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Abstract. This paper characterizes and explores a corporate strategy inwhich downstream
firms collaborate to develop open substitute designs for proprietary hardware they would
otherwise purchase from upstream suppliers. This strategy centrally involves the down-
stream firms distributing design costs over multiple downstream firms—a strategy that is
routine to producers selling to multiple downstream firms but which has been in the past
typically not practical for coalitions of downstream firms. Today, downstream firms find it
increasingly feasible to codesign products they may all purchase because of two techno-
logical trends. First, computer-aided design/computer-aided manufacturing and other
design technologies are lowering downstream firms’ costs to develop designs for purchased
hardware inputs. Second, better communication technologies are lowering the costs of
doing such projects collaboratively, even among large groups of downstream customer
firms. Downstream firms collaborating to develop a design for a hardware input they can all
purchase could in principle choose to protect their design as a club good. However, opening
up collaboratively created designs to free riders can increase the profits of the contributing
firms for several reasonswe explore andmodel. Important among these is that free revealing
draws free riders away from purchases of proprietary software or hardware to customer-
developed free substitutes. This “scale-stealing” mechanism reduces the markets of up-
stream suppliers of competing proprietary inputs. In the case of hardware only, free riders
also contribute to reducing the averagemanufacturing costs of the open hardware by increasing
purchase volumes and so creating increased economies of scale. Resulting reduced unit pur-
chase costs benefit downstream firms contributing to the free design as well as free riders.

Open Access Statement: This work is licensed under a Creative Commons Attribution-NoDerivatives 4.0
International License. You are free to download this work and share with others commercially or
noncommercially, but cannot change in any way, and you must attribute this work as “Strategy
Science. Copyright © 2019 The Author(s). https://doi.org/10.1287/stsy.2018.0075, used under a Creative
Commons Attribution License: https://creativecommons.or/licenses/by-nd/4.0/.”
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1. Introduction and Overview
In markets and situations where there are many po-
tential downstream firms rather than amonopsony, it
has historically been assumed that the party that can
justify investing the most in developing a proprietary
design is upstream suppliers rather than the down-
stream firms. The reason is that suppliers can spread
their development costs over many downstream
firms, whereas individual downstream firms have
historically not been in a similar position. In line with
that logic, a major focus of the strategy literature has
been on investments in design development by sup-
pliers intended for sale to downstream firms. In this
literature, it is implicitly assumed that the role of the
downstream firms is simply to choose which input

supplier to patronize. In this paper we explain that,
because the impacts of two technological trends,
downstream firms can increasingly also spread the
costs of input development over many downstream
firms. The two technological trends are (1) the in-
creasing digitization of both design and manufacturing
processes (computer-aided design/computer-aided
manufacturing [CAD/CAM]) and (2) decreasing
costs of project communication enabled by the internet,
coupled by improved project coordination possibilities
enabled by improved online management tools. The
mechanism for spreading the costs these trends enable is
a collaborative innovation design project carried out by
downstream firms—with design costs spread among
contributors.
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In this paper we work out the implications of the
disappearance of suppliers’ relative advantage over
downstream firms in designing inputs that many
downstream firms purchase. We show that the most
profitable locus of input design is increasingly shifting
from monopoly supplier firms to collaborations of
downstream firms. We also show under which con-
ditions the most profitable strategy available to such
downstream collaborations is to freely reveal the
designs they create to all rather than create a club
good. We show that not only does this claim hold for
collaborations among nonrival downstream firms—
downstream firms that purchase the same input but are
not rivals in the marketplace—but it also holds in the
case of downstream firms that aremarketplace rivals.

Downstream development of free inputs, the strategy
we describe and analyze, is orthogonal to the horizontal
strategy suppliers engage in that has been described
by and explored by Teece (1986), Casadesus-Masanell
and Llanes (2011), Alexy et al. (2018), and others. In
that horizontal strategy, suppliers make some prod-
ucts in a bundle of complements free to concentrate
rent capture in other elements of the bundle. By con-
trast, in the strategy we describe, downstream firms
collaboratively create substitute free designs for pro-
prietary upstream inputs they purchase; it is a vertical
strategy.

The decision of downstreamdesign collaborators to
make their designs open to free riders, instead of
protecting them as proprietary club goods, is driven
both by a desire to avoid the costs that would be
required to prevent free riding and by positive ben-
efits associated with granting access to free riders.
One of the positive benefits is that some free riders
also become valuable contributors when granted full
access to design information. Furthermore, as a pre-
viously unrecognized benefit, in this paper we show by
modeling that, in the case of collaboratively developed
designs embodied in hardware, demand for the free
design by free riders increases economies of scale in
production of that open hardware design—while at the
same time “stealing scale” from producers of closed,
proprietary designs. Both effects lower purchase costs
for both contributors and noncontributors who switch
from purchasing inputs incorporating proprietary de-
signs to those incorporating open hardware designs.

In our model, we show that an open strategy equi-
librium arises endogenously; that is, even competing
downstream firms can find it profitable to share knowl-
edgeand todistribute it openlyoutside their coalition.Our
model andoutcomesdonot rely on adhoc arguments:we
show that the open strategy emerges as an equilibrium
strategy that can dominate the alternative strategies
of relying on the supply of an upstream supplier or
producing the input within a proprietary coalition of
downstream firms (club good).

The likely general importance of an “open inputs”
strategy based on collaborative development of input
designs by downstream firms can readily be seen.
After all, every firm resides in a supply chain and buys
inputs from upstream suppliers to incorporate into the
products, processes, and services that they use or sell.
Widespread adoption of the open inputs strategy we
describe can therefore produce a general shift toward
design openness. This in turn, as we discuss, has im-
portant implications for national economies in general
as well as for supplier strategies in particular. Sup-
pliers impacted by the development of open sub-
stitutes for their proprietary design may need to
recenter their competitive strategies on designs and
other assets that may differ from their core compe-
tences but that cannot be economically replicated by
downstream firms. These may involve, for example,
linking potentially vulnerable individual designs to
proprietary complements that cannot be economically
replaced by open designs from input purchasers—a
strategy regularly and profitably resorted to by plat-
form owners (Zhu and Iansiti 2012).
An example of the pattern we describe is the Open

Compute Project. This very successful open source
hardware design project was launched in 2011 by
Facebook to create open substitutes for proprietary
hardware designs it had previously purchased from
suppliers. Rather than using the technology only
internally, or creating a club good open only to a few
firms, Facebook created an open design collaboration
to further develop the designs, and it freely revealed
the designs to all. Facebook terms this strategy open
source hardware. Hardware incorporating the free de-
signs developed by Open Compute Project partici-
pants is available from a number of producers as
“white box” nonproprietary products (Dignan 2015).
The open compute website claims these customer-
developed designs are 38% more energy efficient and
24% less expensive to run than proprietary hardware
substitutes available for purchase (Open Compute
Project 2018a).
The remaining sections of this paper are organized

as follows. We first explain the exogenous technical
trends that we believe are causing a general shift in
the locus of design from proprietary design devel-
opment by input suppliers to open design develop-
ment by customer collaborations in Section 2. Next,
we review the literature relevant to our topic and
argumentation in Section 3. Then, we set up and
present our model in Section 4. Finally, we conclude
with a general overview of findings; a discussion of
recent examples of downstream open source collab-
orations; some exceptions to the general trend toward
openness; and strategy, economic, and policy impli-
cations of the spread of free input designs over time in
Section 5.
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2. Technical Trends Affecting the Locus
of Design

2.1. Impacts of CAD/CAMon the Relative Advantage
of Producer vs. Customer Designers

We define a design to be a set of instructions that
specify how to produce a product or service (Simon
1981; Romer 1990; Suh 1990; Baldwin and Clark 2000,
2006). These instructions can be thought of as a rec-
ipe for accomplishing the functional requirements of
the design (Suh 1990, Dosi and Nelson 2010, Winter
2010). The cost of developing a design includes the
cost of identifying the functional requirements (i.e.,what
the design is supposed to do). It also includes testing
andmodifying the design until its performance is found
tobe satisfactory in the intendeduse environment. In the
case of products or services that themselves consist of
information such as software, a design for an innovation
can be identical to the usable product itself. In the case of
aphysical product suchasa computer ormedicaldevice,
the design recipemust be converted into a physical form
before it can be used.

