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Electronic Data Interchange (EDI) is an emerging type of standardized inter-organizational
information system. We analyze the impact of EDI on the upstream suppliers’ competitive
position in a simple two-level hierarchical market structure where the buyer faces a linear
demand curve and the competing heterogeneous suppliers have an upward-sloping marginal
cost function. We show that a supplier’s adoption of EDI can generate positive externalities for
the buyer and negative (or competitive) externalities for other suppliers. As a result, the buyer
provides a price premium to those suppliers who adopt EDI and increases their sales volume
and market share. Moreover, when the benefits that the buyer can derive from implementing
EDI are substantial, and the suppliers’ EDI adoption costs are high, it may be in the buyer's
best interest to subsidize the suppliers so as to encourage them to adopt EDI, instead of mandating
them to do so. Regardless of whether the buyer employs a mandatory or a subsidizing policy,
the buyer and the end consumers may be the only ones who gain from this new technology.
Consequently, a partial adoption by the supplier base may be optimal for the buyer when the
suppliers” adoption costs are sufficiently high. We also show that, while EDI reduces the trans-
action costs of the buyer, the upstream market tends to become more concentrated as a result
of increased cost differentials. These results provide one economic explanation of the fact that
many companies have actually reduced their supplier base after implementing EDI, despite a
significant reduction in their market transaction costs.

(Electronic Data Interchange; Competitive Externalities; EDI Adoption; Implementation Policies of
Interorganizational Information Systems)

1. Introduction

Information and communication technologies have
shortened business transaction cycles in virtually every
industry and made time factors more important than
ever before. Fierce global competition has also put a
premium on sharing information among product de-
signers, manufacturers, and distributors. As a result,
companies need to tie the information flow through their
entire value chain, from raw materials and subassembly
purchasing, R&D, and manufacturing to distribution,
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marketing, and after-sales product support (Cash and
Konsynski 1985, Clemons and McFarlan 1988, Gur-
baxani and Whang 1991). The establishment of inter-
organizational information systems (10S) (Barrett and
Konsynski 1982) enables trading parties to be more re-
sponsive to a dynamic business environment by pro-
viding timely information sharing. An organization’s
information system is thus no longer merely a com-
puting device for facilitating internal information pro-
cessing activities; it is emerging as a crucial means of
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facilitating business strategies. Successful applications
of information technology in achieving competitive
gains are abundantly documented in the business press
and the academic journals, including the dramatic suc-
cess of American Airline’s SABRE (Hopper 1990),
American Hospital Supply’s ASAP (Runge 1988, Corey
1985), and McKesson Drug’s Economost and Econotone
(Corey 1985, Clemons and Row 1988).

Electronic Data Interchange (EDI) provides the com-
mon platforms by which trading partners can perform
inter-company, computer-to-computer exchange of busi-
ness documents in standard formats (Hinge 1988). EDI
systems provide such widely cited benefits as reductions
in paperwork, personnel and inventory costs, order lead
time, and data errors (Carter and Fredendall 1990,
Computerworld 1986, Datamation 1990, Davis 1989,

. Emmelhainz 1990, Hinge 1988, Kelleher 1986, Soko!
1988, Stern and Kaufmann 1985). Indeed, EDI can help
reduce inventory overhead and speed products to the
marketplace. Consequently, establishing EDI links be-
tween trading partners may have a significant impact
on firms’ inventory policies and manufacturing prac-
tice (Bakos 1990, Powell and Pyke 1990). Kekre and
Mukhopadhyay (1990) investigate the effects of EDI
transactions on the inventory, product quality, and lead-
time performance of 65 outside suppliers dealing with
one of the major steel producers in America. Their find-
ings highlight EDI’s ability to synchronize manufactur-
ing and mitigate the negative impacts of process un-
certainties.

The rapid deployment of EDI and its well-
documented impact on the manufacturing world raise
many important managerial issues. Should a major
buyer such as WalMart (Schiller 1992) mandate its

~ suppliers to adopt EDI, or should it provide some in-
centives through subsidies in order to encourage its
suppliers to adopt EDI voluntarily? In this paper we
attempt to answer these questions through a simple two-
level hierarchical model with one buyer and a number
of heterogeneous competing suppliers.

The recent paper by Riggins et al. (1991) develops a
novel model of network externalities with competing
participants. The authors model the users’ willingness
to pay for participating in the network by a U-shaped
willingness-to-pay function that depends on the number
of other network participants. This approach extends
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the line of research exploring the “critical mass” and
“start-up” problems of networks (see, e.g., Markus
1990; Oren and Smith 1981; Rohlfs 1974). All these
studies assume that the identity of a particular user has
no impact on other users’ willingness to join a com-
munication network; only the total number of partici-
pants matters, and typically an individual’s willingness
to join is increasing in proportion to the number of par-
ticipants (i.e., the system exhibits positive externalities).
For many EDI networks, however, the participants are
either trading partners or competitors, and therefore the
identity of the participants plays a critical role in deter-
mining any individual firm’s willingness to join. In our
model we explicitly recognize the possible heterogeneity
of suppliers due to both productivity and the sophisti-
cation of their in-house information systems. Thus the
suppliers’ willingness to pay for participation is endog-
enous and depends on trading quantities and prices,
EDI implementation costs, and the number and identity
of participants. In our model each supplier’s willingness
to join is explicitly derived from its net gains in doing
so, given the structure of the new competitive environ-
ment it would enter. As a result, we are able to examine
how the buyer should optimally recruit its electronic
trading partners as well as the impact of EDI on sup-
pliers’ market share and profitability.

The plan of our paper is as follows. We formulate
our model in §2 and derive the suppliers’ initial up-
stream market structure in the absence of EDI technoi-
ogy in §3. Using this initial market structure as a bench-
mark enables us to examine the effects of EDI technol-
ogy. The positive and negative effects of EDI on the
trading partners are studied in §4. Section 5 evaluates
two policy options for the buyer, namely financial sub-
sidies and mandatory adoption of EDI. In §6, we sum-
marize our main research results and discuss potential
extensions. Appendix A summarizes the major nota-
tions, and Appendix B contains all the proofs of the
theorems.

2. The Hierarchical EDI Model

In this section we introduce our model and use it to
evaluate potential externalities caused by the introduc-
tion of EDI. We focus on a hierarchical model consisting
of one buyer and n suppliers, 5;, i EN = {1,..., n}.
These n suppliers produce a homogeneous intermediate
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Figure 1 The Basic Industry Structure Studied
Consumers
Buyer
Supplier 1 e . . Supplier n

product used by the buyer to produce a final product
for sale in the market; see Figure 1. We assume the
buyer is the sole buyer of the intermediate product pro-
duced by these i1 upstream suppliers."

The buyer may be a monopolist possessing a patented
technology that is essential in producing the final prod-
uct, or a regional monopolist offering a differentiated
product in an oligopolistic market. For simplicity, we
assume that the buyer is a monopolist with no short-
term threat of entry into its market and faces a linear
(inverse) demand function.?

ASSUMPTION 1. The consumers of the final product
have an aggregate inverse demand function: w(x) = a — br,
where x is the number of units consumed and a and b are
some positive real numbers.

Prior to the introduction of EDI, the buyer and the
set of n suppliers are assumed to have a well-established
buyer-supplier relationship. This condition is typical in
industries such as automobile and computer hardware
manufacturing, which rely on a large number of sub-
contractors. Although we assume the buyer plays a
dominant role in this buyer-supplier relationship and
knows each supplier’s cost function, we do not assume

' Even if the buyer is not the suppliers’ sole buver, it may be their
most important customer, and it therefore would have most of the
bargaining power. This phenomenon is not unusual, for example, in
the retail industry (Schiller 1992).

