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Innovation in product and process development is regarded as a key av-

enue for growth, profitability, and competitive advantage in many industries.

With lifetimes of products shortened by both the accelerating pace of techno-

logical change and global competition, firms are forced to invest continually

and ever-increasing amounts to maintain their competitive edge. However,

due to increasing complexity of offerings and intensifying competition, suc-

cessful development and distribution of products also depends on the strength

of a firm’s relationships with its partners. In this dissertation, we examine the

strategic interactions between a firm’s technological capabilities, its product of-

ferings and collaborative and competitive forces in supply chains. Specifically,

this dissertation examines three stages of a product development problem and

characterizes the role of product innovation, secondary markets and distribu-

tion channels in determining the structure of inter-firm relationships. In the
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first essay, we look at the different approaches that firms take while collabo-

rating with suppliers in new product development. Following the development

of a new product, a key decision for a firm is its product positioning strategy.

The second essay of the dissertation analyzes the product positioning prob-

lem of a firm under both monopoly and competition. Secondary markets also

play a significant role in determining the nature of inter-firm relationships.

The final essay of the dissertation probes this issue further and examines the

strategic role of intermediaries upon the distribution strategy adopted by a

firm. In summary, this dissertation illustrates how product characteristics and

inter-firm relationships play a crucial role in the success or failure of firms.

Hence, it is important for firms to recognize these factors while making de-

sign, development and distribution decisions.
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Chapter 1

Executive Summary

Innovation in product and process development is regarded as a key av-

enue for growth, profitability, and competitive advantage in many industries.

With lifetimes of products shortened by both the accelerating pace of techno-

logical change and global competition, firms are forced to invest continually

and ever-increasing amounts to maintain their competitive edge. However, due

to increasing complexity of offerings and intensifying competition, successful

innovation depends not only on a firm’s capabilities but also on the strength

of its alliances. Rapid changes in technology and increasing trend towards of

globalization further underscore the need to find the right partners and form

appropriate alliances. Although collaborative development and the blending

of disparate corporate cultures has received some attention in the popular

business press, more involved challenges of joint development and distribution

have not been widely reported or discussed in-depth. In reality, majority of the

interactions between firms go beyond arms-length contracting typically con-

sidered in the operations literature, but fall short of acquisitions and mergers

analyzed in strategy and organization theory literature. These relationships

in supply chains determine, to a great extent, the success or failure of several

firms. In this dissertation, we examine the strategic interactions between a
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firm’s technological capabilities and collaborative and competitive forces in

supply chains. Specifically, we focus on three stages of a product development

decision viz: the design and development stage, the product positioning stage

and the product distribution stage and evaluate how these stages are impacted

by the competitive and collaborative interactions between different entities in

a value chain.

Co-development, which involves joint development and design of new

products, abounds in several industries including bio-technology and electron-

ics (Grover 1998, Nigro 2003, Austin American-Statesman April 21, 2003).

To better understand the impact of co-development on product and process

innovation, we first examine different approaches that firms take while collabo-

rating with suppliers in new product development (NPD). Anecdotal evidence

and observations from practice suggest that there are two generic forms of

collaborative NPD to manage technology uncertainty and provide the right

incentives for managing alliances (MarketWatch 2005, Thomke et al. 1999).

Some firms work together with their partners and jointly develop new prod-

ucts, while others prefer to invest money in partner firms. However, although

both these approaches could help coordinate the product development process,

the effect of these agreements on scope and nature product development and

on individual firm profits is not well understood. This raises several inter-

esting and important questions: How should firms structure such agreements

with their partners? What impact does technology uncertainty have on these

partnerships? Under what conditions should firms choose one agreement over
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the other? We find that although such vertical collaboration enables each firm

to focus on what it does best and achieve certain economies of specialization,

it also introduces new issues associated with the alignment of decisions and

incentives that have to be managed alongside conventional performance and

timing uncertainties of new product development. By identifying the trade-offs

involved in these agreements, this research develops an analytical framework

that can guide firms in selecting the appropriate co-development strategy.

Following the development of a new product, a key decision for a firm is

its product positioning strategy. However effective product positioning needs

to recognize the linkages between new product design and portflio design. In

this dissertation, we also develop a framework for integrated product develop-

ment and portfolio design. Specifically, we examine the value of retaining an

existing lower quality product after developing a new higher quality version of

the same product family. The economic and game-theoretic analysis used to

model this problem brings forth several interesting insights. We find that hav-

ing a product-line based approach developed to NPD, in which a firm retains

its existing product after having developed the new product, can provide sig-

nificant strategic advantages to a firm. For example, a product line approach

could enable firms to compete effectively without forgoing its market pres-

ence in certain consumer segments. In addition, cannibalization tensions in

maintaining a larger portfolio could serve to deter mutually destructive price

competition.

Secondary markets also play a significant role in determining the nature
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of inter-firm relationships. With the proliferation of several auction sites and

consumer-to-consumer portals, firms are facing increased competition from

used good markets. It is well documented in the economics literature that the

durability of a product could interfere with a firms ability to obtain monopoly

rents in the presence of such perfect secondary markets. In particular, when

a manufacturer sells a durable good to consumers, the subsequent competi-

tion from used goods through these secondary markets erodes her ability to

obtain better margins from a consumer. It has also been widely recognized

that the use of independent firms to distribute a product to consumers can

have important implications for a distribution channel. It is worth noting that

intermediaries play a significant role in the distribution of many durable goods

to consumers. For example, in the home-consumer electronics segment, most

manufacturers distribute their products through large retailers such as Best

Buy, Circuit City or CompUSA. Similarly, most of the distribution and ser-

vice in the automobile industry is handled exclusively by independent dealers.

However, in spite of the fact that many durable products are sold through deal-

ers, the existing literature has largely ignored the issue of how product durabil-

ity affects the interactions between a manufacturer and her dealer(s). We also

seek to fill that gap through this dissertation by examining the strategic role

of product durability in the distribution of products through intermediaries.

We consider a durable goods manufacturer that uses an independent

dealer(s) to get her product to consumers. If the manufacturer sells her prod-

uct to the dealer, then the dealer can either sell or lease it to the final con-
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sumer. On the other hand, if the manufacturer leases her product to a dealer,

then the dealer is forced to lease it to the consumer. We first characterize

the equilibrium for a manufacturer who distributes through a single dealer as

a function of the costs of production and distribution. Among other things,

we show that the selling and leasing decisions of the two channel partners

should balance operational efficiency against the mitigation of time inconsis-

tency. Subsequently, we characterize the equilibrium for a manufacturer who

distributes through multiple dealers as a function of the intensity of inter-

dealer competition. One of our more interesting findings is that, when the

level of competition among dealers is high, the manufacturer prefers to lease

the product to her dealers, which forces them to lease to consumers. This

complements existing results that show that when suppliers of durable goods

interact directly with consumers, then selling becomes the dominant strategy

when competitive intensity is high.

The rest of the dissertation is organized as follows. In Chapter 2, we

scan the current NPD and operations literature and point to the main streams

of research on which this work is based on. In subsequent chapters 3, 4 and 5,

we conceptualize and model the development and distribution of a new product

by a firm and examine how competitive and collaborative forces in a supply

chain influence these decisions. Finally, we develop managerial implications for

firms engaged in new product development and point to directions for future

research.
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Chapter 2

Literature Review

New product development has generated significant interest in the last

several years, both from practitioners as well as academicians (Krishnan &

Ulrich 2001). A key issue in this field relates to the management of product

innovation within and outside of a firm. However, although management of

product innovation is a important aspect of NPD, most of the current lit-

erature ignores some of the fundamental aspects of product development in

an industrial context. In particular, the current body of NPD research does

not consider the competitive and collaborative interactions between a firm’s

product portfolio and its partners and rivals. In this section, we scan the

economics, marketing and operations management literature and point to the

main streams of research on which this dissertation is based on. At the same

time, we also point to the main aspects in which this work differs from.the

current state of product development research.

Multi-firm New Product Development

If one were to scan the current NPD research , it can be seen that most

this literature is single-firm-centric with its focus at the level of a project or,

at best, a product line. More recently, there is an emerging stream of work
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on the interactions between product and supply chain design decisions (Fine

& Whitney 1996, Anderson & Parker 2002, Novak & Eppinger 2001, Ulrich

& Ellison 1998, Grahovac & Parker 2002, Clark 1989). Even this literature

focuses only on how a single firm should make decisions involving its suppliers

and not on the interaction between the decisions of firms. Erat & Kavadias

(2005) study the development of products in an industrial context, but their

focus is on inter-temporal discrimination of a technology supplier through par-

tial adoption of technology and not on the joint development of products by

multiple firms. Our work builds on the model of product development under

technology uncertainty from the new product operations literature (Loch &

Terweisch 1998), but breaks new ground in the arena of multi-firm product

development.

The technology management literature considers R & D alliances (Dutta

& Weiss 1997, Amaldoss et al. 2000) but ignores the role of uncertainty in de-

velopment decision making or limits itself to institutional alliances and the

challenge of integrating cultures in such ventures (Doz & Hamel 1998). Ger-

win & Ferris (2004) provide a taxonomy of alliances in product development

projects, highlighting the role of contractual alliances. However, they limit

themselves to a qualitative and broad discussion of the project team organiza-

tion and the costs and benefits of contractual alliances. We delve deeply into

the specifics of contractual alliances, specifically examining the implications of

two forms of interaction between collaborating firms.

There exists a stream of literature in economics, marketing strategy,
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and supply chain operations that deals with interaction between vertical firms

and proposes mechanisms to alleviate tactical (price-quantity) coordination

problems (Jeuland & Shugan 1983, Lee & Staelin 1997, McGuire & Staelin

1983, Aghion & Tirole 1994, Grossman & Hart 1986, Spencer & Brander

1992, Cvsa & Gilbert 2002, Cachon & Lariviere 2005, Venkatesh et al. 2006).

Attempts have also been made to use similar models to analyze the effect

of innovation of one of the firms on its channel partners. Gupta & Loulou

(1998) study how interactions between firms in a channel affect innovation.

Gilbert & Cvsa (2003) analyze the effect of strategic commitment to price by

a supplier to stimulate downstream innovation in a supply chain. However,

this stream of literature deals mostly with process innovations and tactical

decisions like prices and quantities, and ignores the effect of technological

uncertainty on firms’ decision-making. Chapter 3, focused on collaborative

product development, borrows some modeling elements from this stream, but

differs significantly in that it emphasizes performance and timing uncertainty

of technologies and goes beyond inter-firm coordination based on prices and

quantities. We evaluate product development decision making that focuses

on product quality improvements through cost or effort sharing arrangements

between firms.

Integrated Product and Portfolio Design

Another important decision while managing product innovation is a

firm’s product positioning strategy. However, although product innovation

8



has been studied extensively in the economics and industrial organization lit-

erature, most of the current work on product innovation ignores the effect of

a firm’s current product portfolio on product development decisions. In their

influential work on product and process innovation, Utterback & Abernathy

(1975) characterizes the relationships between the pattern of innovation within

a firm, its process capability and the competitive environment in which it op-

erates. Building on this, Adner & Levinthal (2001)show that both product and

process innovation can influence the diffusion patterns in different industries.

Management of innovation within a firm is a complex task and this

issue has been looked in several contexts. Aghion & Tirole (1994) examines

the organization of R&D activity in an incomplete contract framework and

points to the effect of property rights on the frequency and magnitude of

innovations. Krishnan & Bhattacharya (2002) and Bhattacharya et al. (1998)

characterize the role of uncertainty on technology selection and new product

development. The importance of product and process innovation has also been

looked in a supply chain context. In particular, Tsay & Agrawal (2000) and

Gupta & Loulou (1998) show that it is important for firms to consider the

strength of channel relationships while making product innovation decisions.

In addition, these relationships could also be influenced by the specific form of

licensing that an innovating firm might choose to implementErat & Kavadias

(2005), Dutta & Weiss (1997). However, much of this work ignores the role

of a firm’s existing product portfolio on how product innovation should be

managed within a firm.
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Since this chapter also characterizes a firm’s optimal product position-

ing strategy, it also draws upon insights from the literature on vertical and

horizontal product differentiation. In particular, several papers have shown

that a firm could obtain higher profits by having different products for differ-

ent segments. Mussa & Rosen (1978) were one of the first to point out that

firms might have the incentive to provide less than efficient quality in order to

differentiate the products offered to different segments. This school of thought

was subsequently extended in several directions to include multiple market seg-

ments (Moorthy 1984), inter-temporal price discrimination (Moorthy & Png

1992) and multiple quality attributes (Kim & Chhajed 2002). However the fo-

cus of this body of work has been on vertical quality dimensions and it ignores

both the cost of product development and the presence of taste preferences

among consumers. Horizontal differentiation has been studied in Hotelling

(1929), Gilbert & Matutes (1993) and Moorthy (1988), but this stream of lit-

erature either ignores the role of vertical quality dimensions or does not con-

sider product development costs. More recently, product development costs

have been considered in Krishnan & Zhu (2006), but it does consider the im-

pact of a firm’s current product portfolio on the innovation decision. This

approach has also been used by Bhargava & Choudhary (2001) and Varian

(1997). Chapter 4, which conceptualizes and models integrated product and

portfolio design, differs from these existing literature in both scope and con-

tribution. In contrast to most of the literature which ignores the impact of

a firm’s existing product portfolio on its innovation, we model both product

10



innovation and product line design simultaneously. In this process, we seek to

unearth the strategic role of a firm’s current product portfolio on its design

and development decisions.

Durable Goods and Channel Structure

In the third chapter on product durability and channel structure,we

borrow extensively from both the economics, industrial organization and mar-

keting literature on the durable goods and secondary markets. Durable goods

has long been studied in these streams and it has been established that dura-

bility can interfere with a monopolistic manufacturer’s extraction of rents from

consumers. The reason for this, is that after a manufacturer sells its durable

product to some subset of the market, it has an incentive to continue produc-

tion, selling its output at lower and lower prices. Coase (1972) conjectures that

if rational consumers anticipate this behavior, then prices should fall down to

competitive levels. This line of thought is formalized by Bulow (1982) and

Stokey (1981) who propose that, by leasing the durable good, a manufacturer

can avoid the time inconsistency problem. Later research identifies condi-

tions under which the Coase conjecture does not apply, resulting in prices

that are above marginal costs. Notable among these are the works by Conlisk

et al. (1984) who model constant inflow of new consumers, Bond & Samuelson

(1984) who incorporate replacement sales, Kahn (1986) who studies increasing

marginal production costs and Bagnoli et al. (1980) who use discrete demand.

Research on durable goods has been pursued in two main directions.
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The first of these examines the relationship between durability and a firm’s

incentive to innovate. Prominent among these are the works by Levinthal &

Purohit (1989) and Waldman (1993) who argue that the incentive for a durable

goods manufacturer to make the existing product obsolete by introducing a

newer version is high and this can intensify the time inconsistency effect. Sim-

ilar issues have also been analyzed by Dhebar (1994) and Kornish (2001). The

other main direction in durable goods research explores how the competitive

environment affects a firm’s decision to lease or sell its product. Bulow (1986)

models the durability choice in an oligopoly and finds that the lease/sales ra-

tio is decreasing in the number of firms in the market. Bucovetsky & Chilton

(1986) demonstrate that selling can dominate leasing when there is a threat of

entry from competitive firms or actual competition among firms. Competition

is also examined by Desai & Purohit (1999), who show that in a duopoly, firms

tend to prefer selling over leasing when their products are sufficiently substi-

tutable. In another related work, Bhaskaran & Gilbert (2005) show that when

the demand for a durable good depends on the availability of complementary

goods, selling stimulates demand for complementary products and can benefit

the manufacturer of the durable good.

However, most of the research on durable goods has ignored the role of

intermediaries in a distribution channel, assuming instead that the manufac-

turer interacts directly with consumers. There are few notable exceptions to

this: Purohit (1995) shows that in the absence of contracts, a manufacturer

who uses an intermediary would prefer one who sells rather than leases. More
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recently, Desai et al. (2004) and Arya & Mittendorf (2006), show that, by

entering into appropriately specified contracts with intermediaries, a durable

goods manufacturer can commit to restricting her output and mitigate the

time inconsistency problem. Similar issues have also been considered in Puro-

hit & Staelin (1994), Purohit (1997). Our paper differs from these in several

respects: First, we restrict ourselves to linear contracts which are common

in practice and easy to implement (Lariviere & Porteus 2001). Second, in-

stead of assuming that the manufacturer sells the product to the dealer(s)

who subsequently sells it to consumers, we allow the manufacturer the option

of leasing the product to dealer(s). If the manufacturer sells, then we allow

the dealer(s) the choice between leasing and selling to consumers. Finally,

we allow for competition between dealers and examine how the intensity of

inter-dealer competition influences lease vs. sell decisions of the manufacturer

and dealers.

Since our primary interest is to understand the role of intermediaries in

the distribution of durable goods, our work is also closely related to the litera-

ture in marketing, operations and economics that deals with the inefficiencies

that are associated with use of intermediaries in distribution channels. One

of the primary sources of inefficiency is double-marginalization, which results

when each individual channel member adds its own margin to the cost of a

product and leads to a final retail price that is higher than the one that would

maximize total channel profits. Double-marginalization was first recognized by

Spengler (1950). Later, Jeuland & Shugan (1983) recognized its effects upon
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non-price variables such as advertising, shelf-space allocation, etc. Because

the double-marginalization that is introduced by the presence of intermedi-

aries puts upward pressure on prices, it often has an adverse effect on total

supply chain profits. However, as recognized by McGuire & Staelin (1983),

when the products of different manufacturers are highly substitutable, inter-

mediaries can be beneficial because double-marginalization from using them

mitigates the downward pressure on prices from competition. A number of

others, including: Choi (1991), Ingene & Parry (1995), Iyer (1998), Lee &

Staelin (1997), Gupta & Loulou (1998), and Gilbert et al. (2005) have studied

various dimensions of double marginalization and how it is related to channel

structure. However, these papers tend to focus on single period models that

ignore the effects of product durability and how it might affect the interactions

between manufacturers and dealers.

By explicitly modeling durability and the resulting choices between

selling and leasing that are available to a manufacturer and dealer(s), our re-

search bridges the gap between what is known about channel structure for

non-durables and what is known about distributing durables directly to con-

sumers. Moreover, because many durable products are distributed through

dealers, the insights that we obtain about how the production / distribution

cost structures and intensity of competition among dealers affect the equilib-

rium selling and leasing strategies should have practical significance.
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Chapter 3

Managing Technology Uncertainty under
Multi-firm New Product Development

3.1. Introduction

New product innovation has long been a key avenue for growth in rev-

enues and profits, especially in industries such as electronics and bio-technology.

With lifetimes of products shrinking, technical complexity increasing, and fac-

ing daunting odds of success, firms are forced to invest continually and ever-

growing amounts to maintain their competitive edge. In response, some firms

have looked beyond their four walls to other value chain partners for their

expertise in specific component technologies or scientific disciplines (Quinn

2000). Pharmaceutical companies, for example, increasingly turn to a number

of specialist bio-technology firms for their expertise in genomics to identify

new drugs customized to the genetic make-up of individual patients (Grover

1998). Articles trace HPs development of its highly profitable ink jet printer

and supplies businesses to the use of co-development during different phases of

its business (Nigro 2003). Even a company with such enormous technological

depth, patent portfolio, and research budget as IBM has begun forging col-

laborative development agreements with other specialist firms such as Sony,

Toshiba, and AMD (Austin American-Statesman April 21, 2003). The increas-
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ing uncertainty, complexity of know-how and costs of product development and

distribution require firms to collaborate by pooling their resources and enter-

ing into co-development arrangements, and we refer to this pattern of firms

jointly developing and launching products as multi-firm product development

or co-development.

While inter-company alliances and specifically, the blending of dis-

parate corporate cultures under institutional alliances has received a fair amount

of research attention, other challenges of joint development have not been

studied in-depth. Unlike manufacturing and assembly, where activities can be

largely outsourced in an arms-length transfer of prices and quantities, prod-

uct development is an uncertain and longer lead time activity with advance

investments and collaboration between firms that requires higher bandwidth

communication and coordination about product features and qualities. In the

absence of customer commitment under uncertainty, technology suppliers may

under-invest in technology development and firms incorporating the technology

in their new products may not fully integrate these technologies. In consoli-

dating industries such as personal computers and semi-conductor equipment,

technology suppliers may also fear that their customers may appropriate a

large portion of the benefits, if they were successful in technology develop-

ment. The classic product development challenges of managing technology

and market uncertainty are coupled with agency issues stemming from oppor-

tunistic behavior of the alliance partners, making co-development challenging

to manage in its own way.
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Multi-firm product development is more complex than manufacturing

outsourcing, but many products do not warrant the huge investments in time

and money required for institutional alliances, such as joint ventures. Manage-

ment of institutional alliances often requires the establishment of a separate

organization with investments of hundreds of millions of dollars as well as the

melding of established organizational cultures (Doz & Hamel 1998). While

there are some high-profile success stories of joint ventures, their mixed record

(as evidenced by examples such as the Iridium alliance or the IBM-Motorola

RISC technology venture) and their high investments make firms pause (be-

fore spending large amounts of money in institutional alliances) and look for

alternative approaches to joint development.

Contractual co-development, which involves multi-firm product devel-

opment, coordinated through a contractual agreement, seeks to achieve the

benefits of collaborative innovation without the costs of institutional alliances

(Gerwin & Ferris 2004). It is a project-driven partnership that is more in-

volved than outsourced development but less cumbersome compared to in-

stitutional alliances. Contractual co-development begins with the recognition

that a supplier that invests in component technological innovation cannot take

for granted the possibility of both the development succeeding and other value

chain participants making mutually aligned decisions if the innovation materi-

alizes. In contractual joint development, customer firms that wish to tap into

the technological know-how of their suppliers develop mechanisms to address

supplier concerns, stimulate innovation, and thereby realize the full poten-
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tial of the collaborative development process. We now discuss the nuances of

contractual joint development in two of the industries that we studied.

3.1.1 Co-Development Patterns and Decisions: The Case of Two
Industries

One of the industries where product development plays a crucial role

and co-development abounds is the bio-pharmaceutical industry, which in-

volves the application of biotechnology research to the development of phar-

maceutical compounds. Ever since the invention of recombinant insulin in

1982, the application of bio-technology to the creation of therapeutic drugs

has grown dramatically. Due to the large investments required in R&D and

complementary skills needed for commercialization, small bio-technology com-

panies often collaborate with large pharmaceutical companies. To understand

co-development in this industry, we surveyed a collection of articles and con-

ducted a detailed interview-driven field study of the collaboration between two

firms which we will call Alpha Labs (a small public U. S. bio-tech company)

and Mega Pharmaceuticals (a large Fortune 100 pharmaceutical company).

In September 2002, Alpha and Mega entered into a contractual agree-

ment to collaborate on the development and commercialization of a new inno-

vative type of diabetes drug. Under the terms of this agreement, Alpha and

Mega shared equally in the development costs with Mega making an upfront

investment based on an estimate of the development costs. Alpha performed

the drug development, while Mega helped to market and distribute the product
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with its vast global salesforce. The drug received FDA approval in 2005, and

the contract-driven drug development partnership has largely been a success.

It is noteworthy that despite its significant development and testing capabili-

ties and infrastructure, Mega decided to fund the development work at Alpha

rather than share the development and testing work. Alpha developers kept

detailed record of their time spent in the project, and Alpha’s alliance man-

ager would report the full time equivalent (FTE) of scientist/developer time

invested in the project every quarter, upon which Mega would reimburse Al-

pha for the expense. We call this pattern of multi-firm product development

where the collaborating companies share the development expense with one

firm doing the bulk of the work investment sharing. This pattern has been ob-

served with several other firms in the industry as illustrated also in the recent

example of Nuvelo and Bayer (MarketWatch 2005).

Consider, on the other hand, development of products at Dell Inc. in

the computer industry. While Dell Inc. is known widely as a direct and

lean manufacturer of computers, its ability to leverage the technological ca-

pabilities of its component suppliers are also noteworthy. Our field studies

of Dell’s development projects and interviews with their managers was in-

tended to unearth some of the opportunities and challenges in collaborative

development. How does Dell encourage its suppliers to invest in development

in the presence of technological and market uncertainties? We found that

Dell’s product design processes are deliberately designed to support and com-

plement supplier innovation with strengths in customer needs identification,
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complementary hardware/software development, component qualification and

testing, system integration, beta testing and market feedback. For example,

Dell worked closely with Lexmark Corp. in 2002 and enhanced Lexmark’s

printer technology with an innovative Dell-developed cartridge replenishment

software that takes advantage of its direct business model (Financial Times

March 25, 2003). Dell has also built its other product lines such as laptops,

servers, and storage products through collaborative arrangements with compo-

nent suppliers, in which Dell shares downstream development and testing work

with its suppliers. Thomke et al. (1999) discuss how Dell collaborated with

Sony to bring to market Sony’s innovations in lithium ion battery technology.

Dell’s joint development approach is in contrast to the investment shar-

ing approach used by Mega in that it partakes in the development work in

areas of qualification, testing, and system integration. We refer to such an ap-

proach in which the development work is shared without an upfront transfer of

money, as innovation sharing. While both investment and innovation sharing

approaches seem to be signals to suppliers of the customer firm’s commit-

ment, a more pertinent question relates to what effect they have on the extent

of product development and profits? Also, how do these arrangements com-

pare with a vertically integrated setup in terms of development investments

and product quality improvements? What impact does technology and market

uncertainty have on these partnerships? These are some of the questions that

constitute our focus in this paper.

We seek to model the interaction between a component technology sup-
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plier and a product development firm that integrates the component technol-

ogy into its product. The technology supplier has the opportunity to invest in

a development project that could improve the performance quality of the com-

ponent technology but faces both performance and timing uncertainties related

to this technology which discourage investment. In addition, the supplier may

have reservations about the development investment because, even if the inno-

vation materializes, the benefits may not be adequately realized by the supplier

if the downstream product development firm appropriates the gains by over-

pricing the product. How might the customer firm address these reservations

and achieve maximal quality improvement and profits? The multi-party deci-

sion making model and the coordination mechanisms proposed in this paper

are intended to help firms manage collaborative product development under

such conditions of technology, market, and distribution partner uncertainty.