In pre-CAD/CAM days, the design of hardware
was a specialized process most efficiently done by
colocated experts. In those days, there were major
economies achievable by concentrating a design effort
within a single organization. To explain, consider
that, prior to the advent of CAD, designswere created
and documented by designers leaning over drafting
boards and physically drawing part shapes and di-
mensions on large sheets of paper called engineer-
ing drawings. Integration of the design of individual
parts into a complete hardware product was achieved
by a continuous flow of discussions among colocated
engineers and by the sharing and comparison of en-
gineering drawings. Periodically, a design under de-
velopment would be transferred to a model maker via
a set of these drawings, with instructions to build a
physical prototype.When themodel maker completed
the task, the prototype would be physically tested on
specialized engineering test equipment run by spe-
cialized test engineers. Test information would be
analyzed and transferred back to the designer as input
to a next design improvement cycle. Each such design-
build-test cycle could take days or weeks, depending
on the complexity of the design.

The transition to CAD digital design tools completely
changed this laborious process. Today, the tools needed
to test an evolving design are cheap, digital, and built
into CAD software. The result is a great reduction in the
cost and expense formerly required to build and test
physical models. Designers—whether working in a
customer firm or in a producer firm—are now able to
test the performance of their evolving designs via
simulation in minutes. For example, a car designer
using CAD can, as an integral part of the design

process, invoke a simulation technique such as finite
element analysis to assess how a single component or
an entire car design will react to the forces of a crash.
Each such assessment is done by the designer him- or
herself entirely within CAD software, without the
need for specialized assistance or specialized physical
equipment. The designer then can immediately revise
and refine his or her design in response to what is
learned.
Next, consider that CAD software also contains

information about the capabilities of many types of
standard production machines that will be used to
produce the design once completed. For example, the
precision with which a specific process machine can
three-dimensionally print a part can be embedded
in CAD design software. The CAD software can then
automatically inform a designer whether a design being
created will require modifications to be producible on
that printer. When a design is completed in CAD, it can
be directly transferred as a digital file to computerized
manufacturing machines (CAM). These machines are
driven by the CAM information to produce component
parts of the design in small or large quantities, ready for
final assembly. The consequence of embodying the
characteristics of manufacturing processes in CAM is
that, except in specialized cases, both customer design
engineers and supplier design engineers increasingly
have access to the same manufacturing information.
In sum, as a result of the introduction of CAD/

CAM, the requirement for specialized design and
manufacturing knowledge and equipment beyond
what is imbedded in design software is decreasing
over time. Alongwith that change, any cost advantage
of basing design groups within producer firms where
production specialists are concentrated—rather than
within customer firms where engineers familiar with
the specific requirements of application of the design
within the use context are concentrated—is disap-
pearing, and producers are becoming increasingly
interchangeable. Indeed, both “producers” such as
IBM and collaborating customers are increasingly
outsourcing the production of their designs to the
same set of specialist low-cost producers such as
Foxconn,whichmake their factories available to all on
the same terms (Pine 1993, Tseng and Piller 2003).

2.2. Impacts of the Internet and Online Project
Coordination Support Tools

CAD-based design can be carried out by even widely
dispersed contributors to a design project because
of advances in internet-based communication. Infor-
mation transfer via the internet is so cheap today
that the information exchange advantage of physical
colocation of project contributors within a specific
firm is vanishing. In addition, the development of
online project management systems such as GitHub
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(https://github.com) means that innovation projects
can be efficiently coordinated by contributors working
within very lightly managed collaborative teams: the
project management software itself largely substitutes
for coordination functions traditionally provided by
human managers. Indeed, GitHub and similar tech-
nologies have made it easier for individuals and firms
to collaborate in every element and stage of design
development, including idea generation, idea sharing
and evaluation, idea selection, prototyping, and iter-
ative testing and collaborative improvement as well.

Open source software project participants have gen-
erally been the pioneers in increasing the capabilities
of online project management systems. However, the
principles of the systems they have developed are
equally applicable to any project subject matter. Thus,
GitHub was designed by Linus Torvalds and his col-
leagues to coordinate developmentwork in open source
software projects. However, today it is used for a wide
range of online hardware design projects aswell. GitHub
software specifies a coordinated workflow that allows
independent design work by contributors, followed by
processes to test and correct and improve that workwith
the assistance of others before the contribution is added
to the overall design. GitHub is available for free to
open source and public projects and at a fairly modest
price to commercial projects. A modular architecture,
often used in modern design practice, enhances the
efficiency with which contributions can be made and
coordinated (Baldwin and Clark 2000).

The net result of combining CAD/CAM with low-
cost internet-based communication and modern proj-
ect coordination tools is that the design cost advantage
that monopoly producers used to have over multiple
customers in creating a design has diminished and
perhaps even reversed. Advantages formerly held by
producers such as the need for costly investments in
specialized, collocated development processes and
equipment have largely become irrelevant in the age
of CAD/CAM. Furthermore, the wider range of po-
tential contributors likely to be available to an open
customer coalition is likely to give access to more
usefully diverse design and problem-solving knowl-
edge than can even the largest of closed, in-house
producer design teams (Jeppesen and Lakhani 2010).

3. Literature Review
3.1. The Locus of Design as a Function of

Market Concentration
Under conditions of monopsony it is reasonable that
the downstream firms, rather than potential producers,
have the highest incentive to invest in developing a
product design specific to that single customer (Harhoff
1999). The downstream firm can spread its costs over
the entire market—consisting only of itself—with a
high degree of certainty. By contrast, an input supplier

faces risk in responding to that market opportunity,
because the monopsony may make another choice
or may engage in opportunism once the supplier has
madebuyer-specific investments.Accordingly, potential
suppliers systematically view the opportunity as having
less value than would a monopsonist.
As themarket for a proprietary design becomes less

concentrated, it has been traditionally assumed, for
reasons discussed in Section 2, that the potential re-
ward to individual downstream firms from devel-
oping their own design progressively drops. At that
point, it generally pays suppliers more to develop a
proprietary product design to serve downstream
input needs. The reason traditionally adduced is that
suppliers can spread their design costs over many
downstream firms and also reap economies of scale
by producing for and serving many buyers. Harhoff
(1999), in a pioneering analysis of research and de-
velopment (R&D) intensity in vertical supply chains,
both proposed and documented this effect. Specifi-
cally, he found that fragmented buyer industries that
receive relatively large cost shares of their inputs
from concentrated supply sectors have a significantly
lower R&D intensity than sectors relying on more
competitive supply structures. He also found that this
effect is weakened and eventually reversed as the
concentration of the downstream industry increases.

3.2. Innovation and Free Revealing Strategies
by Suppliers

Following seminal work by Teece (1986, 2006), an
important focus in the strategy literature is that pro-
ducers are best positioned to capture customer sur-
plus arising from a proprietary product design to the
extent that they successfully execute a strategy in-
volving (1) establishing tight control over a focal in-
novation and/or over one or more complements
essential to design purchasers (a “bottleneck”) and
(2) making all other complements needed by the
customer either free or as low profit as feasible while
ensuring a supply (Jacobides et al. 2006, Baldwin
2018). The strategic goal is to enable firms to capture
a greater portion of the potentially available customer
surplus with reduced investment. Thus, Alexy et al.
(2018) analyze strategies related to management of
a “bundle” of resources related to a market. They say,
“Conventional wisdom holds that firms must con-
trol scarce and valuable resources to obtain compet-
itive advantage. That being said, over the past decade
many firms—amongst them Computer Associates,
IBM, and Nokia—embarked on open strategies and
made parts of their valuable resources available for
free. . . . Firms significantly improve their perfor-
mance when (1) opening resources reduces their cost
base while (2) strongly increasing demand for their
still-proprietary resource(s)” (Alexy et al. 2018, p. 1704).
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They also explain how openness can reshape mar-
kets by weakening competitors, particularly in highly
rivalrous environments.