* The reasons for the buyer’s ability to persistin its monopolistic power
through R&D and the patent system are beyond the scope of our

paper. Readers interested in this aspect should consult Leininger (1991)
and the references therein.
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it possesses all the bargaining power required to extract
all the suppliers’ profits. For simplicity, we restrict the
buyer’s bargaining power by assuming that it can only
quote a linear purchase price for the intermediate prod-
uct to each supplier.® Given the prices quoted by the
buyer, each supplier determines the quantity it is willing
to supply. That is, the buyer can only offer a fixed unit
price, p;, which is the same for all units purchased from
supplier S;. Of course, p; can be different from p; for j
#1.

We assume that the quality of the intermediate prod-
uct delivered and the timeliness in fulfilling the buyer’s
orders are the same across all suppliers. For expositional
convenience, we make the following simplifying as-
sumption regarding the suppliers’ production cost
functions:*

ASSUMPTION 2.  Each supplier S; has a common
knowledge cost function, c(x,,v,) = ¢(v,)x? + vyx;, with
&(vi) > 0 forall i € N, where x; = the quantity of inter-
mediate product produced by S;, ¢(v;) =a strictly increas-
ing function with v, parameterizing supplier S;’s produc-
tivity, and v = some nonnegative real number character-
izing the suppliers” basic technology. Without loss of gen-
erality, we index the supplicrs in ascending order of v,’s
(ie., v =025 -++ =0,).

The suppliers are assumed to have the same produc-
tion technology exhibiting diseconomies of scale, but
they are heterogeneous with respect to their productiv-
ity. The diseconomies of scale in producing the inter-
mediate product incorporate the suppliers’ limited

? Our pre-EDI solution represents the “quasi-competitive” equilibrium
in an oligopolistic supplier market (Henderson and Quandt 1980, p.
200). Moreover, if the buyer is able to offer nonlinear price schedules,
it can extract all the suppliers’ profits. In this circumstance, the only
feasible policy for the buyer is to subsidize all the adoption costs of
its electronic trading partners. For this case, we can nevertheless an-
alyze the impact of EDI on the suppliers’ market shares.

! Although the assumed cost function seems to be restrictive, it can
approximate a wide range of production technologies. For example,
by setting y = 0, we can consider the suppliers’ production cost func-
tion as a result derived from the generalized Cobb-Douglas production
technology; see, e.g., Varian (1984). Assumptions 1 and 2 together
allow us to give a fuller exploration of the problem analytically. After
performing many numerical experiments, we expect most of our main
results to hold with more general demand and production cost func-
tions.
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capacity, since it is not unusual for a manufacturing
svstem to vield a higher defect rate and experience ex-
cessive queueing delays or inventory buildup as the
production rate approaches its capacity.

The buyer is assumed to have a constant return to
scale technology to transform one unit of the interme-
diate product into one unit of the final product; without
further loss of generality, this production cost is nor-
malized to zero. Implementing EDI can provide the
buver with many operational benefits. These include
higher processing speeds for issuing orders, integration
of time-critical business processes, reduced safety stocks,
and an increase in the accuracy and efficiency of logis-
tical operations (Kreuwels 1992).

AsSUMPTION 3. By installing an EDI system, the buyer
realizes an operational savings of 8 for cvery unit of the
intermediate product purchased .

All other production-related costs of the buyer are
normalized to zero without further loss of generality.
This assumption implies that the direct benefits of im-
plementing EDI accrue solely to the buyer. Suppliers’
adoption of ED1 will thus generate positive externalities
to the buver. This approximates the fact that the benefit
from implementing EDI increases with transaction vol-
ume (Hinge 1988). As will be shown later, the suppliers
installing EDI can also benefit indircctly from it. Their
benefits include a larger quantity purchased and a higher
unit price paid by the buyer.

Moreover, if supplier S; adopts EDI, we assume that
it will incur an EDI adoption cost of ¢; for each period.
This cost includes security and syntax control, network
services, file translation from the EDI to the in-house
format, etc. Depending on the capability of their in-
house information system function, the suppliers” EDI
adoption costs can vary greatly. The buyer will also
incur some costs from implementing ED], since the de-
velopment and maintenance of special translation soft-
ware to interface with a trading partner’s proprietary
format can be costly (Kelleher 1986; Leinfuss 1990).
Yet the complexity of managing and maintaining an
additional protocol is roughly the same regardless of
the volume of the traffic supported by that protocol. As
aresult, we assume that the buyer’s EDI implementation
cost is an increasing, weakly convex function of the
number of EDI-linked suppliers but independent of the
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identity of the suppliers. Let e,(m) denote the buyer’s
cost per period for implementing EDI when there are
m suppliers transacting electronically with it through
EDI. The following assumption summarizes the costs
related to implementing EDL

AssumpTION 4. The cost associated with adopting EDI
for supplier S; is ¢;, i € N, per period. The buyer's cost
function for supporting electronic trading with m suppliers
through EDI is ep(m), which is assumed to be increasing
and iweakly convex.

3. The Pre-EDI Supplier Base

This section derives the economically optimal pre-EDI
supplier base, given our restriction on the buyer’s bar-
gaining power. The resulting market structure serves as
a benchmark for facilitating our later analysis of the
effects of EDIL. The buyer’s initial supplier base, N, is
assumed to be a result of the buyer’s optimization.

In our model, there are two levels in the hierarchy of
decision making—one leader, the buyer, and a set N of
followers, the n competing suppliers. Since the buyer
plays a dominant role in this buyer-supplier relation-
ship, we derive the initial supplier base in the Stack-
elberg fashion. That is, the buyer has the market power
to commit to a certain procurement rule and the sup-
pliers can only respond to it. (See Basar and Olsder
1982 for more details on solution concepts of a hier-
archical nature.) Recall that the buyer can only offer a
linear price schedule. Given p;, the price offered by the
buyer, supplier §; is in fact facing a constant marginal
revenue function p,, and thus §;’s profit is:

m(pi, vi) = max {pixi —c(xi,vi)}.  (3.1)

From the first-order condition, it is clear that supplier
Si's supply function

((p,, vy = =X
Yipio vi) =2
and thus
- 2
i = Sy

Given the n supply functions, x; (p;, v; ), and the con-
sumers’ (inverse) demand function, w(x), the buyer
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determines the optimal prices to quote, or equivalently
the quantities to purchase. Thus, the buyer’s profit is

N*V)= max {xw(x) - é HUpi(xi, w) + 6051},
n20iEN

i=1
(3.2)

where V = (v,, .. ., v,) is the suppliers’ productivity
profile, and x = T, x; . It is clear that from Assumptions
I and 2 an interior solution to (3.2) exists if a — y — 0
> 0, or if the demand for the final product is strong
enough. Assume this is the case; then the following
first-order conditions are necessary and sufficient to
characterize the buyer’s optimal quantity purchased
from each of its suppliers:

dw(x®)

