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An integrated equilibrium model for tactical decisions in network design is developed. We
consider a decentralized supply chain network operating in markets under uncertain demands
when there is a rival decentralized chain. The primary assumption is that two chains provide
partial substitutable products to the markets, and markets” demands are affected by tactical
decisions such as price, service level, and advertising expenditure. Each chain consists of one risk-
averse manufacturer and a set of risk-averse retailers. The strategic decisions are frequently taking
precedence over tactical ones. Therefore, we first find equilibrium of tactical decisions for each
possible scenario of supply chain network. Afterwards, we find optimal distribution network of
the new supply chain by the scenario evaluation method. Numerical example, including sensitivity
analysis will illustrate how the conservative behaviors of chains’ members affect expected demand,
profit, and utility of each distribution scenario.

1. Introduction

In an operational sense, a supply chain management (SCM) includes the management
of a network of facilities, the exchange of communications, distribution channels, and
the firms that procure materials, transform these materials to intermediate and finished
products, and distribute the finished products to customer. However, in an organizational
sense, a supply chain (SC) consists of a broad variety of collaborative agreements and
contracts among independent enterprises, which integrates them as collaborative networks.
These enterprises normally pursue conflicting goals extended across production, purchasing,
inventory, transportation, and marketing [1, 2].

There are many studies, which indicate that the competition is evolving from compa-
nies to their SCs [3-7]. For example, rival SCs of Toyota and Honda open manufacturing
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facilities in every major market where they enter to be more responsive to the customers
[8], and Microsoft (software supplier) and HTC (device manufacturer) constitute an
SC to compete with other SCs such as Symbian (software supplier) and Nokia (device
manufacturer) [3]. There are two important factors affecting the efficiency of a company’s
supply chain. The first is associated with the competitors, and the second one is due to
conflicting goals among SC participants, which reduce the efficiency of a decentralized chain.

From the system management prospective, decisions of participants in an SC may be
categorized as three levels or phases including strategic (design phase), tactical (planning
phase), and operational levels, depending on the frequency of decisions and the time frame
during which these decisions are made [8, 9]. Long-range SC management issues such as
supply chain network design (SCND), capacities of facilities, logistic network, and long-
term contract need to be planned at the strategic level [9]. For the fixed SC’s configuration
determined in strategic level, mid-range activities such as transportation, procurement, and
inventory polices are planned and synchronized through tactical level [8]. At the operational
level, daily or weekly tasks in the SC must be managed to handle incoming customer orders.
At this level, SC configuration is considered stabilized, and planning policies are already
defined. Therefore, SCs strategies in competitive market should be considered based on this
hierarchical decision making structure. In the competitive models based on game theory,
these sequential and noncooperative strategies conform to Stackelberg strategies rather than
Nash strategies [1, 10]. There are several concerns in a supply chain decision making such
as how independent participants of an SC manage coordination to confront their rival SCs
and how strategic, tactical, and operational decisions of participants in one chain affect such
decisions of participants in the rival chain.

In many industries, decision makers of SCs encounter high uncertainty regarding cus-
tomers’ behavior and their demand [11]. For example, many automotive corporations may
find it difficult to handle the changes in customer preferences and demand fluctuations [2].
Although all three levels of decisions are affected from demand uncertainty, incorporating
this uncertainty in SC configuration design is extremely important because these decisions
are hard and costly to change in short time. For example, in late 1990s, Toyota made its global
assembly plants more flexible so that each plant could supply multiple market demands to
cope with demand and price uncertainties [8]. High level of flexibility along with competitive
pricing derived from efficient SC allows Toyota to overcome fluctuation in demand, exchange
rate, and local prices and maximize and stabilize profit in highly competitive automotive
industry.

Uncertainty in demand brings about uncertainty in profits of all firms through a chain.
The risk attitude of a firm determines sensitivity towards profit or demand uncertainty [3].
Risk-neutral firms are completely indifferent to risk involved profit uncertainty, and they
only concern about expected profit. However, risk-averse firms avoid risk by minimizing
profit fluctuation as well as maximizing expected profit. Since participants of an SC may
have different attitudes towards risk of demand uncertainty, various risk structures can be
considered for two competitive supply chain networks.

SCND concerns structuring physical network or distribution channels to minimize
(maximize) cost (profit). Although SCND is significantly affected from rival chain decisions,
except Rezapour and Farahani [4], all previous researchers neglected the competitive
environment and its effects on the design. We generalize competitive SCND introduced in
[4] for decentralized supply chains under demand uncertainty. Furthermore, we incorporate
various risk attitudes of SC participants into SCND and tactical strategies such as pricing,
service level, and advertisement expenditure. For instance, Mercedes Benz, a leading edge
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car manufacturer, should respond to the structural changes in its industry and the challenges
it faces from distribution channels [12]. The company uses distribution channels, which
include national sale organizations (NSOs). NSOs offer country-specific features and services
to markets which they cover (supply). Moreover, NSOs together with Mercedes Benz decide
pricing strategy in those particular markets. Due to social status of Mercedes Benz, the
markets structures, and the company’s competitive position in different markets, Mercedes
Benz and NSOs pursue different service level and prices for the markets (which is referred
to as price discrimination). For example, Mercedes Benz prices for an exactly same model
tremendously vary from the USA to some Asian countries.

The paper is organized as follows. In Section 2, the related literature is reviewed.
Section 3 includes a discussion of the problem and related notations. The basic model of
the competition between SCs with risk-averse participants is formulated in Section 4. This
section also provides a scenario evaluation method for the model. Section 5 presents some
computation results including a numerical example and its sensitivity analysis. Finally, the
paper concludes in Section 6 with some directions for future research in this area.

2. Literature Review

For any manufacturer with a product to sell, how to make that product available to the
intended markets can be as essential a strategic issue as developing the product itself. The
manufacturers commonly confront several choices of distribution channels which can be
classified based on channel control of the manufacturer over intermediaries and single or
hybrid type of channels (we refer the reader to [13] for further discussion on classification
of multichannel distribution). Our paper is related to the class of single manufacturer with
multiple independent retailers.