Similarly, Casadesus-Masanell and Llanes (2011)
develop a rich model about the strategy suppliers can
use when deciding whether to make some of their
products free. They find conditions under which the
supplier firm is best off keeping all its products
proprietary, making them free, or adopting a “mixed-
source” strategy in which some products are kept
proprietary and others are made free. As with Alexy
et al. (2018), the logic of the mixed-source strategy
these authors propose is that the availability of a
product for free can concentrate rents into the sale of
proprietary complements. In addition, the quality of
freely revealed complements can be increased as a
result of feedback and improvements from others.
Henkel et al. (2013) discuss circumstances in which
customers may pressure suppliers to partially open
up only some aspects of their proprietary designs in
order to make their products more attractive for cus-
tomers to purchase and use.

Papers such as Alexy et al. (2018) and Casadesus-
Masanell and Llanes (2011) explain, for example, the
strategy of IBM when it decided to support the free
operating system called Linux. Its goal was to reduce
the profitability of its rival, Microsoft, by improving a
free substitute to Microsoft’s proprietary operating
system called Windows. It also hoped to gain profits
from increased sales of the complementary computer
hardware products it sold—and that Microsoft did
not sell. More generally speaking, the same logic is
applied in papers that study the reasons why firms
manage spillovers strategically (e.g., Giarratana and
Mariani 2013). Again, openness is pursued only to the
extent that it enables the firms to enjoy increased rents
on other assets that are kept proprietary.

3.3. Downstream Firms’ Choices to Freely Reveal
Their Designs

A downstream firm’s decision to develop a design for
an innovation does not automatically lead to a decision
to also freely reveal it. However, many collaborative
projects do freely reveal both in-process development
work and final designs. This can be understood in light
of the fact that the cost of screening or other protective
measures to exclude free riders would raise commu-
nication costs and thus shrink the pool of potential
contributors—hence the overall scale of the project.
The network properties of the open collaborative
model (the fact that the value to everyone increases as
the total number of contributors increases) mean that
this reduction in the contributor pool would reduce the
value of the project to the contributors that remain as
well as to free riders (Raymond 1999, Baldwin and

Clark 2006, Baldwin 2008, Baldwin and von Hippel
2011, von Hippel 2017).
An additional reason to not invest in discouraging

free riding is that a design, even if freely revealed, can
benefit contributors more than free riders for a num-
ber of reasons (vonHippel and von Krogh 2003). First,
consider that contributors can create an overall design
and specific features that are tailored to their own
specific needs. Free riders cannot do this by con-
struction, as they do not contribute to the design. If,
as a result, they are less advantageously situated
with respect to the design that is freely shared, they may
incur a lasting competitive disadvantage (Hirschleifer
1971, Allen 1983). Second, contributors to a design sys-
tematically gain advantages over free riders simply as
a result of participation in the design process. Active
developers have a deeper understanding of an evolv-
ing design and the possibilities it offers than do free
riders. This can enable better, faster use of the design
by developers than by free riders. A careful empirical
study by Nagle (2018) has shown that firms con-
tributing to open source software do benefit more
from that software than do free riders.
Harhoff et al. (2003) explored the conditions under

which a single downstream firm that developed a
process innovation for its ownuse could profit by then
freely revealing it. The path to free revealing assumed
in the paper is that the innovating downstream firm
would reveal the design to a processmachine producer
that was then free to sell copies to all—including
to rivals of the innovator. The authors modeled the
situation as a prisoners’ dilemma involving a pair
of input user (downstream) firms. It was assumed
that an innovation was developed by one of the
two downstream firms, and the question was, under
what conditions would it be more profitable for that
downstream firm to keep the design it had de-
veloped for itself or to reveal it without protection to a
producer? The producer was then assumed to com-
mercialize the design and make it available to both
the innovator and the second downstream firm—a free
rider.
Free revealing to a producer was found more likely

to pay if (1) the intensity of competition among the
two downstream firms was less, (2) the degree to
which the innovation had a bias favoring the inno-
vating downstream firm was higher, (3) the value to
the innovating downstream firm of the improvements
that free revealing induces the supplier (and others) to
make and commercialize was higher. The authors
concluded that the benefits to an innovating down-
stream firm from revealing to the machine-building
firm—and therefore, in effect, free revealing to the
entire market—very generally made free reveal-
ing the most profitable course of action. Note that
unlike Casadesus-Masanell and Llanes (2011) or
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Alexy et al. (2018), who explore the economics of
free revealing by suppliers, Harhoff et al. (2003) focus
on the economics of free revealing of developments
made by individual downstream firms.

Baldwin and von Hippel (2011) explain that po-
tential contributors will choose to participate in an
open collaborative innovation project if the increased
communication cost each incurs by joining the proj-
ect is more than offset by the value of designs ob-
tained fromothers. They formalize this ideabyassuming
that a large-scale innovation opportunity is perceived
by a group of N communicating designers. As ra-
tional actors, eachmember of the group (indexed by i)
will estimate the value of the large design and parse it
into two subsets: (1) that part, valued at vsi, which
the focal individual can complete himself at a rea-
sonable cost (by definition, vsi > dsi); and (2) that part,
valued at voi, which would be “nice to have” but
which he cannot complete at a reasonable cost given
his skills and other information on hand (by defini-
tion, voi ≤ doi).

They further assume that member i has the option
to communicate his portion of the design to other
members and receive their feedback and comple-
mentary designs at a cost ci. It then makes sense for i
to share his designs if he expects to receive more
value from others than his communication cost. The
lower the cost of communicating with the group, the
lower the threshold other members’ contributions
must meet to justify an attempt to collaborate. Higher
communication costs affect inequality (2) in two ways:
they increase the direct cost of contributing, and they
reduce the probability that others will reciprocate. It
follows that if communication costs are high, an open
collaborative project cannot get off the ground. But if
communication costs are low for everyone, it is ra-
tional for each member of the group to contribute
designs to the general pool and expect that others will
contribute complementary designs or improve on his
own design.

Studies also explore innovation and competition
among “open source” and “closed source” software
suppliers. According to this literature, “open source
projects” supply their code for free; they do not be-
have strategically in competition with commercial
substitutes. Users can choose to contribute to the sup-
ply of open source software code, to free ride on the effort
of others, or to buy the producer software. Their choices
are determined by heterogeneity in users’ willingness
to pay, development capabilities, adoption costs, and
impatience for a solution meeting their needs. Con-
clusions of this emerging literature are as follows:
open source projects can establish themselves as com-
petitors to closed software producers, producers lose profit
as a result of this competition, and consumers benefit

from the existence of an open source alternative unless
it forces proprietary firms to exit the market (Kuan
2001, Baldwin and Clark 2006, Casadesus-Masanell
and Ghemawat 2006, Sen 2007, Lin 2008).

4. The Model
4.1. Model Overview
We develop a model that explains the mechanisms
that can give rise to an equilibrium in which down-
stream firms develop an open strategy to collabora-
tively create a design embedded in a hardware input.
In themodel, thedownstreamfirmswe focus oncompete
to sell afinalproduct. These competingfirmsall purchase
the same proprietary hardware product as an input from
a monopoly supplier. The design for that input is in-
corporated in a physical good that must be manufac-
tured. This brings economies of scale in manufacturing
into our analysis in the case of open source hardware. To
make this important distinction clear, we call the type of
inputwe analyze “open source hardware” as opposed
to the case of a pure information input, which we call
“open source software.”
We focus on amonopolistically competitivemarket

in which the degree of competition is captured by
the number of competitors in the final market and the
elasticity of demand across the final products of the
firms. In these models the profits of firms decline if
the number of rivals increase or the elasticity of de-
mand is higher. However, our model shows that a
large number of downstream rivals also implies that a
manufacturer of a good that embodies the design enjoys
a greater scale efficiency if more downstream firms de-
mand the same product, which increases the scale of
the quantity of input employed in the industry. Thus, a
largernumberof competingfirmshas twocountervailing
effects: on the one hand, it enhances competition, but
on the other hand, it raises the profitability of strategies
that rely on a common input. Our model discusses
the conditions under which a larger number of down-
stream firms raises the benefits of an open strategy
relatively more than the competitive effect that would
push firms to adopt closed strategies.
In our model, the downstream firms can choose

among three strategies. First, they can buy the input
from a monopolist upstream supplier. Second, one
or more downstream firms can vertically integrate
and produce the innovation for itself/themselves as
a proprietary individual or club good rather than
buying it from the supplier. Third, downstream firms
can collaborate to produce a substitute design and
adopt an open strategy with respect to that design,
making the design available to all downstream firms.
The model explains which factors make any one of
these three strategies more profitable than the other
two. We show that relative profitability depends
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fundamentally on our two technological trends—
that is, the design efficiency of collaborating down-
stream firms versus producers, and the efficiency of
communication among firms—as well as the scale of
demand by downstream firms using the design and the
extent to which free riders benefit from the open design.