0=1w(x")+x°"
w(x") + x PR

pi(x?, v
——p%;—)x? —pi(x), ) -y -9

=a-2bx° - 4¢(v,)x! —y -0 VIiEN, (3.3)

where x” = I1., x?. Since x; = (p; — v)/26(v;), the
optimal prices quoted by the buyer are identical across
suppliers:

a+y—0-—2b"
2

Pe(x%) = p°(x°) =

for all i € N. At the optimum, the buyer's marginal
rates of substitution among quantities supplied by all
suppliers must be the same. Although the prices are the
same across all suppliers, the higher the v,, the smaller
the quantity 5; will supply. Since

" 0 _ o _
x=z}’(1) Y _ (p(x) 7)‘1’,
i 20(v:) 2
where ® = 21, ¢(v;)”", the price that can support the
quantity x is p°(x) = 2x/¢® + v, and then from (3.3)

we can write the buyer’s marginal cost function as a
function of x:

(3.4)

MCo(x) = 46(v;)x} + v + 6= 4x/d + vy + 6. (3.5)

Because of the typical (short-run) diseconomies of scale
in the suppliers” production technology (Varian 1984),
the unit price of the intermediate product will be higher
if the buyer wants to purchase more, and therefore both
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p(x)and MC°(x) are upward-sloping as shown in Figure
2. Letting MR(x) denote the buyer’s marginal revenue
function: a — 2bx, then (3.3) reduces to the simple op-
timality condition: MR(x) = MC®(x), or

4>
a—2b:c=j$+-y+0. (3.6)
So the total amount purchased by the buyer is
Pa-v-0)
o\ vV Y
2(2 + bd) (3-7)
and the optimal quantity purchased from supplier S; is
—y—6
W= — Y (3.8)

T 26(u)(2 + b2)

Figure 2 shows the interaction among MR(x), MC"(x),
pn(x)l and pi (x:).

Note that x! depends on the shape parameters of the
consumers’ demand function, a and b, on the buyer’s
potential savings, 8, and on the supplier’s productivity
function, ¢(v;). However, the suppliers’ market share
0o X0 _ B!
MS? = R (3.9)
depends solely on the suppliers’ productivity profile, V.
Thus, if we view ¢(v;) ! as theindex of S;’s productivity,
the market share of S; is simply the fraction of the ag-
gregate productivity of all suppliers. Furthermore, we
can show that the profits of S; and the buyer are

Figure 2 Schematic of the Pre-EDI Stackelberg Equilibrium
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0 = (a — v~ 0)1
b4(m)(2 + b9)?
_¥a—y-0)

4(2 + bd)

and (3.10)

n° (3.11)

respectively.

4. The Effects of EDI

We seek in this section to derive the optimal set of sup-
pliers that the buyer should request (or possibly force)
to adopt EDI. However, before doing that, we first study
the impact of EDI in a case with m suppliers who have
already adopted EDI. We then define the subset of sup-
pliers who have adopted EDI as the adopters and the
remaining suppliers as the non-adopters. Our analysis
of the effects of EDlis done in two stages. The first stage
(§4.1) ignores the EDI costs of both the buyer and the
suppliers and analyzes a network having m arbitrary
adopters, m € {1, ..., n — 1]. This stage serves as a
benchmark case for facilitating our study of the impact
of EDI adoption costs. In the second stage (§4.2), we
reintroduce the EDI adoption costs and investigate the
buver’s two ED] implementation policies, namely the
mandatory policy and the subsidizing policy, for selecting
the optimal subset of suppliers to participate in its EDI
program.

4.1. Partial Adoption with m Arbitrary Suppliers
Letting the subset of suppliers M C N be an arbitrary
set of adopters, and letting the complementary set, |
= N\M, be the set of nonadopters, then the buyer’s
profit from production is:

(M, V) = max [.\'w(x) - 2 pixi, v
xAEM €M
X i€l

-2 Ipi(x. v) + 0].1',-] . (4.1)
i€l v

where again p;(x;, v;) = 2¢(v;)x; + v. For expositional
simplicity, we assume that a is sufficiently large that the
buyer will still be willing to buy from a supplier even
when it is the only non-adopter (unless the buyer em-
ploys a mandatory policy, as will be discussed in §4.2).
Formally, we make the following assumption:

406

ASSUNMPTION 5. 2(a— v — 0) - b6® > 0.

Given Assumption 5, the buyer’s problem (4.1) has
a unique interior solution given by the following first-
order conditions:

0=a-~2bxN — 4¢(v;))x{ —vy ViEM,  (4.2)

0=a—~2bx~ — 4g(v)x —vy -8 VjE], (4.3)

where the superscripts ‘e’ and “'ne”” denote adopters
and non-adopters, respectively. The first-order condi-
tions (4.2) and (4.3) imply that the same price p* should
be paid by the buyer to all the adopters, that the same
price p™ should be paid to all the non-adopters, and
that p* — p™ = 0 /2. Thus, following the introduction
of EDI, the buyer is willing to offer a price premium of
/2 to the suppliers who adopt EDIL
Expressing p° as a function of x:

2x  8p/

we get the buyer’s aggregate marginal cost function:

4x + 09!
MC¥(x; M, V) = —5—5— +,
where & = T, ¢, ¢(v;)"'. From (4.4) and (3.5), we get
the optimality condition:

(4.4)

MR(x) = MC¥(x; M, V)

o(® - ¢

= MC'(x) — g

(4.5)
Thus 6(® — &)/ @ is the positive externality effect of
EDI on the buyer’s marginal cost. Figure 3 gives the
pictorial representation of the current case. It is easy to
show that the total quantity purchased by the buyer is

(a—y)® - 6%’

MM, V) = 2(2 + b®)

(4.6)

so the optimal quantities purchased from an adopter $;
and from a nonadopter §; are

2(a — v) + bo®’
4¢(v;)(2 + b®) ’

2(a =y —6) — bo(d — &)
4¢(v,)(2 + b®) )

x{(M, V)= 4.7)

(M, V)= (4.8)
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Figure 3 The Case of Partial Adoption with m Arbi‘trary Suppliers,

Where x Is the Smallest Total Quantity Purchased by the
Buyer Such That x> 0. vjeJifx > x
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respectively. These results show that both the total
quantity purchased by the buyer and the quantity sup-
plied by an adopter increase while the quantity supplied
by a non-adopter decreases. As a result, the market share
of every non-adopter is unambiguously reduced. Further
notice that the purchase prices from both subsets of
suppliers, and the quantities purchased, decrease as
more and more suppliers adopt EDI. However, the fol-
lowing theorem shows that the incremental quantity
purchased from a supplier who adopts EDI is indepen-
dent of the number of adopters existing in the network.

THEOREM 1. The incremental quantity that the buyer
will purchase from an arbitrary supplier, S,, if it adopts
ED1, is independent of the number of existing EDI adopters.
Furthermore, the incremental quantity is decreasing and
convex in v,. (All proofs can be found in Appendix B.)

From the second part of the theorem, we see that the
adoption of EDI has a greater impact on the quantity
sold by a supplier if the supplier is more productive.
From (4.6)-(4.8), it is easy to see that the relative mar-
ket share between the adopters and the non-adopters
now depends not only on their relative productivity but
on the number of EDI adopters as well. As the number
of adopters increases (i.e., as $/ becomes smaller), non-
adopters need more efficient production to keep pace
with the adopters.

MANAGEMENT SCIENCE/Vol. 41, No. 3, March 1995

The profit from production for the adopter §; is:

. _[2(a = v) + b8®')?
MY = o2 + ba)?

(4.9)

and the profit from production for the nonadopter §; is:

[2(a — v ~ 6) ~ b6($ — &))]?