A stream of multichannel distribution literature exists that deals with multiple
retailers, where retailers do not interact with each other. Each retailer covers (supplies)
specific markets, and the manufacturer sufficiently produces to satisfy all retailer demands
[13]. Ingene and Parry [14] investigated two part tariff wholesale pricing policy, common
to all retailers. Netessine and Rudi [15], Fransoo et al. [16], and Chen et al. [17] also took
multiple independent retailers into account which sell products of a single manufacturer.
They analyzed how decentralized decisions of inventory control affect the cost of SC’s
members. Our major contributions in multichannel distribution may be summarized as
follows: (i) while in multichannel distribution literature, the structure of channels is
commonly assumed fixed, we consider that the manufacturer has the initiative to select
distribution network from a set of possible scenarios. The scenarios are evaluated for their
expected profit and risk entailed for the manufacturer. (ii) There is a rival SC offering
substitutable products to all markets, thus all tactical decisions in the markets should be
taken in response to the rival SC. (iii) We also involve global advertising expenditure of the
manufacturer along with traditional tactical decisions price and service level.

Pricing is a significant decision, and competing companies regularly play a price war
to attract customers. Several researchers considered that market’s demand depends on price
of products over planning horizon [4, 18-24]. Similar approaches have also been used in the
cases where both marketing and pricing influence demand [25-28]. On the other hand, leader
producers pay considerable advertising expenditure to build strong brand and develop
markets [29]. Gasmi et al. [30] showed that demand is affected by price of substitutable
products and advertisement expenditures of rivals in a competitive market environment,
and their demand structure is followed by other researchers in various industries [31-33].
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Service level is another important factor affecting the buying decisions of customers in many
industries [3], and some researchers consider combinatory impact of price and service level
on demand under uncertainty [3, 34-38]. To the best of our knowledge, it is the first paper
which generalizes previous demand functions by considering demand of markets depending
on products price, service levels, and advertising expenditures of competitive firms
(or SCs).

Strategic decisions such as SCNDs have long-term impact on SC’s performance,
and managers must account for demand, macroeconomic, and financial uncertainties when
they are designing an SCN. Therefore, several researchers such as Mirhassani et al. [39]
and Tsiakis et al. [40] considered demand uncertainty represented by multiple demand
scenarios in SCND. Santoso et al. [41] developed a stochastic model for SCND, which allows
for uncertainty in processing/transportation costs, demand, supplies, and capacities and
for limited, but a very large number of scenarios representing uncertainty in demand, as
well as in other parameters. Nevertheless, from interesting viewpoint of decentralized SC,
independent decision makers of an SC involve in competitive facility location. Nagurney
et al. [42] remarkably suggested a supply chain network equilibrium (SCNE) model for
studying the economic behavior of the decentralized SC with market competition which
was formulated by variational equalities. Subsequently, SCNE model has been developed
for markets with random demands [43]. SCNE has attracted more attention recently [18, 44—
48]. We account for designing an SC with regard to the existing rival chain under demand
uncertainty, and we assume that tactical decisions are taken in the decentralized manner;
however, the leader of supply chain determines strategic decisions of SCND.

Location and allocation problem in the real world applications involves optimization
over a large number of discrete variables. Consequently, such strategic decisions that
configure supply network are complex, and realistically sized problems can only be solved
with heuristic technique. We refer the reader to [49] for review application of heuristic
and metaheuristic optimization techniques to SCND. In spite of considerable advances in
optimization algorithms for solving distribution system design problems, scenario evaluation
method is also a reasonable method for investigating distribution network designs, which is
frequently used in the real problem facing managers [50]. Scenario evaluation belongs to the
nonoptimizing class of design methodology, which chooses favorable distribution scenario
by employing techniques of multicriteria decision making (MCDM), or other interactive
methods with decision maker. Robinson and Swink [51] discussed possible methodologies
for network design problem and used a scenario evaluation for a realistically sized problem.
Moreover, Robinson and Swink [50] experimentally examined human abilities to evaluate
the distribution scenarios in distribution system design problems.

Uncertainty over customer behaviors brings about risk for partners in SCs. Different
attitudes of the partners towards risk profoundly influence supply chain interactions and
members’ decisions [3, 11]. Tsay [11] discussed the effect of different return policies on
manufacturer-retailer relationship under various scenarios of relative strategic power. He
discussed that in such a relationship, manufacturer and retailer should consider which
of them can absorb risk better. Xiao and Yang [34] developed an information revelation
mechanism model of a two-echelon supply chain facing an outside competitor. Yang et al.
[38] developed a competition model based on price, service level, and lot size for a supply
chain with one supplier and two risk-averse retailers. They investigated the effect of risk
attitude of a retailer on his decisions as well as his rival retailer’s decisions. We focus on two
competitive SCs which each participant of them has independent sensitivity towards risk
derived from uncertain demand.
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Figure 1: Structure of the competitive supply chains.

Our paper is closely related to [3, 4]; however it is different and more comprehensive
according to the following aspects. Xiao and Yang [3] developed a price and service
competition model of one-manufacturer and one-retailer supply chains to study the optimal
decisions of the players under demand uncertainty. They analyzed the effects of the retailer
risk sensitivity on the optimal strategies of players and the optimal price-service decisions of
the rival. Unlike Xiao and Yang, we consider an SCND problem for two competitive chains
with various risk attitudes for both manufacturer and retailer. Rezapour and Farahani [4]
developed an equilibrium model for strategic design of a centralized SCN in markets with
deterministic demand encountering a competitive chain. However, the decision structure is
different because we consider decentralized SCs under demand uncertainty. Our paper is
also closely related to what was developed in [12], which investigates competitive facility
location problem in a three-tier decentralized SC when an external firm intends to enter the
SC. They did not consider SCs competition in SCND as well as demand uncertainty, which
are mainly studied in our model. Combination of SCND with tactical decisions accompanied
by considering risk attitude for all participants gives the research an original contribution to
define supply chains competition model in an uncertain environment based on mathematical
elements of game theory.

3. Problem Statement

We account for a decentralized SCN embracing one manufacturer and a set of retailers in
markets with stochastic demands in presence of a rival decentralized SC. Manufacturers and
retailers in both SCs are risk averse. Products of two chains (the existing and new chains)
are partially differentiated, and the manufacturer in each chain sells products in each market
through the retailer determined for that market as illustrated in Figure 1.

The problem structure and related assumptions of the research are as follows.

3.1. Specifications of Facilities in SCNs

(i) Except demand of markets, all parameters are deterministic and known in advance.

(ii) In the new SC, the manufacturer faces several possible scenarios of distribution
design to distribute his products in the markets. In each scenario, the location of
candidate retailers and the markets that each retailer can supply are known.