The remainder of the chapter is organized as follows. We present a

model of multi-firm product development in sections 2 and 3. In section 4,

we analyze two mechanisms for coordinating product development, and eval-

uate the benefits of these mechanisms in dealing with technology and demand

uncertainty. In section 5, we develop the main results of the chapter, compar-

ing and contrasting the different mechanisms and demarcating their domains

of appropriateness. Finally, we summarize the managerial implications using

a conceptual framework, present some examples and point to directions for

future work.
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3.2. The Model

In this section, we detail the modeling assumptions and formulate the

profit function under different cases of distributed development. We analyze

these profit expressions in the sections 3.3 and 3.4 and compare the different

approaches to inter-firm development in section 3.5.

We study the case of a focal product M that is undergoing an inno-

vation/performance improvement along a certain key technological dimension

which could improve its performance quality and has the potential to en-

hance end-customer demand. However, the innovation is fraught with risks

and requires investments in time and money in technology development from

a specialist firm referred to as the Technology Development Company (TDC).

The product M itself has hitherto been packaged and sold by a downstream

firm, which we call the Product Development Company (PDC), along with a

complementary product C. To focus on the main product M, we assume that

the complementary product is a mature product (not undergoing any ma-

jor innovation). For example, the focal product could be a laptop computer

with key evolving components such as the battery technology (advanced by

technological suppliers) and the complementary product could be a printer or

monitor.

We model the innovation process as comprising of two distinct phases,

one involving the development of a key component technology, and the second

involving the packaging and integration of this technology into a new prod-

uct/system. We call these phases the Technology Development Phase
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and the Product Development Phase, respectively. The TDC specializes

in developing/advancing the technology-intensive component, and must decide

whether to market the improved product through the PDC or go to market

directly (essentially resulting in single firm product development). When the

TDC goes to market using the PDC, it may coordinate the development deci-

sions and investments in several different ways. At one extreme, the decisions

could be made without any coordination, which we refer to as Decoupled ap-

proach (DC), under which the TDC makes the technology investment decisions

independently and markets the product through the PDC in an arms-length

transaction. Alternately, the two firms could share the technology develop-

ment expense or the technology development effort, which we refer to as in-

vestment and innovation sharing, respectively. To focus on the relationship

between these two complementary firms and the uncertainties of the devel-

opment process, we model the interaction between these firms as a bilateral

monopoly and use the term collaboration to refer to the act of firms work-

ing together to develop the new product. In the sections to follow, we detail

the different assumptions and modeling constructs we have employed in this

paper.

3.2.1 Model of Technology Uncertainty

Prior research has shown that technology uncertainty has a significant

influence on the product development process Iansiti (1995), Krishnan & Bhat-

tacharya (2002). We consider a setting where the TDC faces uncertainties
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about both the feasibility and timing of the technological innovation. The key

challenge in this context is a result of the fact that the decision on the level of

investment (quality improvement) and the extent of cost/effort sharing needs

to be done well before making tactical pricing and production decisions typi-

cally modeled in the supply-chain literature. Now we list the main assumptions

of our model.

We model technology uncertainty along two dimensions: feasibility and

timing uncertainty. ‘Feasibility’ relates to whether or not the innovation

would be successful and ‘timing uncertainty’ aspect relates to when the

innovation would become successful. Consider the case of firms developing a

pharmaceutical drug from a lab-discovered molecule (technology). The com-

mercializing firms faces several types of uncertainty which limit their chances

of successfully getting regulatory and market acceptance. These include exoge-

nous factors such such as the molecule’s toxicity, carcinogenicity, and efficacy,

as well as endogenous factors such as firm capability in managing the project.

We model that the exogenous factors determine the feasibility of the technol-

ogy, and the endogenous factors influence the timing uncertainty.

At the commencement of the process when the TDC must make in-

vestment decisions, it is uncertain whether the new technology would succeed

or not and knows only the probability with which the technology would be

successful. This exogenous probability of success of the new technology is de-

noted by v. In addition, the time required for the development of the new

technology is also uncertain. Specifically, we assume that the time taken for
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technology development is an exponentially distributed random variable with

a probability density function λie
−λit. Here we could interpret λi as a mea-

sure of the firm’s innate development capability, directly impacting the speed

and consistency of the development process, and is assumed to be a constant

parameter for analytical tractability. However, computational results suggest

that the directionality of results would preserved even when λi is in the level of

quality improvement. When the technology development process is conducted

by the TDC, then λi is denoted by λT . At the end of the development process,

it becomes apparent whether the new technology is successful or not. Under

innovation sharing, a part of the technology development work is done by the

PDC. Since the processes at the PDC level could be different from that of the

TDC, the development capability parameter could also be different which we

denote by λP .

This model of uncertainty is appropriate in situations where firms only

have the ability to influence the time taken for technology development and the

feasibility of the technology is exogenous or beyond their control. Studies have

shown that the success rates of new compounds entering drug development is

about 20% (DiMasi 1995) . While there are endogenous factors such as manu-

facturing difficulties, these tend to impact the development time than influence

the probability of success. Similarly, in the case of high-technology products,

endogenous factors (such as firm capability and manufacturing issues) influence

the timing, and exogenous factors (such as the underlying physics) determine

the success probability.
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3.2.2 Model of Innovation

The innovation we model in this research is such that the improvement

in quality does not increase firms’ marginal costs. Abbott (1953) terms such

improvements, innovational quality dimensions - the introduction of a novel

quality that is judged superior by most or all buyers and costs no more to

produce, thus making the older quality obsolete. However the innovation in

itself entails costs: firms incur both a fixed cost of development and a cost

for resource deployment. The firm decides the level of quality improvement

(innovation) θ that it wants to achieve and it incurs a fixed cost of develop-

ment and a cost for resource deployment to achieve this improvement. The

fixed cost of development is an upfront investment and is a function of the

level of quality improvement θ. We assume that this cost is Iθρ, where I is

the investment parameter and assume that ρ > 1, implying that the cost of

innovation is convex w.r.t. to θ. Besides its intuitive appeal, this assumption

has empirical backing in literature, for eg. see Cohen & Klepper (1992, 1996),

Kamien & Schwartz (1975). Convexity of the cost function can be attributed

to diminishing returns from R & D expenditures or to diseconomies of scale

that, in practice, are associated with bureaucracies in a larger firm which stifle

creativity and impede innovation. Also, as the level of technological innova-

tion increases, diseconomies in offering employment contracts could also lead

to diseconomies of scale in R & D (Zenger 1994). Throughout the body of the

paper, we assume that the convexity parameter ρ = 2. However, directionality

of the results are preserved for any ρ > 1.
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Besides the fixed cost of investment, a firm would also have to dedi-

cate resources to the technology development process. To accommodate the

fact that higher levels of quality improvement require greater allocation of

resources, we assume that the cost associated with such resources would be

proportional to the level of quality improvement. Also, since the firm would

have to dedicate these resources throughout the course of the development

process, we assume that these costs are proportional to the time it takes for

the development of technology. Specifically, we model these costs as ctθ, where

c is a constant and t is the time taken for technology development. Thus the

total cost of development for a firm which improves the quality by θ would be:

TC = Iθ2 + ctθ (3.1)

In addition, as the time required to develop the new technology increases,

the chances of being late to the market increases (Cohen et al. 1996). Such

delays would directly impact the profits of the firm and we conceptualize this

by discounting the profits of the firm using a continuous time interest rate of

e−αt; α being the discount rate.

In our model, firms are risk-neutral and are interested in maximizing

their expected profits. Also, they have to make their investment into the

technology before uncertainty associated with the technology is resolved, but

can delay their production and pricing decisions until improved information

about the innovation is available. This is would be realistic in conditions where

lead times of innovations are much higher than normal production times. We
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also assume that firms have access to the same information and can verify

investment levels from product quality improvements.

3.2.3 Model of Demand

The end-customer demand is modeled as a variation of the downward

sloping linear demand function that incorporates customer’s greater willing-

ness to pay for higher quality, her sensitivity to price and also the presence of

complementary products. To this extent, we borrow the model of complemen-

tarity as represented in the Tsay & Agrawal (2000), Kuhn & Padilla (1996),

but modify it to represent the unique features of the problem we are analyz-

ing. The TDC’s innovation increases product quality, stimulates demand and

shifts it upwards by a factor rθ. So, when qM and qC are the quantities of the

goods made available in the market and θ, the quality of the main product,

the market price pM and pC are defined as follows:

pM = aM + rθ − qM + φqC (3.2)

pC = aC − qC + φqM (3.3)

where aM and aC are the market potentials/sizes for both products. Thus,

firms have the ability to influence the prices both by their quantity decisions

and through investments in quality improvement. The initial product qual-

ity of the focal product, the quality of the complementary product and the

marginal cost of production of both products are normalized to zero.
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3.2.4 Model of Inter-Firm Interaction

The interactions between the TDC and the PDC is conceptualized as

follows: The TDC assumes the role of a Stackelberg leader when prices and

quantities of both products are decided. This is a standard assumption in

most of operations, marketing and economics literature and represents the

relative power of a channel member in most situations. Within the context of

our paper, we have assumed Stackelberg leadership for the TDC because the

TDC initiates the development of the new technology. However, our results

also carry over to cases in which the Stackelberg leadership is assumed by the

PDC. The TDC also decides the mode of collaboration between the firms i.e.

sharing development cost or development work.

In this context, we assume that firms can contract on the level of inno-

vation or the extent of development cost that they undertake. While it could

be argued that contracting on some of these parameters might be difficult, it is

certainly possible in many of the situations we have considered in this paper.

In particular, even in many knowledge intensive industries, quality improve-

ments are observable and measurable, and development cost curves of firms

have known trajectories. This is true of several industries and specifically w.r.t.

technology intensive industries where quality improvements could be broken

down to longer battery life, higher mega pixel or higher processor speed, and

the software industry where costs are well-documented. It is also worth noting

that there is an increasing tendency for firms to engage design service firms

(in particular; industrial design firms such as IDEO and contract development
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organizations such as Charles River Labs). This suggests that contract devel-

opment work is indeed contractible, as it underlies the business model of these

firms. Approaches such as the function-point method in software development

makes estimation of development effort possible for a certain level of product

quality and is being increasingly used in several projects by different firms.

It is also worth considering the extent to which collaboration was formalized

and contracted in the the relationship between Alpha and Mega. A joint team

from both firms kept track of the man-hours spent by Alpha on every aspect of

the project and Mega compensated Alpha on quarterly basis for this according

to the contractual agreement.

Our objective within this context is understand the trade-offs involved

when firms engage in such agreements and identify both the optimal mecha-

nism and the manner in which that mechanism be implemented. To illustrate

the different cases we analyze in this paper and to understand the impact of

development cost structure on the decision making, we represent the profit

functions of the firms for each of these cases if the innovation is successful.

Decoupled Decision Making: The TDC and PDC make their decisions in

decoupled fashion ignoring the effect their decisions have on the other. Since

the TDC uses the PDC to market its product, the PDC has to manage the

distribution and pricing of both products and the profit functions reflect this.

The TDC also charges the PDC a unit technology price w.

ΠDC
PDC = qM(aM − qM + φqC − w + rθ) + qC(aC − qC + φqM) (3.4)

ΠDC
TDC = wqM − cθtT − Iθ2 (3.5)

30



Investment Sharing: This is similar to decoupled decision making except

that the PDC agrees to share a fraction k of the total investment costs which

the TDC incurs. Note here that the entire development work is conducted by

the TDC. Once the innovation is successful, the TDC also charges the PDC a

technology price w for every component it purchases from it.

ΠIS
PDC = qM(aM − qM + φqC − w + rθ)

+qC(aC − qC + φqM)− kIθ2 (3.6)

ΠIS
TDC = wqM − cθtT − (1− k)Iθ2 (3.7)

Innovation Sharing: Under innovation sharing, the PDC agrees to conduct

a fraction k of the quality improvement. Thus if the absolute level of quality

improvement to be achieved is θ, PDC does kθ and TDC does (1− k)θ. How-

ever, for compactness of expressions and analytical tractability, we make the

transformation θT = (1− k)θ and θP = kθ while modeling this in §3.4.2.

ΠIN
PDC = qM (aM + rθ − qM + φqC − w) + qC (aC − qC + φqM)

−kcθtP − I (kθ)2 (3.8)

ΠIN
TDC = wqM − (1− k) cθtT − I ((1− k) θ)2 (3.9)

Single Firm Product Development: In a single firm product development

set-up the TDC, not only develops the new technology but also distributes

the product directly to the end-consumer. However, as can be seen below, the

price that the consumers are willing to pay depends on both the quality of this
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product and the availability of the complementary goods.

ΠV I
TDC = qM(aM + rθ − qM + φqC)− cθtT − Iθ2 (3.10)

ΠV I
PDC = qC(aC − qC + φqM) (3.11)

We illustrate these modeling constructs through the following example from

the Dell-Sony case Thomke et al. (1999). A key differentiating factor of the

laptop for mobile customers is battery life (quality) and Sony could increase

this through new technology investments. Longer battery life can enhance the

performance of Dell laptop products and would improve the margins it could

command in the market. We could conceptualize quality improvement (repre-

sented as θ) as the normalized improvement in this dimension. Although both

firms have the ability and opportunity to carry out the development process

to improve quality (battery-life), the nature/costs of these processes could

be different. Sony could work on the battery itself and Dell could optimize

the charging circuits. Thus, these improvements could be through changes in

battery technology by Sony, or through systemic changes that ensure that bat-

tery integrates better into the final product by Dell, or a combination of both.

Collaboration between firms involves these different approaches and convexity

in costs represents diminishing returns on quality improvements from each of

these approaches.
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3.3. Decoupled and Coupled Product Development

In this section, we evaluate decoupled product development with no

collaboration between the two firms. Subsequently compare the results with a

coupled decision making structure under which decisions are made to maximize

the combined profits of both firms. These set-ups provide us with benchmarks

to evaluate the merits of collaboration between firms.

3.3.1 Innovation and Decoupled Product Development

In this case, the TDC and PDC make their decisions to maximize their

individual profits ignoring the effect their decisions have on each other. The

PDC delays its quantity decision until technology uncertainty is resolved and

TDC has made its investment decision θ and announced the component price

w. The sequence of decision making is as follows: The TDC determines,

at first, the level of quality improvement, (θ), it would like to undertake.

Subsequently, once the new technology has been successfully developed, the

TDC announces the price w (referred to as technology price) at which it would

sell the main product to PDC. The PDC takes this price as given and decides

its selling price and quantity of the main product and complementary product.

Thus, at the final stage of the game, the PDC knows the price of the component

with the new technology (w), and the amount (rθ) by which the technology

shifts the demand of products and determines the quantities that maximize its

profit function. Since all decisions are decided in a decoupled fashion under

this case, we refer to this game as Decoupled Product Development (DP).
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From first-order conditions on the PDC’s profit function (3.4), we can derive

the quantity decisions of PDC:

qM(w, θ) =
aM + rθ − w + φaC

2(1− φ2)
(3.12)

qC(w, θ) =
aC + φ(aM + rθ − w)

2(1− φ2)
(3.13)

As can be seen here, the technology price has an influence on the amount of

complementary products that are made available by PDC. Substituting eqn.

3.12 and 3.13 into 3.5, we have that:

ΠDP
TDC(θ; w) = w

(
aM + rθ − w + φaC

2(1− φ2)

)
− cθtT − Iθ2 (3.14)

Differentiating ΠDP
TDC(θ; w) w.r.t to w, we can find the technology price that

maximizes the TDC profits. This optimal price would be:

w(θ) =
1

2
(aM + rθ + φaC) (3.15)

Substituting (A.5) in (A.4), we have

ΠDP,∗
TDC(θ) =

(aM + rθ + φaC)2

8
− cθtT − Iθ2 (3.16)

However, this is the profit of the TDC if the new product has succeeded. The

firm has to decide the level of innovation before it knows whether the inno-

vation would be feasible and how much time the development process takes.

Including technology uncertainty, we can represent the discounted expected

profit function of the TDC as follows:

ΠDP
TDC(θ) =

1

8
E
[
ve−αtT (aM + rθ + φaC)2 − ctT θ

]
− Iθ2 (3.17)
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The resulting expected profits of TDC would be the following:

ΠDP
TDC(θ) =

vλT

8(λT + α)
(aM + rθ + φaC)2 − cθ

λT

− Iθ2 (3.18)

In the absence of any uncertainty, the gross profits that the TDC realizes

would (aM+rθ+φaC)2

8
and uncertainty reduces this by a factor vλT

(λT +α)
where v is

the feasibility and
(
1 + α

λT

)
is the timing uncertainty parameter. Note that

ΠDP
TDC(θ) is concave as long as 8I(1−φ2) > r2. Also, to ensure that the level of

quality improvement is positive, we assume that c ≤ r(aM+φaC)λT

8(1−φ2)
. Differenti-

ating the profit function w.r.t. to θ, we can now calculate the optimal quality

improvement level that the TDC should undertake. First-order conditions are

sufficient to determine optimality.

As opposed to decoupled development, decisions under coupled devel-

opment maximize the combined profits of TDC and PDC and eliminates any

adverse effects of opportunism. This would occur when a single firm makes

decisions on the level of innovation and quantity for both the main and comple-

mentary product. We develop the optimal decisions of firms under a coupled

and decoupled product development scenario in the appendix. We can find

the expected profits of both firms by substituting these decisions into (A.8).

The expected values of technology price (w) and quantity (q) can also be de-

rived in a similar way. These results are summarized in Table 3.2 and they

represent firms’ optimal decisions and profits if the TDC invests in the new

technology. In the following proposition, we capture the impact of coupled

and decoupled decision-making on firm profits. For compactness we use the

following simplification: Λi = λiv
(λi+α) and ci = c

λi
, where i = {T, P}.
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Proposition 3.3.1. a) The TDC would invest only if the feasibility of the

technology is above a certain threshold i.e.,v ≥ vDP
th

b) θCP > θDP , ΠCP > ΠDP
T + ΠDP

P

b) The difference in profits between jointly optimal and decoupled product de-

velopment is increasing in the degree of complementarity between firms (φ) and

feasibility v.

Proof. All Proofs are provided in the appendix

Proposition 3.3.1 captures the impact of technology feasibility and tim-

ing uncertainty on the firms’ decision making. In particular, there exists a

threshold vDP
th of feasibility above which a firm would consider investing in a

particular technology. All technologies that a firm would consider are said to

be in the technology consideration set with a larger set indicating that innova-

tion is more likely to occur. Thus [vDP
th , 1] represents the technology consider-

ation set of the TDC. This threshold, vDP
th , has some interesting and intuitive

characteristics. It is increasing in the investment parameter I (∂vDP
th

∂I
> 0)

and decreasing in the performance parameter, r
(

∂vDP
th

∂r
< 0
)

and development

rate λT

(
∂vDP

th

∂λT
< 0
)
. Innovations with larger I are more expensive and so

firms would consider such technologies only if their associated feasibility (v) is

also high. On the other hand, innovations with high values of r have a high

potential and firms would consider such technologies even when feasibility is

low. Similarly, firms with a higher rate of development are more likely chose
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certain technologies because they have better ability to manage the timing

uncertainty.

As can be seen in Table 3.2, the technology price (w) and quantity (q)

are increasing in the performance parameter (r). This is because the innovation

increases product quality and thus enables firms to command greater margins

in the marketplace. The effect of technology uncertainty on the expected

profits also confirms intuition. Higher level of technology uncertainty v and a

greater expected delay of launch λT decreases firm profits.

We also see that joint decision making leads to higher investments and

profits and this underlines the importance of mechanisms to coordinate the

development process. When products exhibit greater degrees of complemen-

tarity, the loss due to decoupled decision making is higher. This is because,

when two products are complementary to one another, the market price of each

product is decreasing in its own quantity and increasing in the quantity of the

other. So if these products are produced by two independent firms, there is an

externality that gives each firm an incentive to produce less than what would

be necessary to achieve the first-best outcome. Since profits are increasing in

the level of complementarity (φ), this externality is even larger for larger levels

of complementarity. Coupled development which incorporates joint decision

making eliminates such externalities and leads to greater profits. Also, quite

intuitively, the importance of joint decision making increases when the new in-

novation offers greater potential which would be the case when the exogenous

uncertainty associated with the new technology is low (high v). Under these
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conditions decoupled development accentuates the double marginalization and

hold-up problem.

However, the competence that serves a firm well for developing the main

product could be quite different from the competence that is necessary to serve

the complementary market. Thus, economies of scope may preclude attempts

to centralize control of the main and complementary products within a single

firm. In addition, the challenges associated with the distribution of products to

consumers might also prevent firms from undertaking these functions. Under

such cases, it is important to understand how the complementary relationships

among separate firms should be accounted for while developing new products.

In the sections to follow, we consider different approaches a firm could use to

coordinate the product development process without centralizing control of the

two markets. We compare these mechanisms against each other and provide

an analytical framework that can guide firms in selecting the appropriate co-

development strategy.

3.4. Collaborative Product Development

Although the technology development as envisaged in the decoupled

approach is suited to derive the strategic benefits that accrues through com-

plementary interactions, it still suffers from certain disadvantages. While costs

and risks of the development process are borne entirely by the TDC, the PDC

is able to appropriate a part of the incremental profits without incurring any

costs. This externality leads to lower levels of innovation than what would

38



be optimal from a technology chain’s perspective (Proposition 3.3.1). In this

section, we evaluate two kinds of mechanisms that are prevalent in technol-

ogy intensive and bio-tech industries to address this issue. These mechanisms

involve sharing of development cost and sharing of development effort and is

referred to as investment and innovation sharing, respectively. As we elabo-

rated in subsection 3.2.4, under investment sharing, PDC co-finances TDC’s

investment and firms have to decide the extent of cost-sharing (k, the fraction

of costs borne by the PDC) and the level of quality improvement (θ). Similar

arrangements are common in the bio-tech industry (Abboud 2005). In con-

trast, under innovation sharing, firms share the development effort required to

produce the technology. The downstream firm PDC decides to do a fraction k

of the total quality improvement θ. As in the Dell-Sony example, any effort in

technology development by the TDC or system integration by the PDC would

improve product quality and these efforts are assumed to be substitutable.

Since the technology development process is distributed across the two firms

under innovation sharing, the PDC would be able to work on the product and

customize it only when it receives the product from the TDC. In addition,

the technology development would be complete only when both the TDC and

PDC finish the development work. As under decoupled development, after the

new technology is developed, it is sold by the TDC to the PDC at a technology

price (w). The final product price and quantities are decided by PDC who is

closer to the end-consumer and the TDC acts as the Stackelberg leader when

these tactical decisions (p, q) are made.

39



As opposed to employing these collaborative mechanisms, the TDC

could also consider developing and distributing the product by itself with-

out utilizing the services of PDC. We refer to this case as Single Firm Prod-

uct Development (SFD). This method eliminates double marginalization by

maintaining control over the prices and quantities of the main product and

is typically used as a benchmark to evaluate performance in the supply chain

literature. We re-evaluate that claim in this paper under product development

settings where technology uncertainty, diseconomies of scale and complemen-

tary interactions between products play an important role in development

process.

In the sections to follow, we look at each of these mechanisms separately

and identify the optimal decisions of firms under these cases.

3.4.1 Investment Sharing

While an investment sharing mechanism could be implemented in dif-

ferent ways, our intention is to understand how the decision of the PDC to

share the costs would impact the investment decision making of the TDC. To

this extent, there are 2 decisions to be made under investment sharing viz.

the level of cost sharing (k) which determines the share of costs that the PDC

would bear and the extent of quality improvement (θ) that determines the

absolute level of investment into the innovation. We assume that the PDC

moves first and commits to the level of investment sharing (k) and the TDC

responds by deciding the level of quality improvement (θ). In the last stage
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firms decide the prices/ quantities that maximize their individual profits. We

intend to provide other forms of implementing the investment sharing in a web

appendix.

We can find the optimal decisions of firms by backward induction and

we develop those in the appendix. The optimal level of investment sharing

and the corresponding level of quality improvement are as follows:

kIS =
Λ2

T r3(aM + φaC) + 8cT (1− φ2)(4I(1− φ2)− ΛT r2)

16I(1− φ2)(ΛT r(aM + φaC)− 2cT (1− φ2))

θIS =
2(ΛT r(aM + φaC)− 2cT (1− φ2))

16I(1− φ2)− 3ΛT r2

Proposition 3.4.1. a) kIS is increasing in c and decreasing in I

b) kIS is increasing in v

c) The level of quality improvement and the technology consideration set are

larger under Investment Sharing in comparison to Decoupled product develop-

ment i.e. θIS > θDP and vIS
th < vDP

th .

Proposition 3.4.1 demonstrates the role played by investment sharing

in coordinating the level of investment into product development. When PDC

shares a part of the development costs, the TDC has a greater incentive to

invest in quality improvement. This improvement in quality enables the PDC

to obtain higher margins from both the products it distributes to the end-

customer. While determining the optimal level of investment sharing, the PDC

seeks to balance these higher profits as a result of better margins, to the higher

costs as a result of sharing a part of the development costs. However, as can
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be seen in the above proposition, the role of investment sharing goes beyond

just increasing the level of investments into quality improvement. Not only

does investment sharing induce greater levels of investment from the TDC, it

also expands the technology consideration set; thus ensuring that firms would

consider technologies that they would not have otherwise.

It is also interesting to look at how the different cost parameters influ-

ence the level of sharing. As I increases, the fixed cost associated with quality

improvement increases reducing the attractiveness of the new technology. As

a result, the PDC is less inclined to share the cost of innovation and the opti-

mal level of sharing decreases. In contrast, as the feasibility of the technology

increases, the PDC would have a greater incentive to share the cost of inno-

vation because the technology is more promising. Similarly, an increase in the

resource costs (c), increases the fraction of development costs that the PDC is

willing to undertake. However, this is surprising because an increase in c would

decrease the benefits of the innovation which would normally make a firm less

willing to share the cost of developing it. To understand why this is not the

case, note that although the PDC bears a part of the fixed cost of develop-

ment, the resource costs are completely borne by the TDC. Because of this, an

increase in resource costs makes TDC less willing to invest in the innovation.