W;'I.(M, V) = 16¢(1’,)(2 + bd))z

(4.10)

Clearly »¢ (M, V) is increasing and convex in 6, and
(M, V) is decreasing and convex in . We also see
from (4.9) and (4.10) that, for any supplier 5;, i €M,
its profit decreases as more suppliers adopt EDI, since
&' decreases with M. Similarly, for any supplier S;,
j € ]. its profit also decreases as more suppliers adopt
EDI. Thus, regardless of whether a supplier is an adopter
or not, its profitability depends critically on its relative
productivity as well as on the number of adopters. In
particular, if a supplier adopts ED], it inflicts some ex-
ternal penalties on all other suppliers in terms of profit
reduction. We call this type of externalities “‘competitive
externalities”” caused by the suppliers’ adoption of EDI.
The following theorem characterizes the effect of com-
petitive externalities on the suppliers’ profit.

THEOREM 2. The production profit of an arbitrary
adopter decreases monotonically with respect to the number
of adopters; similarly, the production profit of an arbitrary
non-adopter also decreases monotonically with respect to
the number of adopters. However, the production profit
for an arbitrary supplier when no suppliers adopt will be
smaller than that when every supplier adopts.

Let
{wf(M, V), x*(M,V):ME 2"}

be the “production profit structure” of the upstream
industry. Of course, if all the suppliers have the same
productivity, the profit structure only depends on the
number of adopters and is decreasing and convex in
the number of adopters. This type of profit structure
arises naturally in the environment that we study. It is
similar to the profit structure typically assumed in the
literature studying externalities of information goods
(see, e.g., Muto 1986, Muto and Nakayama 1988, Na-
kayama and Quintas 1988a, 1988b).

Our results show that the non-adopters lose their
competitive position very rapidly if: (a) there is a large
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set of adopters (a large M), (b) the consumers’ demand
is very elastic (a large b), or (c) the EDI results in a
significant reduction of the buyer’s cost (a large savings,
6). Figure 4 illustrates the differential effect of compet-
itive externalities on a supplier’s profit when it is an
adopter and when it is a non-adopter. Apparently, in
the costless adoption case, the supplier’s profit from
production with full adoption (m = 10} is greater than
that with no adoption (m = 0). Thus, if adopting EDI
is costless, full adoption is the unique equilibrium.
However, as we discussed earlier, adopting EDI may
involve a substantial amount of investment on an on-
going basis. Furthermore, a supplier should also consider
the competitive externalities caused by other suppliers’
adoption of EDI. Each supplier thus faces a situation
where the tradeoff between the cost associated with
adopting EDI and the competitive position it may lose

by not adopting ED] must be evaluated. In the following

theorem we show that, as more and more suppliers
adopt EDI, the incentive for a non-adopter to adopt
reduces, and that adoption by a supplier with low pro-
duction costs will have a larger negative impact on other
suppliers” willingness to adopt.

THEOREM 3. For a particular supplier S,, its production

profit increment from adopting EDI decreases as the number
of adopters increascs.

Figure 4 An Example of Theorems 2 and 3 with Ten Suppliers
(IN! = 10). Where the Supplier's Profit Functions Are Pa-
rameterized by the Number of Adopters m
*1(2) - xPe(1) .
Profit riim)
from
Production
for
‘:."”"" T
) L
acawl
em) x(8) — %} (7)
1 2 3 « 3 € 7 8 [] i0
m
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The incremental profit from adoption is delineated
by the vertical lines in Figure 4. These lines get shorter
as m increases. In other words, a supplier’s marginal
incentive for adoption decreases as more and more other
suppliers adopt EDI. Although many firms view EDI as
a service and productivity-enhancing tool, these ad-
vantages can be rapidly eroded by others offering similar
services (Stern and Kaufmann 1985).

We next examine the impact of suppliers’ adoption
on the buyer’s profit. The following theorem shows that
the buyer’s profit II(M, V) increases as more suppliers
adopt EDI; however, the marginal increment in the
buyer’s profit from adding a particular supplier is di-
minishing.

THEOREM 4. The marginal contribution to the buyer's
profit for a particular supplier’s adoption is decreasing in
the number of adopters. Consequently, if the buyer adds
the suppliers into its EDI program in descending order of
their productivity (i.e., increasing in v;’s), its profit is in-
creasing and concave in the number of adopters.

Theorem 4 states that it is best for the buyer to have
all suppliers participate in its ED] program. However,
when the buyer will incur some costs for each additional
EDI adopter, it may not be in the buyer’s best interest
to have all suppliers participate in its program. Fur-
thermore, we have shown above that adoption by a

~supplier with low production costs can have a larger

impact on the buyer’s profit, so that the buyer will prefer
EDI adoption by the most productive suppliers. On the
other hand, it may not be in the best interest of a high
productivity supplier to participate if its cost of adopting
ED!I is sufficiently large. Given these complex interplays,
we need to further investigate the buyer’s potential im-
plementation policies. -

4.2. Recruiting Electronic Trading Partners: The
Buyer’s Decision Problem

We know from Theorem 4 that the buyer’s gross profit
will monotonically increase as more and more sup-
pliers are recruited, and that the buyer would prefer re-
cruiting the most productive suppliers. Letting M(n1)
= {1, ..., m}, the following theorem gives the nec-
essary and sufficient conditions for maximizing the
buyer's profit without accounting for the suppliers’
adoption costs.
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THEOREM 5.  The buyer's maximum profit is achieved
if and only if the set of adopters is M(m*), where

m* = al;g max} I(M(m), V) — e (m)}.

We call II(M(m*), V) the buver's unconstrained max-
imum profit. This theorem simply states that the buyer
prefers to add the suppliers into its network in ascending
order of ¢(7,)’s until the marginal benefit exceeds the
marginal EDlimplementation cost. However, [I(M(m*),
V) may not be achievable in general, since it may not
be in the best interest of the suppliers S;, i < m*, to
adopt if their adoption costs are sufficiently large. For
example, a recent industrial survey found that recruiting
electronic trading partners is often the most costly ele-
ment when a company begins instituting an EDI pro-
gram (Clark 1990).

To help evaluate the buyer’s recruiting policies, we
assume the following sequence of actions by the buyer
and the suppliers:

1. The buyer commits itself to an EDI implemen-
tation policy and determines its new supplier base and
the set of suppliers who should adopt EDI based on
that policy.

2. The buyer announces its policy and the adoption
decision that each supplier remaining in its supplier base
should make. 4

3. Each supplier remaining in the supplier base then
decides individually whether or not to adopt EDI.

4. Following on the suppliers’ adoption decisions,
the buyer determines the optimal quantity to be pur-
chased from each supplier and the corresponding price.

The suppliers make their adoption decisions individ-
ually. Also note that the buyer makes its purchase de-
cisions based on the realized adoption decisions of the
suppliers remaining in its supplier base. Consequently,
in order for any policy to be effective, the buyer must
present a self-enforcing policy for all the selected elec-
tronic trading partners, so that a supplier will have no
incentive to deviate from the buyer’s recommendation
if all other suppliers do not. It is reasonable to assume
that the buyer can refuse a supplier’s voluntary adoption
if it is not among the set of selected suppliers. For ex-
positional convenience, we normalize all the suppliers’
opportunity costs to be zero; suppliers will drop out of
the buyer's supplier base if and only if they will incur
a loss.
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We first analyze a mandatory adoption policy. Here
the buyer simply mandates that all suppliers wishing
to remain in its supplier base adopt EDL Of course, a
supplier who cannot make a positive profit after adop-
tion will voluntarily drop out of the buyer’s supplier
base. We then studv the subsidizing adoption policy.
In this case the buyer provides subsidies to certain sup-
pliers to offset part of their adoption costs.