(iii) The existing SC provides markets with substitutable products. The distribution
network structure of the existing SC is fixed and known in advance.
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(iv) The markets are geographically dispersed, and they are independent of each other
(see [52]).

(v) Retailers of networks combine the demands from corresponding markets and order
from the manufacturer.

(vi) Retailers for corresponding markets offer service levels; however, manufacturers
invest in advertisement to increase the demand of all markets and promote brand
positioning. The manufacturer sets the wholesale price, and the retailers set the
retail price considering transportation costs.

(vii) Manufacturers and retailers in both SCs have infinitive capacities (their capacities
are large enough).

3.2, Demand of Markets

(i) Demand of markets is composed of deterministic and stochastic parts. Parameters
of stochastic part are known for decision makers of SCs.

(ii) Deterministic part of the markets’ demands depends on product price, service
levels, and market expenditures of two competitive SCs.

3.3. Cost Parameters in SCNs

i) Purchasing price of products in a market includes wholesale price of manufacturer,
&P P p
profit margin of retailers, transportation cost between manufacturer and retailer,
and transportation cost between retailer and market.

(ii) Each manufacturer has a specific production cost.

(iii) Retailers incur different cost for providing service level because their service level
efficiencies vary.

3.4. Sequence of Decision Making in SCs

With regard to time sequence of strategic and tactical decisions of an SC, we consider the two
following stages in competitive game structure.

Stage 1. The manufacture in new supply chain evaluates each possible scenario of
distribution design (a set of distribution channels) and selects the scenario with the highest
utility. In each scenario, the active retailers and the set of markets which are covered by each
retailer are specified.

Stage 2. Participants in both competitive chains take tactical decisions in decentralized
manner. That is to say, manufacturers and retailers jointly determine product price, service
levels, and advertising expenditures in a noncooperative fashion.

The distribution network scenarios are defined based on a possible network of a single
manufacturer and multiple retailers where retailers do not interact with each other. This
generalization allows products to flow through multiple independent retailers while each
retailer has specific and predetermined territories. Objectives of each participant in SC are
to maximize profit and minimize risk of profit fluctuation. The relative importance of these
objectives is determined by risk sensitivity parameter.
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Parameters of our model are as follows:

@)
(ii)
(iii)

(iv)

candidate retailers and their locations in new SC;
cost elements of both chains;

deterministic part and parameters of stochastic part of the markets demand for both
SCs;

risk sensitivity of participants in both SCs.

4. Model

Existing and new SCs are denoted by indices one and two, respectively. We have the following
notations, indices, parameters, and decision variables.

4.1. Sets and Indices

N:
I:

J:
Nll
N2DZ:

. D,
Nyj, N2

Dli

The set of demand markets; N = {1,2,...,|N]|}, n € N.

The set of candidate retailers innew SC; I = {1,2,...,|I|}, i€ I.

The set of retailers in existing SC; | = {1,2,...,|]|}, j € J.

The partition of set N, which indicates how markets are supplied by retailers of the
existing SC; N1 = {N;,, N12,..., Ny }.

The partition of set N, which indicates how markets are supplied by retailers of the
new SC under condition of scenario D, of SC design; Nfz = {Ngz, NZE;Z,. .., NZDHZ| }.

The subset of demands market set N supplied by the retailer j in the existing SC,
and subset of demands market set N supplied by the retailer i in the new SC under
conditions of scenario D, respectively.

The design of the existing SC, which is fixed and determined by partition Nj.

4.2. Parameters

248

267"

C1,Co:

P
Yn'

Pnt

Vs

The stochastic part of nth market’s demand for product type 1 of the existing SC

with mean oy, > 0, variance 012 e

The stochastic part of nth market’s demand for product type 2 of the new SC with

mean @, > 0, variance o3, .

The unit production costs of the manufacturer in the existing and new SCs,
respectively.

: The substitutability coefficient for the two products; 0 <d <1,

The demand sensitivity of one retailer to his own service level in nth market; ,, > 0,

The demand sensitivity of one retailer to the rival’s service level in nth market,
namely, cross-service level coefficient; f, > y, > 0.

The demand sensitivity of one retailer to his manufacturer’s advertising expendi-
ture in nth market; p, > 0.

The demand sensitivity of one retailer to the advertising expenditure of the rival
manufacturer in the nth market, namely, cross-advertising coefficient,
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m1j,M2i: The service investment efficiency coefficient of retailer j in the existing SC and
retailer i in the new SC, 715,72 > 0. The larger the coefficient 7 (72;), the lower
the service investment efficiency of retailer j (i) will be.

TCyj, TCyi: The cost of transportation of a unit of product between manufacturer and jth
retailer in the existing SC and between manufacturer and ith retailer in the new
SC, respectively; TCyj, TCy; > 0.

TCl]-n, TCin: The cost of transportation of a unit of product betweenjth retailer and demand
market 7 in the existing SC and between ith retailer and demand market 7 in the
new SC, respectively; TCyj,, TCaiy > 0.

AR, ARy, The sensitivity to risk or the constant absolute risk aversion (CARA) of
retailers j and i, respectively, which is defined in Arrow-Pratt sense; Ag,;, Ag, > 0.

A, A, The sensitivity to risk or the constant absolute risk aversion (CARA) of manufac-
turers in the existing and new SCs, respectively; Anr,, Apg, > 0.

4.3. Decision Variables

D,: The possible distribution design scenario of the new SC comprising a set of
candidate retailers and a set of markets which each candidate retailer is able to
cover and supply.

w1, wy: The unit wholesale prices of the manufacturer in the existing and new SCs,
respectively.

myj, my;: The profit margin of retailer j in the existing SC and the profit margin of retailer i in
the new SC, respectively.

p1jn: The price of existing SC’s product offered by retailer j in nth market; pyj, = w; +
TClj + my; + TC1jn.

Pain: The price of new SC’s product offered by retailer i in nth market; ppi, = wy + TCy; +
my; + TCzi-,l.

s1j, s2i: The service level of retailer j in the existing SC and the service level of retailer i in
the new SC, respectively.

ai, ap : The advertising expenditures of manufacturers in the existing and new SCs,
respectively.