So, to incentivize the TDC to invest in a higher level of quality improvement,

the PDC increases her share of investment in the fixed development cost (Iθ2).

The optimal price and quantity decisions under Investment Sharing

are represented in Table 3.4. It is quite interesting to note that once the
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PDC commits to the investment sharing mechanism, the technology price w

at which the TDC transfers the main product to the PDC is higher than

under decoupled development. As opposed to this, in most of supply chain

literature, greater coordination normally leads to lower overall wholesale and

retail prices. To understand this difference, note that once the firms enter

into an investment sharing agreement, the incentive for the TDC to produce

a higher quality product is larger. This higher quality enables the TDC to

charge a higher price for the product. In addition, it also enables the PDC to

charge higher prices for both the main and complementary product from the

consumers.

3.4.2 Innovation Sharing

Next, we consider the case in which the firms share the effort required

to develop the new technology. Let k represent the degree to which develop-

ment effort is shared between the two firms and let θ be the fraction of the

total quality improvement. So θT = kθ and θP = (1 − k)θ are the quality

improvements at the TDC and PDC levels respectively, which we use as the

decision variables for compactness in place of k and θ. Once the TDC com-

pletes her share of the innovation, the PDC works on it and completes his

share of the development work. Since a part of the development work occurs

at the downstream firm under innovation sharing, the manner in which the

technology development process evolves at downstream level affects the overall

uncertainty in the system. However, when firms share the development effort,
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each firm could possibly devote greater attention to aspects that it specializes

in, resulting in greater development capability (greater λT , λP ). So timing

uncertainty of individual firms could be smaller under innovation sharing than

other modes of decision making larger leading to lower overall timing uncer-

tainty. While we do not model these benefits explicitly, our model is general

enough to accommodate these cases.

We can calculate the optimal decisions of firms under innovation sharing

by backward induction and we develop these in the appendix. The level of

sharing and the corresponding level of quality improvement are as follows:

kIN =
Γ

2I∆

θIN =
∆

256I2 (1− φ2)2 − 64ΛIr2 (1− φ2) + Λ2r4

where Λ =
(

ΛT ΛP

v

)
,

Γ Λr
(
16I(1− φ2)− Λr2

)
(2I(aM + φaC)− rcT )

= +16IcP

(
1− φ2

) (
16I(1− φ2)− 3Λr2

)
∆ = 8I (cT + cP )

(
1− φ2

) (
16I(1− φ2)− Λr2

)
+
(
Λr (aM + φaC)

(
48I(1− φ2)− Λr2

))
To keep the analysis succinct and simple while maintaining focus on the inter-

firm relationships, we assume that λT = λP . However, all our analysis carry

over to the cases when this might not be true and the directionality of the

results would also be preserved under these conditions.
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Proposition 3.4.2. a) kIN is increasing in c and I.

b) kIN is decreasing in v if c < cth, else kIN is increasing in v

c) The level of quality improvement under Innovation Sharing is higher than

that under decoupled product development i.e. θIN > θDP for sufficiently low

resource costs (c)

Similar to investment sharing, innovation sharing also has a significant

influence on the incentives of firms invest in quality improvement. However,

in contrast to investment sharing, the level of sharing
(
kIN
)

under innovation

sharing is increasing in both c and I. To understand this difference, note that

TDC moves first under innovation sharing and decides the level of quality im-

provement, while under investment sharing, it is the PDC which moves first

and decides the level of sharing. The firm that moves first to decide the level

of investment would be subjected to hold-up and this decreases her incentive

to invest in quality improvement. When the costs associated with innovation

increases, the incentive to invest in quality improvement decreases further and

the PDC ends up doing a larger fraction of the quality improvement. An in-

teresting implication of this is that investment and innovation sharing might

be appropriate for different economies. The fixed cost of development involves

technology and machinery costs which would lower in developed economies

while the resource costs involves human resources expenses which are signifi-

cantly lower in less developed economies. Proposition 3.4.1 and 3.4.2 seems to

indicate is that when fixed cost of investment is a lower fraction of the total

cost of development, as is true in most developed economies, investment shar-
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ing would be a better mechanism to coordinate the technology development

process. For example, in developed economies like US, firms tend to use in-

vestment sharing to coordinate the development process. We see evidence for

this in the bio-tech industry(Abboud 2005). However, when interacting with

less developed economies which have lower resource costs, innovation sharing

would be better suited for the same purpose. For example, most outsourcing

contracts, particularly those related to software development, involve part of

the development work being contracted.

The relationship between kIN and the feasibility of the technology also

depends on the resource costs required for quality improvement. In particular,

below a certain threshold of resource costs, an increase in the feasibility of the

technology decreases the level of quality improvement from the PDC; while

above this threshold, kIN is increasing is v. The intuition for this result is as

follows: The level of quality improvement that the TDC is willing to undertake

is directly related to the extent of hold-up she would face while making this

decision. When the resource costs are low, she is subjected to less hold-up.

So, because an increase in the feasibility increases the attractiveness of the

innovation, the TDC would be more willing to invest in quality improvement

and kIN is decreasing in v. However, when the resource costs are high, the

TDC is subjected to a greater degree of hold-up. Although the attractiveness

of the innovation increases with feasibility, the incentive to invest in quality

improvement are higher for the PDC which makes the decision on quality

improvement later. This results in an increase in kIN as v increases.
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An interesting aspect of innovation sharing is that the level of quality

improvement would be greater than of a decoupled approach only if the re-

source costs are low. Recall that, as these costs increase, firms pay a larger

penalty when the time required for quality improvement increases. Under in-

novation sharing, because the development occurs in two distinct stages, the

expected time required for quality improvement would be higher. So when

these costs are very high, entering into innovation sharing decreases the firms’

incentive to invest in quality improvement so much so that the extent to which

they invest would be even lower than that of a decoupled approach.

3.4.3 Single Firm Product Development

In a single firm product development set-up, the TDC not only de-

velops the new technology, but also distributes the product directly to the

end-consumer. Such a set-up is considered as a benchmark for analyzing the

efficiency of the system in most of the supply chain literature. This is because

under this case, a firm is able to mitigate the effects of double marginaliza-

tion and appropriate all the benefits of the innovation on the main product to

herself. Our objective in studying a such a setup is to understand these issues

when firms have the ability to collaborate with their partners.

As before, the TDC moves first and decides the level of innovation.

Subsequently, both firms would determine their quantities simultaneously and

non-cooperatively. We can solve the game by backward induction and the find

the Nash equilibrium of the quantity levels and the level of quality improve-

47



ment that the TDC invests in. The following lemma which summarizes the

decision making process under a single firm product development scenario.

Proposition 3.4.3. The optimal level of quality improvement in single firm

product development approach is:

θ∗,SFD =
4ΛT r(2aM + φaC)− c(4− φ2)2

2I(4− φ2)2 − 8ΛT r2

Thus, in this case, the only decision that firms have to make besides

prices and quantities would be the level of quality improvement that needs to

be undertaken. It is also well-documented that although a firm that conducts

production and distribution by itself does not experience the effects of partner

opportunism, it suffers from certain intangible costs, such as scale-related bu-

reaucracy and lack of exposure to markets for individual business units which

can impede creativity and productivity in new product development (Hagel

& Singer (1999)). This is has been one of the drivers business process out-

sourcing, including NPD Quinn (2000). However, to focus on the interaction

between technology uncertainty and the nature of collaboration between firms,

we look at a case devoid of such inefficiencies. But, our model can be easily

extended to incorporate these cases.

3.5. Comparison of the Different Mechanisms

As can be seen in the previous sections, investment and innovation

sharing enable firms to coordinate their efforts in developing the new technol-

ogy. While these approaches could be complementary in many circumstances,
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resource constraints might preclude firms from adopting approaches simulta-

neously. As we saw in examples of Dell and NTT DoCoMo, different firms

prefer one mechanism over the other to manage the technology development

process. So the moot question under these cases would be when a firm should

adopt one mechanism over the other. In doing so, we try to understand how

technology and timing uncertainty affect the choice of mechanism. This would

help also us delineate the trade-offs involved in co-development and allow us

to identify which mechanisms should be employed under what conditions.

3.5.1 Effect of Timing Uncertainty

As elucidated in the Section 3.2.1, timing uncertainty manifests itself

as a result of limited development capability and the discounting of future

revenues. When the development capability of firms decrease, the time taken

for product development increases. When firms discount their future revenues

to a great extent, the penalty they incur for a longer development time would

be more severe. To conceptualize the impact of timing uncertainty, we look

at the variance associated with the development time. Let us represent this

variance by σt.

Proposition 3.5.1. a) The variance associated with total development time

σt is higher under Innovation Sharing in comparison to Investment Sharing

b) There exists a threshold of σth of the variance associated with the time

taken by the development process such that if σt ≥ σth, the TDC prefers an

Investment Sharing mechanism to an Innovation Sharing mechanism
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Proposition 3.5.1 characterizes the fundamental trade-off between the

Investment and Innovation Sharing. Under product development settings, it is

quite natural for individual firms in a supply chain to have specialized skills in

their respective domain. Innovation sharing is able to exploit the specialized

skills of these firms in a much better fashion as each firm would be working

on aspects in which they have have higher competency. This is captured

in the convex nature of the fixed cost of development. As can be seen, the

development cost under innovation sharing is Iθ2(2k2 − 2k + 1) and this is

lesser than Iθ2which is the development cost for the same level of quality

improvement under investment sharing (because 0 < k < 1). So the efficiency

of the product development process is higher under Innovation Sharing in

comparison to Investment Sharing.

However, the challenge in innovation sharing is to manage the uncer-

tainty that gets amplified in the presence of multi-firm product development

scenarios. Also, if either firm is not able to conduct the development process

efficiently (low λT , λP ), innovation sharing would be dominated even more.

So choosing the right partners become as important as the development ca-

pability of a firm and could determine the success and failure of a technology.

This could be another reason why investment sharing might become attrac-

tive. However, if a firm is able to significantly overlap the development process

by better coordination across the firms, then innovation sharing could start

assuming greater significance. In a subsequent section, we allow for such pos-

sibility when we consider the impact of overlapping on the levels of quality
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improvement.

3.5.2 Effect of Technology Feasibility

Another critical element that determines the choice of mechanisms is

the exogenous uncertainty v associated with the new technology. As we saw

earlier, this uncertainty plays a critical role in the technology consideration

set of a firm. While Investment and Innovation sharing increase the range

of technologies that firms would consider, it is also important to characterize

when these effects are pronounced. Here, we explore the interaction between

the exogenous uncertainty and the choice between these mechanisms. Charac-

terizing the change in profits of the TDC as a function of technology feasibility

leads to quite complex expressions. So we assume that the resource costs are

zero i.e. c = 0. The directionality of the results would preserved even when

this assumption is not true.

Proposition 3.5.2. The difference profits of the TDC under investment and

innovation sharing are increasing (decreasing) in v when the development ca-

pability of the TDC is above (below) a certain threshold λhigh
T

This proposition shows that the feasibility of a technology plays a mod-

erating role in the choice of mechanisms. When the development capability of

a firm is high, an increase in the feasibility of a technology makes innovation

sharing more attractive. However, when this capability is low, a technology

that has higher feasibility makes investment sharing more attractive. This is
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surprising because, the development capability only enables a firm to man-

age timing uncertainty better and has no interaction with the feasibility of

a technology. To understand this result, note that profits of the TDC are

increasing in the feasibility of the technology (v). When the development ca-

pability of the TDC is low, it faces high timing uncertainty because both the

time required for development and the variance associated with the develop-

ment time are high. So under these conditions, the profits of the TDC are

higher under investment sharing. Since the profits of the TDC are jointly in-

creasing in the the feasibility of the technology and development capability,

an increase in v, further increases the preference towards investment sharing.

However, when the development capability of the TDC is high, the attrac-

tiveness of innovation sharing is high and an increase in technology feasibility

further increases this preference. Thus technology feasibility and development

capability complement each other when firms decide which mechanism should

be implemented.

3.5.3 Effect of Complementarity

Most new products and technologies depend critically on the availabil-

ity of complementary goods and services to create and stimulate demand for

these new products. In many instances the lack of sufficient availability of

complementary products could impede the success of a new technology as was

evident in slow adoption of HDTV (Business Week April, 2003). Complemen-

tary relationships frequently arise in many technology intensive industries and
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play a significant role in the success and adoption of these products and tech-

nologies. So it is important to incorporate this while choosing a mechanism.

In the following proposition, we illustrate how the degree of complementarity

between products determines the optimal mechanism.

Proposition 3.5.3. a) There exists a threshold of product complementarity

φIS
th above which TDC prefers Investment Sharing to Single Firm Product De-

velopment

b) There exists a threshold of product complementarity φIN
th above which TDC

prefers Innovation Sharing to Single Firm Product Development.

As shown in 3.5.3, under product development settings, SFD does not

always yield the highest profits. If the products carried by both firms are suf-

ficiently complementary, then the profits of the TDC are greater if it reaches

the consumer through the PDC. Note that this is true even when the PDC

does not have any advantage in terms of distribution or better information

of demand. This is particularly relevant when the demand of a new product

depends critically on the availability of complementary products. We use the

example of Dell-Lexmark venture to illustrate this relationship. The demand

for printers depends critically on the demand for computers. Similarly, quality

improvement and availability of printers could have a positive impact on the

demand of computers. The reason for this result is that the TDC goes to

market directly, it is not be able to capture the strategic benefits that com-

plementary products offer to enhance end customer demand. The demand
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enhancement due to the presence of complementary products causes the TDC

to increase its own price and this reduces the output of the complementary

product. By relinquishing control of the price of the good to the PDC who

owns the complementary product, the TDC is able ensure a greater availabil-

ity of the complementary goods. Collaborative product development addresses

some of these concerns. Investment and Innovation sharing coordinates the

levels of investment without sacrificing the strategic benefits of relinquishing

the pricing flexibility. The presence of complementary product makes these

aspects more significant. Co-financing as in investment sharing helps firms

account for externalities associated with the innovation and improves profits

without increasing the level of technology uncertainty while innovation sharing

enables firm to achieve greater development efficiency. Although Single Firm

Product Development improves profits by aligning firm or division objectives,

it is able not able to achieve the benefits these mechanisms offer.

The trade-offs involved in different mechanisms, as highlighted in propo-

sitions 3.5.1 & 3.5.3, are represented in Fig. 3.1. These factors in tandem make

one mechanism better than the other depending on the level of technology and

demand uncertainty. It is noteworthy that innovation sharing outperforms

SFD not because the development costs under innovation sharing are lower,

but because, innovation sharing induces higher levels of quality improvement

from both firms. The higher efficiency of innovation sharing induces firms

to invest greater in the development process to the extent to which overall

development costs are higher than SFD or investment sharing
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Figure 3.1: Comparison of VI with Collaborative Product Development
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3.5.4 The Effect of Overlapped Product Development

In the previous sections, we had assumed that the development across

the two firms occurs in sequential fashion. However, firms could also overlap

the development processes and thus ensure that the expected time required

to develop the new technology is lower. since such a process would decrease

the extent of timing uncertainty, overlapping would make innovation sharing

a more attractive proposition. In the following proposition, we look at the

benefits of overlapping the development processes more closely to identify the

conditions under which it would be most important.

Proposition 3.5.4. a) The expected time for product development under over-

lapping would be:

TO =

(
λ2

T + λ2
P + λP λT

(λT + λP )λT λP

)
b) Let TNO be the product development time under sequential product develop-

ment. Then the ∆T = TNO − TO decreasing in λTand λP

While overlapping is able to decrease the expected time of technol-

ogy development, it still cannot completely eliminate the increase in uncer-

tainty due to innovation sharing. This is because of the two-stage development

process due to which the expected time for product development is amplified,

leading to greater discounting of profits. In addition, innovation sharing with

overlapping would require a higher degree of coordination between firms and

would have greater timing uncertainty. ∆T represents decrease in the time for
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development as a result of overlapping. As shown in Proposition 3.5.4, this

ratio is decreasing in λT and λP and hence the benefit of overlapping are most

when λT and λP are small. This is because when the development capabil-

ity of the firms are low, then any increase in the expected development time

further decreases the firms profits. Overlapping serves to decrease this and

hence would tend to be more beneficial. However when the firms have a better

ability to deal with uncertainty, overlapping the development processes might

not be so critical to derive the benefits of innovation sharing.

3.5.5 Numerical Analysis

To better understand the impact of product and technology character-

istics on different mechanisms, we did a numerical analysis on several para-

meters of the model. In the following section, we summarize the results of

this analysis. Table 1 characterizes how the difference in TDC profits between

innovation and investment sharing changes when the degree of complementar-

ity between firms and the development capability of firms change. For low

levels of development capability, an increase in the degree of complementarity

between products increases the preference towards investment sharing while

under high development capability, this relationship is reversed. The intuition

for this result is very similar to the one we had for the relationship between

technology feasibility and the choice of mechanism. As under that case, the

profits of TDC are jointly increasing in the degree of complementarity between

the two products and its own development capability for any level of quality
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improvement. Since for high development capability, the TDC prefers inno-

vation sharing, an increase in the degree of complementarity only serves to

increase this preference.

In Table 2, we look at the relationship between technology feasibil-

ity and the degree of complementarity between products under SFD and in-

vestment sharing. By evaluating the difference in profits between investment

sharing and SFD for several values of v and φ, we are able to characterize

this relationship succinctly. This relationship depends critically on whether

the degree of complementarity between the products is high or low. When

the complementarity between the products is high, TDC prefers investment

sharing to SFD and an increase in technology feasibility shifts the preference

to investment sharing further. Again, this is because the profits are jointly

increasing φ and v. We see a similar relationship between the difference in

profits of the TDC under innovation sharing and SFD and we represent this

in Table 3.

3.6. Managerial Implications and Conclusions

We now distill the findings from the above analysis of co-development

into a conceptual framework in Table 3.1. This framework provides managerial

insights by demarcating the regions of dominance of the different multi-firms

product development approaches.

In Table 3.1, the feasibility associated with the technology (v)and the

uncertainty associated with the technology development process form the two
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axes. As seen in the analysis, the time required for development under in-

novation sharing is much higher than other mechanisms. As a result, the

uncertainty associated with the development time gets amplified when firms

employ innovation sharing as a mechanism to collaborate with their partners.

Thus for higher levels of timing uncertainty, firms are better off when they use

Investment Sharing or resort to Single Firm Technology Development. How-

ever, if timing uncertainty is low, then additional advantage that innovation

sharing provides by virtue of the specialized skills that a Product Development

Company brings to the table makes innovation sharing an attractive propo-

sition. Technology uncertainty moderates the effect of timing uncertainty on

the choice of mechanisms. Innovation sharing is less attractive when the level

of technology uncertainty is high; however, if the firm has better ability to

deal with this uncertainty, then this ceases to be a factor. Overlapping of

the technology development processes across the two firms is another way in

which innovation sharing could be made more attractive, because it reduces

the extent of timing uncertainty that firms are subjected to. However, in most

realistic settings, overlapping comes with additional costs of coordination and

firms that look at overlapping as a means of implementing innovation sharing

should consider these costs while making their decisions.

The above framework can be used to explain, in part, why some firms

resort to sharing of the development work (innovation sharing) in multi-firm

development while we see the funding of the development work in other situa-

tions. Consider Dell’s efforts to utilize information technology to achieve closer
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integration with its suppliers (for example its extra-net, valuechain.dell.com

and other enterprise collaborative product development applications). This

puts it in the left half of the framework in Table 3.1. In addition, the supplier

selection processes at Dell ensure that vendor skills complement its core capa-

bilities in operations and direct marketing (Financial Times March 25, 2003,

ExtremeTech 2002). In contrast, the pharmaceutical industry is characterized

by long lead times for drug development, high levels of exogenous uncertainty

for different projects and high discount factor due to presence of patent pro-

tection. Thus both timing uncertainty (σt) and technology uncertainty (v) is

high in these industries. Although firms could benefit from the complementary

skills by engaging in innovation sharing, the exacerbation of uncertainty as a

result of this endeavor could also be costly. As a result, firms are better served

by engaging in investment sharing.

Collaborative product development is a rich topic with a whole host of

issues that need to be studied to determine how relationships between firms

must be structured. Further analytical and empirical work would enhance

our understanding of these issues. In the first phase of the work, we have

made a number of stylized assumptions to obtain compact analytical expres-

sions. Besides assuming specific forms for development cost functions similar

to the ones used in the literature, we have also ignored agency costs associated

with cooperative effort. Co-development mechanisms developed in this paper,

while being simple in form, do have their disadvantages. A firm’s investments

normally extend beyond money into human resources, intellectual capital and
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Timing Uncertainty(1 + ασt)

Technology

Uncertainty (v)

Low High

Low Single Firm NPD Single Firm NPD/

Investment Sharing

High Innovation Sharing Investment Sharing

Table 3.1: Development Strategy Matrix 2

host of other factors that are not verifiable across firms. However, express-

ing the development investment in terms of quality improvement brings in a

degree of verifiability to the process. Quality could be quantified in terms of

battery life, processor speed or memory capacity in most technology intensive

industries (which are measurable and verifiable). Second, we have assumed

in modeling the development process that the rate of development change is

independent of the level of quality improvement. Although, further analysis

suggests that the directionality of the above results would be preserved when

a firm’s ability to address technology uncertainty (measured by the rate of

development change, λT ) is inversely proportional to the level of quality im-

provement (Novak & Eppinger 2001), a thorough investigation of this issue

would also be worthwhile.

We have assumed that the choice of the mechanism is determined by
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the technology development company. Although numerical analysis confirm

that the domains of appropriateness for different mechanisms do not vary

significantly if we assume that product development company were to make

this decision, it might be worthwhile looking at this issue more formally. We

have also modeled the case when the technology development company makes

its decisions with complete information about the end-consumer demand which

may not always be possible in practice. Additional work needs to be conducted

to understand how asymmetric information about market demand will impact

development decisions. More broadly, we have restricted our analysis to the

case of a single technology and product development firm. In reality, multiple

technology suppliers go to market through multiple product development firms

and understanding competitive interactions between multiple suppliers and

product development firms would further enrich this discussion.

In summary, conceptualization, model formulation, analysis, and dis-

cussion of multi-firm product development has produced a number of inter-

esting insights. First, it is important to consider technology uncertainty and

demand side complementarities in conjunction with economic and operational

issues while making product development decisions. Specifically, the nature of

uncertainty matters, depending on whether it is the technology’s feasibility or

launch timing uncertainty. Second, investment and innovation sharing, pro-

posed as co-development mechanisms, while being simple in structure can help

product development firms stimulate investments from their technology sup-

pliers. Investment sharing is a better mechanism when firms face high levels
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of technology uncertainty and when firms find it challenging to integrate their

development processes but innovation sharing would generally result in greater

quality improvements and profits if the level of technology uncertainty they

face is low. The framework derived from the analytical results in the paper

should help firms pick the right co-development approach for different prod-

uct development situations, thereby enriching our understanding of multi-firm

development well beyond the current general discussion found in the business

press.
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Technical Supplement 1 : Tables

Decoupled Development Coupled Development

qM
2I(aM+φaC)−cΛT r

8I(1−φ2)−ΛT r2

2I(aM+φaC)−cΛT r
4I(1−φ2)−ΛT r2

qC
φ(2I(aM+φaC)−cΛT r)

8I(1−φ2)−ΛT r2 + aC

2
φ(2I(aM+φaC)−cΛT r)

4I(1−φ2)−ΛT r2 + aC

2

pM
2(1−φ2)(6IaM−cΛT r+4IaCφ)+ΛT r2(aM+φaC)

8I(1−φ2)−ΛT r2

4IaM (1−φ2)−ΛT r(rφaC)−2c(1−φ2))
2(4I(1−φ2)−ΛT r2)

pC
aC

2
aC

2

w
2(1−φ2)(2I(aM+φaC)−cΛT r)

8I(1−φ2)−ΛT r2 -

θ ΛT (rv0(aM+φaC)−4cT (1−φ2))
8I(1−φ2)−ΛT r2

ΛT (r(aM+φaC)−2c(1−φ2))
(4I(1−φ2)−ΛT r2)

ΠPDC
a2

C

4
+ 4(1−φ2)(2I(aM+aCφ)−cT ΛT r)2

4(8I(1−φ2)−ΛT r2)2
-

ΠTDC
ΛT (I(aM+φaC)2−cT ΛT r(aM+φaC)+2c2T Λ(1−φ2))

8I(1−φ2)−ΛT r2 -

ΠTOT - ΛT (4I(aM+φaC)2+2ΛT (a2
Cr2−2cT r(aM+φaC)+2c2T (1−φ2))

4(4I(1−φ2)−ΛT r2)
+

a2
C

4

Table 3.2: Comparison of Decoupled vs. Coupled Product Development
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Investment Sharing

qM
(aM+φaC)

4
− 4cT r(1−φ2)

4(16I(1−φ2)−3ΛT r2)

qC
1
24

(
6ac + aC+aM

1−φ
− aM−aC

1−φ
+ 64I(aM+φaC)−12ΛT r(aM r+2cT rφ)

(16I(1−φ2)−3ΛT r2)

)
pM

φaC

4
+ 3aM

4
+2(aM+φaC)ΛT r2−4cT r(1−φ2)

4(16I(1−φ2)−3ΛT r2)

pC
aC

2

w (aM+φaC)(16I(1−φ2)−ΛT r2)−4cT ΛT r(1−φ2)
2(16I(1−φ2)−3ΛT r2)

θP -
θT -
θ ΛT (3r(aM+φaC)−8cT (1−φ2))

16I(1−φ2)−3ΛT r2

k ΛT r3(aM+φaC)+8cT (1−φ2)(4I(1−φ2)−ΛT r2)
16I(1−φ2)(r(aM+φaC)−2cT (1−φ2))

Table 3.3: Comparison of Investment and Innovation Sharing Collaboration Mechanisms65



Innovation Sharing

qM
2(16I(1−φ2)−Λr2)(2I(aM+aCφ)−r(cT +cP ))

(256I2(1−φ2)2−64ΛIr2(1−φ2)+Λ2r4)

qC
4φ(2I(aM+φaC)−r(cT +cP ))(16I(1−φ2)−Λr2)

2(256I2(1−φ2)2−64ΛIr2(1−φ2)+Λ2r4)
+ aCφ

2

pM
12(2I(aM+aC)−(cT +cP )r)(16I(1−φ2)−Λr2)

2(256I2(1−φ2)2−64ΛIr2(1−φ2)+Λ2r4)
− aCφ

2

pC
aC

2

w
4(1−φ2)(16I(1−φ2)−Λr2)(2I(aM+aCφ)−r(cT +cP ))

(256I2(1−φ2)2−64ΛIr2(1−φ2)+Λ2r4)

θP
Λr(2I(aM+φaC)−(cT +cP )r)(16I(1−φ2)−Λr2)

2I(256I2(1−φ2)2−64ΛIr2(1−φ2)+Λ2r4)
− cP

2I

θT
32ΛIr(1−φ2)(2I(aM+φaC)−(cT +cP )r)

2I(256I2(1−φ2)2−64ΛIr2(1−φ2)+Λ2r4)
− cT

2I

θ
8(cT +cP )(1−φ2)(16I(1−φ2)−Λr2)+Λr(aM+φaC)(48I(1−φ2)−Λr2)

256I2(1−φ2)2−64ΛIr2(1−φ2)+Λ2r4

k
Λr(16I(1−φ2)−Λr2)(2I(aM+φaC)−rcT )+16IcP (1−φ2)(16I(1−φ2)−3Λr2)

2I(8(cT +cP )(1−φ2)(16I(1−φ2)−Λr2)+Λr(aM+φaC)(48I(1−φ2)−Λr2))

Table 3.4: Comparison of Investment and Innovation Sharing Collaboration Mechanisms

66



Table 3.5: Difference in TDC profits between Innovation and Investment Sharing

Table 3.6: Difference in TDC profits between Investment Sharing and Single Firm Development
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Table 3.7: Difference in TDC profits between Innovation Sharing and Single Firm Development
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Chapter 4

Integrated Product Development and Porfolio
Design

4.1. Introduction

New product development has long been recognized as a key avenue for

growth and profits, especially in industries such as electronics, bio-technology

and information goods. The accelerating pace of technological advancement

and global competition has only magnified the importance of the management

of product innovation for firms in these industries. Cost of product develop-

ment is on the rise and it forms a large fraction of the total expenses of firms.