4.2.1. Mandatory Policy. The mandatory policy
can be effective only if the buyer refuses to purchase
from the suppliers who are unwilling to adopt EDI. For
example, assume that N is the supplier base determined
by the buyer and that all suppliers have decided to con-
form to the buyer's decision to adopt EDI except S,.
Then, if

(N, V)y—¢ < (N\{r}, V),

S, will not adopt EDI unless the buyer can refuse to
trade with 5,.

Under the mandatory policy, the buyer’s net profit
is:

max ] I1/(M, V¥) = e, (1 M)} (4.11)
ae2n
subject to
| (M, VM) —e,20 VIiEM, (4.12)

where the superscript “f" denotes the mandatory
policy, V¥ is the productivity profile of the set of M
adopters, and I1'(M, V*') and x[ (M, V™), respectively,
are the buyer’s and supplier 5,s gross profits when the
buyer's supplier base consists of a set of M adopters.
Constraints (4.12) keep suppliers from incurring a loss
after adoption.

A mandatory adoption policy can be effective if the
suppliers’ profits are sufficiently high- and/or their
adoption costs are sufficiently low. When the suppliers’
EDI adoption costs are substantial, they may completely
offset the profit of these suppliers, and the buyer may
be forced either to give up its EDI plan or to provide
subsidies to reduce the suppliers’ adoption costs. ,

4.2.2. Subsidizing Policy. In this subsection, we
will show that, even when the buyer has the ability to
make a credible commitment not to purchase from those
suppliers who refuse to adopt ED], it may not be in the
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buyer’s best interest to mandate adoption. Instead, the
buyer may be better off providing sufficient incentives
(or subsidies) to attract certain suppliers. In reality, we
find cases where large firms subsidize their small trading
partners for the cost of implementing EDI, at least at
the pilot phase (Kelleher 1986; Klein 1992).

We denote by s,(M, V) the buyer’s subsidy to 5, when
the set of adopters is M. To successfully employ a sub-
sidizing policy, the buyer must make the selected sup-
pliers at least as well off as when they do not adopt
(i-e., the subsidizing structure must be “incentive com-
patible”). For any supplier 5, that belongs to the set of
selected suppliers, M,

(M, V)—e +5(MV) ="M\ {r}. V),

the suppliers’ adoption decisions must be “self -enforcing.”
Thus, with the adopters’ profits decreasing in the num-
ber of adopters, if the buyer provides a subsidy to a
particular supplier, say. S,, r & M, the profit of all sup-
pliers, S;, Vi E M, will be reduced from ={ (M, V) to
(MU |r}, V). Consequently, in maintaining “in-
centive equity’’ when providing subsidies to the sup-
pliers with high adoption costs, the buyer must assure
that all other selected suppliers will not drop off because
of the competitive externalities. Therefore, when using
a subsidizing policy, the buyer’s problem in recruiting
its electronic trading partners is:

max{H(M,V)-c,.(IMI)— > s,-(M,V)] (4.13)

Me2N ieM

subject to

Ti(M, V) = wF(M\{r}, V)

—e, +5(M, V)20 YIEM. (4.14)

Letting M* be the optimal set of adopters under this
policy, the buyer’s selection of the suppliers for imple-
menting EDI is subsidy-free if and only if

1:(M$l V) —‘n':-"‘(M‘\{i}, V)—e =0

for all i € M*, i.e., if and only if it is in the best interest
of all the selected suppliers to adopt even without being
subsidized. When full selection is subsidy-free, the
buyer can simply request all its suppliers to participate
in its EDI program, and conforming to the buyer’s re-

410

quest is also the best response for every supplier if all
other suppliers conform. This situation is more likely if
the EDI costs (ex(-) and ¢;’s) are small or the benefits
to be derived from EDI are sufficiently large.

For the partial selection case, subsidy-free implemen-
tation requires:

n(M*, V) - IIMA\ {i}, V)
= e (IM]) — en(| M*| = 1) ViEM’, (4.15)
m(M* U {j}, V) - TI(M*, V)
<e(I M|+ 1) —a(IM*]) VjEN\M*, (4.16)
(M5, V) = a (ML), V) = ¢ VIEM'. (4.17)

The inequalities (4.15) and (4.16) simply say that
the set of selected suppliers, M*, gives the buyer its
unconstrained maximum profit if the implementation is
subsidy-free, while the inequalities (4.17) say that the
implementation is indeed subsidy-free. This situation is
likely to occur when the buyer’s marginal implemen-
tation cost is very large and the suppliers’ adoption costs
are very small, so that, even though there are some
suppliers who are willing to adopt EDI without being
subsidized, the buyer does not want them to adopt be-
cause of its high marginal cost to add them. When partial
selection is subsidy-free, the buyer may have to restrain
certain suppliers from adoption if there is some unse-
lected supplier S; & M* such that

RMFU{j), V)= 7 (M%, V) > ¢, (4.18)
oMU {j}, V) - I(M*, V)
<e(IM?*] + 1) — (| M*)). (4.19)

Although supplier S; is willing to adopt EDI without
being subsidized, due to the supplier's high marginal
cost, the buyer is better off omitting 5; from its EDI
program.

When partial or full selection is not subsidy-free and
the buyer’s marginal profit that can be derived from a
particular supplier's adoption is sufficiently high, the
buyer will be better off providing explicit or implicit
subsidization to that supplier in order to encourage its
adoption. For instance, when

x{j). V) —wd(V)— <0 VjEN, (4.20)
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but there is a supplier S; such that
({i}, V) = TI° - e,(1)

>e —(xi({i}, V) - =), (4.21)

the buyer can get a strictly positive improvement on its
profit by subsidizing S; by an amounte; — (x{({i}, V)
— n7) to encourage adoption.

As we can see, deriving the optimal solution for either
the mandatory policy or the subsidizing policy involves

solving a nonlinear 0-1 integer programming problem,

and therefore the problems are intractable in general.
For purposes of exposition we focus in the next section

on a special case, where all suppliers have the same
productivity.

5. A Special Case: Suppliers with
Identical Productivity

In this section we study a case where ¢ = ¢(v*) = &(v;)
for all i € N. Since all suppliers have the same produc-
tivity and & = n¢ ', we can parameterize all the vari-
ables by the number of adopters, n1. From Theorem 4,
II(m)is strictly increasing and concave. We first consider
the case where the buyer employs a subsidizing policy,
and then turn to the case where the buyer uses a man-
datory policy.

Subsidizing Policy. Since all the suppliers have the
same productivity, we can omit the subscripts from the
suppliers’ profit functions and, without loss of gener-
ality, index the suppliers by adoption costs in ascending
order, ie, e, < e,- -+ < g,. Letting Ax(m) = = (m)
—x"(m — 1), thenif Ax(m) ~ e, 20, Ax(m)—¢; 20
for all i < r. Note that the price offered by the buyer to
(and therefore the quantities purchased from) S, de-
pends on the total number of adopters and whether or
not 5; is among these adopters, but is independent of
the subsidies. Further observe that if the buyer wants
to induce a “marginal” supplier, say S,.,, to adopt, it
is optimal for the buyer to subsidize S,,., by an amount
ew+1 = Ax(m + 1). Of course, the buyer also must sub-
sidize S; by an amount ¢; — Ax(m + 1) for all i < m if
An(m + 1) — ¢; ever becomes negative. Consequently,
when there are m selected participants, the subsidy to
supplier S; is:

si(m) = max{0, e, — Ax(m)}, (5.1)
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and the total subsidy equals s(m) = T, s;(m). Then
the buyer’s optimal subsidizing policy can be obtained
by solving:
max { [i(m) — s(m) — e,(m))}. (5.2)
meEN
Because I1(m) is increasing, concave, and e,(m) is in-
creasing, weakly convex, (5.2) is concave if s(m) is in-
creasing, weakly convex. The following theorem shows
that s(m) is indeed increasing and weakly convex.