In both SCs, manufacturer sets a wholesale price for all his retailers, and each retailer
determines a profit margin for all assigned markets. Consequently, retail price of SC’s product
at each market is the sum of wholesale price, corresponding retailer’s profit margin, and
transportation costs between manufacturer and retailer and between retailer and the market.
Transportation costs are affected by geographical location of facilities, transportation modes,
available vehicles, and route and distances among facilities. In our paper, products of the
new SC get considerable competitive advantages if the configuration of the chain helps the
participants offer products to the markets with the lowest possible retail price.

4.4. Demand Function in the Markets

In Section 2, we mentioned that price, service level, and advertising expenditure are impor-
tant factors influencing markets demand, which are separately or geminately investigated by
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several researchers. By considering demand function sensitive to price and service level [3,
34, 35, 38] and well-known demand function sensitive to price and advertising expenditure
[30-33], we assume that under the condition of the distribution deign scenario D, for the new
SC, the demand at nth market for products offered by retailer j is

tﬂ)]zn = Q1n — P1jn + AP2in + PnS1j — YnS2i + pn(a)’? + v, (ax)"2. (4.1)

Index i refers to the rival retailer who covers nth market, that is determined by distribution
design scenario D, (we show this as for all n, i — D,). Moreover, under the condition of D5,
the demand at nth market for products offered by retailer i is

Go2 = Bon — Pain + AP1jn + Pusai — Yus1; + pu(a2)’* + vu(ar)'?, (4.2)

where retailer j which covers nth market is determined and fixed by design D; of the existing
SC (i.e., forall n, j — Dj). Although both SCs designs affect demand of markets and since
the configuration of the existing SC (D) is assumed fixed in the competition, we only involve
the impact of distribution design scenario D, upon market demands (4.1) and (4.2). Mean
and variance of market vary from market to market depending on customers’ behavior and
their perception of quality, brand, reputation, position, and so on. Each market demand of
each retailer is an increasing function of his rival’s retail price, his own service level, and
his manufacturer’s advertising expenditure, however, a decreasing function of his own retail
price and his rival’s service level. Note that similar to [30, 53], we do not compel a limitation
regarding the sign of cross-advertising coefficient v,. The essence of advertising in nth market
is called predatory if v, < 0 and cooperative if v, > 0. In general, a manufacturer might be
capable of selecting the essence of his advertising; however, that possibility is ignored here.

4.5. Profit and Utility Functions of Participants in SCs

The quantity ordered by retailer j to his manufacturer is equal to the sum of markets’
demands which the retailer covers (supplies) under the condition of design D;; therefore,
we may write

Qﬁz = Z ﬁﬁzn = Z <511n = Pijn + AP2in + PuS1j — YnS2i + pna)'’* + Vn(a2)1/2>- (4.3)

TlENlj n€N1j
Vn,i— D, Vn,i— D,

Similarly, the quantity ordered by retailer i to his manufacturer is equal to

NZZ = Z ﬁZ; = Z <&2n = Pain + dAp1jn + PnS2i — YnS1j + pu(az)? + vn(a1)1/2>- (44)

Dy

In (4.3) and (4.4), pairs of retailers j and i regarding each market are determined by fixed
design D; and distribution design scenario D», respectively. Index D, in Qﬁ? and QZZ
indicates that the total quantities ordered by retailers only depend on the new SC configu-
ration (the configuration of the existing SC is fixed).
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Similar to [3, 34, 35, 38, 54], we assume that service level cost functions of retailers
jand i are (1/ 2)111]~51]~2 and (1/ 2)112,~szl~2, respectively; that is, enhancing service level has a
diminishing influence on service level expenditure. Taking ordered quantities (4.3) and (4.4)
into account, the random profits of retailer j and i, in turn, are as follows:

~D ~ 1/2 1/2
Ty, = mij > (aln — Pijn + APain + Pust = YnS2i + pa(ar)'’? + vu(az)" )
nENlj
Vn,i— D,
1 .
- Erlljsljzl vVie],
(4.5)
~D ~ 1/2 1/2
Tl =my Y, (txzn — Pain + Aprjn + Pusi = Yus1j + pa(a@2)'? + vu(ar)" >
nENZ2
Vn,jHD1

1 .
- 51121'5212, Viel,

where Pijn = W1 + TC1] + nyj + TCUn and P2in = W2 + TCzl' + myp; + TCzl'n.

The quantity produced by manufacturer in each SC is equal to the sum of quantities
ordered by all retail outlets. The total profit of each manufacturer is equal to the profit margin
of the manufacturer times the total quantity of the product purchased by all retailers minus
the advertising expenditure. Therefore, the random profits of manufacturers in the new and
existing SCs, in turn, are as follows:

~D ~ 1/2 1/2
Typ = (w1 - Cl)z Z <d1n = Pijn + Apain + Pus1j — YnS2i + pu(ar) 2 v, (an)" > - a,
ie] TlEN]j
Vn,i—>D2

~D ~ 1/2 1/2
Ty = (wa-c2) >, D, <6¥2n — Pain + AP1jn + PuS2i = YaS1j + pu(a2)'? + vyu(ar)" ) - a,
iel neNgz
Vn,j—>D1

(4.6)

where pljn =wp + TC1] + ml]- + TC1]~,, and P2in = W2 + TCZI' + mp; + TCQin.

Randomness of market demand involves uncertainty in the above profit functions.
Manufacturers and retailers may have different risk attitudes towards this uncertainty. That is
to say, risk-neutral retailers (manufacturers) are completely insensitive to profit fluctuations;
however, risk averse retailers (manufacturers) determine their strategies to reduce profit
uncertainty. It is an undeniable fact that firms do care about risk, and different firms may
care to different extents [11]. Unlike Xiao and Yang [3, 34], we assume that manufacturer
as well as his retailers can be risk-averse based on their individual preferences. Bar-Shira
and Finkelshtain [55] stated that using the utility function, which raises the mean and
reduces variance, is more robust than approaches based on expected utility. Consequently,
it is assumed that each player assesses random profit function via a utility function {E(7T) —
AVar(7)}; that is, utility function of each player is an increasing function of his expected
profit, however, a decreasing function of profit uncertainty and his sensitivity to risk. By
using mean-variance concept for random profits (4.5)—(4.6), retailers and manufacturers
in the existing and new SCs, in turn, assess the following utilities for the random profit



Mathematical Problems in Engineering 11

(we refer the reader to [3, 11, 34, 35, 56, 57]):

