y(pCchf'y) . Thus, ifp©E < p*, thenw®®? > w*.

(ew® > w* follows from part (c). We distinguish between two casesu(i)< w™*®; (ii) w* = w™**. In case

@), \* = a(iz)z > a(wbci'y}g)z > X9, by parts (a) and (b). In case (ii)y°” = w*, andp* andp“® are, respectively,

the equilibrium price and the optimal price level in a celited system, where the waiting time standard is fixed at

w=w™® = w8, \* > \“E now follows from Proposition 1(b).

Proof of Proposition 7.1

(a)it follows from (37) thatp* — ¢ — v = 4-. Employing the relationships betweer and\*, andw®? andA\“?

obtained in Theorem 6.1(a) and (b), we get=\*(p* —c—v) — X% = 07 \/ 225 and @ = XOB (pOF — ¢ —

w* b
)_ I Okt 1-0 /ACBay
v wCB T b(1-p) 1—p b .

bNf =35, 1-0= 2§—:Z andC*(w) andC(w) coincide and have an identical (unique) radton [0, w™*=].

Employing the relationships betwean andw* and\“Z andw®® in parts (a) and (b) of Theorem 8, the condition in

part (a) reduces t azv(jbfi;(’;)w — 25 > M — 20 which holds iff

aZ(w0)3

2—p 2
i, lep2>3.