THEOREM 6.  If all suppliers have the same productiv-
ity, the total required subsidy s(m) is increasing and weakly
convex in m, the number of adopters.

From Theorem 6 we know that (5.2) is concave in
m, and therefore solving the buyer selection problem
amounts to finding the largest index m; < n such that

All(m,) — Aep(my) = As(m,y), (5.3)
where

All(m,) = IN(m,) - I(m, — 1),

Aep(my) = e (m,) ~— en(m, — 1), and

As(m,) = s(ny) — s{(m, — 1),
Hence the optimal set of adopters that the buyer should
select is m* = min{m,, n}.

Mandatory Policy. 1f the buyer uses the mandatory

policy, only the suppliers who are willing to participate
in EDI can remain in its supplier base. Under a man-

datory policy with a supplier base of size m, itis readily
verified that the suppliers’ and the buyer’s profits are

__(a=q)?

</ (m) = 46(2 + bmg")?’ (5-4)
— w2

nl(m) = _m(_a_l)__ .(5'5)

4(2¢ + bm)’

respectively. Itis obvious that x/(m) is strictly decreas-
ing, convex, and that I1/(m) is strictly increasing, con-
cave. Again, since we index the suppliers by their adop-
tion costs in ascending order, supplier S, would not
drop out of the buyer’s supplier base if and only if

(a —)?
4¢(2 + bmg~1)?

=e,.
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Letting n1, denote the largest index such that the above
inequality holds and letting m, denote the largest index
such that AT/ (m) > Ae,(m), then the buyer’s optimal
mandatory policy is to force all suppliers §;, i < m/, to
adopt EDI, where m/ = min{m,, m,}.

5.1. A Numerical Example )
To illustrate this special case, we present a case of seve
competing suppliers (n = 7) with: w(x) = 20 - x, ¢

=1,4=0,60=2, and ¢,(m) = m. The sorted vector of
suppliers’ adoption costs (¢;’s) is:

(1,1.2,14,14, 1.6, 1.8, 2). (5.6)

The relevant decision quantities as a function of the
number of adopters n are shown in Table 1.

It is clear that #“(7) > = ""(m) for all m and that I1(m)
is increasing and concave. Thus, if all the suppliers’
adoption costs are less than Ax(7), full adoption will
occur and this outcome is beneficial to all the parties,
since AII(7) < 1. When the suppliers’ adoption cost
profile equals (5.6), full adoption will not occur unless
all the suppliers are subsidized by an amount at least
as large as 5,(7). However, as will be shown later, full
adoption will not be optimal from the buyer’s stand-
point. To study the impact of adoption costs on the
buyer’s recruitment of its electronic trading partners and

on the suppliers’ decisions to adopt EDI, we first in-
vestigate the case where the buyer employs the subsi-
dizing policy.

Subsidizing Policy. From Table 1, we know that the
quantities purchased by the buyer from the adopters
and from the non-adopters decrease linearly as the
number of adopters increases, while the difference be-
tween x‘(m) and x"(m) remains constant. However,
the total quantity purchased by the buyer, xN(m), in-
creases linearly.

Observe that both ATI(m) and Aw(m) are strictly de-
creasing. As a result, both the marginal incentive for
the buyer to include additional suppliers in its EDI net-
work and the marginal incentive for the suppliers to
adopt EDI are diminishing. Since Ae,(m) = 1 and AlI(7)
= 1.625, the buyer would prefer all suppliers to partic-
ipate in its EDI program if all the suppliers’ adoption
costs are sufficiently low that no subsidy is necessary.
Under this circumstance, introducing EDI enables the
buyer to increase its net profit by II(7) — 7 — 11(0)
= 9.625. However, since An(7) = 0.71094 < ¢, for all
S, no supplier has the incentive to adopt EDI if the
buyer requests all of them to adopt without subsidies.

In Figure 5, we compare the no adoption case with
the optimal case under the subsidizing policy (m = 5).
This figure clearly demonstrates the impact of EDI on

Table 1 The Case of Seven Competing Suppliers with ldentical Productivity

m 0

1

2

3 4 5 6 7
x¥im) 7.87500 8.00000 8.12500 8.25000 8.37500 8.50000 8.62500 8.75000
xt{m) - 2.00000 1.87500 1.75000 1.62500 1.50000 1.37500 1.25000
x™(m) 1.12500 1.00000 0.87500 0.75000 0.62500 0.50000 0.37500 -
ptim) - 2.00000 1.87500 1.75000 1.62500 1.50000 1.37500 1.25000
p™(m) 1.12500 1.00000 0.87500 0.75000 0.62500 0.50000 0.37500 -
n{m) 70.87500 74.00000 76.87500 79.50000 81.87500 84.00000 85.87500 87.50000
x¢(m) - 2.00000 1.75781 1.53125 1.32031 1.12500 0.94531 0.78125
=*(m) 0.63281 0.50000 0.38281 0.28125 0.19531 0.12500 0.07031 -
All{m) - 3.12500 2.87500 2.62500 2.37500 2.12500 1.87500 1.62500
Ax(m) - 1.36719 1.25781 1.14844 1.03906 0.92969 0.82031 0.71094
s(m) - 0.00000 0.00000 0.30313 0.88281 1.95156 3.47813 5.42344
11*(m) 70.87500 73.00000 74.87500 76.19688 76.99219 77.04844 76.39688 75.07653

m: the number of adopters, x*(m): the total quantity purchased by the buyer, x*(m): the quantity sold by an adopter. x™(m): the quantity sold by a nonadopter.
pe(my): the price offered by the buyer to an adopter. p™{m): the price offered by the buyer to a nonadopter. T1{m): the buyer's profit from production. =*(m):
the adopters profit from production, x™(m): the non-adopter’s profit from production, s(m): the total subsidy paid by the buyer, ATl{m) = I{m) — N{m
~ 1) the buyer's marginal benefit from incremental adoption, Ax{m) = =*(m) — =™(m ~ 1): the marginal benefit of a supplier from adoption, 1I*(m)
= [1{m) — m — s(m): the buyer’s net profit.
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Figure 5
5

No Adoption vs. the Optimal Adoption (m = 5) Under the Subsidizing Policy
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the buyer's decision variables. The total quantity pur-
chased increases from x° to x"; the price offered to an
adopter increases from p° to p* while the price offered
“to a non-adopter decreases from p° to p™. Note the
downward shift in the buyer’s aggregate marginal cost
function and the “’kink’”” at MC™(5) for m = 5. The kink
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arises because the two non-adopters will be dropped
from the supplier base when the buyer’s optimal total
quantity purchased is less than 5. From Table 1, it is
clear that the total subsidy s(m) is indeed increasing
and weakly convex, as asserted by Theorem 6. For a
given number of adopters, the subsidy increases in the
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order of their adoption costs. In addition, note that S,
and 5, get no subsidy if m = 1 or 2. As m increases, so
does the subsidy, in order to compensate for reduced
profits. From the last row of Table 1, it is obvious that
the optimal set of adopters under the subsidizing policy
consists of the five suppliers with the lowest adoption
costs. In this case, the buyer’s net profit is

N*(5) = TI(5) = 5 — $(5) = 77.04844.