Our model additionally brings a new perspective
on the role of free riders. They are crucial in making
the open equilibrium possible because, by leaving the
monopolist supplier, they reduce its scale efficiency,
encouraging more downstream firms to leave the
monopolist and use the open design. However, a
crucial assumption, which we discussed in the pre-
vious section, is that free riders benefit less fromusing
a good than do firms that contribute to it. This as-
sumption makes it possible that as more buyers leave
the monopolist, reducing the efficiency with which it
is produced, only some firms that use the open design
free ride, whereas others find it more profitable to
contribute to it. The model shows that, in equilibrium,
the share of firms that free ride versus those that
contribute depends on the extent to which free riders
benefit from using the open design. If the penalty
compared with contributors is low, more firms free
ride than contribute, making the open equilibrium less
likely. Thus, for an open equilibrium to arise, free
riders play the important role of inducing more con-
tributors. However, there must be some advantage in
contributing; otherwise, there are too many free riders
vis-à-vis contributors to make the open strategy
profitable.

This also highlights why an open strategy is more
likely to arise with open source hardware than open
source software. In open source hardware, when free
riders leave the monopolist, they reduce the scale
efficiency of the proprietary physical product that
embodies the design—an effect that is not present
when the good is an information product, consisting
only of the design (e.g., software). This makes the role
of the free riders more important in “scale stealing”
from themonopolist and favoring theopencoalition.As
a result, in open source hardware, each free rider pushes
more firms—and therefore more contributors—to
move to the open design, making the open strategy
equilibrium more profitable and therefore more likely.

Finally, our model speaks to the literature in in-
dustrial organizations that focuses on firm’s strate-
gies to raise rivals’ costs. Salop and Scheffman (1983,
1987) provide a general model in which firms maxi-
mize profits by raising rivals’ costs. Their model en-
compasses several strategies. However, their goal is
to discuss strategies that increase rivals’ costs without
violating antitrust laws (such as predatory pricing).
In our case, firms focus on a scale-stealing effect that
is not discussed by this literature. Moreover, the

strategy that we envisionmakes firms relativelymore
efficient than the rival (e.g., the supplier), which is
clearly a permissible strategic behavior. Our model
is also a value creation strategy, very much in the
sense of Brandenburger and Stuart (1996). In this case
as well, not only do we highlight a value creation strat-
egy based on openness not studied by Brandenburger
and Stuart, but we also introduce a new scale-stealing
effect, which is the keymechanism thatmakes openness
profitable.

4.2. The Model
Demand for the Final Product. There are n down-
stream firms that compete by producing quantity qi,
i � 1, 2, . . . ,n, of a good that embodies a design. Firms
can buy the design from a monopolist upstream sup-
plier, or they can use a design produced by a coalition of
downstreamfirms that collaborate. Eachfirmproduces a
different variant of the good. A standard Dixit–Stiglitz
consumer utility function yields the following de-
mand for the ith variety:

qi � p−σi x
P

,

where σ> 1 is the elasticity of demand, and P ≡∑n
j�1 p1−σj is the price index. The variable x measures

the quality of the design. A higher x attracts more
customers than an outside numeraire good. The
quality of design x is the same for all the firms using
the design from the same supplier (which can be
an upstream supplier or a downstream coalition) but
can differ between the two suppliers.

Gross Profits of the Downstream Firms. For simplic-
ity, the quantity of input needed to produce qi is qi.
The downstream firms pick the optimal price pi that
maximizes gross profits; that is,

Max
pi

(pi − rg)qi,
where rg is the price of the input and the index g �
U,D according to whether the firm buys from the
upstream supplier (U) or uses the design of the
downstream coalition (D). Using the expression for
qi, the optimal price is pi � σrg/σ − 1, the unitary profit
is pi − rg � rg/σ − 1, and gross profits are

π
g
D � ρgxg

σ
, (1)

where ρg � r1−σg /ρ, ρ ≡ (mr1−σD + (n −m)r1−σU ), m is the
number of downstream firms that use the design
produced by the coalition, and n −m is the number
of downstream firms that use the design produced
by the upstream supplier.

Total Demand. By replacing optimal prices in pi and in
the price index P, the demand for variety i is equal to
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qig � (σ − 1)ρgxig/σrg. Total demand is equal to the sum
of demands across all varieties, or

Qg �
(σ − 1)ρg

σrg

∑
i∈g

xig, (2)

where the summation runs over all the varieties pur-
chased from the upstream supplier (g � U) or down-
stream firms (g � D).

Manufacturing Costs. Manufacturing costs are equal
to C(yg) � c(yg)Qg + yg, where yg is the quantity of a
fixed input employed in manufacturing such that the
unit variable cost c(yg) declines with yg. We use a
special functional form for the unit variable cost; that
is, c (yg) � c0y−αg , where c0,α> 0. Manufacturing costs
are then equal to

C(yg) � c0y−αg Qg + yg.

The parameter α measures of the strength of the econ-
omies of scale inmanufacturing, and c0 is themarginal
cost when there are no scale economies (α � 0).

Cost minimization implies first-order condition
(foc) −c0αy−α−1g Qg + 1 � 0, which yields

yg � (c0αQg) 1
1+α (3)

and unit variable costs c(yg) � c01/1+α(αQg)−α/1+α.

UpstreamSupplier. The upstream supplier chooses rU
and xU to maximize net profits ΠU ; that is,

Max
rUxU

ΠU � [rU − c(yU)]QU − yU − x2U
2
.

Using total demand (2), this problem yields the fol-
lowing focs:

1 − rU − c(yU)
rU

σ̃ � 0, (4a)

rU − c(yU)
rU

(σ − 1)ρU(n −m)
σ

− xU � 0, (4b)

which yield

rU − c(yU)
rU

� 1
σ̃
, (5a)

xU � (σ − 1)ρU(n −m)
σσ̃

, (5b)

where σ̃ ≡ σ − (σ − 1)ρU(n −m). In standard monop-
olistic competition models, the markup is simply 1/σ,
which stems from the assumption that because of
the large number of competitors, the choice of the
price by the individual firms does not affect the price

index. In our case, the supplier is a monopolist, and,
especially when it covers a large share of the market,
we cannot ignore the effect of rU on the denomina-
tor of ρU, which yields the markup 1/σ̃. It is easy to
see that σ̃≥ 1, that σ̃≤σ, and that σ̃ increases if σ
increases. Moreover, the second-order condition is
satisfied because σ̃ increases with rU, making the
derivative of the left-hand side of (4a) with respect to rU
negative.
Finally, asm→ 0, σ̃→ 1, and from (5a), rU →∞. This

is because increases in rU increase xU, and the down-
stream firms can transfer the increase in price to the
final customers by charging an infinite price pi. To
bound the prices, we only need to ensure that the
demand of the final customers drops to 0 before the
price goes to infinity because of competing demands
for other products. Rather than incorporating such
competing demands in the utility of the final con-
sumers, which complicates our analysis, we make the
simplifying assumption that there is an indivisible
quantity q0 of qi such that qi drops to 0 if it falls below
q0. All this ensures that even if m � 0, rU is finite, and
σ̃> 1. However, in what follows, we assume for sim-
plicity that when m � 0, rU is sufficiently large such
that σ̃ is close to 1.