D _ 172 172
UR,; <9TR12,~> = my; Z (aln = Pijn + AP2in + PnS1j — YnS2i + pn(ar) 2 v, (a2) >

nENlj
Vn,iHDz
(4.7)
1 2 2 2 .
~ 5Mjsy _)‘Rl,-mlj Z oy, , Vji€],
VlGNlj
~D. — 1/2 1/2
URy, <”R22,-> = Mp; Z <a2n = P2in + dP1jn + PusSai — YnS1j + pn(az) 2+ vu(ai) / >
nENZZ
Vn,j— Dy (4 8)

1 .
- ETZZiSZiz = AR, m3; Z o3, Viel,

Dy
neN,;

g, (732) = @i =)y, D0 (@i = prju + dpain + Bus1j = Yus2i + pa(an)’? +va(a)'?)

jE] nENlj
Vn,i—>D2
2
—a; - Ay, (w1 —c1)? > 07,
neN
(4.9)
~D ~ 172 1/2
UM, <71'MZZ> = (wy - Cz)z Z <012n = Pain + dpijn + PuS2i — YnS1j + pu(az) 2 v, (ar)" )
iel nesz?z
Vin,j— Dy
2
—ay — A, (w2 = ¢2) Z 022n,
neN
(4.10)

where pli" =wi + TC1I + mli + TCll-n and P2in = W2 + TCZi + mp; + TCgin.

In utility functions (4.7)-(4.10), A Rijs ARy, Ay, and Ay, are constant relative risk
aversions (CARAs) which specify risk attitude of retailers and manufacturers towards
uncertainty. Zero value for CARA means that participant is risk neutral; conversely,
)Lle,)LRZi,AMl,AMZ > 0 indicates risk-averse behavior of participants, and the higher the
CARA, the more conservative their behavior will be.

With regard to sequence of decision making in SCs (in Section 3.4), in the first place,
the tactical designs for a given distribution design scenario will be analyzed; afterwards, the
optimal scenario for distribution network (SC configuration) is investigated in Section 4.7.

4.6. The Equilibrium Condition for Tactical Decisions

The goal of tactical decisions is to maximize SC surplus that can be generated over planning
horizon given the constraint established through design phase (strategic decisions) [8].
In the planning phase of our decentralized SCs, given SCs designs N; and N D2 retailers
determine profit margin and service level, and manufacturers specify wholesale price as well
as marketing expenditure to maximize their own utility.
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. . ~D, ~D, . . . .
Hessian matrices of ug,; (Jrle) and ug,, (yrRZi) with respect to profit margin and service
level decisions, in turn, are

=2{ [Ny +Ary D) 07, ) PalNyj

Hle = n€N1]~ 7
Pu| Ny | 111
4.11)
D D
-2 |N2i2 +Ary D 03, | B[Ny
D: = 11€NI:.)2
Ry 2i
PNy —Thi

. . ~D- ~D .
Furthermore, Hessian matrices of uy;, (JZ'MZ1 ) and upy, (JZ'MZ2 ) with regard to wholesale
price and advertising expenditure decisions are as follows

-1/2
a
—2<|N| +AMkZol2n> 2P
neN neN
Hy, = L y . k=1,2. (4.12)
r (wk —cr)a;

4
neN neN

5 2P n

IN|, |N1j|, and |N. £2| represent cardinality of N, Npj, and N. 52, respectively. The utility
functions of retailers and manufacturers in the existing and new SCs are concave functions on
corresponding tactical decisions if and only if Hessian matrices H Ry Hryr Hmy, and Hyy,
are negative definite, respectively. Let us now define

No )2
Byj = |Nij| + Ag, Z O.lzn_wf

2 .
neNﬁ1 111]
2
NP )
D D (ﬂ" 2i
B’ = |N2i2 + ARy D, 05, - o (4.13)

neNfiz g

2

(z7)
Am, = INI+ 4y Y05, - ==, k=12

neN

Given SCs’ designs, the optimal tactical decisions in the equilibrium state are obtained from
the following proposition.
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Proposition 4.1. If By; > 0, forall j € ], BZZ >0, foralli € I, and Apm,, Am, > 0, then the
optimal profits margins of all retailers j € | and i € I satisfy the following linear system of equations:

Z <pn an >ZQD1m1 ,ﬁn Z ﬂn m1 <
neNy; neN €J ! mj neNy; !

_ :l/n Z ﬂn — m;i + Eln —C1 — TC1] — Tcl]'n + d(Cz + TCQ,‘ + Tsz)
2i

- <|N5| + 2R, D, afn>m;j =0, Yje],

TlENlj

neN i€l

Dy
neN,;

< Yn Z ﬂn )mL + Ezn —Cy — TCQI‘ - TCZ,’H + d(Cl + TC1]~ + TC1]'n)

Tll] TlGNl/

+2\g, >, 03, |my =0, Viel

D,

h 'N 2i
Dy

neN,;

Z <pnzpn_ >2921 mZz % Z ﬂ"l_l mZz <
”ENz[i)z

D,  «
ZGZi my;

Zelj ml]

(4.14)

Afterwards, other tactical decisions, that is, wholesale prices, service levels, and advertising expen-

ditures are achieved as follows:

* aa*
w = Zeljmlj +c1,
j€J

* Dy x
wy = ZGZi my; + Ca,
icl

+(( Z>Z>
(G

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)
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where

<|N1]'| + 2, 2 012n>
nEle

<|N| +2Am, D ofn>
neN

(4.21)
IND? |+ 20, 3 02,
nENg2

<|N| +2, 3 022n>
neN

6y =

7

Dy _
92i -

Proofs of all propositions are provided in Appendix. From (4.15) and (4.16), it follows
that 01; and ng are relative margin coefficients which determine profit margin shares among
SC’ participants. These coefficients depend on participants’ risk sensitivity, number, and
uncertainty of markets. Selected retailer for distributing products will withdraw from all
markets if his profit margin is not positive, and that SC design will not be practicable.
Therefore, in each feasible SCs’ configuration, if markets are assigned to retailers i and j
(i.e., N1]-,N2D1.2 # ), it is needed to have m’l‘j,mzl. > 0. Otherwise, that is, Ny; = @(Ng2 +09),
it follows from (4.14) that m}‘j = 0 (m5 = 0). It is obvious form (4.15)—(4.18) that
wholesale price and advertising expenditure of each manufacturer rise as profit margins
of his retailers increase; nevertheless, these relationships also depend on retailers’ relative
margin coefficients. Moreover, according to (4.19) and (4.20), the higher the profit margin of
each retailer, the higher offered service level will be. Outputs and utility functions of SC’s
participants regarding optimal tactical decisions of Proposition 4.1 are presented through the
following proposition.