Note that if all five selected suppliers are subsidized,
their net profits will be the sane:

x°(5) — ¢ + 5(5) = =™ (4) = 0.19531

for all i < 5. Although the two unselected suppliers S,
and S; do not have to incur EDI adoption costs, they
have an even lower profit: #™(5) = 0.125. Thus, in this
particular example, only the buyer and the end con-
sumers benefit from the introduction of EDIL.

Of course, if some suppliers’ adoption costs are suf-
ficiently low, their profits may actually increase. For in-
stance, in our example, if ¢, < #°(5) — = = 0.49219,
it is straightforward to show that m* will remain equal
to 5, but S;’s profit will increase. Furthermore, as a result
of the introduction of EDI, the market share of each
adopter is increased from # to %, whereas the market
share of each nonadopter is decreased from $ to 7.

Mandatory Policy. Note that since »*(7) = 0.78125
< ¢, = 1, if the buyer forces all the suppliers to adopt
EDI, all of them will incur a loss. As a result, the man-
datory policy would not work if the buyer presses all
suppliers at the same time without dropping some of
the suppliers from it supplier base. Thus we should ex-
amine whether or not the buyer’s profit can be improved
by requiring some of the suppliers to adopt EDI and at
the same time dropping the others from its supplier
base.

As discussed above, the buyer’s implementation costs
do not impose any constraint on any policy selected by
the buyer. Then, from (5.4), m/is the largest index such
that all suppliers S;, i < m/, will not incur a loss, i.e.,

a? 50

sa+bmy T @wmy =0

Since the suppliers have the same productivity and are

indexed in ascending order of their adoption costs, the
buyer should mandate all the suppliers with an index
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less than or equal to m/ to participate in its EDI program
and drop all other suppliers from its supplier base if m/
< n. Itis straightforward to show that m’ = 4, and then
from (5.5) the buyer's net profit:

4a?

N(4) — en(d) = ——————

4 =76,
4(1 + 4b) 6

which is smaller than the net profit that the buyer can
derive if it employs the subsidizing policy. Thus it may
not be optimal for the buyer to force its suppliers to
adopt EDI; as shown earlier, providing a proper subsidy
can increase its profit. It may be in the buyer’s best
interest to provide suitable incentives to offset the neg-
ative effects of competitive externalities and high adop-
tion costs that EDI imposes on its suppliers. Of course,
if the suppliers’ adoption costs are such that e; < «(7)
for all i € N, the buyer’s unconstrained maximum net
profit is achieved by the mandatory policy, and no sub-
sidization policy can outperform it. For this example, if
¢; < 0.78125 for all i € N, the buyer's net profit is TI(7)
— 7 = 80.5 when it employs the mandatory policy. The
subsidizing policy can achieve this level of profitability
if and only if it is subsidy-free even when all seven
suppliers are selected (i.e., if and only if ¢; < 0.71094,
Vi € N). If there was some ¢; between 0.71094 and
0.78125, the mandatory policy could have generated a
strictly larger profit for the buyer.

Furthermore, since n/(4) = 2 for all i < 4, the adopt-
er’s net profitis 2 — ¢; = 0.4. Thus, under the mandatory
policy, all adopters’ profits and market shares are higher
than when the buyer uses the subsidizing policy. This
phenomenon occurs because under the mandatory pol-
icy the buyer’s supplier base consists of only four sup-
pliers who share an equal amount of the market, while
under the subsidizing policy the buyer’s supplier base
consists of seven suppliers with five adopters.

6. Concluding Remarks

Prior research on inter-organizational communication
networks has centered on developing a theory of “crit-
ical mass” (see, e.g., Markus 1990; Oren and Smith
1981; Rohlfs 1974). In these studies, a particular indi-
vidual’s willingness to join the network is independent
of the identity of the participants and increasing in the
number of participants. In contrast with these models,
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we develop a simple two-level hierarchical .model for
evaluating the competitive externalities created by an
EDI network serving a population of heterogeneous
participants. Our main focus is on the structure and
effects of electronic integration (Venkatraman and Za-
heer 1990). Our research contributes to the strategic
side of inter-organizational information systems imple-
mentation, rather than to modeling and investigating
the detailed processes related to EDI.

Our analysis focuses on the potential positive and
negative externalities that may be created by the sup-
pliers’ adoption of EDI. We show that the buver’s profit
from production is strictly increasing in the number of
suppliers who have adopted EDI, and adoption by a
more productive supplier can have a greater impact on
the buyer’s profitability. However, the marginal profit
increment from a particular supplier's adoption de-
creases monotonically with the number of adopters.

A supplier's adoption of EDI can increase its own
profit from production while at the same time imposing
some negative externalities on other suppliers in terms
of profit reduction. Consequently, a supplier's incre-
mental profit from production due to adopting EDI is
decreasing in the number of EDI adopters, i.e., a sup-
plier’s incentive for adoption decreases as more and
more suppliers adopt EDI. Nevertheless, if adopting EDI
is costless, full adoption is the unique equilibrium.
However, a high adoption cost may reduce the sup-
pliers’ incentive for adopting EDI at least partially, and
a partial adoption equilibrium may result. We show that
following the introduction of EDI the buyer offers a
price premium to those suppliers who have adopted
EDI; the price offered to the non-adopters is lower than
it was before EDI. Increased cost differentials due to
EDI may cause some inframarginal suppliers to supply
less and at a lower price, or to exit from the market if
they cannot avoid incurring a loss. As a result, the up-
stream market will become more concentrated. This re-
sult is consistent with the phenomena observed in the
real world (Kelleher 1986). However, when the buyer’s
EDI implementation costs always outweigh the benefits,
the presence of EDI technology would have no impact
on the profitability of the buyer and its suppliers, or on
the market structure. This condition is likely when, for
example, the frequency of transactions is low and timely
communication is not critical.
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Our results also identify circumstances where it may
not be optimal for a dominant buyer to mandate its
suppliers to adopt EDI; instead, it may be in the buyer’s
best interest to subsidize its suppliers. A subsidizing
policy is likely to be preferred when the buyer can derive
a significant reduction of its operating expenses through
the use of EDI and when the suppliers’ EDI adoption
costs are relatively high. We identified several cases
where the buyer can reap most of the’ EDI benefits while
leaving the suppliers with minimal profits through sub-
sidies. For example, we reported a case where, despite
the buver’s subsidization, all the suppliers’ profits are
reduced after adopting EDI. The increased surplus is
shared by the buyer and the end consumers, at the ex-
pense of the suppliers. These results seem consistent
with Clemons and McFarlan’s (1986) findings in an
industry with a dominant distributor.

In our current model, the buyer has perfect infor-
mation about the suppliers” production and adoption
costs. Relaxing the assumption of perfect information
and investigating the possibility of designing a truth-
revelation type of mechanism for recruiting electronic
trading partners will be attempted in future research.
Furthermore, since adding new participants into an EDI
network generates negative externalities to the suppliers
already using the system, the competing suppliers ex-
isting in a network may voluntarily provide a quantity
discount to the buyer in exchange for blocking out any
potential entrants to the system. A further exploration
of this “backward subsidizing’” and coalition formation
case should be a potential research topic. Another nat-
ural extension of our mode! would consider a case with
multiple buyers and suppliers. The impact of compe-
tition between various buyers with different value-
added networks deserves further investigation.