UpstreamSupplier’s Viability Condition. Using (2) and
foc (4b), x2U � [rU − c(yU)]QU. From (5a), [rU − c(yU)] �
c(yU)/σ̃−1. Using (3) and the expression of c(yU),
ΠU � [

1/2α(σ̃−1)−1
]
yU . Therefore, the upstream sup-

plier operates if and only if 2α(σ̃−1)≤1 or σ̃≤1+2α/2α,
which implies that the markup cannot be smaller than
a lower bound.

External Contractor Producing Copies of Design. When
the design is produced by a coalition of downstream
firms, the artifact that embodies the design can be
produced by one of the downstream firms or by an
external contractor. The important point is that the
artifact is supplied to the downstream firms at the
average cost of production because there is no up-
stream supplier that seeks a rent from this activity. For
simplicity, we assume that manufacturing is performed
by an external contractor.
The price of the input produced by the contractor is

rD � c(yD) + yD/QD. Using our expression for c(yD),
and the cost minimization choice for yD, we obtain

rD � (1 + α)c 1
1+α
0 (αQD)− α

1+α. (6)

Net Profits of the Downstream Firms When They Buy
the Design from the Upstream Supplier. Use (1) and
(5b) to obtain

ΠU
D �

(ρU

σ

)2(σ − 1)(n −m)
σ̃

, (7)
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where here and in what follows we use superscripts
to denote the source of the design and subscripts to
denote the user of the design.

Note that the net profits of the downstream buyers
increase with the supplier’s markup, which is the
inverse of σ̃. This is important for our discussion
belowwhenwe compare these profits with the profits
of the downstream firms when they use the open
design. The alignment between downstream firms’
profits and the supplier’s markup stems from the fact
that a higher markup induces the supplier to invest
more in xU , which benefits the downstream firms. At
the same time, the downstream firms can transfer the
increase in the price of the input rU on the final con-
sumers via the final price pi.

Net Profits of the Downstream Firms When They Use
the Design Produced by an Open Coalition of Down-
stream Firms. Downstream firms can produce the
design in-house bearing costs k /2 x2D of producing
quality xD. The parameter k> 0, which measures the
relative efficiency of the downstream firms with respect
to the supplier, is our proxy for the exogenous techno-
logical trend that improves the ability of the downstream
firms to design their inputs, discussed in Section 2.1.

Ifm downstreamfirms develop and share their design
outcomes (m≤ n), they produce overall design quality

XD �
(∑m

i�1
x
η−1/η
Di

)
η/η−1

,

where η ∈ (1, 2) is a parameter measuring the spillovers
across investment qualities xD. The parameter η is the
second dimension of the exogenous technological
trend that we discussed in Section 2.2. It improves the
ability of downstream firms to communicate among
each other, which is captured by a higher η.

Each one of themdownstream firms that contribute
to the open coalition picks its own xD to maximize
profits. Use (1) for gross profits and subtract design
costs k /2 x2D. The maximization problem is

Max
xD

ΠO
D � ρO

DXD

σ
− kx2D

2
,

whose foc is

ρO
D

/
σ

(∑m
i�1

x
η−1/η
Di

)
1/η−1

x
−1
η

Dj − kxDj � 0.

(The superscript O stands for open coalition.) Be-
cause this foc is the same for all firms, all xDj are
the same, which yields xOD � ρO

Dm
1

η−1/σk, and therefore,
XO

D � ρO
Dm

η
η−1/σk. This yields the following profits for

a firm that participate in the open coalition:

ΠO
D �

(
ρO
D

σ

)2(m η
η−1 − 1

2m
1

η−1
)

k
. (8)

Because the open coalition makes the design openly
available, there are free riders. The free riders enjoy
design quality XD but do not incur the cost k /2 x2D.
However, as discussed in Section 3.3, they do not
benefit from the design as much as if they contribute
to it. We assume that free riders enjoy θXD rather
than XD, with 0≤θ≤ 1. The free riders then earn gross
profits (1) with xg � θXD; that is,

ΠF
D � θ

(
ρO
D

σ

)2m η
η−1

k
, (9)

where the superscript F denotes free riders.
The number of firms that collaborate to produce the

open design rather than free riding is determined by
the condition ΠF

D ≥ΠO
D. Using (8) and (9), this yields

m≥mO ≡ [2(1 − θ)]η−1/2−η. Thus, an open coalition
will be composed ofmO firms, and any otherfirms that
use the open design will find it more profitable to free
ride than to contribute to it. The number of firms mO

that contribute to the open coalition decreases with θ
and increases with η as long as θ≤ 1/2. The intuition is
that as free riding becomesmore profitable (higher θ),
more firms prefer to free ride instead of providing a
costly contribution. Similarly, as the communication
technology improves, more firms are motivated to use
the open design. If the penalty from free riding is high
(low θ), the marginal firm finds it more profitable to use
the open design and contribute to it; conversely, if the
penalty is small (high θ), it finds it more profitable to
free ride.
The number of firms that contribute yields the

following profits in equilibrium:

ΠO
D � ΠF

D �
(
ρO
D

σ

)2
Θ

k
, (10)

where Θ ≡ θ[2(1 − θ)]η−1/2−η. These profits increase
with θ if θ≤ 2 − η /2, and they increase with η if θ≤ 1/2.
This stems from the trade-off between the commu-
nication technology η and the penalty from free rid-
ing θ. A better communication technology raises the
profits from using the open design. However, if the
penalty from free riding is small, there are too strong
incentives to free ride, which reduce profits.

Compare Profits from Using the Open vs. Supplier
Design. The downstream firms use the open versus
supplier design only if ΠU

D ≤ΠO
D. Using (7) and (10),

this implies
(
ρU

/
σ
)2(σ − 1)(n −m)/σ̃≤ (

ρO
D

/
σ
)2
Θ/k. Be-

cause all downstream firms are identical, in equilib-
rium, they all use either the open or the proprietary
design. This implies ρO

D � ρU � 1/n, and in the pro-
prietary equilibrium, m � 0. As discussed earlier, by
picking the highest possible markup, the supplier
raises its own profits and the net profits of the
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downstream firms when the buy from the supplier.
Thus, we can approximate σ̃ ≈ 1 and obtain

k≤ Θ

n(σ − 1) ≡ kO, (11)

where kO is the threshold level of k such that if the
technology to produce the design by the downstream
firms falls below the threshold, an open design strategy
on the part of the downstream firms is more profit-
able than buying the design from the upstream supplier.
Note that kO decreases with the extent of the compe-
tition across downstream firms (high n or σ). The
intuition is that stronger competition increases the
disadvantage of creating free riders for the contrib-
uting firms, which reduces the benefits of the open
strategy. Also, kO increases with θ if θ≤ 2 − η/2 and
increases with η if θ≤ 1/2, which is a direct conse-
quence of the effects of ΠO

D with respect to these var-
iables that we discussed earlier.

Net Profits of the Downstream Firms When They Use
the Design Produced by a Closed Coalition of Down-
stream Firms. A third possible case is the one in
which the design is produced by a closed coalition of
downstream firms. This is a fairly broad case that
encompasses both vertical integration, when the num-
ber to downstream firms that produce and use the
design is equal to 1, and private alliances. Unlike the
open coalition, in this case, the firms do not allow others
to use the design that they produce. For simplicity, we
consider the case in which there is only one “club.” For
example, only onefirm or its coalition can produce the
good, whereas the other firms that do not participate
in the coalition have to buy from the supplier. This is
not a restrictive assumption. We could allow for the
formation of more private coalitions. However, in
this way we can focus on the comparison between the
private alliance and the supply from the upstream
provider of the design.