As a result, the capability to bring products to the market that are closely

matched to customer needs in the most cost effective fashion has become a

significant source of competitive advantage.

Typically firms, while engaging in the development of a new product or

a technology, also have an existing product portfolio which they currently sell

to the consumer market. Because these products represent the current assets

of a firm, the firm’s portfolio strategy after the new product or technology

is developed is very important aspect. In particular, after having invested in

and developed a new product, a firm has to decide whether this new product
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should replace its existing product portfolio or whether both the new and old

products be sold simultaneously to consumers.

In general, firms in different industries seem to follow different strate-

gies. For example, let us look at the digital camera market where Canon is

one of the dominant players. When Canon released its point and shoot camera

Powershot S50, it continued to sell the earlier, lower quality version Power-

shot S40. This pattern was followed by several other players in this market,

in particular, Sony and Olympus. Several version of digital cameras are sold

simultaneously to consumers even when these products were developed sequen-

tially at different times by the manufacturers. We also see several versions of

software being sold simultaneously to consumers. We refer to this case in

which the firm retains its existing product after developing a new product as

Product Line Innovation (PLI). However such a strategy is not unequivocally

favored by all firms. For example, when Apple launched IPOD nano, its sleek

digital music player, it discontinued the earlier lower quality version of IPOD

mini (Markoff 2005). We refer to this case in which a firm replaces its existing

product after having developed an innovative new product as Single Product

Innovation (SPI).

To understand how a firm’s incentive to develop new products interacts

with its ability to carry multiple products, we conceptualize a model of product

innovation which has the following three key characteristics as represented in

Fig 4.1. Firstly, we consider a firm which has the ability to engage in an

innovative activity which will improve the quality a product that it currently
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Figure 4.1: Conceptual Figure

markets to the consumers. Secondly, we assume that the consumers differ not

only in their willingness to pay for a certain level of quality, but also in their

preference towards certain attributes of the product. Finally, we assume that

the product innovation costs are development intensive; i.e. the fixed cost of

development is far greater than the variable cost of improving product quality.

In doing so, we seek to answer the following questions:

1. How does a firm’s current product portfolio influence its choice and level

of innovation?

2. What role does the consumer preferences play in these decisions?

3. How does the level of competition in the market affect these decisions?
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Since our objective is to examine the interaction between a firm’s innovation

decision and its current product portfolio, we take a modeling departure from

Chapter 3 when we considered multi-firm product development and focus on

the case in which product development is concentrated in a single-firm. This

enables us to obtain a better understanding of the impact of consumer prefer-

ences and competitive interactions on product and portfolio design.

Our integrated model of product innovation and portfolio design brings

forth several interesting insights. We find that a firm’s existing product port-

folio has a significant influence on the level of product innovation it would like

to undertake. In particular, such sequential development of products could

result in a firm adopting a product line strategy even when innovation is de-

velopment intensive which is in contrast to the current literature on product

lines. In addition, the consumer characteristics also play a key role in the

firms product portfolio strategy. A firm that faces a consumer market that

values subjective attributes has to be concerned not only about how an ex-

isting product of lower quality might cannibalize the sales of its new product,

but also to the extent to which each of these products can accommodate the

taste differences among consumers. As a result, a firm might find it profitable

to pursue a product line based approach to new product development under

these conditions. The importance of product lines is the most when consumer

preference costs are very high. In the presence of a competing firm, the value

of pursuing a product line based approach assumes even greater significance.

Having multiple products in its product-portfolio enables a firm to extract
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higher margins from its high-end markets without forgoing its presence in low-

end markets. In addition, when the level of competition is high, it could also

use its product-line positioning strategically. Because lowering prices while

using a product-line approach leads to greater cannibalization of the high-end

market, such a strategy would not be optimal under these conditions. As a

result, by continuing to pursue a product-line approach, a firm can signal its

intention to move away from competing solely on price. Naturally, this leads

to higher margins and larger profits for both firms.

The remainder of the chapter is organized as follows: In §4.2 and 4.3, we

develop a model of innovation and consumer characteristics. First we consider

the case in which there is no competition and subsequently, in §5.3, we consider

a setting in which the innovating firm competes with another firm for the same

set of consumers. Finally, in §4.5 we summarize the managerial implications

and discuss directions for future research.

4.2. Model

We consider a model of consumer market in which there are 2 segments,

a high-valuation segment (with a high willingness to pay for quality) and a

low-valuation segment (with a low willingness to pay for quality); denoted by

H and L, respectively. There are a total of N consumers in the market and a

fraction α of these consumers are in the high-valuation segment. A consumer

in segment i, (i = H, L) derives a utility of viq from using a product of quality

q, with vH > vL.
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To account for taste differences among consumers, we assume that con-

sumers within each segment are uniformly distributed on a [0, 1] line segment.

A consumer’s location the line, x, describes her ideal point and and this con-

sumer incurs a preference cost of ti per unit distance by purchasing a product

which is away from their ideal point. Essentially, the preference cost is the

dis-utility that a consumer suffers from using a product other than her ideal

one and represents the strength of consumers taste preferences. To model the

possibility that the high-end consumers have stronger taste preferences, the

two segments are allowed to have two different preference costs. We assume

that tH ≥ tl and in particular, we have that ti = tvi. Incorporating these two

aspects, we can represent the utility derived by a consumer with valuation i

(i = H, L) and location x from the left extreme on the [0, 1] line segment as

follows:

U(i, x) = viq − tix− p

Here, q is the product quality, p is the retail price of the product, and

x is a given product’s distance from the consumers ideal point. As can be

seen here, a product at distance x from her ideal point causes the consumer to

suffer a dis-utility of tix. Each consumer also has the option of not purchasing

any product on the market. The no-purchase option gives the consumer zero

utility. When multiple products are available, a consumer will buy the product

that gives her the maximum net surplus.

Under monopoly, the firm is located at one end of the line (x = 0).

In the duopoly there are two symmetric firms, labeled A and B, competing
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Figure 4.2: Firms and Consumers

in the market and these firms are located at the two ends of the line (Refer

Fig 4.2, x = 0, 1). Each firm currently has one product which it offers to the

consumers. Firm j′s ( j = A, B) product referred to by its quality level, qj.

The quality differences between the two firms represent the ex-ante differences

between the firms. In addition, a firm’s location on the line segment can be

considered as consumers perceptions of the taste attributes offered by that

firm.

It follows that the products by both firms have two dimensions of qual-

ity; an objective dimension on which consumers agree on what is a higher level

of quality or not and a subjective dimension on which consumers have differing

perceptions on quality levels. Here, qj represents an objective measure of qual-

ity and is a summary measure of all more-is-better attributes of a product. To

illustrate these aspects better, consider the example of a personal computer.

The objective quality variable qj can be a composite of the CPU speed, bus

size, number of drives, access speed, monitor size, etc. Similarly, higher res-
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olution of a monitor or better mileage in an automobile are all attractive to

a consumer. these attributes constitute the objective quality dimension of a

product. However, the same cannot be said about the other attributes like the

style of the personal computer, the shape of a cell phone or the color of a car.

Depending on the taste preferences of a consumer, they could prefer different

levels of these attributes. These are characteristics are what we could refer

to as subjective attributes. Quite naturally, the position of a firm or product

on the horizontal line would represent how that product is perceived by the

different consumers.

We assume that all available products and their prices are public knowl-

edge. The firm which conducts the innovation incurs an upfront fixed devel-

opment cost to improve the quality of its product. In particular, if the firm

decides sets the level of quality improvement to θ, then the investment re-

quired to realize this quality is Iθ2, where I is referred to as the investment

parameter. Thus the cost of innovation is convex w.r.t. to θ which is not only

intuitive but also has empirical backing in literature. Convexity of the cost

function can be attributed to diminishing returns from R & D expenditures or

to dis-economies of scale that, in practice, are associated with bureaucracies in

a larger firm which stifle creativity and impede innovation. Also, as the level of

technological innovation increases, dis-economies in offering employment con-

tracts could also lead to dis-economies of scale in R & D. To ensure that the

profits are concave in the level of innovation that a firm undertakes, we also

assume that the I is not too high. In particular, we impose the restriction
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that I > NvHt.

The innovation we model is also such that the improvement in quality

does not increase firms marginal costs. Abbott (1953) terms such improve-

ments, innovational quality dimensions - the introduction of a novel quality

that is judged superior by most or all buyers and costs no more to produce,

thus making the older quality obsolete. We can term such products for which

the fixed cost of improving product quality far outweighs the unit-variable

costs, as development intensive products (Krishnan & Zhu 2006).

In all of our analysis, we assume that the marginal costs of production

for both firms are constant, and for ease of exposition we normalize these costs

to zero. Although the assumption of linear production cost is simplistic, it is

not unreasonable in a wide variety of settings. Moreover, the fundamental re-

sults regarding the interaction between these firms requires only that marginal

production costs be non-decreasing.

There are three stages in the game. In Stage 1, the firm which has

the opportunity to innovate decides the level of innovation it has undertake.

In Stage 2, each firm chooses the prices for its products as a function of the

level of quality improvement that has been undertaken. In Stage 3, consumers

decide whether or not to purchase any product, and choose which product to

purchase if they decide to purchase a product.

In the analysis to follow, first we look at innovation under a monopoly

and characterize the optimal pricing and portfolio decision of the firm. Sub-
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sequently, we consider the case of competing firms and examine how level of

competition between the firms affect the choice and structure of the portfolio

strategy. In both cases, we look at the different forms of innovation more

closely and and try to understand how the choice of innovation interacts with

the market structure, firm characteristics and consumer preferences.

4.3. Analysis: Monopoly

First let us evaluate the case in which there is only a single firm who

serves the consumer market viz. Firm A. This firm has the opportunity to

invest in an innovation which would enable it produce a product with higher

quality. The sequence of decision making is as follows: The firm decides at first

whether it should follow a product line innovation strategy or single product

strategy. Subsequently, it decides the level of innovation it wishes to undertake.

Once the innovation materializes, it determines the optimal prices and market

coverage for both segments. Let us first look at the case in the firm decides to

follow a product line innovation strategy.

Product Line Innovation

When the firm follows a product line innovation strategy, the firm sells

both the new product (of high quality) and its existing product (low quality)

to the consumers. While doing so, it has to ensure that the prices it offers to

the consumers are such that they have the incentive to purchase the product

which is targeted for them. Let pH be the price of the new product targeted for
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the high-end segment and pL be the price of the existing product targeted for

the low-end segment. We represent the firm’s optimization problem under this

case in the appendix. To understand the firm’s incentives while determining

the prices for the two products, we conduct our analysis using backward induc-

tion: First, we look at the optimal pricing decision of the firm when it makes

available a new product of quality (qA + θ). Subsequently, we determine the

optimal level of quality improvement that the firm would like to undertake.

As can be seen in the optimization problem of the firm under product

line innovation, the profits of Firm A is comprised of revenues from both prod-

ucts. But the presence of two products also adds additional constraints. It has

to ensure that the prices charged, pH and pL are such that the consumers who

participate have a positive utility from purchasing the product. This would

mean that the marginal consumer in both segments has a non-negative utility

from purchasing the product. In addition, since consumers could purchase ei-

ther of the two products available, the prices of these products should also be

such that consumers have higher utility from purchasing the product that is

targeted to them than otherwise. The final constraints relate to the fact that

the consumers are uniformly distributed along the line of length 1. Given that

the firm follows a product line innovation strategy let us first look its optimal

pricing decision.

Lemma 4.3.1. For a given level of quality improvement θ, the optimal pricing

and market coverage decisions of the firm under product line innovation are

as follows:
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a) If qA(vH−vL)
vH

≤ θ ≤ 2t− qA , then 0 < xi < 1 and

p∗H =
vH (qA + θ)

2

p∗L =
qAvH

2

b) If θ < qA(vH−vL)
vH

and θ ≤ 2t− qA , then 0 < xi < 1 and

p∗H =
qA (2 (1− α) vH − vL (1− 2α))− αvLθ

2 ((1− α) vH + αvL)

p∗L =
vHvL (qA − αθ)

2 ((1− α) vH + αvL)

c) If θ > 2t− qA and t > (1−α)qA

2−α
, then xH = 1, 0 < xL < 1 and

p∗H =
qAvL

2
+

αtvL

2 (1− α)
+ vHθ

p∗L =
vL (qA (1− α) + αt)

2 (1− α)

d) If θ > 2t− qA and t < (1−α)qA

2−α
, then xH = 1, xL = 1 and

p∗H = qAvL + vHθ − t

p∗L = qAvL − t

Proof. All proofs are provided in the appendix

As can be seen in lemma 4.3.1, the optimal pricing decision of the

firm can fall into four regions depending upon the consumers preferences and

product characteristics. In particular, the level of innovation (θ) and preference

cost of the consumers (t) play a significant role in the firm’s choice of the pricing

strategy. When the level of innovation is sufficiently high, it is easier for the
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firm to differentiate the two products. At the same time, if the preference costs

of the consumers is very high, the firm has incentive to maintain a low price

for its new product to gain adequate market coverage. As a result, when θ

and t are sufficiently high, the high-end segment would not have an incentive

to choose the low quality product. Hence the incentive compatibility (IC)

constraints will not be binding for the high end segment. The implication

of this result is that in this region, the presence of the existing lower quality

product does not cannibalize the potential of the new product. Because each

set of consumers value the their product better, the firm does not have to

pay a penalty for having multiple products. Naturally, having both products

enables the firm to increase the market coverage without facing the threat of

cannibalization.

However, as the quality difference between the two products decreases,

differentiating the two products becomes a challenge for the firm. As a result,

market coverage becomes less of a concern for the firm and cannibalization

concerns dictate its pricing decisions. The incentive compatibility constraints

of the high-end segment become binding under this case and this limits the

pricing flexibility that the firm has for its two products even when the markets

of both segments might not be completely covered. As the consumer preference

costs also become small, the high-end market would be completely covered and

cannibalization from the low-end product becomes the primary concern of the

firm and his pricing decision reflects this tension.
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Single Product Innovation

Under this case, the new product would replace the existing product.

Let pS be the price at which the firm sells the new product to the consumers.

Since consumers from both segments would be purchasing this product, the

firm should evaluate the market coverage induced by the product for both

segments. Again, we represent the optimization problem of the firm in the

appendix. As under product line innovation, there are several possibilities

depending upon the level of quality improvement and the preference costs of

consumers. We characterize the optimal pricing decision of the firm in the

following lemma:

Lemma 4.3.2. For a given level of quality improvement θ, the optimal deci-

sions of the firm can be characterized as follows:

a) qA + θ ≤ t + 2tvL

2vH(1−α)+(2α−1)vL
, then 0 < xi < 1, i ∈ L, H and

p∗s =
(qA + θ) vLvH

2 ((1− α) vH + αvL)

b) If t > qA + θ > t + 2tvL

2vH(1−α)+(2α−1)vL
then xH = 1, 0 < xL < 1 and

p∗s = vH(qA + θ)− tvH

c) If (θ + qA) > t and qA + θ > t + 2tvL

2vH(1−α)+(2α−1)vL
, then xH = xL = 1 and

p∗s = vL (qA + θ)− tL

As was the case under product line innovation, we see that the optimal

pricing strategy under single product innovation also depends on both the level
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of innovation (θ)and the preference cost of the consumers (t). In particular,

depending on the values of θ and t, there are three possible cases: When the

level of innovation is very high or when the preference cost of consumers is

very low, the firm finds it optimal to serve both the high-end and the low

end segment completely. In this case, the consumers derive a high utility

from the product because of its high quality and the fact that they do not

have to incur a high preference cost to buy the product which is away from

their ideal point. However, when as the preference cost increases or the level of

innovation decreases, it is no longer optimal for the firm to cover both segments

completely. In particular, when the size of the low end segment is not high,

complete coverage of the low end segment entails a significant reduction in the

price for the firm which is sub-optimal. As a result, the firm finds it optimal

to only partially cover the low end segment. At the same time, depending

on θ and t, the high end segment could be covered completely or partially. If

the preference costs of the consumers is in the intermediate range, then the

firm does not pay a high penalty by covering the high-end segment completely.

However, when the preference cost is high, it has to balance the loss of revenues

from lowering the price with the benefit of additional revenue from a larger

market coverage.

Thus, as we see above, the firms pricing and market coverage decisions

could be different depending upon whether it follows a product line strategy

or a single product strategy. Clearly, these decisions would also impact the

level of innovation or quality improvement it would want to undertake, which
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we characterize below.

Lemma 4.3.3. The optimal level of innovation under product line innovation

would be:

a) If 2IqA+NαvH

4I
< t ≤ anvH(2vH−vL)

4I(vH−vL)
, then the optimal innovation would be:

θ∗ =
αNqAvH

4It− αNqAvH

b) If t > anvH(2vH−vL)
4I(vH−vL)

and t > Nα2vHvL−2IqAvL

4I((1−α)vH+αL)
+ qA, then,

θ∗ =
αNqAvH (2 (1− α) vH − vL − 2αvL)

4 (1− α) ItvH + α (4It− αNvH)

c) If t < Nα2vHvL−2IqAvL

4I((1−α)vH+αL)
+ qA,

θ∗ =
αNvH

2I

Lemma 4.3.3 shows that the, optimal level of innovation under PLI

could fall into three different regions depending upon the preference costs of

the consumers. Recall from Lemma 4.3.1 that the incentive compatibility con-

straints would not be binding only if the level of innovation is sufficiently high

and the high-end market is not covered completely. Since under this case the

firm does not face cannibalization from the low end product, it would have

greater pricing flexibility for both products. As a result, if the preference cost

of the consumers is sufficiently low, the firm would have sufficient incentive to

invest in the innovation to ensure that the products are sufficiently differenti-

ated. However, if the preference costs are too low, it would also result in the

high-end market being fully covered, which again reduces the firm incentive to

invest. Thus, case a) occurs when t is in the intermediate range.
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However, when t is high, it also becomes too expensive for the firm to

invest in the high-level of innovation required to bring sufficient differentiation

between the two products. As a result, in case b), the IC constraints would

be binding and the optimal level of innovation it undertakes reflects this con-

straint. In contrast, when t is sufficiently low, it is optimal for the firm to fully

cover the high-end market, even though that might result in cannibalization

from the existing product. It is interesting to note that it is never optimal

for the firm to fully cover the low-end segment. Essentially, the firm keeps

the price of the existing product at a high level to prevent the high-end con-

sumers from shifting to that product which results in incomplete coverage of

the low-end segment.

Now we turn our attention to the optimal level of innovation under

single product innovation strategy. As before, the optimal decision of the firm

could assume three different forms depending on the preference costs of the

consumers. We characterize this decision in the following lemma.

Lemma 4.3.4. The optimal level of innovation under single product innova-

tion would be:

a) If t > NvLvH+2IqA(2(1−α)vH−vL+2αvL)
4I(vH(1−α)+αvL)

, then the optimal level of innovation

would be:

θ∗ =
NqAvHvL

4It ((1− α) vH + αvL)−NvHvL

b) If qA + nvH

F
< t < NvLvH+2IqA(2(1−α)vH−vL+2αvL)

4I(vH(1−α)+αvL)
, then the optimal level of
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innovation would be:

θ∗ =
NvH (t (2 (1− α) vH − vL + 2αvL)− 2 (1− α) qA (vH − vL))

2 (ItvL + (1− α) NvH (vH − vL))

c) If t < qA + nvH

F
and t < NvLvH+2IqA(2(1−α)vH−vL+2αvL)

4I(vH(1−α)+αvL)
, then the optimal level

of innovation would be:

θ∗ =
NvL

2I

Lemma 4.3.4 shows that the optimal level of innovation depends criti-

cally on the consumer preference costs. In particular, the level of innovation

can fall into three different regions depending on the market coverage induced

by the new product. When the preference cost is very high, both the high-end

and low-end segments only have partial coverage from the new product. In

this region, the firm faces two issues. On the one hand, the high preference

costs reduces the incentive to invest in quality improvement. At the same time,

increasing the level of innovation not only enables it gain additional margins

from existing consumers, but also allows it to obtain greater market coverage.

The optimal level of innovation that the firm undertakes accounts for these

different trade-offs it faces. As the preference cost decreases, the high-end mar-

ket get covered completely first and below a certain level of t, both segments

would be covered completely. Again, the optimal level of innovation of the

firm takes into consideration the different market coverages that this decision

would induce.

It is worth noting that the level of innovation under PLI is different

from that of SPI. In addition, θ under PLI could be higher or lower than that
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under SPI. In particular, it is easy to note that when
(

2IqA+NαvH

4I

)
< t <(

anvH(2vH−vL)
4I(vH−vL)

)
, then θ∗ under PLI is larger than that of SPI. In this region,

the firm has an incentive to invest in higher levels of innovation to ensure that

cannibalization tensions are at a minimum. In the same vein, market coverage

induced under these strategies could also be different. While single product

innovation could result in a higher market share in the high-end segment, it

could also result a lower market share in the low-end segment. As a result,

the exact impact of these strategies on the market coverage is more involved.

However, a more important question relates to the impact of these differences

on the profitability of the firm. In the following proposition, we derive the

conditions under which the firm prefers one form of innovation over the other.

Proposition 4.3.5. a) If 2IqA+NαvH

4I
< t ≤ anvH(2vH−vL)

4I(vH−vL)
, then there exists a

threshold on the willingness to pay of the high-end segment (vH) above which

Product Line Innovation is optimal

b) If t < max
[

NvLvH+2IqA(2(1−α)vH−vL+2αvL)
4I(vH(1−α)+αvL)

, 2IqA+NαvH

4I

]
, then there exists a

threshold on the willingness to pay of the high-end segment (vH) above which

Product Line Innovation is optimal

c) If t < Nα2vHvL−2IqAvL

4I((1−α)vH+αL)
+ qA, then Single Product Innovation is optimal.

As can be seen in Proposition 4.3.5, the optimal portfolio develop-

ment strategy depends on consumer willingness to pay for quality and their

preference cost for purchasing a product away from the ideal point. When the

preference costs of the consumers are in the intermediate range, IC constraints
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are not binding and hence having a product line does not restrict the pricing

flexibility of the firm. In addition, by carrying multiple products, the firm

is able to extract higher margins from both segments while ensuring greater

market coverage. However, when cannibalization tensions play an important

role in the firm’s decision, retaining the existing lower-quality product reduces

the margins it can command from the high-end product. As a result, product

line innovation is optimal only if vertical differentiation can be easily achieved.

This occurs when the willingness to pay for quality of the high-end segment is

sufficiently high.

We also see that the SPI is optimal when the preference costs of the

consumers is sufficiently low. Under this condition, the high-end segment

would be completely covered under both SPI and PLI and as a result the firms

profitability is predominantly affected by cannibalization tensions. Because the

lower price that the firm charges as a result of cannibalization tension does not

result in a greater market coverage of the high-end segment, having product

line approach becomes counter -productive. In addition, the firm, by being

able to allocate the fixed cost of development over a larger set of consumers,

is able to obtain cost efficiency under SPI. These two factors in conjunction

makes single product innovation the optimal strategy.

To understand the importance of considering a firm’s current product

portfolio while making investment decisions, let us consider the case in which

the firm ignores this aspect while making its development decisions.
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Proposition 4.3.6. a) If the firm conducts innovation ignoring the presence

of an existing product, then carrying multiple products would be sub-optimal

for a larger range of parameters (t, vH).

b) In the absence of an existing product (greenfield product development), the

firm would never develop multiple products in order to follow a product line

strategy.