Proposition 4.2. If By; >0, for all j € ], BZZ >0, foralliel, and Apm,, Am, > 0O, then optimal
expected demand and optimal utility of SCs’ participants are as follows:

D: . )
Q) = <|N1j| +2Mg, Z Gizn>m1j/ Viel, (4.22)
neNy;
Q= | [NZ|+ 24k, 3 03, |my, Viel, (4.23)
nENZ2
D3 i}
2.9y = (IN |+ 20, 012”> (wi —c1), (4.24)
jeJ neN
D; .
ZQZiz = <|N| + Z'A'MZ Z O’%n) (w2 - CZ)/ (425)
il neN
_D: . .
URy; (‘FRS-> = mlszlj , Vje], (4.26)
D . .
ug, (yrR;j) =m; B}, Vj€], (4.27)

(%) = (wf - &) A, Yk =1,2 (4.28)
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Candidate retailers Markets ~ Retailers of
of new network existing network

Manufacturer of
existing network

Manufacturer of
new network

New supply chain Existing supply chain|
N} = (N}, N} Ny = {Ni1, N12, N1s}

=1{{1,2},{3,4,5}} ={{1,2},{3},{4,5}}

Figure 2: An example of SCs configuration design and their representations.

The conditions By; > 0, forall j € J, Bgz > 0, foralli € I, and Ap,, Apm, > 0
guarantee that the tactical strategies in Proposition 4.1 are optimal in the equilibrium state.
Furthermore, it follows from (4.26)—(4.28) that these conditions bring about positive utility
for retailers and manufacturers, respectively. Consequently, similar to [30-32, 53], we assume
that Ay, Ay, > 0 throughout the paper. These assumptions state that markets’ sensitivity
to advertisement should not be too high which causes manufacturers to increase their
advertising expenditure, inordinately. On the other hand, we assume that By; > 0, for all j €
J and Bgz >0, for all i €I all through the paper which imply that service level investment
should not be too inexpensive [3, 35, 38].

4.7. The Optimal Strategic Decisions

Retailers of an SC vary according to their geographical locations, transportation costs among
them and manufacturer, covered markets, and service level efficiency, as well as their
sensitivity to risk. Selecting appropriate retailer for supplying markets regarding these factors
improves competitive advantage of product in the markets and increases manufacturer’s
profit. Configuration of distribution network to cover markets is a strategic decision that
involves long-term contracts with retailers. We assume that configuration designs of SC and
markets that each candidate retailer is able to cover are known to the manufacturer as a set of
possible scenarios. Considering the optimal tactical decisions regarding service level, transfer
price, and marketing expenditure, manufacturer of the new SC has to decide how to configure
his distribution network, that is, which of the candidate retailers should be selected to cover
overall markets in order to maximize utility of the network.

For example, assume that the manufacturer of the new SC considers two independent
retailers in order to make products available to five intended markets. He evaluates three
distinctive scenarios of distribution network design. In scenario one, the manufacturer
engages both retailers. As demonstrated in Figure 2, the territory of retailer one is limited to
markets 1 and 2, while retailer 2 covers other markets. Scenario one can also be represented
by N; = {N;,, N5, } = {{1,2},{3,4,5}}. Two other scenarios are related to employing a single
retailer for markets, that is, N% = {{1,2,3,4,5},{}} and Ng = {{},{1,2,3,4,5}}. Regarding
optimal value of tactical decisions in Proposition 4.1, now the manufacturer is able to evaluate
the utility of each possible scenario of distribution design.
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Candidate retailers Markets D Retailers of
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N, = {{1,2}, {3}, {4,5}}

Figure 3: Structure of the existing and new SC networks in the numerical example.

Table 1: Markets data in the numerical example.

n ﬂn Yn Pn Uy Gt O1n oy O2n
1 1 0.6 0.2 -0.5 10 2 20 4
2 1.5 0.8 0.5 -0.8 15 4 15 2
3 0.9 0.7 0.7 -0.1 20 4 10 2
4 1.1 0.5 0.4 -0.3 15 2 15 4
5 1.2 0.4 0.6 -0.4 10 2 20 4

5. Numerical Results and Discussion

In this Section, we use the scenario evaluation method for a numerical example and provide a
discussion of the corresponding results. Section 5.1 is dedicated to the numerical example and
the results of the scenario evaluation. In Section 5.2, the sensitivity analysis of the scenarios
in the context of the example is investigated.

5.1. Numerical Example

Example 5.1. Our numerical example comprises two competitive networks; the existing

network has three active retailers with fixed distribution structure, and the new network has

two potential retailers. Two SCs compete for five distinctive markets as depicted in Figure 3.
We assume the default values of parameters

Cl1=0C = 10, -)LMl = 02, ./\M2 =0.2. (51)

Corresponding data to the markets, the existing SC, and new SC are listed in Tables 1, 2, and
3, respectively.

Assume that the manufacturer of new SC encounters three scenarios of distribution
deign which can be represented by N1 = {{1,2},{3,4,5}}, N? = {{1,2,3,4,5},{}}, and N3 =
{{},{1,2,3,4,5}}. From Table 4, we find that scenario two has a higher expected profit and
utility for the manufacturer; however, magnitudes of utility differences between scenarios
two and three are not considerable. Table 5 gives the detailed information concerning optimal
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Table 2: Existing SC data in the numerical example.

j 1’[1] )Ll] TC1] TC]jl Tcljz TC1j3 TC1j4 TC1j5
1 5 0.1 1 1 1 2 3 4
2 5 0.2 1.5 3 2 1 2 3
3 5 0.1 2 4 3 2 1 1
Table 3: New SC data in the numerical example.
i i Ao TGy TCon TCap TCys TCou TCyss
1 5 0.1 1 1 1 1 4 4
2 5 0.1 1 4 4 1 1 1
Table 4: Optimal utility of new SC’s distribution design under each scenario (d = 0.9).
Scenario 1 Scenario 2 Scenario 3
N; = N3 = Nj =

{{1,2},{3,4,5}} {{1,2,3,4,5} {}} {{},{1,2,3,4,5}}
Expected profit, E(Tar,) 230.40 293.85 288.91
Utility of network design
scenario for manufacturer 2, 131.00 167.07 164.27
u (‘7? M, )

Table 5: Optimal values of the supply chain networks in scenario two (d = 0.9).