The problem of the closed coalition is similar to the
open coalition, with two differences. First, the costs
are k /2mβx2D, where β is a parameter andmβ is the cost
that the firms in the coalition have to bear to keep the
design proprietary. These costs are likely to be higher
if there are more firms in the coalition, and they are
likely to increase if the investment xD is larger. A
higher number of firms raise the complication of
contracts and the coordination among them, espe-
cially if the operations (xD) are sizable. Another im-
portant cost, which is likely to increase with the number
of partners, is the cost to ensure that the information
about the technology does not leak out—that is, there
is a cost associated to the very goal of keeping the
knowledge proprietary, especially when there are
many partners (which is also why this cost is less

pronounced in the case of the supplier). As a matter of
fact, we typically observe that alliances do not involve
more than few firms, and on many occasions, they
involve two firms. Second, the term ρC

D, where the
superscriptC now denotes the closed coalition, is no
longer equal to 1/n such as in the case of ρO

D and ρU ,
but ρC

D ≡ [m+(n−m)r1−σ]−1, where r≡ rD/rU . Specifi-
cally, in this case, 0<m<n, andwe cannot simplify it to
m� 0 orm� n because, in equilibrium, some firms use
the closed design, whereas others use the supplier’s
design.
It is not difficult to show that in this case the op-

timization problem of the firms in the closed coalition
yields xCD � ρC

Dm
1/η−1−β/σk and XC

D � ρC
Dm

η/η−1−β/σk,
and profits are equal to

ΠC
D �

(
ρC
D

σ

)2M
k
, (12)

where M ≡ mη/η−1−β − 1/2m1/η−1−β.
The open coalition cannot choose the optimal

number of contributing firms because, as shown
earlier, this number is determined by the exogenous
conditions that affect the benefits of free riding.
Conversely, the closed coalition can make this choice,
especially if, as we posit, the coalition is created by
one firm that takes the initiative of vertically in-
tegrating or creating an alliance. The closed coalition
then picks the optimal mC that maximizes (12). In this
optimization problem, m appears in ρC

D and in M.

However, ∂ρC
D2/∂m � 2(rσ−1 − 1)ρC

D3, and for n suffi-
ciently large, this expression is close to 0. In brief, this
assumes that the competitive effect of adding
one more partner to the coalition is small. This im-
plies that the optimal m maximizes M, and it is not
difficult to show that this optimal level is mC �[
2(η − β(η − 1))/2 − β(η − 1)]η−1/2−η. In what follows,
we assume that β is sufficiently high such that mC

is small. If n is relatively large, this simplifies to
ρC
D ≈ r1−σ/n.

Equilibrium Level of r. In the case of the closed co-
alition, we need to determine the equilibrium level
of r. Take the ratio of (6) and the expression for rU
derived from (5a). This yields

r � (1 + α)(σ̃ − 1)
σ̃

(
QU

QC
D

) α
1+α
. (13)

We can use (2), (5b), the expression forXC
D, and the fact

that ρU � 1/n and ρC
D ≈ r1−σ/n to obtain

QU

QC
D
� n2(σ − 1)k

mCφσ̃
r2σ−1, (14)
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where φ ≡ η/η − 1 − β + 1. This yields the equilibrium
level of r, or

r �
[ (1 + α)(σ̃ − 1)

σ̃

]1+α
d
[
n2(σ − 1)k
mCφσ̃

]α
d

, (15)

where d ≡ 1 − 2α(σ − 1) ≥ 0, or σ≤ 1 + 2α/2α.1

Compare Profits from Using the Closed vs. Supplier
Design. The downstream firms use the closed versus
supplier design only if ΠU

D ≤ΠC
D. Using (7) and (12),

this implies
(
ρU

/
σ
)2(σ − 1)(n −m)/σ̃≤ (

ρC
D

/
σ
)2M/k.

Again, on the left-hand side, ρU � 1/n, m � 0, and we
approximate σ̃ ≈ 1, which, as noted earlier, stems
from the fact that if the downstream firms buy from
the supplier, both the suppliers and the downstream
firms benefit from a high markup that generates a
higher xU . On the right-hand side, ρC

D � r1−σ/n, andwe
replace r with its equilibrium level (15). In this ex-
pression, σ̃ is the optimal markup defined implicitly
by (4a). Solving the inequality above for k (and taking
into account that k also appears in the expression
for r), we obtain

k≤ Ψ

n(σ − 1) ≡ kC, (16)

where

Ψ ≡ Md
[

σ̃

(1 + α)(σ̃ − 1)
]
2(σ−1)(1+α)[mCφσ̃

n

]
2(σ−1)α

, (17)

and kC is the threshold level of k such that if the
technology to produce the design by the downstream
firms falls below the threshold, a closed coalition is
more profitable for the firms that set it up than buying
from the supplier.

Compare Profits from Using the Closed vs. Open
Design. Finally, compare profits using the closed ver-
sus open design; that is, ΠO

D ≤ΠC
D. Using (10) and (12),

this implies (ρO
D/σ)2Θ/k≤ (ρC

D/σ)2M/k. Again, on the
left-hand side, ρO

D � 1/n, and on the right-hand side,
ρC
D � r1−σ/n. Replace r with its equilibrium level

(15). Solving for k, which also appears in the expression
for r, yields

k≤

(
Ψ

Θd

) 1
1−d

n(σ − 1) ≡ k̃, (18)

where k̃ is the threshold level of k such that if the
technology to produce the design by the downstream
firms falls below the threshold, a closed strategy is
more profitable than an open strategy.

Interestingly, this suggests that as the technology
to produce the design by the downstream firms keeps
falling, eventually, the closed strategy becomes more
profitable than the open strategy. The intuition is that
the competitive advantage of the closed coalition be-
comes so strong that an open strategy, which resets the
competitiveness of the firms that cannot access the
superior technology, becomes less appealing.

Open, Closed, and Supplier Equilibria. Using the thresh-
olds (11), (16), and (18) we can write

kC

kO
� Ψ

Θ
, (19a)

k̃
kC

�
(
Ψ

Θ

) d
1−d
. (19b)

Because d/1 − d> 0, if kC/kO < 1, then k̃/kC < 1, and vice
versa.We can then characterize our equilibria in Figure 1
and in the following lemma. As it can be readily seen
from (19a) and (19b), the critical condition is whether
Ψ<Θ.

Lemma (Equilibria). If Ψ<Θ, as the relative efficiency of
downstream firms increases (k lowers), we move from a
supplier equilibrium (all firms buy from the supplier), to
an open strategy equilibrium (a coalition of downstream
firms produces the design and distributes it freely), and fi-
nally to a closed strategy equilibrium (a coalition of firms
produces the design and keeps it proprietary). If Ψ≥Θ, as k
lowers no open equilibrium arises, and wemove directly from
a supplier to a closed strategy equilibrium.

It is easy to see that if Ψ<Θ, then kO ≥ kC ≥ k̃. In this
case, as also represented in Figure 1, when k falls below
kO, it can still be higher than k̃, which implies that an
open strategy equilibrium is feasible. Specifically, as
Figure 1 also shows, we have a smooth transition as k
keeps falling: from the supplier equilibriumwhen k≥ kO,
to the open equilibriumwhen k̃≤ k≤ kO, and to the closed
equilibrium when k≤ k̃. By contrast, if Ψ≥Θ, then kO ≤
kC ≤ k̃, which implies that whenever k falls below kO, it
is already smaller than k̃. The key threshold is then kC

such that k≥ kC generates a supplier equilibrium,
whereas k≤ kC produces a closed equilibrium.

Communication Technology and Open Equilibria. The
next step is to understand what makes Ψ<Θ, which
makes the open equilibrium possible. In this and the
next subsection we state two propositions, one about
the effects of the communication technology η and the
other about manufacturing scale economies (n and α).
We have to be careful in that to characterize the effects
of Ψ with respect to our parameters, we need to take
into account that in (15) these parameters also affect
the equilibrium level of r, which affects σ̃ in (17).
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As far as communication technology is concerned,
if the costs of the partnership, captured by the pa-
rameter β, are high, such that mC is close to 1 (vertical
integration), it is not difficult to see from (15) that r
and therefore σ̃ andΨ are not affected by advances in
communication technology captured by η. We al-
ready established thatΘ increases with θ if θ≤ 2 − η /2
and increases with η if θ≤ 1/2. We can then write the
following proposition.