The above proposition highlights the importance of incorporating a

firm’s current product portfolio while making development and design deci-

sions. In particular, ignoring its current product portfolio could result in a

firm making sub-optimal investment and pricing decisions. It is easy to see

that when a firm ignores its existing product portfolio, its investment levels

mirrors that of Single Product Innovation. As we saw under lemma 4.3.3 and

4.3.4, this could lead to lower levels of innovation than product line innovation.

As a consequence, the firm might not able to obtain sufficient differentiation

for a product line strategy. This constrains its pricing flexibility and reduces

its profits.

The second part of the proposition shows that if a firm does not have an

existing product portfolio, then developing multiple products simultaneously

with the objective of employing a product line strategy is sub-optimal. This

is consistent with the existing research on product line design for development

intensive products and is primarily because simultaneous development of mul-

tiple product fails to obtain the cost efficiency that single product development

provides. In particular, economies of scale that a single product development
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provides far outweighs the benefit of being able to price discriminate between

consumers.

4.4. Analysis: Competition

Until now, we considered the case in which there is only a single firm

in the market. However, competitive influences could also play a significant

role in the development and design decisions of a firm. To capture competitive

effects and how it affects the portfolio development strategy of a firm, we

examine the case in which there is a competing firm located at the other end

of the line. As we mentioned earlier, the rival firm offers a product of quality

qB which could be higher or lower than the existing quality (qA) of Firm A. The

optimization problem of both firms under product line innovation and single

product innovation are represented in the appendix. It is worth noting that

we can use the parameter t also as proxy for the level of competition between

the firms. In particular, if the consumers have strong preferences towards a

particular firm/brand, then the level of competition would be low.

As can be seen in the optimization problem of both firms, competition

adds additional constraints to pricing decision of both firms. Essentially, now

the consumers have the option of purchasing a product from the competitor

and hence they seek to purchase the product from the firm which gives them

the maximum consumer surplus. This constraint reduces the margin that the

firms can command for their products.

The firm’s and its competitors pricing decision would depend on both
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its portfolio strategy and the level of innovation it undertakes. So in the

second stage, the prices for the different products of both firms are determined

simultaneously and non-cooperatively and we look for Nash equilibrium in this

case.

Product Line Innovation

First we consider the case when the firm retains the existing product

and follows a product line innovation strategy when it faces competition from

another firm. In this case, there will be 3 products that are offered to the

consumers. The innovating firm would have the high quality product of quality

(qA + θ) and low quality product of quality qA and the competitor would also

have its own product of quality (qB) to be made available to consumers. Given

this setting, the optimal pricing strategy of both firms can be summarized as

follows:

Lemma 4.4.1. The optimal pricing strategy of the firms can be represented

as follows:

a) If θ ≥ (qA−qB+t)(vH−vL)
vL

, then

p∗H =
1

2
vH (qA − qB + t + θ)− vL (qA − qB − 3t + αθ)

3 (vH (1− α) + αvL)

p∗L = vL (6tvH − 3αtvH + 3αtvL − αvHθ

+qB (−2vH + 3αvH − 3αvL) + qA ((2− 3α) vH + 3αvL))

6 (vH (1− α) + vHα)

pB =
vLvH (3t− αθ − qA + qB)

3 (vH (1− α) + αvL)
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b) If θ < (qA−qB+t)(vH−vL)
vL

, then

p∗H =
vH (vL (qA − qB + 3t + αθ) + 3vHθ (1− α))

3 ((1− α) vH + αvL)

p∗L =
vLvH (qA − qB + 3t− 2αθ)

3 (vH (1− α) + vHα)

p∗2 =
vLvH (qB − qA + 3t− αθ)

3 (vH (1− α) + αvL)

As can be seen in Lemma 4.4.1, the optimal pricing decision of the firms

can fall under two regions depending upon whether the incentive compatibility

constraints of the high-end segment are binding or not. Under both cases, the

optimal price of Firm B is decreasing in the level of innovation undertaken by

Firm A. As the quality of the new product increases, more consumers would

be willing to purchase the new product of Firm A. Firm B responds to this by

reducing the price of its product to makes its product more attractive relative

to the new product of Firm A.

At the same time, it is interesting to note that the price of the low end

product is also decreasing in the level of innovation θ. This result continues to

be true even when the IC constraints are of the high-end segment not binding.

This observation is very different from what we saw under a monopoly, where

the price of the low-quality product is independent of the level of innovation

if the IC constraints are not binding. To understand this difference, note that

under competition, the price of low quality product is indirectly influenced by

the quality of the new product through the response of Firm B. Firms B’s

product competes directly with the existing lower quality product in the low-
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end segment. So Firm A’s optimal response for a reduction in the price of firm

B’s product is to reduce the price of its lower quality product.

As was the case under monopoly, we also see that both the level of in-

novation (θ)and the preference cost of the consumers (t)are important factors

that determine the market share of firms in both segments. It is also interest-

ing to note that the price offered by the Firm B for its product is the same

irrespective of whether the IC constraints are binding or not. However, since

the level of innovation that the firm undertakes could be different under these

two cases, the optimal price of this product could be different under these

cases. We examine this when we determine the optimal level of innovation of

the firms.

Single Product Innovation

Now we consider the case in which the firm replaces the existing product

and follows a single product strategy:

Lemma 4.4.2. The optimal pricing strategy of the firms can be summarized

as follows:

p∗S =
vLvH (3t + qA − qB + θ)

3 ((1− α) vH + αvL)

p∗2 =
vLvH (3t + qB − qA − θ)

3 ((1− α) vH + αvL)

As was the case under product line innovation, we see that the price

of Firm B is decreasing in the level of innovation by Firm A. However, it
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is interesting to note that for a given level of quality improvement θ, the

optimal price of Firm B under product line innovation is higher than that

under single product innovation. This is counter intuitive because one would

imagine that an increase in the number products in the market would only

serve to increase the competitive intensity between firms and hence, decrease

prices. To understand why we find higher prices under a product line strategy,

note that the incentive to maintain higher prices would be larger for a firm,

because of cannibalization concerns, if it were to adopt a product line strategy.

If the Firm A were to reduce the price to capture the market share in the low-

end segment, then it not only induces the rival to reduce its price, but also

prompt the high-end consumers to switch to the low-end product. As a result,

cannibalization tensions makes it sub-optimal for Firm A to engage in price

competition. This points to the strategic benefit that product line innovation

provides a firm. It could use it product pricing and portfolio strategy to signal

its intention to move away from mutually destructive price competition.

Having characterized the optimal pricing strategies of the two firms, we

now turn our attention to the optimal level of innovation undertaken by the

firm under PLI and SPI. We develop this in the following lemma.

Lemma 4.4.3. The optimal level of innovation under Product Line Innovation

is:
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a) If I < Ith, then

θ∗ = αNvH (9 (1− α) (qA − qB + t) vH

+ (3 (1 + 3α) t− (5− 9α) (qA − qB)) vL)

72It (vH − αvH + αvL)− αNvH (9 (1− α) vH + 4αvL)

b) If I > Ith

θ∗ = αNvH (9 (1− α) (qA − qB + t) vH

− (3 (1− 3α) t + (7− 9α) (qA − qB)) vL)

36It ((1− α) vH + αvL)− 2α2NvLvH

Lemma 4.4.3 shows that the optimal level of innovation under product

line innovation can fall into 2 regions depending on the the fixed cost of the

innovation I. From lemma 4.4.1, we know that when the level of innovation

is sufficiently high, then firm is able achieve sufficient differentiation between

the new and old product. As a result IC constraints would not be binding

in this region. However, the firm would have sufficient incentive to invest in

higher innovation only if the fixed cost of innovation is sufficiently low. As this

cost increases, the firm’s incentive to invest decreases and so too its ability to

differentiate the two products and prevent cannibalization. In addition, since

the firm has lower pricing flexibility in this region, its incentive to invest in the

innovation decreases further. It can also be seen that the level of innovation is

increasing in the quality difference of the existing products (qA − qB) and also

the preference cost of the consumers, which also confirms intuition.

Now we proceed to the case in which the Firm A follows a Single Prod-

uct Innovation strategy and determine the optimal level of innovation under

this scenario.
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Lemma 4.4.4. The optimal level of innovation under single product innova-

tion is:

θ∗ =
N (3t + qA − qB) vHvL

18It ((1− α) vH + αvL)−NvLvH

As was the case under PLI, the level of innovation under SPI is increas-

ing in the quality difference of the existing products (qA − qB) and also the

preference cost of the consumers. But because firm does not face cannibal-

ization issues under SPI, the level of innovation does not depend on whether

the cost of innovation is high or low. In addition, it can also be seen from

lemma 4.4.3 and 4.4.4 that product line innovation and single product innova-

tion impact a firm’s innovation levels and pricing decisions differently. So, to

understand when a firm should choose one form of innovation over the other,

we now compare the profitability of these strategies. To keep the analysis

simple, we examine this issue when qA = qB = q in the following proposition.

Proposition 4.4.5. There exists a threshold on the willingness to pay of the

high end segment vth
H such that if vH > vth

H , the profits of the firm under PLI

is greater than SPI

As under monopoly, the choice between product line innovation and

single product innovation depends upon both the preference costs of the con-

sumers and their willingness to pay for quality. In particular, if the willingness

to pay for quality of the high-end segment is sufficiently high, the product line

innovation becomes the optimal strategy for the firm. Under this condition,
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by having multiple products, the firm is able extract larger margins from the

high-end product without forgoing its presence in the low end market. In

addition, the incentive to invest in a higher level of innovation is also higher

when vH is higher. However when vH is low, the two market segments are not

sufficiently different and hence the penalty for not having a product tailored

to a particular segment is not high. Hence it more profitable for a firm to gain

efficiency in the innovation (similar to the case under monopoly) by having a

single product.

4.5. Managerial Implications and Conclusions

Efficient product portfolio management offers firms the means to cre-

ate significant value; primarily by increasing sales, while reducing costs and

squeezing better value from net assets. In this paper, we analyze such a prod-

uct portfolio design problem and examine how it interacts the design and

development decision of a firm under both monopoly and competition. Specif-

ically, the economic and game-theoretic analysis used to model this problem

examines the value of retaining an existing product after having invested in

and developed a higher quality product. We find that having a product-line

based approach to NPD can provide significant strategic advantages to a firm.

The analysis from this research shows that product line innovation is most

beneficial when preference cost of consumers is high, when there is competi-

tion and when the firm has an existing set of products. We also find that

cannibalization tensions in maintaining a larger portfolio could serve to deter
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mutually destructive price competition.

These results, in part, point to why product line innovation might be the

optimal strategy in the case of digital cameras while a single product strategy

is optimal from Apple’s perspective. These two industries are very different

in both the penetration levels and the level of competition. In particular,

the digital camera market is extremely competitive with many big players

like Canon, Sony, Kodak and Olympus sharing the market to a great extent.

In addition, the penetration level of digital cameras is still very low. Since

product line innovation can enable firms to compete effectively and achieve

better penetration in different markets, it could be the optimal strategy for

firms in this industry. In contrast, Apple has a near monopoly in the digital

player market with a market share of nearly 78%. Also, in a short time span

it also achieved a very high penetration level in its target segment. As a

result, cannibalization constraints are more important than market coverage

and hence single product innovation is the optimal strategy

There are several ways in this research can be extended. We have as-

sumed that there is no uncertainty in the development of the new product.

However, technological uncertainty could play a major role in the portfolio de-

velopment decision of a firm. Similarly, the presence of complementary prod-

ucts and indirect network externality could also have a major impact on the

design and development decision of firms. Also, the analytical framework de-

veloped in this work could also be extended to incorporate cases in which firms

could invest and develop multiple variants of the same product family. Finally,
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an empirical investigation would also serve to improve our understanding of

such problems.
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Chapter 5

Strategic Implications of Intermediaries Upon
Leasing and Selling of Durable Goods

5.1. Introduction

Much of the research on durable goods focuses on the issue of whether

products should be sold or leased. However, little attention has be paid to how

intermediaries affect this issue in spite of the fact that they play an important

role in many durable goods industries. Consider as examples the automobile

and entertainment video (DVD and VHS) industries. Although they differ

in conventional respects, these two industries share some common character-

istics. First, intermediaries play an important role in both of them. In the

auto industry, OEMs rely nearly exclusively upon dealers for distribution, and

in entertainment videos, studios distribute their products through specialized

outlets such as Blockbuster, Hollywood, etc. as well as through general re-

tailers, e.g. Wal-Mart. Second, the products in both industries are durable

in the sense that they provide value over time.1 Finally, in both the automo-

bile and entertainment video industries, a combination of leasing and selling

1Although entertainment videos are not durable in a conventional sense, because they
provide multiple consumption opportunities, they are consistent with the consumer utility
models of durability that have been used in the academic literature.
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are employed. Yet, although the effects of product durability and distribution

channel structure have been well studied in isolation, little is known about how

product durability influences the interactions between a manufacturer and its

dealer(s).

It has long been recognized that product durability can have adverse

consequences for a supplier that sells its product. When a durable goods

monopolist sells her product, she has an incentive to skim the demand curve

by producing at a rate that, over time, drives down prices. However, because

consumers anticipate this opportunistic behavior, fewer consumers are willing

to buy at any given price. This issue has been referred to as time inconsistency

in reference to the fact that a monopolist’s ability to sell a durable good at a

price above marginal cost is inconsistent with her own incentives to produce

at a rate that causes the price of the product to decrease. It is well known that

one way for the manufacturer to mitigate the problem of time inconsistency

is by leasing instead of selling her product. By leasing, the manufacturer

internalizes the effect of her future output, eliminating the problem of time

inconsistency.

It has also been widely recognized that the use of independent interme-

diaries, i.e. dealers, can have important implications for a channel of distribu-

tion. The externalities that are introduced when each channel member seeks to

maximize its own profits lead to higher prices and lower quantities than those

that would maximize the combined channel profit. However, product durabil-

ity introduces another dimension to the relationship between a manufacturer
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and dealer that needs to be addressed. Specifically, if the manufacturer sells

her product to a dealer, the dealer determines not only the number of units to

buy but also whether to lease or sell them to an end consumer. On the other

hand, if the manufacturer leases to the dealer, then the dealer determines only

the quantity to lease to the end consumer.

In this chapter, we specifically address the issue of how product dura-

bility affects the interactions between a manufacturer and dealer(s). In §5.2,

we develop a model to capture the interaction between the manufacturer of a

durable product and a single dealer. Here we focus on how the costs of pro-

duction and distribution affect the equilibrium selling and leasing decisions.

Subsequently, in §5.3, we consider a setting in which the manufacturer inter-

acts with multiple dealers and characterize the equilibrium as a function of the

intensity of competition among these dealers. Finally, in §5.4 we summarize

the managerial implications discuss directions for future research.

5.2. Model Description

Let us begin by considering a manufacturer who distributes a durable

product through a single dealer. We will extend this later to consider multiple

competing dealers. Throughout the paper, we adopt the convention of using

feminine pronouns to refer to the manufacturer and masculine pronouns for

the dealer(s).

In order to represent durability, we adopt a variation of the two period

linear demand model that Bulow (1982) proposed. In this model, it is assumed
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that the durable good lasts for exactly two periods. Although there is no

depreciation of its value between periods 1 and 2, a discount factor of ρ is

applied to revenues or cash flows received in period 2. The assumption that

the durable good lasts for two periods is not critical; it is only important to

assume that it lasts for a finite amount of time, so that optimal decisions

can be calculated in a recursive fashion. The assumption that there is no

depreciation is consistent with that of Bulow (1982) and Bucovetsky & Chilton

(1986), and simplifies the presentation of our analysis. Although our model

can be easily generalized to allow for depreciation, this would only blur the

distinction between durable and non durable goods.

As in Bulow (1982), we assume that consumers’ utility for the product

is defined by the value of the service it provides. In each period, there are a

potential consumers, each of whom has valuation v for each period of service

from the product and can consume at most one unit of it. The valuation v is

distributed uniformly over the population on the interval [0, a].

Given these assumptions, at a price p for one period of service of the

product, all consumers who have a valuation of v ≥ p would be willing to pay

for the service that the product provides. Thus the total number of consumers

who would use the service of the product at a single period lease price of p is:

q = (a − p) and the inverse demand function of the service that the product

provides can be represented by:

p(q) = a− q (5.1)
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However, because the product lasts for two periods, a consumer who buys a

product in period 1 derives two periods of use out of it. Therefore, to determine

the price that a dealer can obtain from any units that he sells in the first period,

we must consider the additional value that a consumer will derive from buying

instead of leasing the product. Let p1 and p2 be the market clearing prices for

buying the product in periods 1 and 2, and let ql and qs denote the quantities

that are made available for lease and for sale respectively in period 1. In period

2, the product will be used by all consumers with valuation v ≥ p2. In period

1, a consumer with valuation v would derive a total utility equal (1 + ρ) v from

using the product for both periods, implying that no consumer with valuation

v < p1

1+ρ
will buy in period 1. However, by postponing purchase until period

2, a consumer with valuation v would have a discounted expected net utility

of ρ(v − p2). Therefore, a consumer with valuation v will purchase in period

1 only if (1 + ρ) v − p1 ≥ ρ (v − p2) ≥ 0. It follows that if the second period

price is anticipated to be p2, then all consumers with valuation v ≥ p1 − ρp2

will be willing to purchase in the first period. Since the number of consumers

with valuation greater than v = p1 − ρp2 is ql + qs = a − p1 + ρp2, the first

period sale price can be expressed as the following function of the quantity

that is made available and the anticipated second period price:

p1(ql, qs) = (a− ql − qs) + ρp2 (5.2)

In equilibrium, consumers will be indifferent between leasing and selling in

period 1, so the price at which ql units can be leased, given that qs units are

sold is p(ql+qs) = a−ql−qs, which is identical to the first term in (5.2). For the
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consumers who buy the product, this term represents the implicit lease price

that they pay for the use of it during period 1. The second term represents

the additional amount that they must pay for the use of the product in period

22.

The second period price, p2, that consumers anticipate depends not

only upon the first period quantities, but also on the cost structure and how

it affects the incentives of the manufacturer and the dealer(s) in period 2. We

assume that the manufacturer incurs a per-unit production cost of cm, and

that the dealer incurs a per-unit transaction cost of cd. This transaction cost

is intended to represent the cost of bringing a consumer into the dealership

as well as the administrative costs of processing either a leasing or a sales

transaction with him. This implies that by leasing a product to a consumer for

two periods instead of selling it in period 1, the dealer incurs two transaction

costs instead of only one. We assume that these costs are non-negative, and

to facilitate the analysis, we require that:

cd + cm ≤ 5

8
a (5.3)

Since condition (5.3) requires only that at least 37.5% of consumers have a

valuation for the use of the product for a single period that exceeds its mar-

ginal cost, it is not terribly restrictive. We impose this condition only because,

2We assume that the same set of consumers are present in both periods to derive (5.1)
and (5.2). However, as discussed in Bulow (1982) and Bhaskaran & Gilbert (2005), if there
exists a perfect second-hand market through which consumers can buy or sell a durable good
without incurring any transaction costs, it is sufficient to assume only that the distribution
of the demand is stationary.
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as the total marginal cost of the product increases, the manufacturer’s second

period wholesale price falls to her marginal cost, reducing the effects of time

inconsistency. (For sufficiently large marginal costs, time inconsistency disap-

pears altogether.) The purpose of assumption (5.3) is to guarantee that the

equilibrium wholesale price offered by the manufacturer in period 2 is larger

than her marginal cost. As will become clear later, this simplifies our analysis.

However, we will also provide some discussion of how the relaxation of (5.3)

affects our results.

We assume that the sequence of events in period 1 is as shown in Fig-

ure 5.1: At the beginning of period 1, the manufacturer decides whether to

sell or lease her product to the dealer and the price at which to do so. If

the manufacturer leases to the dealer, then the dealer is forced to lease to the

consumer. (He cannot sell a product that he does not own.) In this case,

the dealer determines only the quantity to lease to the end consumer. On

the other hand, if the manufacturer sells to the dealer, then the dealer must

determine the quantity to sell and the quantity to lease to the end consumer.

In period 2, there is no distinction between leasing and selling since either one

provides a single period of use of the product. At the beginning of period

2, the manufacturer determines a per-unit price, and the dealer responds by

determining the quantity to obtain from the manufacturer. Any units that

the dealer purchased in period 1 and leased to consumers remain in his pos-

session at the beginning of period 2. To keep the analysis simple, we also

assume that the manufacturer either sells all her products or leases all her
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products3. We consider these cases separately and identify optimal decisions

for the manufacturer and dealer under each one.

Figure 5.1: Sequence of Decision Making

5.2.1 Leasing by the Manufacturer

When the manufacturer leases the product to the dealer, ownership

is retained by the manufacturer, forcing the dealer to lease, rather than sell,

the product to consumers. The optimal decisions of the two firms can be

calculated in a recursive fashion. Let ŵ1 and ŵ2 be the wholesale lease prices

the manufacturer offers in the first and second period respectively. Let q̂1 be

the quantity that the dealer makes available to consumers in the first period

and q̂2T be the total quantity that the dealer makes available in second period.

We denote the difference between these two quantities by q̂2 = q̂2T − q̂1. Given

these pricing and quantity decisions, the total profits of the dealer and the

3While in reality, the manufacturer might engage in selling and leasing simultaneously,
we ignore those cases for ease of exposition and simplicity in expressions.
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manufacturer as functions of these decisions are:

ΠDL (ŵ1, ŵ2, q̂1, q̂2T ) = q̂1 (a− q̂1 − cd − ŵ1)

+ρq̂2T (a− q̂2T − cd − ŵ2) (5.4)

ΠML (ŵ1, ŵ2, q̂1, q̂2T ) = q̂1 (ŵ1 − cm)

+ρq̂2T (ŵ2 − cmMax {0, q̂2T − q̂1}) (5.5)

where the superscript DL indicates Dealer profit when the manufacturer Leases,

and ML indicates M anufacturer profit when the manufacturer Leases. It can

be seen that the dealer’s profit, ΠDL, is separable in q̂1 and q̂2T . As a result,

in each period t ∈ {1, 2}, the dealer’s response is:

q̂∗(w) = q̂∗1(ŵ1) = q̂∗2T (ŵ2) =
a− cd − ŵt

2
(5.6)

From the manufacturer’s perspective, units that are produced in period 1 can

generate leasing revenue for two periods, whereas units produced in period 2

can generate leasing revenue for only one period. Because the production costs

and the demand for the service of the product are stationary, the manufacturer

should set the same wholesale lease price in both periods. Given this, it is easy

to confirm that the optimal price at which the manufacturer should lease to

the dealer is:

ŵ∗
1 = ŵ∗

2 = ŵ∗ =
((a− cd) (1 + ρ) + cm)

2 (1 + ρ)

Substituting the optimal wholesale price and quantities into the profit func-

tions (5.4) and (5.5), we can find the profits of both the manufacturer and
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dealer as functions of the production cost cm and distribution cost cd.

ΠDL(cm, cd) =
((a− cd)(1 + ρ)− cm)2

16(1 + ρ)
(5.7)

ΠML(cm, cd) =
((a− cd)(1 + ρ)− cm)2

8(1 + ρ)
(5.8)

5.2.2 Selling by the Manufacturer

When the manufacturer sells her product to the dealer, ownership trans-

fers so that the dealer has the option of either selling or leasing it to the

consumer in period 1. Recall that, in period 2, leasing and buying are indis-

tinguishable since either one provides a single period of use. Let wt be the

wholesale price at which the manufacturer sells the product to the dealer in

period t = 1, 2. Let q1 represent the total quantity that the dealer makes avail-

able in the first period and let q2 be the additional quantity that the dealer

makes available in the second period. Note that this notation is distinct from

that used in the previous section (q̂1, q̂2, ŵ1, ŵ2) where the manufacturer was

assumed to lease to the dealer.

When the manufacturer sells to the dealer in period 1, the dealer has the

option of selling instead of leasing some or all of the q1 units to the consumers.

Let qs(w1) and ql(w1) represent the quantities the dealer sells and leases to

consumers when the manufacturer sells to him at a wholesale price of w1 in

period 1, where ql(w1) + qs(w1) = q1(w1).

At the beginning of period 2, the dealer continues to own all of the units

that he leased to consumers in period 1. Although the dealer has no obligation
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to make these units available to the market in period 2, it can be verified that,

because demand is stable, a dealer will never procure units in period 1 that

will not be used in both periods. Thus, the total quantity made available to

consumers by the dealer in period 2 will be ql + q2. In addition, the qs units

that the dealer sold in period 1 are also available to satisfy consumers’ demand

for the service of the product. Since the product will be used by consumers

with the highest valuations, all consumers with valuation of v ≥ a − q1 − q2

must have a non-negative net utility and the price at which the dealer would

be able to sell / lease ql + q2 units of the product in the second period is:

p2(q1, q2) = a− q1 − q2 = a− ql − qs − q2 (5.9)

Although the market price in period 2 depends only upon the total number

of units available to consumers, q1 + q2, we will soon see that the equilibrium

value of q2 depends on the extent to which the units made available in period

1 were either sold or leased. Proceeding with the standard backward induction

approach, the profits of the dealer in the second (final) period, can be expressed

as:

ΠDS
2 (ql, qs, q2, w2) = (a− cd − ql − qs − q2) (ql + q2)− w2q2 (5.10)

Differentiating (5.10) twice with respect to q2, it can be seen that the dealer’s

profits are concave in q2. Hence first-order-conditions (FOCs) are sufficient to

characterize the dealer’s second period quantity:

q∗2(w2, ql, qs) =

[
a− cd − w2 − qs − 2ql

2

]+

(5.11)
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When the manufacturer determines her second period wholesale price, w2, she

anticipates this quantity decision by the dealer. So the second period profit

function for the manufacturer:

ΠMS
2 (w2, ql, qs) = (w2 − cm)q∗2(w2, ql, qs) (5.12)

Since (5.12) is concave in w2, we can use FOCs to find the optimal second

period wholesale price of the manufacturer is:

w∗
2(ql, qs) = Max

{
a + cm − cd − qs − 2ql

2
, cm

}
=

a + cm − cd − qs − 2ql

2
(5.13)

Note that assumption (5.3) insures that, in equilibrium we will have:

a + cm − cd − qs − 2ql

2
≥ cm

From (5.13), it can be seen that each unit that the dealer either sold or leased

in period 1 serves to decrease the wholesale price that the manufacturer offers

in period 2. However, units that the dealer leased have twice as much impact

as the units that he sold. The reason for this can be explained as follows:

Given that, in period 2, the dealer does not withhold any of his first period

leased units (ql) from the market, then all of the units that he leased or sold

drive down the price at which he can sell additional units. However, only the

units that he leased generate revenue for him in period 2. Therefore, when the

dealer considers buying additional units from the manufacturer in period 2, he

worries about the effect that these units will have on the revenues that he is
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able to earn from the ql units that he leased, but he cares nothing about the

impact upon the value of the qs units that he sold. Because of this, the leased

units have a stronger negative effect upon the dealer’s second period marginal

revenue from ordering additional units than do the sold units. By leasing

a larger fraction of his total first period quantity to consumers, the dealer

credibly commits himself to a lower marginal revenue function in period 2, to

which the manufacturer responds by offering a lower wholesale price in period

2.