Variables and characteristics Existing network New network
Supply chain network design Nll = {{1,2},{3},{4,5}} N7 ={{1,2,3,4,5},{}}

Utility of network design

scenario for the manufacturer UMy (”Ml) 95403 UM, (m—MZ) 167.07

Expected profit of the ~ ~

manufacturers in the scenario E(#h,) 163.33 E(#y,) 293.85

e ) ~ ~ ~ ~ 238.030,

Utility and expected profitof — ug, (g ), E(7g )  33.751,53.751  ug,(7g,), E(7Tg,) 41937

retailers in the scenario - - . . ’
upy, (7% ), E(T%, ) 26920,47.833  ur, (7} ), E(7} ) 0,0
U, (7, ), E(T%, ) 108.620,146.88

Wholesale prices and w;,a; 12.778,11.115 w3, a3 13.364,16.3

advertising expenditures

Profit margins of retailers (mj,,mi,, m%) (3.162, 2.557, 6.916) (m3,, m3,) (5.690, 0)

Service level of retailers (511,575, 573) (1.581, 0.460, 3.181) (831,55,) (6.487,0)

scenario. The structure of scenario two and demand quantities of markets and retailers are
illustrated in Figure 4.

5.2. Discussion

The previous numerical example presents the optimal scenario and equilibrium tactical
decisions of two competitive SCNs. In real world competition, these decisions are affected by
conservative behavior of participants. To capture these effects, we now discuss the sensitivity
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Figure 4: Supply chain networks, expected demand, and ordered quantities in scenario two (optimal
scenario) of distribution design (d = 0.9).
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Figure 5: The utility obtained by manufacturer 2 in each scenario versus the risk sensitivity of the
manufacturer.

analysis of the expected profit and the utility of each scenario of distribution network with
respect to risk sensitivity of the retailers and manufacturers.

First of all, we investigate the behavior of utility of scenarios, their expected profit,
and demand quantity with respect to risk sensitivity of the manufacturer in the new SC.
For the above solved example, Figures 5 and 6 illustrate how utility of scenarios and
expected profits of the manufacturer in the new SC depend on the risk sensitivity of
the manufacturer, respectively. We know from these graphs that risk aversion behavior
of the manufacturer has a negative impact on his utility from distribution scenarios and
his expected profit. Nevertheless, priority of scenarios remains unchanged by conservative
behavior of the manufacturer. Regarding the little difference between utilities of scenarios
two and three, the manufacturer may be indifferent to the selection of one of the retailers.
Likewise, as depicted in Figure 7, the expected demand quantity from SC 1 decreases as the
risk sensitivity of the manufacturer increases. When it comes to the sale quantities, the dual-
retailer distribution scenario dominates the single-retailer distribution, as the conservative
behavior of the manufacturer is intensified.
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Figure 6: The expected profit of manufacturer 2 in each scenario versus the risk sensitivity of the
manufacturer.
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Figure 7: The expected demand quantity of manufacturer 2 in each scenario versus the risk sensitivity of
the manufacturer.

Figure 8 shows that the risk sensitivity of the manufacturer in the new SC and his
distribution network design have considerable impact on the utility obtained by the rival
manufacturer. Specifically, when the manufacturer behaves excessively conservative, utility
of the manufacturer in the existing SC shrinks. Similar conclusion is drawn from Figure 9;
that is increasing risk sensitivity of the manufacturer in the existing SC reduces the utility
obtained by the new SC’s manufacturer.

Figures 10-13 demonstrate how the utility of the rival manufacturers changes with
respect to conservative behavior of the new SC’s retailers. It is obvious from the graphs
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Figure 8: The utility obtained by manufacturer 1 in each scenario of SC 2 versus the risk sensitivity of
manufacturer 2.
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Figure 9: The utility obtained by manufacturer 2 in each scenario versus the risk sensitivity of manufacturer
1.

that risk aversion behavior of the inactive retailer (e.g., retailer 2 in distribution scenario
2) has no influence on utility of the manufacturers. Nevertheless, conservative behavior of
an active retailer may have a significant effect on optimal distribution design scenario of the
manufacturer. We find from Figures 10 and 12 that when one retailer monopolizes all markets
(scenarios 2 and 3), his conservative behavior decreases utility of his manufacturer. However,
the situation is reversed when two retailers exist (scenario 1); that is, the risk-averseness of
one of the retailers boosts utility of the manufacturer. It is straightforward from Figures 11
and 13 that in all scenarios, the risk sensitivity of one retailer diminishes the utility of the
rival manufacturer.
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Figure 10: The utility obtained by manufacturer 2 in each scenario versus the risk sensitivity of retailer 1
in the new SC.
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Figure 11: The utility obtained by manufacturer 1 in each scenario versus the risk sensitivity of retailer 1
in the new SC.

Now, we conclude the following managerial insights from the sensitivity analyses.

(i) Conservative behavior of the manufacturer would diminish his sale quantity,
expected profit, and utility of all distribution scenarios. Conservatism sounds a
reasonable behavior, if fluctuation of markets demand exerts deleterious effects on
the manufacturer, for example, because of costly changes in production capacities.

(ii) Risk sensitivity of each manufacturer reduces utility of his rival manufacturer.
Therefore, the manufacturers may pretend an excessive conservativeness. Since the
rival may have an incentive to conceal his real CARA and show a more beneficial
CARA, the manufacturer should employ a mechanism to achieve the actual risk
sensitivity of his rival company and avoid overestimating.
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Figure 12: The utility obtained by manufacturer 2 in each scenario versus the risk sensitivity of retailer 2
in the new SC.
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Figure 13: The utility obtained by manufacturer 1 in each scenario versus the risk sensitivity of retailer 2
in the new SC.

(iii) A candidate retailer has the added incentive to reveal low risk sensitivity to the
manufacturer. Since this conduct increases the utility of distribution scenario from
the manufacturer point of view, there is a higher probability for the manufacturer
to contract with the retailer. Thus, the manufacturer should apply mechanism to
obtain actual information concerning risk sensitivity of the candidate retailers and
avoid underestimating.