Proposition 1. An open strategy equilibrium is more likely
to arise if (i) the communication technology among con-
tributing firms is efficient (high η), (ii) free riding is costly
(low θ), and (iii) the costs of forming a private partnership
are sizable (high β).

Basically, an improvement in communication tech-
nology facilitates collaboration among downstream
firms. When k declines, these collaborations become
more profitable than buying from the supplier, and
if there are sizable costs of forming a private partnership
(high β) and free riding is not costless, an open strategy
dominates the formation of a closed coalition.

In essence, this proposition speaks to the standard
context in our economies in which an individual firm
has to choose between vertical integration and an
open strategy. This is, for example, the case of the
Open Compute Project discussed in the introduction.
Facebook developed the technological capabilities to
improve the technology of data centers and decided
to diffuse it openly. The opportunity to develop a

digital platform for setting up the open commu-
nity and the opportunities to exchange knowledge
and information on the web clearly helped to create
a community that involves many contributors, and
possibly some free riders. More generally speaking, as
noted earlier, we rarely see closed alliances composed
of a large number of partner firms. This suggests that
the partnership costs are likely to be high when many
partners are involved. As a result, in practice, the
optimal mC is likely to be small, with the implication
that the impact of improvements in communication
technology η is likely to be stronger for open as op-
posed to closed strategies of downstream firms.

Scale and Open Equilibria: Open Source Hardware vs.
Open Source Software. The other effect is the scale. In
(17) the scale of downstream suppliers n affects Ψ
both directly and through σ̃. From the definition of σ̃,
the scale of downstream firms n affects σ̃ directly and
through r, as defined by (15). Using the definition of
σ̃, it is not difficult to see that the variations of σ̃ with
respect to r and n are negligible as n becomes large
relatively to mC. As a result, as n gets larger, the vari-
ation of Ψ with respect to n depends mostly on the
direct effect of n in (17). Intuitively, as n gets larger,
changes in n have a relatively negligible effect on
the markup of the supplier vis-à-vis the scale effects
on the open coalition. Because the direct effect ofΨwith
respect to n is negative, as the scale of downstream
firms increases, an open equilibrium is more likely.

Figure 1. Equilibrium Configurations

Notes. In Figure 1(a), when k falls below kO, an open strategy becomesmore profitable than buying from the supplier. However, onlywhen k falls
below k̃ does the closed strategy becomes more profitable than the open strategy. In Figure 1(b), when k falls below kC, it is also smaller than k̃,
which implies that a closed strategy is more profitable than an open strategy. For the open equilibrium to arise, it is crucial to check whether
Ψ<Θ. See definitions (17) and (10) in the text and the conditions (19a) and (19b).
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This effect depends crucially economies of scale in
manufacturing, which in our model are governed by
α. It is easy to see from (17) that if α � 0, the direct
effect of Ψ with respect to n disappears. As a result,
increases in n no longer make the open equilibrium
more likely. The rise of an open equilibrium depends
on other factors.

This has a natural interpretation. Economies of
scale in manufacturing, as we have modelled them in
this paper, are associated with the production of de-
sign embodied in final goods that generate such econ-
omies of scale. In turn, this highlights the distinction
we made earlier between open source hardware and
open source software. In open source software, there are
no economies of scale in manufacturing but only in the
production of the design, which in our model amounts
to α � 0. The open equilibrium becomes less likely
because, when α � 0, the marginal cost of producing
the good that embodies the design does not decline
when y increases, which implies, from (3), that the
marginal cost ofmanufacturing the gooddoes not fall
with the scale of total demand Q. This leads to the
important conclusion of ourmodel that open source is
more likely to become a widespread and diffused
strategy when designs are embodied in goods that
enjoy economies of scale in manufacturing, and the
scale of downstream user firms is large. We capture
this discussion in the following proposition.

Proposition 2. An open strategy equilibrium is more likely
to arise if the scale of downstream users is large (high n) and
there are economies of scale in manufacturing (α> 0). This
also implies that an open strategy is more likely to arise in
open source hardware than in open source software.

5. Discussion
Recall from our introduction that downstream develop-
ment of open inputs, the vertical strategy we have de-
scribed and analyzed, is orthogonal to the horizontal
strategy suppliers engage in that has been described
by and explored by Teece (1986), Casadesus-Masanell
and Llanes (2011), Alexy et al. (2018), and others. In
that horizontal strategy, suppliers make some products
in a bundle of complements free to concentrate rent
capture in other elements of the bundle. By contrast, in
the strategy we have described, downstream firms seek
to create substitute free designs for upstream inputs
they purchase in order to increase profits in the prod-
ucts they sell downstream—it is a vertical strategy in-
volving selective openness.

With respect to this vertical strategy, we have ex-
plored the impacts of major technological trends on
the economics of open, collaborative input designs
versus closed, proprietary input designs. We have
found that these technological trends have opened a
pathway for downstream firms as well as upstream

suppliers to distribute the cost of creating an input
design across many customers. The result is to re-
duce or even reverse the advantages input producers
have historically enjoyed relative to collaborations of
downstream firms with respect to profiting from
creating their own product designs.
We believe the research we report on here offers three

major contributions to the literature. First, we show that
an open strategy equilibrium arises endogenously; that
is, downstream firms find it profitable to collaboratively
develop substitute designs for proprietary inputs they all
purchase and find it profitable to offer their designs
openly to free riders outside their coalition, even
when there is competition across them.
Second, we do not explain the open strategy using

ad hoc arguments but instead show it to be an al-
ternative that can dominate these other strategies
within the very same framework of analysis. We also
show that this outcome is robust to the reaction of the
supplier. That is, the supplier may react by increasing
the quality of the design at the expense of its profits if
this enables the supplier to keep its clients and pre-
vent from more pronounced reductions in its profits.
However, as the relative efficiency of downstream
firms in producing the design, whichwe indicatewith
k, keeps declining, there is no viable reaction open
to the supplier to counter the strategy of the down-
stream firms while earning nonnegative profits.
Third, by including economies of scale in manufactur-

ing in our analyses, we show that open strategies are
likely to become more common in open source hard-
ware than in open source software. In other words,
although most of the common wisdom suggests that
open design strategies are more common when we
focus on intangibles, we conclude that open design
strategies may be more common and profitable when
designs are embodied in hardware.
The general shift toward open design we predict

would clearly have major ramifications for both
firm strategies and the overall economy. We therefore
should note that changes of scope and import similar
to the ones that we describe are far from unprece-
dented in economic history. As many have argued,
successful organizational forms, the locus of activi-
ties within industry structures, and the associ-
ated theoretical propositions do fundamentally
change as historical circumstances and environments
evolve over time (Woodward 1965; Chandler 1977;
Nelson andWinter 1982; Aoki 1984, 2001;Williamson
1985, 1991; Langlois 1986; Baldwin and Clark 2000;
Langlois 2002; Jacobides et al. 2006) and in turn have
significant impacts at the firm, economic, theoretical,
and societal levels.
We next discuss the generalizability of and very im-

portant limitations to our findings and the general trend
toward openness (Section 5.2). Finally, we conclude by
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offering some strategic implications for firms and policy
implications for governments (Section 5.3).

5.2. Generalizability and Limitations
The economic comparison we have made between
inputs developed by downstream design teams and
shared openly versus the purchase of inputs of pro-
prietary design from monopoly suppliers is a quite
general one. Recall that all firms are positioned within
in supply chains: they all purchase inputs to incor-
porate into products and services they use or sell. As
each level in a supply chain increasingly seeks eco-
nomic advantage by creating open designs as a sub-
stitute for purchasing proprietary input designs from
monopoly suppliers, firms in that level can also ex-
pect that their customers will be making the same
calculations and choices. Rival firms at each supply
chain level all have access to same inputs on themarket,
and so a purchase does not convey any competitive
advantage to one input purchaser relative to another.
However, all purchasers of a proprietary input must
pay monopoly rents to the design owner—something
that they would, of course, all prefer to avoid if
possible. As a result, as noted earlier, we think that
openness will spread quite broadly throughout the
economy.