Substituting (5.13) and (5.11) back into (5.10) and (5.12), the second

period profits of the dealer and manufacturer are the following functions of

the first period decisions:

ΠDS
2 (ql, qs) =

(a− cm − cd − qs)
2 + 4ql (3 (a− cd − ql − qs) + cm)

16
(5.14)

ΠMS
2 (ql, qs) =

(a− cm − cd − qs − 2ql)
2

8
(5.15)

In the first period, when the dealer determines his leasing and or selling quan-

tities, he seeks to maximize his total profits from both periods. If there are a

total of q1 = ql+qs units available to consumers, then the market clearing price

for the leased units (as well as the implicit leased price for the units that are

sold) will be a−q1 = a−ql−qs . From (5.2) and (5.9) the market clearing price

for the units that are sold will be p1(ql, qs) = a− ql − qs + ρp2(ql + qs, q
∗
2(w

∗
2)),

where we have omitted explicit reference to the fact that both q∗2 and w∗
2 de-

pend on ql and qs. Note that, because of the functional dependence of q∗2 and

w∗
2 upon ql and qs, the selling price depends upon how the total number of
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units in period 1 is divided between leasing and selling. The dealers total

profits from both periods are:

ΠDS
1 (ql, qs) = ql (a− cd − w1 − ql − qs)

+qs (a− cd − w1 − ql − qs + ρp2(ql + qs, q
∗
2(w

∗
2))

+ρΠDS
2 (ql, qs) (5.16)

and the dealer tries to maximize ΠDS
1 (ql, qs) subject to the constraint that

ql, qs ≥ 0.

Define qFOC
l (w1) and qFOC

s (w1) to be the values of ql (w1) and qs (w1)

for which both of the FOCs for (5.16) are satisfied. It is easy to confirm that:

qFOC
s (w1) =

cm(1 + ρ) + cd(8 + 6ρ)− w1

3 + 2ρ
(5.17)

qFOC
l (w1) =

a(3 + 2ρ)− cm(2 + ρ)− cd(19 + 12ρ)− w1

2(3 + 2ρ)
(5.18)

There are three types of responses that the dealer might make to a given

wholesale price: a hybrid response in which he both sells and leases some

units, a pure leasing response, in which he does no selling, and a pure selling

response in which he does no leasing. If both qFOC
l (w1) ≥ 0 and qFOC

s (w1) ≥ 0,

then these quantities obviously define the dealer’s optimal response to w1, and

this response is a hybrid policy. To better understand when the dealer will

respond with either pure leasing or pure selling, let w0L(cm, cd) and be the

maximum value of w1 for which qFOC
l (w1) ≥ 0, and let w0S(cm, cd) be the

113



maximum value of w1 for which qFOC
s (w1) ≥ 0.

w0L(cm, cd) = a (3 + 2ρ)− cm (2 + ρ)− cd (19 + 12ρ) (5.19)

w0S(cm, cd) = cm (1 + ρ) + 2cd (4 + 3ρ) (5.20)

Finally, let qPS
s (w1) be the selling quantity that satisfies the dealer’s FOC

given that ql = 0, and let qPL
s (w1) be the leasing quantity that satisfies the

dealer’s FOC given that qs = 0,. Formally, qPS
s (w1) is the value of qs for which

dΠDS
1 (0,qs)

dqs
= 0, and qPL

s (w1) is the value of ql for which dΠDS
1 (ql,0)

dql
= 0. It follows

that:

qPS
s (cm, cd) =

a(8 + 5ρ) + 3(cm + cr)− 8(cr + w1)

16 + 11ρ
(5.21)

qPL
l (cm, cd) =

4(a− cd − w1) + ρ(3a + cm − 3cd)

8 + 6ρ
(5.22)

We can now characterize the dealer’s optimal leasing and selling response,

denoted by q∗l (w1) and q∗s (w1), to wholesale price w1 in period 1.

Proposition 5.2.1. a) For w1 ≤ Min
{
w0L(cm, cd), w

0S(cm, cd)
}
, the dealer

will adopt a hybrid policy of both leasing and selling, and the quantities will

satisfy: q∗l (w1) = qFOC
l (w1) and q∗s(w1) = qFOC

s (w1).

b) If cd ≤ a−cm

9
, then w0L(cm, cd) ≥ w0S(cm, cd), and for w1 ≥ w0S(cm, cd),

the dealer will adopt a pure leasing policy in which q∗l (w1) =
[
qPL
l (w1)

]+ and

q∗s(w1) = 0.

c) Otherwise, if cd > a−cm

9
, then w0L(cm, cd) ≤ w0S(cm, cd), and for w1 ≥

w0L(cm, cd), the dealer will adopt a pure selling policy in which q∗l (w1) = 0,

and q∗s(w1) =
[
qPS
s (w1)

]+.
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The fraction of the total units that the dealer leases in the first pe-

riod can be represented as a function of the wholesale price at which the

manufacturer offers to sell them: α∗(w1) =
q∗l (w1)

q∗l (w1)+qs(w1)
. Let wMax

1 (cm, cd)be

the smallest wholesale price for which the dealer purchases a positive quan-

tity from the manufacturer in period 1. Note that α∗(w1) is undefined for

w1 ≥ wMax
1 (cm, cd).

Corollary 5.2.2. a) Both q∗s(w1) and q∗l (w1) are non-increasing in w1.

b) For w1 ≤ Min
{
w0L(cm, cd), w

0S(cm, cd)
}
, the fraction of leasing in the

dealer’s optimal response, α∗(w1), is non-decreasing in w1 when cd ≤ a−cm

9
,

and is non-increasing otherwise.

For w1 ∈
[
Min

{
w0L(cm, cd), w

0S(cm, cd)
}

, wMax
1 (cm, cd)

]
: α∗(w1) = 1 if and

only if cd ≤ a−cm

9
. Otherwise, α∗(w1) = 0

As we see in the above proposition and the accompanying corollary,

when the wholesale price is sufficiently low, the dealer employs a hybrid policy,

employing both leasing and selling. As the wholesale price increases, the dealer

reduces the amounts of both leasing and selling, until he completely stops doing

first one of them and then the other. Whether he stops selling before or after

he stops leasing depends upon the relationship between the costs of production

and distribution. It is easy to confirm that w0L(cm, cd), the wholesale price

above which the dealer stops leasing, is decreasing in cd while w0S(cm, cd), the

wholesale price above which the dealer stops selling, is increasing in cd. The

two thresholds intersect when cd = a−cm

9
. Thus, when the cost of distribution is
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high, as the wholesale price increases, the dealer switches from a hybrid policy

to one of pure selling ; when the cost of distribution is low, he switches from

a hybrid policy to one of pure leasing. In this latter case of low distribution

costs, even though the absolute amount of leasing decreases in w1, the fraction

of units in use that are leased, α∗(w1), is increasing.

The dealer’s motivation to sell is driven purely by operational efficiency.

By selling a unit in period 1, the dealer interacts with a consumer only once,

whereas if he leases it, a second interaction is required in period 2. However,

his motivation to lease is driven by strategic reasons: Because the dealer re-

tains ownership of the units that he leases in the first period, these units cause

a downward shift in the marginal revenue that he can earn from making addi-

tional units available in period 2. Consequently, leasing provides a mechanism

for the dealer to credibly commit to a lower number of additional units being

brought to the market in period 2. Because consumers rationally anticipate

that there will be fewer units in use in period 2, leasing helps to overcome the

time inconsistency problem. In addition, because units that the dealer leases

put more pressure on the second period wholesale price than do those that he

sells, leasing gives the dealer some leverage with respect to the manufacturer.

When distribution costs are low, the dealer is far more concerned with mit-

igating time inconsistency and obtaining leverage vis-a-vis the manufacturer

than he is with avoiding a second transaction with the consumer. However,

when the distribution costs are high, then the incentive to avoid unnecessary

consumer transactions dominates the strategic advantages of leasing.
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At the beginning of period 1, the manufacturer determines the price,

w1, at which she will sell to the dealer. Her profits are the following function

of the wholesale price that she offers and the quantities that the dealer leases

and sells respectively:

ΠMS
1 (w1, ql, qs) = (w1 − cm) (qs + ql) + ρΠM

2 (ql, qs) (5.23)

Note that, to facilitate the analysis of the manufacturer’s optimal pricing

policy for selling to the dealer, we have defined ΠMS
1 (w1, ql, qs) for arbitrary

ql and qs. When we account for the dealer’s optimal response, the manu-

facturer’s profits are: ΠMS
1 (w1, q

∗
l (w1), q

∗
s(w1)) where q∗l (w1) and q∗s(w1) be-

have as described in Proposition 5.2.1. To characterize the manufacturer’s

conditionally optimal wholesale price given that he sells to the dealer, we

need to introduce some additional notation: Let wH
1 be the value of w1 for

which dΠMS
1 (w1,qFOC

l (w1),qFOC
s (w1))

dw1
= 0; let wPL

1 be the value of w1 for which
dΠMS

1 (w1,qPL
l (w1),0)

dw1
= 0; and let wPS

1 be the value of w1 for which dΠMS
1 (w1,0,qPS

s (w1))

dw1
=

0. Thus wH
1 , wPL

1 , and wPS
1 are the wholesale prices that satisfy the manufac-

turer’s FOCs when the dealer’s response is either hybrid, pure leasing, or pure

selling respectively. Although, all three of these wholesale prices are functions

of cd and cm, we suppress explicit reference to this functional dependence

for ease of exposition. Let cMinH
d (cm) be the minimum value of cd for which

wH
1 ≤ w0S(cd, cm), i.e. the smallest distribution cost for which the wholesale

price wH
1 induces the dealer to follow a hybrid ordering policy. Similarly, let

cMaxPL
d (cm) be the maximum value of cd for which wPL

1 ≥ w0S(cd, cm); let
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cMaxH
d (cm) be the maximum value of cd for which wH

1 ≤ w0L(cd, cm); and let

cMinPS
d (cm) be the minimum value of cd for which wPS

1 ≥ w0L(cd, cm).

Lemma 5.2.3. a) For all cd ≥ 0 and cm ≥ 0, we have either: cMinH
d (cm) <

cMaxPL
d (cm) or cMaxPL

d (cm) < 0.

b) For all cm ≤ 5
8
a, i.e. marginal production costs satisfying assumption (5.3),

we will have cMaxH
d (cm) ≤ cMinPS

d (cm).

When the cost of distribution falls into the interval: cd ∈
(
cMinH
d (cm), cMaxPL

d (cm)
)
,

the manufacturer can either set her price to wPL
1 and induce the dealer to adopt

a pure leasing policy, or she can set her price to wH
1 < wPL

1 and induce the

adoption of a hybrid policy. However, for cd ≥ cMaxPL
d (cm), the manufac-

turer can induce a hybrid policy at price wH
1 if and only if cd ≤ cMaxH

d (cm) <

cMinPS
d (cm), and she can induce a pure selling policy at price wPS

1 if and only

if cd ≥ cMinPS
d (cm).

Proposition 5.2.4. The manufacturer’s optimal pricing policy for selling

to the dealer can be characterized according to the three thresholds on the

dealer’s cost of distribution relative to the manufacturer’s cost of production,

0 ≤ c1(cm) ≤ a−cm

9
≤ c2(cm) ≤ c3(cm).

w∗
1 =


wPL

1 cd ≤ c1(cm)
wH

1 c1(cm) ≤ cd ≤ c2(cm)
w0L c2(cm) ≤ cd ≤ c3(cm)
wPS

1 c3(cm) ≤ cd

Where cMinH
d (cm) < c1(cm) < cMaxPL

d (cm) and c2(cm) = cMaxH
d (cm) < c3(cm) =

cMinPS
d (cm).
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Given that the manufacturer sells to the dealer, the equilibrium fraction

of leasing can be represented by α∗(cm, cd) =
q∗l (w∗

1)

q∗l (w∗
1)+qs(w∗

1)
.

Corollary 5.2.5. α∗(cd, cm) is non-increasing in cd and cm.

As we can see above and in Figure 5.2, the optimal wholesale price

offered by the manufacturer can fall into four regions depending on the cost

of distribution relative to the cost of production. For a given value of pro-

duction cost, cm, when the cost of distribution is very low, the manufacturer

sets his wholesale price above the threshold w0S(cd, cm) so that the dealer re-

sponds with a pure leasing policy. For these low values of distribution cost, the

dealer benefits more from mitigating time inconsistency than he is hurt by the

operational efficiency of having more than one transaction with a given con-

sumer. While this causes the manufacturer to cede some leverage to the dealer,

inducing the dealer to sell some of the units is more costly because the man-

ufacturer would need to offer a significantly lower wholesale price in the first

period. However, as the dealer’s cost of distribution increases, the penalty the

dealer faces for additional consumer transactions increases, as result of which

he is more easily induced to sell. When the distribution cost exceeds c1 (cm),

the manufacturer would benefit from setting her price to wH
1 < wPL

1 to in-

duce a hybrid policy from the dealer. Because wH
1 < wPL

1 at the point where

cd = c1(cm), the manufacturer’s wholesale price, w∗
1, as well as the dealer’s

quantities, q∗l and q∗s , and profits are discontinuous at this point.
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Figure 5.2: Optimal Wholesale Price Trajectory
a = 10, ρ = 0.4, cm = 2

As the cost of distribution continues to increase, operational efficiency

becomes more important relative to time inconsistency. The manufacturer’s

wholesale price decreases, due to the higher costs incurred by the dealer, and

the dealer decreases both ql and qs. However, because ql decreases faster

than does qs, leasing represents a decreasing fraction of the the total amount

that the dealer buys, until for sufficiently large values of cd, we will have

α∗(cd, cm) = 0. This is a result of the dealer’s attempt to balance his own trade-

off of operational efficiency against the strategic issues of time inconsistency

and leverage vis-a-vis the manufacturer.
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5.2.3 The Manufacturer’s Decision to Lease or Sell to the Dealer

Prior to the first period, the manufacturer decides whether to lease or

sell the the product to the dealer. Our analysis in Sections 5.2.1 and 5.2.2

addressed the decisions of the manufacturer and the dealer given that the

manufacturer decides to either lease or sell. Because of the non-linear nature

of the the manufacturer’s pricing policy with respect to costs cm and cd, a

complete characterization of when the manufacturer will lease to the dealer

is extremely tedious. However, the following partial characterization provides

some useful insights.

Proposition 5.2.6. a) For cd ≥ a−cm

9
,the manufacturer sells to the dealer,

and the dealer adopts either a hybrid or a pure selling response.

b) For cm = cd = 0, then the manufacturer sells to the dealer, and the dealer

adopts a pure leasing policy.

c) For cd = 0, there exists a threshold production cost, above which the manu-

facturer leases to the dealer.

Recall that when cd ≥ a−cm

9
, if the manufacturer sells to the dealer, the equilib-

rium will be either a hybrid policy or a pure selling policy by the dealer. Thus,

the manufacturer will never lease to the dealer for the purpose of forcing him

to lease when he would otherwise adopt a pure selling policy. It can be con-

firmed that, when cd ≥ a−cm

9
, the equilibrium fraction of leasing α∗(cd, cm) ≤ 1

3
.

Thus, when the distribution cost cd ≥ a−cm

9
, any leasing that the dealer does
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is minimal. Therefore, the resulting downward pressure on the manufacturer’s

second period price will be small.

Part b) of Proposition 5.2.6 provides an interesting contrast with the

results that Bulow (1982) obtained for a centralized distribution channel. In

Bulow’s model, production and distribution costs are normalized to zero, and

it is optimal for a manufacturer who does not rely upon an intermediary to

lease her product. However, our model shows that, when the manufacturer

sells through an intermediary, there is a trade-off between time inconsistency

and double marginalization. When the manufacturer sells to the dealer, the

resulting lease price charged to the consumer is lower than it would be if the

manufacturer leased her product to the dealer, but it is also higher than the

implicit lease price that the dealer would obtain from selling the product to

consumers. Interestingly, as the production cost increases, the manufacturer’s

preference shifts to leasing. This is because, although selling counteracts dou-

ble marginalization, it also results in production of units that are used only in

the second period. Since the manufacturer’s ability to charge a high wholesale

price on these second period units is limited, the potential profits from these

second period units relative to period 1 profits also shrinks as cm increases.

By leasing to the dealer, the manufacturer can commit to producing only in

the first period and obtain operational efficiency in this regard.
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Figure 5.3: Relationship between Firms’ Strategy and Costs
a = 10 ρ = 1

A complete characterization of the equilibrium can be done numerically

and it is presented in Figure 5.3. As can be seen in the figure, when the cost of

distribution is low, leasing is the dominant mode of distribution. We see that

either the manufacturer leases to the dealer forcing him to lease to consumers

or the manufacturer sells to the dealer who in turn leases it to consumers.

However, as the cost of distribution increases, the manufacturer’s and dealer’s

preference for selling increases. In particular, there exist thresholds on the cost

of distribution above which the dealer either pursues a hybrid policy or a pure

selling policy. It is also interesting to note that these thresholds are decreasing

in the production cost of the manufacturer. As cm increases, the manufacturer

sells the durable good to the dealer over a broader range of values of cd and the

dealer employs more selling in his own policy. Recall that the dealer’s incentive
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to lease is that it allows him to make a credible commitment to introduce

fewer additional units in period 2. However, because the number of additional

units that he would have introduced is decreasing in cm and cd, the dealer’s

need to make such a commitment decreases as these costs rise. Similarly, as

cm increases, the manufacturer has less need to make a commitment against

lowering her second period price, and consequently she sells the durable good

at even lower values of cd.

Recall that we have limited our analysis to the case in which cd +

cm ≤ 5
8
a. Although this is not restrictive, it is of some interest to know what

happens when this assumption is relaxed. When the combined marginal costs

of production and distribution exceed 5
8
a, we are no longer guaranteed that,

when the manufacturer sells to the dealer, the manufacturer’s second period

wholesale price in (5.13) will be larger than her marginal cost of production.

When cm > a+cm−cd−qs−2ql

2
, the manufacturer would optimally set her second

period price to equal to her marginal costs, which would induce the dealer

to order less in the second period. In anticipation of lower second period

quantities, the wholesale price that the manufacturer could obtain in the first

period would also be higher. When the total marginal cost, cd + cm, becomes

sufficiently large, no additional units would be produced in the second period

and time inconsistency would disappear. This would eliminate the strategic

considerations from the decisions to sell or lease the product, leaving only the

issue of operational efficiency. Thus, for these large total marginal costs, both

the manufacturer and dealer would be better off if the dealer sold the product
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to eliminate unnecessary transactions.

5.3. Channel Structure under Competition

So far our analysis has focused on how the costs of production and

distribution affect the equilibrium selling, leasing and pricing decisions of a

single manufacturer and dealer. However, competition among dealers is an-

other important dimension of this problem. Moreover, in many durable goods

markets, the manufacturer relies upon multiple intermediaries that may serve

overlapping consumer markets. To address the issue of inter-dealer competi-

tion, we modify our original model to all for n dealers competing against one

another. Let θij ∈ [0, 1] represent the degree of substitutability between dealer

i and j. For simplicity, we assume that the substitutability of the different

dealers is symmetric, i.e. θij = θ∀i, j; i 6= j. With this assumption, the inverse

demand function for the service that the durable good provides when supplied

by dealer i is:

pi (q) = (a− qi − θ
∑
j 6=i

qj) (5.24)

where qj is the quantity of products currently in use that was supplied by

dealer j. Note that the intensity of competition is increasing in both n and θ.

Since our objective in this analysis is understand the role of competi-

tion, we normalize the marginal cost of production and distribution to zero

(cm = cd = 0) and assume that there is no discounting for period 2 (ρ = 1).

While this assumption simplifies the presentation of our results, it also allows
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for a direct comparison with existing results that consider competition in the

absence of intermediaries (Bucovetsky & Chilton 1986, Desai & Purohit 1999).

We will perform the analysis in the same way that we did in §5.2, where we

first characterized the equilibria conditioned on whether the manufacturer sells

or leases to the dealer, and then determined the conditions under which the

manufacturer should sell or lease to the dealer.

5.3.1 Leasing Strategy by the Manufacturer

We begin by considering the situation where the manufacturer leases

to dealers, denying them the option of selling to the end consumer. Let ŵ1

and ŵ2 be the wholesale lease prices the manufacturer offers in the first and

second period respectively. We assume that these prices cannot be dealer

specific, so that the manufacturer must offer the same price to all dealers in

each period. Let q̂i1 be the quantity that dealer i makes available to consumers

in the first period and q̂i2T be the total quantity that dealer i makes available

in second period. We denote the difference between these two quantities by

q̂i2 = q̂i2T − q̂i1. To indicate the n-dimensional vectors of these variables, we

will use bold-face q̂1, q̂2, and q̂2T . This notation is consistent with that used in

Section 5.2.1 except that we have added an additional subscript to distinguish

among different dealers’ quantities. The optimal decisions of the two firms can

be identified in a recursive fashion.The profits of ith dealer from both periods
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can be represented as follows:

ΠDL
i (ŵ1, ŵ2, q̂1, q̂2T ) = q̂i1(a− q̂i1 − θ

∑
j 6=i

q̂j1 − ŵ1)

+q̂2T (a− q̂i2T − θ
∑
j 6=i

q̂j2T − ŵ2) (5.25)

As in our earlier analysis, the dealer’s profits are separable in q̂1 and q̂2T . As

a result, in each period the FOC for dealer i is:

q̂∗i1(w1) =

a− θ
∑
j 6=i

q̂j1 − ŵ1

2
i = 1, ..., n,

q̂∗i2T (w2) =

a− θ
∑
j 6=i

q̂j2T − ŵ2

2
i = 1, ..., n (5.26)

Note that the dealers’ response to the wholesale lease price and to one another’s

quantities is the same in both periods. By simultaneously solving (5.26) for

all n dealers, we can obtain the following expression for the total quantity in

use as a function of the wholesale lease price offered by the manufacturer:

∑
j

q̂∗j1(ŵ) =
∑

j

q̂∗j2T (ŵ) =
a− ŵ

2 + (n− 1)θ

The manufacturer takes this response function as given and determines the

wholesale price that would maximize her profits. The profits of the manufac-

turer are:

ΠML(ŵ) = ŵ1

∑
j

q̂∗j1(ŵ1) + ŵ2

∑
j

q̂∗j2T (ŵ2)

The wholesale price that maximizes the manufacturer profits from leasing to

the dealers is: ŵ∗
1 = ŵ∗

2T = ŵ∗ = a
2
. Substituting the optimal wholesale price
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and quantities into the profit functions, we can find the equilibrium profits of

the manufacturer, denoted ΠML(n, θ), and of each dealer, denoted ΠDL(n, θ),

as functions of the parameters of competition in the downstream market.

ΠML(n, θ) =
na2

4 + 2(n− 1)θ
(5.27)

ΠDL
i (n, θ) =

a2

4(1 + (n− 1)θ)2
(5.28)

5.3.2 Selling Strategy by the Manufacturer

Now we consider the case in which the manufacturer sells the product

to dealers. Let w1 and w2 be the prices at which the manufacturer sells the

product in periods 1 and 2 respectively. In period 1, we denote the quantities

that dealer i sells and leases respectively as qis and qil , and the total quantity

purchased by dealer i in period 1 by qi1 = qis + qil. In period 2, we denote

the total quantity distributed by dealer i by qi2T . As was the case in our

previous analysis, this total second period quantity includes all of the units

that dealer i leased in period 1, plus any additional units, denoted qi2 that he

purchases from the manufacturer in period 2, i.e. qi2T = qil + qi2. To indicate

the n-dimensional vectors of these variables, we will again use bold face.

In period 2, the manufacturer announces a single wholesale price to all

n dealers, and each dealer responds by determining the quantity that he will

distribute in period 2. Recall that, in period 2, there is no distinction between

selling and leasing, and that at equilibrium, a dealer will never withhold units

from the market in period 2 that he procured from the manufacturer in period
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1. The second period profits of dealer i are the following function of the first

and second period quantities and the second period wholesale price:

ΠDS
i2 (ql,qs,q2,w2) =

(
a− qi1 − qi2 − θ

∑
j 6=i

(qj1 + qj2)

)
(qi2 + qil)

−w2qi2 (5.29)

Applying the FOCs to (5.29) for all n dealers gives us n simultaneous equations,

the solution to which yields the conditional equilibrium response of dealer i as

a function of the first-period quantities and the second period wholesale price:

q∗i2(ql,qs, w2) =

a(2− θ)− 2(qis + w2)− θ(
∑
j 6=i

qjs − w2 + qis(n(1− θ)− 2 + θ))

(2− θ)(2 + (n− 1)θ)
− qil


+

(5.30)

When the manufacturer determines the second period wholesale price, she

anticipates this response function and sets her wholesale price to maximize

her own second period profits:

ΠMS
2 (ql,qs, w2) = w2

∑
j

q∗j2 (ql,qs, w2) (5.31)

Applying FOCs to (5.31), we can see that the wholesale price offered by the

manufacturer in period 2 is the following:

w∗
2(ql,qs) =

an− (2 + (n− 1)θ)
∑
j

qjl − (1 + (n− 1)θ)
∑
j

qjs

2n
(5.32)

As was the case in our analysis of a single dealer, each unit that was sold or

leased in period one decreases the wholesale price that the manufacturer offers
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in period 2, but the effect is stronger for leased units than it is for sold units.