6. Conclusion

In this paper, an integrated equilibrium model for tactical decisions in network design has
been developed. We considered a decentralized supply chain network operating in markets
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under uncertain demands when there is a rival decentralized chain. The primary assumption
was that two chains provide partial substitutable products to the markets, and markets’
demands are affected by tactical decisions of both chains such as price, service level, and
advertising expenditure. Each chain consists of one risk-averse manufacturer and a set of
risk-averse retailers. The manufacturer in the new supply chain encounters a set of possible
scenarios of distribution design (a set of distribution channels). In each scenario, the active
retailers and a set of markets supplied by each retailer are specified.

The equilibrium values of tactical decisions were computed for each possible
distribution scenario. The manufacturer is then able to choose favorable distribution design
by employing scenario evaluation method. The method was implemented for an illustrative
numerical example, and afterward we mainly discussed the impact of risk sensitivity of
members on expected demand, profit, and utility of each distribution scenario. We realized
that the risk attitude of each candidate retailer and rival manufacturer profoundly influences
the utility of the distribution design scenario to the manufacturer in the new chain. Therefore,
the manufacturer should use a mechanism to estimate the real risk sensitivity of the retailers
and the rival manufacturer.

For future research, this model can be adopted to structuring both rival chains at the
strategic level. In addition, a multiperiod problem in which the tactical problem reiterates
over planning horizon as a repeated game will be very interesting. Multicriteria decision-
making at the strategic or tactical level could also be an interesting extension of the model.
Alternatively, stackelberg equilibrium could be investigated as well when the manufacturer
or his retailer (retailers) has (have) the initiative in decision-making and enforces his strategy
to other party (parties). Finally, this paper considers risk sensitivities of participants in
the rival SC to be common knowledge for decision makers; however, in the real world
competition, there is always a level of uncertainty concerning rival’s behavior. Therefore, one
can extend this model to take account of the rival’s uncertainty.

Appendix

Proof of Proposition 4.1. It is obvious from Hessian matrices Hpg, and H DZZ that utility
functions (4.7) and (4.8), in turn, are concave functions on (m;;, s1j)and (my;, s2;), if B1j > 0
and Bzi > 0, respectively. That is, B; 1’322 > ( guarantee that first-order conditions (A.1)-
(A.4) yield optimal tactical decisions for the retailers. This first-order conditions of utility
functions corresponding retailers and manufacturers, in turn, are as follows:

dug, (75*
ule<‘7rR1j>= Z —D, _ |N'|+2)L Zo_z my; =0, Vie]
omy; q 1jn 1j Ryj 1n 1j ’ ) ’ (Al)
] neNy; neNy;
Vn,i—>D2
oug, (75
# =my; Y, Pu—mys;; =0, Vj€], (A.2)
Sl] neNy;
our, (752
! i —D. D 2 .
o= 2 An | N2k X G Jma =0, viel  (A3)

GN el neNZZ
Vn,j— D1
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~D,
Oug,, <”Rz,->

3 =my >, G —tusa =0, Vi€l (A.4)
S2i Dy /
neEN,;
auMl (.7?]1\)42 >
dw : :Z Z ﬁl?fn N <|N|+21M120%n>(w1—01) =0, (A.5)
1 j€] neNy; neN
Vn,i—>D2

~D,
O, (-71'M1> _ (wi-a) S pu-1=0, (A.6)
aal 2\/& neN

dung, (722
—Ma502M2> =2 2 ﬁi’;—<|N|+2AMZZo§n>(wz—cz) -0, (A7)

i€l penDt neN
Vn,j g D1

~D,
Oupm, <7Z'Mz> _ (w2 - ¢2) an _1=0. (A.8)
b 2y
Dy

From Hessian matrix H, of utility function (4.9) as well as (A.6), we know that (ﬁ'Ml) is
jointly concave on (wji,ay), if Ay, > 0. Similarly, From Hessian matrix Hy, and (A.8),
it follows that upy, (3?11\3422 ) is a concave function on (wy,ap), if Ay, > 0. Consequently,
Ap,, Am, > 0 assure that first-order conditions (A.5)—(A.8) result in optimal tactical decisions
for the manufacturers. The sum of (A.1) for all retailers (j € J) and the sum of (A.3) for all
corresponding retailers (i € I), in turn, yield

DD EEDY <|le| +2MR, 012n>m1j =0, (A.9)
j€J neNy; j€J neNy;
Vn,i— D,

DD EEDY |N§2 +2g, D, 03, |ma =0. (A.10)

Viel penD2 viel neND

Vn,j— D
Subtracting (A.5) from (A.9) and (A.7) from (A.10), in turn, yield

z<|Nu| 2, 3 o%n>mu

je] TLENU‘

1=
<|N| + Z)LMl Z 012n>

neN

+C1,

(A.11)

D, 2
S ( [N2]+ 24k, Z 03, )
Viel neNZZ
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neN

wy = + Cp.
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Therefore, (4.15) and (4.16) follow. From (A.6) and (A.8) along with (A.11), optimal
advertising expenditures (4.17) and (4.18) are straightforward. Furthermore, we can obtain
optimal service levels (4.19) and (4.20) from (A.2) and (A.4). Finally, inserting (4.15)—(4.20)
into first-order conditions (A.1) and (A.3), after some manipulations, gives linear system of
(4.14) and (14). Thus, Proposition 4.1 follows. O

Proof of Proposition 4.2. Optimal quantities (4.22)-(4.25) immediately follow from (A.1),
(A.3), (A5), and (A.7), respectively. Inserting optimal quantity (4.22) and optimal service
level (4.19) into (4.7), we have

2

my.
D} 2 1j 2 .
uR1j<JrR12j)=m’{j |Ny| +2g, D, ot > Bn — Ay mj; > o1, Vi€l

nENlj 2111] nENlj nENlj
(A.12)

Thus, the optimal utility of retailer j is ug,, (ﬁg) = m’l‘j.Blj. Similarly, we can show optimal
utility (4.27) for retailer i in the new SC. Putting optimal quantity (4.24) and optimal
advertising expenditure from (A.6) in utility function (4.9), we obtain

2
~D} * 1 *
Up, (.71'le> = (w; - c1)2<|N| + 20, 2012”> - <§ an> (w? - 61)2
neN neN (A.13)

— )LMl (w1 — C1)2 Z O'lzn .
neN

Therefore, the optimal utility of manufacturer 1 is u, (ﬁ'f,fl) = (wj - cx)? Any,. Optimal utility
of manufacturer in the new SC is straightforward in a similar manner, and Proposition 4.2
follows. O
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