With respect towhichmarkets aremost likely to first
experience the formation of downstream coalitions, it
is reasonable to assume that individual downstream
firms would choose to first create substitutes for the
proprietary inputs they are purchasing, which have
the largest rent payments associated with them. Then,
it would be reasonable to move on to the next most
attractive targets, until all profitable options have
been addressed. From the perspective of likelihood of
generating a sufficiently large coalition, it is reasonable
to predict that markets for relatively standard and
homogeneous products or services will be especially
attractive opportunities. In such cases, it is possible
that many proprietary designs can be substituted for
by a single open design. The increase in the quantity
demanded and supplied in equilibrium implies that
the greater efficiency of the coalition of customers
spreads over a larger volume of output, making the
efficiency gains wider.

At the same time, there are at least three impor-
tant exceptions to the general trend toward increased
openness we have described. First, and most obvi-
ously, firms and individuals that are end users—the
final link in a supply chain—will not be subjected to
the creation of open input alternatives to their own
outputs; as final supply chain links, they consume
those outputs themselves and do not serve as pro-
ducers of outputs for others.

A second very important and less obvious excep-
tion occurs when substituting for the function of the

design of a proprietary input supplied by a producer
depends on complementary assets held by the sup-
plier in addition to the innovation itself. Here, wemust
integrate in the reasoning andmodeling of Alexy et al.
(2018) and others previously cited involving supplier
control of “bottlenecks” that are complements to the
focal innovation. The cost of developing a substitute
for the function of a proprietary input must include
the cost of access to such complements. For example,
it is likely that a substitute for the artificial intelligence
algorithms created by Google to recognize images or
speech can be created at a favorable cost by a coalition of
customers. In addition, downstream users can purchase
neural network hardware from the same sources as can
Google. However, enormous troves of images or speech
are today necessary complements required to train such
algorithms to a high level of accuracy. Customers very
generally cannot get access to the massive—and, more
importantly, proprietary—databases required. Only
Google, Baidu, Facebook, and a few other firms are in
a position to compile them as a costless side effect of
conducting their businesses. The end result is that a
collaboration of downstream users is unlikely to be
able in this instance to have an economically via-
ble case to create an open input to substitute for the
function of proprietary offerings of firms such as
Google. Again, the general lesson is that the costs
calculated to determine the viability of coalition de-
signs must in each instance include the costs of access
to all complements required to achieve functional
equivalence to the proprietary designs offered by
monopolist suppliers (Zhu and Iansiti 2012).
Third, and finally, our description of the general

trends increasingly lowering the costs of downstream
firm innovation relative to producer innovation ap-
plies unevenly across the economy. Thus, in the case
of production of very-high-volume products such as
automobiles, specialized tooling in specialized fac-
tories is still the order of the day. This is also the case
for very complex semiconductor products such as the
central processing units produced by Intel for com-
puters and the graphical processing units produced
by Nvidia. In all such areas, production and design
are still highly interdependent, and supplier-specific
production equipment is often present. Whenever
this is so, downstream firms and producers are not
equally advantaged with respect to creating produc-
ible designs. Furthermore, when these conditions hold,
downstream design coalitions cannot assume they can
get equivalent production capabilities at the same price
from “white box suppliers” as they can from incumbent
proprietary producers.
For these three reasons we do not, as was men-

tioned earlier, believe that the design of proprietary
inputs will disappear, but we do expect it to become
less pervasive and ubiquitous than was the case
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during most of the 20th century and to be combined
with free and open input designs in many settings.
This also suggests that although we have cast our
analysis in terms of technological trends that are mak-
ing open strategies more likely over time, the reader can
equally interpret our analysis as suggesting that open
strategy is more likely in some industries or contexts
(e.g., countries), as opposed to others where some of
the parameters of our model are such that they make
open strategies by downstream firms more likely.

5.3. Strategy, Project Design, and
Policy Implications

Strategy implications for firms derivable from our
findings and discussion are quite clear. The most direct
strategy implications for downstream firms seeking
to reduce rent streams that they currently pay for pro-
prietary inputs is to assess the opportunity to increase
profits by creating an open input (or closed club good)
substitute for each such input. The most direct impli-
cations for those same firms when they act as producers
is that they should actively protect the markets for their
proprietary designs against the emergence of open
substitutes. They can do this by assessing and attempting
to increase the total cost to their downstream customers
of creating a substitute thatwill function as effectively as
their proprietary design. Such assessments will include
downstream firms’ costs of developing the focal de-
sign and acquiring access to related complements
necessary or valuable for its functioning.

Very generally, all firms attempt to find ways to pro-
tect and assert monopoly rights with respect to their
outputs they sell and to defeat or skirtmonopoly rights
with respect to the inputs they purchase. It will be a
very interesting matter for both research and practice
to learn how these dual objectives can best be attained.
In this regard, it is important to notice that a firm’s
“core competences” are not the same as defensible
competences under the modern conditions we have
described. It is possible that firms may have to find
new sources of competitive advantage over time.

With respect to the design and governance of open
input design projects, a detailed understanding of
best practices should be developed, explored, and
tested by both interested user firms and by academics.
There can be considerable complexity involved in
achieving best practices. For example, if one looks at
the website of the Open Compute Project, one can see
a set of project participation rules laid out, imple-
menting the general principles we have laid out in
this paper at a much more detailed and specific level.
Thus, we noted earlier that an important benefit con-
tributors to an open design project can have over free
riders is that only contributors have a pathway to
express and incorporate their own particular design
interests as a project evolves. By contrast, free riders

can only adopt or not adopt the open design that has
been created by others. The Open Compute Project
instantiates this principle and seeks to optimize in-
centives to contribute by offering increasing levels of
design control to project contributors as a function of
the amount of money and design effort they agree to
contribute (Open Compute Project 2018b).
With respect to government policy implications,we

may say that monopolies in general and intellec-
tual property rights in particular create deadweight
losses and reduce social welfare (Machlup and Penrose
1950, Penrose 1951, MacLeod 2007). If and as k, the
cost of producing an open design on the part of the
coalition, falls below a certain level, we show that
an open strategy equilibrium arises endogenously;
that is, downstream firms find it profitable to share
knowledge and to distribute it openly outside their
coalition. Under these conditions there will be no need
to “force” openness, as the monopolist cannot su-
persede the open coalition even if it reacted strate-
gically by lowering the price of the design to keep its
customers. However, if potentials for reducing k are
somehow being impeded, antitrust authorities may
find ways to create the conditions for reducing k and
trigger the underlying opennessmechanismswe have
described.

6. Conclusion
In this paper we have shown that important tech-
nological trends have very broadly invalidated the
traditional assumption that producer firms are advan-
taged over coalitions of downstream firms with respect
to spreading the costs of design overmany downstream
firms. The invalidation of this assumption, in turn,
opens the way to understanding the present rise and
favorable economics of efforts to develop substitutes for
proprietary producer products by coalitions of down-
stream firms, such as in the Open Compute Project
discussed earlier. We hope that by opening up and
exploring this increasingly viable strategic option for
downstream firms in this paper we will encourage re-
search by others to develop and explore the possibili-
ties further. We think it likely that input development,
especially in the case of hardware, will over time mi-
grate away from closed proprietary designs offered
by producers to substitute designs developed by and
openly shared among downstream firms.
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Endnote
1The condition d≥ 0 is necessary for the equilibrium. In the space
formed byQU/QC

D on the y axis and r in the x axis, the two curves (13)
and (14) must be such that n2(σ − 1)k/mCφ

σ̃> (σ̃/(1 + α)(σ̃ − 1))1+αα ,
which is satisfied if, for example, n is sufficiently large, and (13) cuts
(14) from below, which requires d≥ 0. Note that because σ̃≤ σ, the
condition σ≤ 1 + 2α/2α implies the condition σ̃≤ 1 + 2α/2α imposed
earlier. Also, in (15), rU affects r and the left-hand side through σ̃.
However, rU affects r negatively and the left-hand side positively,
which implies that (15) is an equilibrium.
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