Finally, we recognize the possibility that using general
demand function and production technology may in-
validate some of our results. An ill-behaved demand
function or cost structure may, for example, lead to non-
monotonic suppliers” marginal incentives for adopting
EDI. Therefore, an adoption equilibrium may be unsta-
ble or even fail to exist. Contractual issues, such as ex-
clusive dealing and quantity discount, left out in this
paper may also affect our results. Nevertheless, our ini-
tial numerical experiments show that the above models
should serve well as a starting point for future studies
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of EDI with general demand and cost functions, or under
more complex contractual arrangements between com-
peting suppliers and the buyer.®
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92), MIT LFM Workshop (OM 93), Duke University, Harvard Uni-
versity, Kent State University, Tel Aviv University, the University of
Alberta, the University of Arizona, the University of Pennsyhvania,
and the University of Rochester.

Appendix A Summary of Notations

N : The set of suppliers |1,...,n!}.

M : The set of suppliers who adopt EDI.

] : The set of nonadopters N\M.

o{1,) : The function that characterizes supplier S,’s productivity.

v, : Supplier S,'s productivity parameter.

V : The suppliers’ productivity profile (v, ..., v,).

w(+) : The consumers’ inverse demand function: a — bx.

¢(+) : The suppliers’ production cost function: ¢(v, )x* + yx.

# : The buver’s savings per unit purchased with EDI.

¢, : Supplier 5,’s EDI adoptivn cost.

er(+) : The buyer's EDI implementation cost.

p°® : The price offered by the buyer when there is no EDI adopter.

x! : The quantity sold by supplier S, when there is no EDI adopter.

¥ : The total quantity purchased by the buyer when there is no
EDI adopter.

" : The buver's profit from production when there is no ED)
adopter.

=7 : Supplier 5's profit from production when there is no EDI
adopter. :

Il : The buver's profit from production.

#7 : The adopter S,’s profit from production.

x}* : The nonadopter 5,'s profit from production.

p¢ . The price offered by the buyer to the adopters.

p™ : The price offered by the buver to the nonadopters.

X7 : The quantity sold by the adopter S, .

X" : The quantity sold by the nonadopter §,.

Appendix B Proofs

PROOF OF THEOREM 1. It is sufficient to show that the incremental
quantity purchased:

XM, V) - xF(M\ {r}, V),
is independent of ®/ = I;en ¢(,)"'. We know that the difference
TUM, V)= x(M\ ir}, V)

_2(a - q) + bAY!
T 46(n, (2 + be)

_2a-y =) - b = &' - B(r))
4(v,)(2 + be)

_ 20+ bid — o(r)")
16(2,)(2 + bd)

is independent of $/. Since ¢(#,) is increasing, the second part of the
theorem follows directly from the last expression above. O

PrOOF OF THEOREM 2. For an arbitrary supplier S,, we first show
that the set functions »{(M, V) and »}*(M, V) are monotonic with
respect to the set of adopters M, i.e., for M C K

=K, V)< x{(M, V),
(K. V)< =y¥(M, V).
M+ JandrEM,

- nm
M, v)=[2(a v) + bad!) ]

1641, (2 + bd)

which is decreasing in M since #! = T,¢y (1) is decreasing in M.
Similarly, if r € M,

” _[ta-y-0) - bA® - ¢h)?

*r(M.V) 164(1,)(2 + bd)? ‘

which is also decreasing in M. Furthermore, when M = N,

(e -y

(N V)= o0z + bay:

(a-y-8)7 = 50
46(v,)(2 + be):

for # > 0, and when M = !i} forsome S,,

o (200 =y —8) - bA(v)")
’ 166(1,)(2 + bd)?

LS
for# >0, wherer#i. 0O

PROOF OF THEOREM 3. It is sufficient to show that
UM, VY= ™M\ |r}, V)

decreases as M increases, where r € M. But 4

- 12 —_— - - - ! - -ty32
RS(M. V) — 2 MA r, vy = [2EZT)H B (202 =y = ) = baCo = @1 - g(e) )]

16e(,)(2 + bd)?

16¢(v,)(2 + bd)?

_[20 + bB($ ~ &(v,) )]{4(a — v) — 20 - bB(P — 20 — ¢(v,)"")]
- 166(1,)(2 + bd)? ’
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Since ¢! decreases as M increases, the last expression decreases as M
increases. D

PROOF OF THEOREM 4. Given the set of suppliers, N, and the set

of adopters, M(m), we can write all the quantities and prices as func-
tions of ¢/ alone. Since

[
— + vy and p’=p"'+’2‘,

it is straightforward to show that the buyer’ profit equals:

NN (!, &) = ax¥(d)) - ha¥(¢')?

4x¥(@N) + 09! + 24¢
- ( 2

. b\ Al (8
X (.\"\(d") + T) ey (; + 1) .

Since the number of adopters only affects $, if we relax the discrete
constraint on ¢/, it is sufficient to show that

AI(xM (@), ¢')<0 and NN (DY, ¢

Ty TE <0

By the envelope theorem,

AN, o) - YN (dh), B

de! PYY
a0 s
b 9 8

_ =0[4a = 4y = 20 ~ bi® - 20))
8(2 + bd) ’

It is readily verified that the last expression above is negative provided
Assumption 5 holds. Since
AU e). ¢y -wn? <
de”? 4(2 + bd)

0,

H(x™(#'), ®!)is increasing and concave in ¢!, O
PROOF OF THEOREM 5. Recall that we have indexed the suppliers
in ascending order of v,’s and ¢(-) is increasing. Then the theorem
follows directly from Theorem 4. O
PROOF OF THEOREM 6. First, we can show that, for an arbitrary
supplier S;,

Ar(m)mx‘(m)—x*(m—1)

_f2+be (n—1)){2(2a ~ 2y —A) + bs " (n —m + 1)]
166(2 + bng™')? ’
which is linear in m. Thus, by adding one additional supplier into the
set of adopters, the marginal benefit for a supplier to adopt decreases
by:
- 2002 + be~'(n - 1))
[4(2¢ + b))}~

Let k be the smallest index such that s;(k) > 0. Then s(k - 1) = 0. If
k 2 n, we are done. Now suppose that 1 5 k < n. Letting k' be the

MANAGEMENT SCIENCE/Vol. 41, No. 3, March 1995

smallest index smaller than k such that s,x(i') > 0, then for all i €
'kY, ... k). s, (F)> 0. Thenwhenk =k + 1, forall me {k*, ...,
kY, stk + 1) = s;(k) + 3 and sia(k + 1) 2 si(k) + P since ¢z 2
¢i. Again, letting k? be the smallest index smaller than k' such that
s2(k + 1) > 0, then we know thats,(k+ 1)< 3, Vi€ k%, .. . k'),
Since the number of suppliers needing subsidies is increasing (in-
cluding the last supplier added to the set of adopters) and

Siolk + 1) < Stttk +r+ 1y,

we know that
-
s(hy=s(tk =1y s s(h+ 1) —s(k)
forall k € :1. ..., n = 1. Thatis, 5(k) is increasing and weakly
convexin k. 3
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