However, when we consider the effect of competition, it is worth noting that:

lim
n →∞

dw∗
2(ql,qs)

dqil

=
lim

n →∞
dw∗

2(ql,qs)

dqis

= −θ

2
(5.33)

As the number of dealers becomes large, the marginal effect upon the sec-

ond period wholesale price from an additional unit procured by an individual

dealer does not depend upon whether that unit is leased or sold. Thus, as

competitive intensity increases, there is less incentive for dealers to lease as a

means of influencing the second period wholesale price that will be offered by

the manufacturer.

We can now substitute (5.30) and (5.32) back into (5.29) and (5.31)

to obtain the following expressions for the profits of dealer i and the second

period profits of the manufacturer conditioned on the first period quantities:

ΠDS
i2 (ql,qs) = ΠDS

i2 (ql,qs,q
∗
2 (ql,qs, w

∗
2(ql,qs)) , w∗

2(ql,qs)) (5.34)

ΠMS
2 (ql,qs) = ΠMS

2 (ql,qs, w
∗
2(ql,qs)) (5.35)

In period 1, consumers anticipate how the period 2 market price for

the product will be influenced by the number of units that were sold to con-

sumers in period 1 as well as by the decisions of the manufacturer and dealers.

Specifically, consumers can infer that if ql and qs are the vectors of quantities

that each dealer leased and sold respectively, then the second period market

price for the product will be the following:

pi2(ql,qs) = pi(ql + qs + q∗2(ql,qs, w
∗
2(ql,qs))
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This expression for the second period market price is based on the fact that

the total number of units that will be available in period 2 include all of the

units that were either sold or leased in period 1 as well as any additional units

that are produced in period 2. Let pil(ql,qs) and pis(ql,qs) represent the first

period lease price and selling price respectively. By definition, the first period

lease price must be the same as the inverse demand function for a single period

of use from the product, i.e. pil(ql,qs) = pi(ql + qs). Because consumers can

anticipate the second period market price from the quantities that are available

in period 1, at equilibrium it must be true that pis(ql,qs) = pil(ql,qs) +

pi2(ql,qs). As in Section 5.2.2, the premium that a consumer is willing to

pay to buy instead of lease the product is equal to the (discounted) market

price that is anticipated in period 2, which is independent of the individual

consumer’s valuation for the use of the product. In period 1, the profits of

dealer i can be represented as follows:

ΠDS
i1 (w1,ql,qs) = qilpil(ql,qs) + qispis(ql,qs)− qi1w1 + ΠDS

i2 (ql,qs)

and each dealer seeks to determine the values of qil, qis ≥ 0 that maximize

his own profits. By simultaneously solving the FOCs for all n dealers, it

can be confirmed that for any w1, there exists a symmetric equilibrium in

which qil(w1) = qjl(w1) and qis(w1) = qjs(w1) for all i, j. Let us denote the

quantities leased and sold in this symmetric equilibrium by q∗il(w1) and q∗is(w1)

respectively. Depending upon the wholesale price, the number of dealers,

and the substitutability parameter, the symmetric equilibrium will be either a

hybrid policy in which both q∗il(w1) > 0 and q∗is(w1) > 0, a pure leasing policy
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in which q∗is(w1) = 0, or a pure selling policy in which q∗il(w1) = 0. Using

notation similar to that used in Section 5.2.2, let qFOC
il (w1), q

FOC
is (w1) be the

solution to the following:

dΠDS
i1 (w1,ql,qs)

dqil
= 0 i = 1, ...n

dΠDS
i1 (w1,ql,qs)

dqis
= 0 i = 1, ...n

qil = qjl i = 1, ..., n; j 6= i
qis = qjs i = 1, ..., n; j 6= i

As in Section 5.2.2, if qFOC
il (w1) ≥ 0 and qFOC

is (w1) ≥ 0, then these quanti-

ties represent a symmetric equilibrium response to wholesale price w1. Let

w0L(n, θ) be the maximum wholesale price for which qFOC
il (w1) ≥ 0, and let

w0S(n, θ) be the maximum wholesale price for which qFOC
is (w1) ≥ 0. To identify

a pure selling equilibrium, let qPS
is (w1) be the solution to:

dΠDS
i1 (w1,ql,qs)

dqis
= 0 i = 1, ...n

qil = 0 i = 1, ..., n
qis = qjs i = 1, ..., n; j 6= i

To identify a pure leasing equilibrium, let qPL
il (w1)be the solution to:

dΠDS
i1 (w1,ql,qs)

dqil
= 0 i = 1, ...n

qil = qjl i = 1, ..., n
qis = 0 i = 1, ..., n

; j 6= i

Proposition 5.3.1. a) For w1 ≤ Min
{
w0L(n, θ), w0S(n, θ)

}
,there exists a

symmetric equilibrium among the dealers in which each dealer adopts a hybrid

policy of both leasing and selling, and the quantities satisfy q∗il(w1) = qFOC
il (w1)

and q∗is(w1) = qFOC
is (w1) for all i = 1, ..., n.

b) If θ ≤ −1+
√

1−8n+8n2

2n(n−1)
, then w0L(n, θ) ≥ w0S(n, θ), and for w1 ≥ w0S(n, θ),

the symmetric equilibrium will be a pure leasing one in which each dealer sets
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q∗il(w1) =
[
qPL(w1)

]+ and q∗is(w1) = 0.

c) If θ ≥ −1+
√

1−8n+8n2

2n(n−1)
, then w0L(n, θ) ≤ w0S(n, θ), and for w1 ≥ w0L(n, θ),

the symmetric equilibrium will be a pure selling one in which each dealer sets

q∗is(w1) =
[
qPS(w1)

]+ and q∗il(w1) = 0.

As we saw in Proposition 5.2.1, when the wholesale price is sufficiently

low, the equilibrium among the dealers will be a hybrid policy which includes

both leasing and selling. As the wholesale price increases, the dealers reduce

both the amounts of selling and leasing until they stop doing one of them alto-

gether. Whether they stop leasing or selling first depends upon the intensity

of competition. When θ ≤ −1+
√

1−8n+8n2

2n(n−1)
, the dealers shift from a hybrid to

a pure leasing policy as w1 increases. For larger values of θ, the dealers shift

from a hybrid to a pure selling policy.

As shown by Bucovetsky & Chilton (1986) and Desai & Purohit (1999),

competitive pressures among firms who distribute durable goods can create

an incentive to sell. By selling, a dealer can lockup consumers in the first

period, reducing the demand available to other dealers. When the intensity of

competition is high, a dealer is more concerned with locking up consumers than

he is with mitigating time inconsistency. Proposition 5.3.1 generalizes these

results by endogenizing the wholesale price that the dealers pay for the durable

product. Higher first period wholesale prices cause both dealers and consumers

to anticipate higher second period prices, which reduces the time inconsistency

penalty from selling in the first period to lock in consumers. However, higher

first period wholesale prices also increase the difference between the extent
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to which leased versus sold units induce lower second period wholesale prices.

Thus, if competitive pressures to lock in consumers are low, higher first period

wholesale prices make leasing relatively more attractive to dealers. But if

competitive pressures to lock in consumers are already high, then higher first

period wholesale prices only amplify them.

In anticipation of the equilibrium response of the dealers to a given

wholesale price, the manufacturer determines her first period wholesale price

to maximize the following profit function:

ΠMS
1 (w1,ql,qs) = w1

∑
j

(qjl + qjs) + ΠMS
2 (ql,qs)

Although it is possible to derive a complete characterization of the the manu-

facturer’s optimal pricing policy that is analogous to the one derived in Section

5.2.2 , the expressions are extremely cumbersome. Since our main objective of

this analysis is to obtain insights about how the number of dealers and the ex-

tent of substitutability among them affects the equilibrium selling and leasing

strategies, we do not provide the complete characterization of the manufac-

turer’s pricing policy. Instead, we provide a partial characterization that shows

how it can be obtained numerically. To this end, let us define wHC(n, θ) =

Min
{
wH(n, θ), w0S(n, θ), w0L(n, θ)

}
to be the wholesale price that maximizes

the manufacturer’s profits conditional upon inducing a hybrid response from

the dealers. Similarly, let wPLC(n, θ) = Max
{
wPL(n, θ), w0S(n, θ)

}
, and

let wPSC(n, θ) = Max
{
wPS(n, θ), w0L(n, θ)

}
, so that wPLC(n, θ) (wPSC(n, θ))

is the wholesale price that maximizes the manufacturer’s profits conditional
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upon inducing a pure leasing (pure selling) response from the dealers. From

Proposition 5.3.1, it follows that for θ ≤ −1+
√

1−8n+8n2

2n(n−1)
, it is possible for the

manufacturer to induce a pure leasing response and the wholesale price that

maximizes her profits from this pure leasing response is wPLC(n, θ). Simi-

larly, for θ ≥ −1+
√

1−8n+8n2

2n(n−1)
, it is possible for the manufacturer to induce a

pure selling response and the wholesale price that maximizes her profits from

this pure selling response is wPSC(n, θ). The following proposition follows

from the above definitions of w0L(n, θ), w0S(n, θ), wPLC(n, θ), wHC(n, θ), and

wPSC(n, θ).

Proposition 5.3.2. a) For θ ≤ −1+
√

1−8n+8n2

2n(n−1)
, then the wholesale price that

maximizes the manufacturer’s profits from selling to the dealers is w∗
1(n, θ) =

wPLC(n, θ) if and only if ΠMS
1 (wPLC(n, θ)) ≥ ΠMS

1 (wHC(n, θ)). Otherwise,

w∗
1(n, θ) = wHC(n, θ) .

b) For θ ≥ −1+
√

1−8n+8n2

2n(n−1)
, then the wholesale price that maximizes the manufac-

turer’s profits from selling to the dealers is w∗
1(n, θ) = wPSC(n, θ) if and only

if ΠMS
1 (wPSC(n, θ)) ≥ ΠMS

1 (wHC(n, θ)). Otherwise, w∗
1(n, θ) = wHC(n, θ).

For low values of the competitive intensity parameter, θ, the equilibrium

will be either a hybrid or a pure leasing policy, whereas for high values of θ

the equilibrium will be either a hybrid or a pure selling policy.

5.3.3 The Manufacturer’s Decision to Sell or Lease to the Dealers

We now turn our attention to the question of whether the manufacturer

will lease or sell her product to the dealers in equilibrium.
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Proposition 5.3.3. For n = 1, the manufacturer will sell to the dealer and

the dealer will adopt a pure leasing policy with respect to the consumer.

As we see above, for the case of a single dealer and negligible costs of

production and distribution, the manufacturer should always sell her product

and the dealer should always lease it. Note that this is consistent with part

b) of Proposition 5.2.6, where we analyzed a manufacturer’s interactions with

a single dealer under a more general cost structure. By leasing, the dealer

shifts his marginal revenue curve downward, providing a credible commitment

to lower second period quantities for any wholesale price. As this encourages

the manufacturer to offer a lower wholesale price, it counter-balances double

marginalization. However, because consumers anticipate these lower whole-

sale prices, some time-inconsistency remains. In contrast, when there is more

than one dealer, the manufacturer’s selling policy does not counter-act double

marginalization as effectively.

Proposition 5.3.4. a) For any number of dealers n ≥ 2, there exists a

threshold level of substitutability θPL(n) ∈
(
0, −1+

√
1−8n+8n2

2n(n−1)

)
, such that for

any θ ≤ θPL(n), the wholesale price that would maximize the manufacturers

profits from selling to the dealers would be w∗
1(n, θ) = wPL(n, θ), and would

induce the dealers to follow pure leasing policies.

b) For any number of dealers n ≥ 2, if w∗
1(n, θ) = wPLC(n, θ), then the manu-

facturer should lease, rather than sell, her product to the dealers.

c) For any number of dealers n ≥ 4, there exists a threshold level of substi-
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tutability θPS(n) < 1, such that for any θ ≥ θPS(n), the manufacturer should

lease, rather than sell, her product to the dealers.

d) For any substitutability parameter θ > 0, there exists a threshold number

of dealers, nL(θ), such that, if n ≥ nL(θ), then the manufacturer should lease,

rather than sell, her product to the dealers.

These results are illustrated in Figure 5.4, which depicts the results of a

computational study. When competition among multiple dealers is either very

low or very high, the manufacturer may be better off leasing to them. Let us

first consider why the manufacturer can benefit from leasing when there is low

competitive intensity. Recall that we assume that the manufacturer must offer

the same second period wholesale price to all n dealers. While this is often a

practical or even a legal requirement, it implies that the effect of each dealer’s

first period order quantity upon the second period wholesale price decreases

as the number of dealers increases. 4 Thus, for n ≥ 2 and sufficiently low

levels of competitive intensity, θ, the manufacturer should lease to the dealers

to eliminate time inconsistency altogether. If she sold her product instead, she

could reduce double-marginalization but this would be dominated by the time

inconsistency that would be introduced.

4Note that, for θ = 0, the equilibrium for a single dealer is different than that for n ≥ 2
dealers. In fact, from (5.33), it can be seen that for for θ = 0, the effects of an individual
dealer’s selling and leasing quantities upon the second period wholesale price converge to
zero.
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Figure 5.4: Optimal Lease-Sell Strategies under competition
a = 10

As the competitive intensity increases, the dealers’ equilibrium response

to a selling manufacturer shifts from one of pure leasing to a hybrid policy

that includes both leasing and selling to the final consumer. As shown by

Bucovetsky & Chilton (1986) and Desai & Purohit (1999), each dealer has

an individual incentive to sell the product in order to lock-in future consumer

demands. Although this comes at the cost of introducing time inconsistency,

this cost is borne collectively by all of the dealers. Thus, the opportunity to

sell the product to the final consumer amplifies the intensity of competition

among the dealers. For intermediate values of the substitutability parameter

θ, the manufacturer should sell her product to the dealers because she benefits
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more from how this amplification of competitive intensity counter-acts double

marginalization than she would from continuing to lease the product to the

dealers and eliminating time inconsistency.

However, as the competitive intensity increases further, the dealers in-

crease the amount of selling that they employ in their response to a selling

manufacturer, and the market clearing prices approach the wholesale price.

Since this reduces the double-marginalization effect, this would be unquali-

fied good news for the manufacturer if it were not for durability. However,

for a durable product, as competition among the dealers erodes the effects

of double marginalization, the effects of time inconsistency remain. In the

extreme case, where θ → 1 and n →∞, double marginalization becomes neg-

ligible regardless of whether the manufacturer sells or leases to dealers and the

manufacturer’s profit converges to those of the monopolist studied by Bulow

(1982). By leasing to competing dealers, she can prevent them from selling,

thus eliminating the effects of time inconsistency without paying a significant

double marginalization penalty. This result is a striking contrast to that of

Proposition 5.2.6 where we showed that, in the absence of competition among

the dealers, the manufacturer will never lease to a single dealer who would

otherwise engage a pure selling policy.

It is also of interest to contrast our result, that high levels of competi-

tive intensity can lead to a pure leasing equilibrium, with the results of Bulow

(1986), Bucovetsky & Chilton (1986) and Desai & Purohit (1999), who showed

that the equilibrium amount of selling will increase with an increase in either
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the threat of entry or the intensity of competition among multiple firms that

distribute a durable product. Although our results in Proposition 5.3.1 con-

firm this, we have shown that when the competitive industry is supplied by

a monopolist manufacturer, intense competition can lead the manufacturer to

lease the product, forcing the competitive downstream industry to lease too.

5.4. Managerial Implications and Conclusions

The main contribution of this paper is to demonstrate the important

role that intermediaries can play in determining the extent to which a durable

good is sold or leased in equilibrium. When intermediaries are present, the

manufacturer faces a trade-off between the effects of double marginalization

and those of time inconsistency. If the manufacturer sells her product, time in-

consistency puts downward pressure on the retail price and serves as a counter

to double marginalization. As a consequence, when the manufacturer interacts

with a single dealer, unless production costs are very high, she is better off

selling instead of leasing her product to the dealer. Thus, if the durable goods

manufacturer in Bulow (1982) were to use a dealer to distribute her product,

she would be better off selling instead of leasing to this dealer, even though

the dealer would lease it to consumers. Our model of a single dealer also

captures the effects of how the cost of production and consumer transactions

affect the equilibrium selling and leasing strategies. As the cost of production

increases, the manufacturer prefers to lease in order to avoid the inefficiency

of producing units that will generate revenue in only period 2. As the cost of
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transacting with consumers increases, both the dealer and manufacturer ben-

efit from the operational efficiency that selling allows by reducing the number

of transactions.

When the manufacturer interacts with multiple dealers, the intensity of

competition among the dealers also plays an important role in determining the

leasing versus selling decisions. Assuming that the manufacturer must offer

the same wholesale price to all of the dealers, then as the number of dealers

increases, a policy of selling her product becomes less effective in mitigating

double marginalization. Consequently, when the manufacturer sells through

multiple dealers among whom the intensity of competition is low, the manu-

facturer is better off leasing instead of selling her product to them in order to

eliminate the time inconsistency problem. At intermediate levels of competi-

tive intensity, the manufacturer prefers to sell to the dealers since this enables

her to exploit the dealer’s incentive to sell the product to the consumer as a

mechanism of amplifying the competitive pressure and mitigating double mar-

ginalization. However, when the intensity of competition becomes very large,

then double marginalization becomes less significant. At high enough levels of

competitive intensity, the problem of double marginalization becomes domi-

nated by that of time inconsistency, and the manufacturer is once again better

off leasing her product to the dealers. Thus, our results contrast with existing

ones that do not consider the role that intermediaries can play in influencing

the equilibrium amounts of leasing and selling in competitive environments.

Our results may help explain some recent developments in the auto-
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mobile and entertainment-video industries. In the automobile industry, the

availability of pricing information through the internet has made it easier for

consumers to comparison shop, intensifying the competition among dealers.

However, during this same period, leasing has increased (Sturgeon 2005, Keel

1998) rather than decreased as previous models would have suggested. It is

worth noting that, in the automobile industry, although the consumer inter-

acts with the dealer to obtain the lease, it is the manufacturer who retains

ownership of the vehicle. Thus, the increased amount of leasing parallels the

case in our model where the manufacturer leases to the dealer.

Although entertainment-videos (DVDs, VHS tapes) do not fit the tra-

ditional definition of durable products, they are consistent with our model of

durability because they do allow a single unit to be consumed multiple times

by the same or by different consumers. In the early days of this industry,

the universal mode of operation was for movie distributors to sell VHS video-

tapes to dealers, e.g. Hollywood, Blockbuster, etc., who then rented them to

consumers. However, in past several years, two developments have occurred

in this industry that are related to our analysis: First, the entry of major

retailers, e.g. Wal-Mart, Target etc. as well as operational innovators like

NetFlix, was accompanied by an increase in the proportion of videos that are

sold rather than rented. This dynamic is consistent with the results of Bucov-

etsky & Chilton (1986) and Desai & Purohit (1999). However, it is interesting

to note that at the same time that competitive intensity was increasing, movie

distributors began to introduce the practice of revenue sharing with the major
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dealers, e.g. Hollywood, Blockbuster, etc. Under revenue sharing, the stu-

dios sell the videos to the dealers at approximately marginal cost in return for

sharing a pre-determined portion of the rental income. This is operationally

similar to arrangement in which the movie distributor rents (leases) the videos

to the dealers, and may have been a response to the increased competitive

intensity.

We believe that it would be of interest to extend our analysis to include

competition among the manufacturers of the durable good when they interact

with dealers. Not only would it be interesting to analyze how the intensity

of competition among manufacturers influences the selling and leasing strate-

gies at both levels of the channel of distribution, it would be of interest to

understand how durability would influence the equilibrium channel structure

itself, i.e. whether the manufacturers would sell directly or through dealers.

Finally an empirical investigation of these effects would also serve to improve

our understanding of these markets.
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Deci- Manufacturer Sells

sion cd ≤ c1(cm) c1(cm) ≤ cd ≤ c2(cm)

q2
(a−cd)(4+3ρ)−cm(4+7ρ)

16(2+ρ)
a(3+2ρ)−cm(3+5ρ)+3cd(7+4ρ)

4(9+5ρ)

w2
(a−cd)(4+3ρ)+cm(12+ρ)

8(2+ρ)
a(3+2ρ)+5cm(3+ρ)+3cd(7+4ρ)

2(9+5ρ)

p2
20a+12(cm+cd)+(11a+cm+cd)ρ

16(2+ρ)
a(12+7ρ)+6cm−3cd(2+ρ)

2(9+5ρ)

ql
(a−cd)(4+ρ)+cm(4−3ρ)

8(2+ρ)
a(15+8ρ)−5cm(3+ρ)−cd(111+62ρ)

4(9+5ρ)

qs - a(3+2ρ)−cm(3+5ρ)−cd(51+28ρ)
2(9+5ρ)

w1s

(a−cd)(4+3ρ)2+cm(16+8ρ−5ρ2)
16(2+ρ)

a(3+2ρ)2+cm(9+7ρ)−cd(9−2ρ−4ρ2)
2(9+5ρ)

p1l
4(3a+cm−3cd)+ρ(7a−3cm−7cd)

8(2+ρ)
a(27+16ρ)+cm(9−5ρ)−cd(27+14ρ)

4(9+5ρ)

p1s - a(27+2ρ(20+7ρ))+cm(9+7ρ)
4(9+5ρ) − cd(27+26ρ+6ρ2)

4(9+5ρ)

Table 5.1: Optimal Decisions under Monopoly - I
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Deci- Manufacturer Sells

sion c2(cm) ≤ cd ≤ c3(cm) c3(cm) ≤ cd

q2

(
a−cm−5cd

2

) a(24+17ρ)−(cm+cd)(24+25ρ)
16(8+5ρ)

w2 a− 5cd
a(24+17ρ)−cd(24+25ρ)+5cm(8+3ρ)

8(8+5ρ)

p2
1
2
(3a− cm − 13cd)

a(72+51ρ)+(cm+cd)(56+5ρ)
16(8+5ρ)

ql - -

qs −a + cm + 9cd
a(8+3ρ)−(cm+cd)(8−5ρ)

4(8+5ρ)

w1s a (3 + 2ρ)− cm (2 + ρ)− cd (19 + 12ρ)
128(a+cm−cd)+8ρ(23a+13cm−7cd)

32(8+5ρ) + ρ2(67a+5(cm+cd))
32(8+5ρ)

p1l - -

p1s
1
2
(a (4 + 3ρ)− cm (2 + ρ))− cd

2
(20 + 13ρ)

a(4+3ρ)(24+17ρ)+32(cm−3cd)
16(8+5ρ) + ρ(36cm−44cd+5ρ(cm+cd))

16(8+5ρ)

Table 5.2: Optimal Decisions under Monopoly - I
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Decision Manufacturer Sells

Dealer: Pure Leasing Dealer: Pure Selling

qi2
a(1+6n+(n−1)(2+3n)θ)

(2+(n−1)θ)(2−2θ+n(10+(−3+5n)θ))
−a(−2(5+36n)+ξ(n,θ)

(24+184n+η(n,θ))(2+(n−1)θ)

w2
a(1+6n+(n−1)(2+3n)θ)

2(2−2θ+n(10+(−3+5n)θ))
−a(−2(5+36n)+ξ(n,θ)

24+184n+η(n,θ)

pi2

a(5+26n+(n−1)(7+19n)θ+(n−1)2(2+3n)θ2)
(2+(n−1)θ)(2−2θ+n(10+(−3+5n)θ))

−a(−6(5+36n)+ξ(n,θ)(3+(n−1)θ)
(24+184n+η(n,θ))(2+(n−1)θ)

qil

a(1+2n(2−θ)+2n2θ)
(2+(n−1)θ)(2−2θ+n(10+(−3+5n)θ)) -

qis - −a(−2−20n+ς(n,θ))
(24+184n+η(n,θ))

w1

a((1+6n)2+κ(n,θ))
2n(2+(n−1)θ)(2−2θ+n(10+(−3+5n)θ))

a(12+32n(8+39n)+ϕ(n,θ))
2n(2−θ)(2+(n−1)θ)2(24+184n+η(n,θ))

pil

a(3+16n+(n−1)(5+14n)θ+(n−1)2(2+3n)θ2)
(2+(n−1)θ)(2−2θ+n(10+(−3+5n)θ)) -

pis - −a(−14(5+36n)+µ(n,θ)
(24+184n+η(n,θ))(2+(n−1)θ)

Table 5.3: Optimal Decisions under Competition between Dealers - I

146



Decision Manufacturer Sells

Dealer: Hybrid Policy

qi2
a(4+16n(3n−2)+Ω(n,θ)

(2+(n−1)θ)(16n(10n−3)+Λ(n,θ))

w2
a((n−1)θ+2)(4+16n(3n−2)+Ω(n,θ)
(2+(n−1)θ)(16n(10n−3)+Λ(n,θ))

pi2
a(4n(−7+26n)+χ(n,θ))

16n(10n−3)+Λ(n,θ)

qil

a(4(16n2+10n−3)+Θ(n,θ))
(2+(n−1)θ)(16n(10n−3)+Λ(n,θ))

qis
a(4−24n+Γ(n,θ))

16n(10n−3)+Λ(n,θ)

w1
a(4−24n+Υ(n,θ))

16n(10n−3)+Λ(n,θ)

pil
a(4+8n(32n−11)+Ψ(n,θ))

(2+(n−1)θ)(16n(10n−3)+Λ(n,θ))

pis
a(4+16n(29n−9)+ψ(n,θ))

(2+(n−1)θ)(16n(10n−3)+Λ(n,θ))

Table 5.4: Optimal Decisions under Competition between Dealers - I
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where:

Ω (n, θ) = 4 (−1 + 4n (4 + n (−11 + 6n))) θ + (−3 + 2n (−3 + 2n) (5 + 9n (−3 + 2n))) θ2

+(n− 1) (−4 + n (3 + 2n (29 + 2n (−19 + 6n)))) θ3 + (n− 1)2 (−1 + n (3 + n (6 + n (−10 + 3n)))) θ4

Ψ(n, θ) = (−4 + 8n (33 + 2n (−65 + 38n))) θ + (−11 + 2n (−133 + n (769 + 3n (−299 + 96n)))) θ2

+(n− 1)
(
−20 + n

(
−104 + n

(
897− 966n+ 272n2

)))
θ3

+(n− 1)2 (−11 + n (−7 + (−2 + n)n (−129 + 64n))) θ4 + (n− 2) (n− 1)3 (1 + n (−1 + 3n (−5 + 2n))) θ5

Θ(n, θ) = 4 (5 + 4n (−4 + n (−11 + 8n))) θ + (−7 + 2n (−5 + n (165 + n (−193 + 48n)))) θ2

+(n− 1)
(
2 + n

(
−56 + n

(
301− 230n+ 32n2

)))
θ3

+(n− 1)2 (1 + n (−25 + n (118 + n (−65 + 4n)))) θ4 − n (n− 1)3 (3 + n (−17 + 7n)) θ5

Γ (n, θ) = −4 (1 + 2 (−4 + n)n) θ + (−1 + 2n (2 + n (−23 + 19n))) θ2

(n− 1) (−1 + n (14 + n (−59 + 32n))) θ3 + n (n− 1)2 (3 + n (−17 + 7n)) θ4

Λ (n, θ) = 2
(
2 + 62n− 280n2 + 160n3

)
θ + 2

(
−5− 51n+ 344n2 − 394n3 + 120n4

)
θ2

+2
(
4 + 12n− 172n2 + 312n3 − 196n4 + 40n5

)
θ3 + 2

(
−1 + n+ 28n2 − 78n3 + 78n4 − 33n5 + 5n6

)
θ4

Υ(n, θ) = 2 (−1 + n(57 + 2n (−125 + 72n)) θ + (−8 + n (−77 + 2n (293 + 2n (−173 + 54n)))) θ2

+(n− 1) (−8 + n (−13 + n (252 + n (−269 + 72n)))) θ3 + (n− 1)2 (−2 + (−2 + n)n (−1 + 3n (−7 + 3n))) θ4

χ (n, θ) = 2 (1 + n (34 + n (−163 + 90n))) θ + (−5 + n (−51 + n (361 + 2n (−200 + 57n)))) θ2

+(n− 1) (−4 + n (−13 + n (148 + n (137 + 31n)))) θ3 + (n− 1)2
(
−1 + n2 (23 + n (−17 + 3n))

)
θ4

ψ (n, θ) = 4n (107 + 4n (−114 + 67n)) θ + (−23 + 2n (−217 + n (1327 + 2n (−775 + 246n)))) θ2

+(n− 1) (−33 + n (−181 + 2n (777 + 4n (−205 + 56n)))) θ3

+(n− 1)2 (−17 + n (−20 + n (n− 2) (101n− 226))) θ4 + (n− 1)3 (−3 + n (3 + n (n− 2) (9n− 26))) θ5

κ (n, θ) = (n− 1) (1 + 2n (7 + 18n)) θ + (n− 1)2 n (4 + 9n) θ2

ξ (n, θ) = (29 + 12n (9− 8n)) θ − 3 (n− 1) (−10 + n (−25 + 14n)) θ2

− (n− 1)2 (−13 + 6 (−4 + n)n) θ3 + (n− 1)3 (2 + 3n) θ4

η (n, θ) = (−68 + 4n (−76 + 67n)) θ + 2 (n− 1) (−34 + n (−113 + 64n)) θ2

+4 (n− 1)2 (−7 + n (−19 + 5n)) θ3 − 2 (n− 1)3 (2 + 5n) θ4
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ς (n, θ) = (3 + 2 (13− 9n)n) θ − (n− 1) (−1 + 4 (−3 + n)n) θ2 + 2 (n− 1)2 nθ3

ϕ (n, θ) =
(
−52 + 8n

(
−125− 448n+ 390n2

))
θ +

(
91 + 4n

(
409 + n

(
981− 2092n+ 774n2

)))
θ2

+2 (n− 1) (41 + n (773 + 2n (851 + 3n (−465 + 127n)))) θ3

+(n− 1)2 (40 + n (864 + n (1819 + 12n (31n− 175)))) θ4 + (n− 1)3 (10 + n (286 + n (597 + 4n (9n− 106)))) θ5

− (n− 1)4 (−1 + n (−52 + 3n (−37 + 12n))) θ6 + (n− 1)5 n (4 + 9n) θ7

µ (n, θ) =
(
233 + 942n− 888n2

)
θ − 3 (n− 1) (−99 + n (−283 + 194n)) θ2 − (n− 1)2 (−181 + 3n (−131 + 56n)) θ3

− (n− 1)3 (−53 + 3n (−31 + 6n)) θ4 + 3 (n− 1)4 (2 + 3n) θ5
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Chapter 6

Conclusions and Directions for Future Research

In this dissertation, we look at how competitive and collaborative forces

in a supply chain influence product design, development and distribution deci-

sions. We present analytical models that examine different stages of a product

development process and identify how strategic relationships in a value chain

influence these stages. The analysis of these models shows that it is important

for firms to gauge and understand the strength of supply chain interactions

to be successful in a marketplace. As competition between firms give way to

competition between supply chain partnerships, firms need to recognize that

they are only as strong as the weakest link in their alliance. More importantly,

they should recognize the unique challenges associated with joint development

and distribution of new products to consumers and should be able and willing

to implement the appropriate mechanisms that can extract the benefits of such

strategic partnerships.

Our models represent one of the first attempts to look at the influence

of collaborative and competitive relationships in supply chains on product

development decisions. In chapter 3, we provide insights on why firms in

certain industries enter into investment sharing agreements while firms in other
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industries enter into innovation sharing agreements. This research also brings

out the critical link between supply chain relationships and different forms

of technology uncertainty in the high-tech industry. Chapter 4 extends this

work by considering a firm’s portfolio design problem in conjunction with its

product development strategy. In this context, we show that a product line

based approach to new product development could enable firms to obtain

greater market coverage and compete more effectively. Finally, in chapter

5, we analyze the effect of channel relationships on the various distribution

strategies adopted by supply chain partners. We show that leasing and selling

strategies adopted by channel members should not only consider how these

decisions impact consumer expectations but also consider how these decisions

influence incentives of other channel members. In summary, the theory and

insights derived in this dissertation are applicable in industries as diverse as

bio-technology, electronics and automobiles.

There are several ways in which one could extend the model and analy-

sis in this research. A richer model of technology uncertainty, inclusion of

agency costs and an empirical analysis could provide a more nuanced under-

standing of multi-firm new product development. Similarly, integrated product

development and portfolio design should be followed up with efficient sourc-

ing and optimal procurement strategies for firms to be able to realize the full

benefits of such planning. Such an analysis would also greatly enhance our

understanding of how firms should implement product portfolio management

strategies. Similarly, the impact of product characteristics like durability and
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re-manufacturability on supply chain relationships is also an under-explored

area. Future research could endogenize the product durability decision and

examine the incentives of different supply chain entities to invest in this di-

mension. In addition, operational strategies like capacity planning, procure-

ment, inventory management should also explicitly recognize its interactions

with product characteristics. This is also an avenue for future research. In

conclusion, while this dissertation makes an important step in providing a bet-

ter understanding of the linkages between the product development process

and supply chain relationships, it is still only the small step in this direction.

Hopefully, this step would be the beginning of many future research streams.
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Appendix A

Managing Technology Uncertainty Under
Multi-firm New Product Development

Proofs
Proof of Proposition 3.3.1

Proof. To completely capture the decision making process, we first develop

the decoupled product development case. The profits of PDC as function of

qM and qC is:

ΠDC
PDC(θ, w; qM , qC) = qM(aM − qM + φqC − w + rθ)

+qC(aC − qC + φqM) (A.1)

From first-order conditions, the quantity for the PDC is:

qM(w, θ) =
aM + rθ − w + φaC

2(1− φ2)
(A.2)

qC(w, θ) =
aC + φ(aM + rθ − w)

2(1− φ2)
(A.3)

The TDC sets the technology price to maximize her profit function anticipating

that the PDC would react as above:

ΠDC
TDC(θ; w) = wqM(w, θ)− cθtT − Iθ2 (A.4)
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The optimal price that maximizes the TDC profits for a particular realization

of level of product development time is:

w(θ) =
1

2
(aM + rθ + φaC) (A.5)

Substituting (A.5) in (A.4), we have

ΠDC,∗
TDC(θ) =

(aM + rθ + φaC)2

8
− cθtT − Iθ2 (A.6)

However, this is the profit of the TDC if the new product has succeeded.

Including technology feasibility, we can represent the expected profit function

of the TDC as follows:

ΠDC
TDC(θ) =

1

8
E
[
ve−αt (a + rθ + φaC)2 − cθtT

]
− Iθ2 (A.7)

It is easy to note that the above expression converges and the resulting profits

of TDC are:

ΠDC
TDC(θ) =

vλT

8(λT + α)
(aM + rθ + φaC)2 − cθ

λT

− Iθ2 (A.8)

Note that ΠDC
TDC(θ) is concave as long as 8I(1 − φ2) > r2 which is true by

assumption. Differentiating the profit function w.r.t. to θ, we can calculate

the optimal quality improvement level by the TDC. First-order conditions are

sufficient to determine optimality.

θ∗,DC =
ΛT (rv(aM + φaC)− 4cT (1− φ2))

8I(1− φ2)− ΛT r2

The profits of the TDC would be:

ΠDC
TDC =

ΛT (I(aM + φaC)2 − cT ΛT r(aM + φaC) + 2c2
T Λ(1− φ2))

8I(1− φ2)− ΛT r2
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The threshold for feasibility can be found by comparing these profits to the case

under which the TDC does not innovate. This can be found by substituting

ΛT = v = 1 and θ = 0 in the above equation. Let this profit be ΠNI
TDC . The

threshold value of feasibility would be the value v of such that ΠDC
TDC−ΠNI

TDC =

0 which can be calculated as:

vDC
th =

8 (1− φ2) (λT + α) (I(aM + φaC)2 − 2c2(1− φ2))

λ2
T (aM + φaC) (λT (aM + φaC)(8I(1− φ2) + r2)− 8cr(1− φ2))

b) The total profits under coupled development would be:

ΠCP
TOT (θ, qM , qC) = E

[
ve−αt (qM(aM − qM + φqC + rθ) + qC(aC − qC + φqM))

]
−E [cθt]− Iθ2

Differentiating this function w.r.t. to qM , qC&θ and solving for these values

will give the optimal levels of quality improvement and quantities:

qM =
2I(aM + φaC)− cΛT r

4I(1− φ2)− ΛT r2

qC =
φ (2I(aM + φaC)− cΛT r)

4I(1− φ2)− ΛT r2
+

aC

2

θ∗,CP =
ΛT (r(aM + φaC)− 2c(1− φ2))

4I(1− φ2)− ΛT r2

We can substitute this back to the profit function to find the profit level.

A simple comparison of quality and profits reveal that θ∗,CP > θ∗,DC and

ΠCP > ΠDC
T + ΠDC

P

c) By differentiating both ΠCP
TOT and ΠDP

TOT w.r.t. to φ, we can see that ∂ΠCP
TOT

∂φ
>

∂ΠDC
TOT

∂φ
.

Also, it is trivial to note that the profits under both coupled and decoupled
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product development are increasing in v. It follows that the threshold level of

technology uncertainty under coupled development would be lower than that

of decoupled development.

Proof of Proposition 3.4.1

Proof. a) Under Investment Sharing, the PDC bears a fraction k of the total

investment costs and the TDC bears the remaining (1−k). Incorporating this

into the profit function we have that the effective profit function of the TDC

after accounting for technology uncertainty would be:

ΠIS
TDC(θ) =

1

8
E
[
ve−αt (a + rθ + φaC)2]− (1− k)Iθ2 (A.9)

So the optimal level of investment as a function of the level of investment

sharing then is:

θIS(k) =
ΛT (r(aM + φaC)− 4cT (1− φ2))

8I(1− k)(1− φ2)− ΛT r2

Substituting this back into the profit function of the PDC, we can solve for

the optimal of level of sharing from the PDC’s perspective which is:

kIS =
ΛT r3(aM + φaC) + 8cT (1− φ2)(4I(1− φ2)− ΛT r2)

16I(1− φ2)(r(aM + φaC)− 2cT (1− φ2))

We can also find the optimal level of quality improvement by substituting

kISback into θIS(k); which would then be:

θIS =
ΛT (3r(aM + φaC)− 8c(1− φ2))

16I(1− φ2)− 3ΛT r2
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We can represent kIS as a function of λT , v0, c, φ as follows:

kIS =
λ2

T r3v2(aM + φaC) + 8c(1− φ2)(4I(λT + α)− λT r2v)

16I(λT + α)(1− φ2)(λT rv(aM + φaC)− 2c(1− φ2))

Differentiating this w.r.t. to I and c, we have that:

∂kIS

∂c
=

λT ΛT (aM + φaC) (16I(1− φ2)− 3ΛT r2)

8I (ΛT r(aM + aCφ)− 2cT (1− φ2))2

∂kIS

∂I
= − ΛT r2 (ΛT r(aM + φaC)− 8cT (1− φ2))

16 (1− φ2) (rΛT (aM + φaC)− 2cT (1− φ2))

It can be directly seen that k is increasing in c and decreasing in I

b) Differentiating kIS w.r.t. v, we can see that ∂kIS

∂v
> 0

∂kIS

∂v
=

2r2AB + (aM + φaC)C

16I (1− φ2) A2

where: A = ΛT r(aM + φaC)− 2cT (1−φ2), B = ΛT r(aM + φaC)− 4cT (1−φ2),

C = Λ2
T r3(aM + φaC) + 8cT (1 − φ2)(4I(1 − φ2) − ΛT r2). It is trivial to note

that A > 0 and B > 0. Also since c ≤ r(aM+φaC)λT

8(1−φ2)
, it can be seen that C > 0.

It follows that ∂kIS

∂v
> 0.

c) Direct comparison of the profits reveal that the profits under investment

sharing are higher. Since the profits are increasing in v, it follows that the

threshold of technology uncertainty is lower under investment sharing.

Proof of Proposition 3.4.2

Proof. a) Under Innovation Sharing, the PDC bears a fraction θP of the total

innovation and TDC does θT . Incorporating this into the profit function, we
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have that the profits of both firms are:

ΠIN
PDC = qM(aM + r(θT + θP )− qM + φqC − w)

+qC(aC − qC + φqM)− cθP tP − Iθ2
P (A.10)

ΠIN
TDC = wqM − cθT tT − Iθ2

T (A.11)

We can find the optimal prices and quantities by backward induction as before.

Substituting this back into functions, we can represent the profits of PDC as

a function of the levels of innovation from both firms.

ΠPDC =
Λ(aM + aCφ + r(θT + θP ))(aM + r(θT + θP ) + 3aCφ)− 4a2

C

16(1− φ2)

− c

λP

θP − Iθ2
P

So the optimal level of innovation from the PDC as function of the level of

innovation from TDC would be:

θP (θT ) =
Λr(aM + φaC + rθT )− 8cP (1− φ2)

16I(1− φ2)− Λr2

Substituting this into the profit function of the TDC, we can solve for the

optimal level of innovation from the TDC which is:

θT =
Λ(32Ir(2aMI − cP r + 2aCIφ)(1− φ2)− cT ((16I(1− φ2)− Λr2)2

2I((16I(1− φ2)− Λr2)2 − 32IΛr2)
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The optimal level of sharing and total level of quality improvement can now

be directly got by noting that:

kIN =
θP

θT + θT

=
Γ

2I∆

θ = θT + θP

=
∆

256I2 (1− φ2)2 − 64ΛIr2 (1− φ2) + Λ2r4

where:

Γ Λr
(
16I(1− φ2)− Λr2

)
(2I(aM + φaC)− rcT )

= +16IcP

(
1− φ2

) (
16I(1− φ2)− 3Λr2

)
∆ = 8I (cT + cP )

(
1− φ2

) (
16I(1− φ2)− Λr2

)
+
(
Λr (aM + φaC)

(
48I(1− φ2)− Λr2

))
Differentiating kINw.r.t. to I and c, we can see that:

∂kIN

∂c
=

ΞΛr (aM + φaC) (16I (1− φ2)− Λr2)

2IΩ

where

Ξ =
(
256I2

(
1− φ2

)2 − 64IΛr2
(
1− φ2

)
+ Λ2r4

)
Ω = 16I (cT + cP )

(
1− φ2

) (
16I(1− φ2)− Λr2

)
(
Λr (aM + φaC)

(
48I(1− φ2)− Λr2

))
It can be seen directly that ∂kIN

∂c
> 0. For the second part of the proposition,

note that

∂kIN

∂I
=

Λr2 (X + 16c2
T Y (1− φ2)− cT Λr (aM + φaC) Z)

2I2Ω2
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where: X = 64I2Λ2r2 (aM + φaC)2 (1− φ2), Y = (16I(1− φ2) + Λr2)
2−2Λ2r4

and Z =
(
1280I2 (1− φ2)

2
+ 96IΛr2 (1− φ2)− Λ2r4

)
.

By eliminating some terms, we can show that the numerator is greater than

16Λr2
(
1− φ2

) (
4I2Λ2r2 (aM + φaC)2 + c2

T

(
16I(1− φ2) + Λr2

)2)
−
(
2cT IΛr (aM + φaC)

(
40I(1− φ2) + 3Λr2

))
16Λr2

(
1− φ2

)
which can be simplified as:

16Λr2
(
1− φ2

) (
2IΛr(am + φaC)− 16IcT

(
1− φ2

)
+ ΛcT r2

)2
−32Λ2r3cT I

(
1− φ2

) (
8I(1− φ2) + Λr2

)
Since, cT ≤ r(aM+φaC)

8(1−φ2)
by assumption, the above expression is positive and

hence ∂kIN

∂I
> 0

b) Differentiating kINw.r.t. to v, we can see that:

∂kIN

∂v
=

8rΛv (I (aM + φaC)− cT r) (1− φ2) (4IΛ2r3 (aM + φaC)− cT Y )

I (16cT (1− φ2) Ω)2

Since the denominator is positive, kIN is increasing in v if the numerator is

positive also; else it is decreasing in v. This occurs when

cT <
4IΛ2r3 (aM + φaC)

Y

which gives us the required threshold

c) Again comparing the quality improvement levels, we can see that differ-

ence in quality improvement level between Innovation Sharing and decoupled

development is:

∆θ =
4 (1− φ2) (E − cT F )

(8I(1− φ2)− ΛT r)
(
256I2 (1− φ2)2 − 64IΛr2 (1− φ2) + Λ2r4

)
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where: E = 2IΛT r (aM + φaC) (Λr2 (2− ΛT /v) + 16I (−2 + 3ΛT /v) (1− φ2))

and

F = 32IΛT r (2− ΛT /v) (1− φ2) − (4− ΛT /v) ΛT Λr4 − 256I2 (1− φ2)
2. So

∆θ > 0 if cT < E
F
.

Proof of Proposition 3.4.3

Proof. Under SFD, the profits of the TDC and PDC are:

ΠV I
PDC(qM , qC) = qC (aC − qC + φqM) (A.12)

ΠV I
TDC(qM , qC) = qM (aM + rθ − qM + φqC)− cθtT − Iθ2 (A.13)

Quantities are decided simultaneously and competitively. So the optimal quan-

tity levels can be got from first order conditions:

qM(θ) =
2aM + 2rθ + φaC

4− φ2
(A.14)

qC(θ) =
2aC + φaM + rθφ

4− φ2
(A.15)

Substituting these quantities back to the TDC profit function and integrating

over all realization of development time, we have:

ΠV I
TDC(θ) = ΛT

(
2aM + 2rθ + φaC

4− φ2

)2

− cθ

λT

− Iθ2

The optimal level of innovation can be obtained by FOC w.r.t. to θ which is:

θ∗,V I =
4ΛT r(aM + φaC)− cT (4− φ2)2

2I(4− φ2)2 − 8ΛT r2
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Proof of Proposition 3.5.1

Proof. a) We know that the time required for the development under Invest-

ment Sharing is an exponentially distributed random variable with a probabil-

ity density function λT e−λT t. So the variance of the development time would

be 1
λT

Under Innovation sharing, let tT and tP be the time taken for development

at TDC and PDC levels respectively. Since tT and tP are independent expo-

nentially distributed random variables, the variance would be the sum of the

variances which is λT +λP

λT λP
. It follows that variance under Innovation sharing is

higher.

b) From the profits functions, we can see that the profits of the TDC are

increasing in λ under both investment and innovation sharing. Since σt = 1
λ
;

the profits are also decreasing in σt. Let ΠDiff
TDC be the difference in profits

of the TDC between innovation and investment sharing. Let us look at this

difference when σ → 0 :

ΠDiff
TDC =

r2v2 (aM + φac)
2 (512I2(1− φ2)2 − 80Ir2v(1− φ2) + r4v2)

8G (1− φ2) (16I(1− φ2)− 3vr2)

G = (256I2(1− φ2)2 − 64Ivr2(1− φ2) + 3v2r4). Since by assumption, 8I(1−

φ2) > r2 and 0 ≤ φ ≤ 1, the above expression is positive and hence the profits

of PDC are greater under Innovation sharing. In addition, when we decrease

the value to σ = 1
α
, we can see that the difference in profits between investment
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and innovation for the TDC are:

ΠDiff
TDC = −Iv (aM + φaC)2 M + 4c2

T (1− φ2) N + 8cT Irv (aM + φaC) R

16IJ (1− φ2) (32I(1− φ2)− 3vr2)

where:

M = 4096I2
(
1− φ2

)2 − 768Ir2v
(
1− φ2

)
− 3r4v2

N = 65536I3
(
1− φ2

)3 − 6144I2r2v
(
1− φ2

)2
+ 288Ir4v2

(
1− φ2

)
− r6v3

R =
(
1− φ2

) (
65536I3

(
1− φ2

)3 − 752Ir4v2
(
1− φ2

)
+ 3r6v3

)
J =

(
4096I2(1− φ2)2 − 256Ivr2(1− φ2) + 3v2r4

)
Since cT ≤ r(aM+φaC)

8(1−φ2)
, it is easy to note that the above expression is negative

when σt = 1
α
. This means that there should exist a value for σth such that

above σth; ΠDiff
TDC > 0 and below it, ΠDiff

TDC < 0. This threshold can be calculated

by equating ΠDiff
TDC = 0 and solving for the value of σt for which this true.

Proof of Proposition 3.5.2

Proof. To understand this relationship; let us first differentiate ΠDiff
TDC w.r.t. v

when c = 0. Doing so we get:

∂ΠDiff
TDC

∂v
=

S (Φ + Υ + ζ)

8$ (1− φ2) (16I(1− φ2)− 3ΛT r2)
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where Λ1 = λT

λT +α
and S = −Λ1 (aM + φaC)2. Also

Φ =
(
−65536I4Λ2

1r
4v2(1− φ2)4(3 + 7Λ1 + 18Λ2

1 + Λ3
1)
)

+8192I3Λ4
1(12 + 18Λ1 + 7Λ2

1)

Υ =
(
256I2Λ6r8v4(1− φ2)2(54 + 25Λ1 + Λ2

1)
)

−32IΛ8
1r

10v5(12 + Λ1)(1− φ2)

ζ = 16777216I6(1− Λ1)(1− φ2)6

−2097152I5Λ1(1 + Λ1)r
2v(1− φ2)5 + 3Λ10

1 r12v6

$ =
(
256I2(1− φ2)2 − 64IΛr2(1− φ2) + 3Λ2r4

)
The denominator of this expression is positive; so the sign of the expression

depends on the numerator. It can be seen that if Λ1is low (close to 0), the part

of the expression {16777216I6(1−Λ1)(1−φ2)6} dominates all other terms and

the expression is positive. However, if the reverse is true, then this expression

would be positive. This shows that there is a threshold for Λ1 such that for

values above the threshold, the numerator is positive which leads to ∂ΠDiff
TDC

∂v
> 0.

Else ∂ΠDiff
TDC

∂v
< 0. This threshold can be found by equating ∂ΠDiff

TDC

∂v
to zero and

solving for Λ1. Note that for every Λ1, there is a corresponding value for λT .

This means that there also exists a λhigh
T above which the difference in profits

of the TDC between innovation and investment sharing is increasing in v and

below which it is decreasing.
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Proof of Proposition 3.5.3

Proof. a) and b) Again, we can see that the profits of the TDC are increasing

in φ, the degree of complementarity between the products. This is true under

SFD, investment sharing and innovation sharing. It is is trivial to note that

the profits of TDC under SFD are higher than Investment and Innovation

Sharing when φ = 0. In addition, the profits under Investment and Innovation

Sharing tend to∞when φ → 1. This implies that there should exist thresholds

φIS and φIN such that if the level of complementarity is above this threshold,

profits of the TDC would be higher Investment and Innovation Sharing than

that of SFD

Proof of Proposition 3.5.4

Proof. The time taken for development under overlapped development would

be max [tT , tP ]. So the expected time for development would be:

TO = E [max[tT , tP ]]

= E
[
1− (1− e−λT t)(1− e−λP t)

]
=

(
λ2

T + λ2
P + λP λT

(λT + λP )λT λP

)
The time taken for development under sequential development would be tT +tP .

Thus the expected time for development would be

Ts = E [tT + tP ]

=
1

λT

+
1

λP
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So the decrease in development time as a result of overlapping would be:

∆T = TNO − TO

=
1

λT + λP

It is trivial to note that ∆T is decreasing in λT and λP .
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Appendix B

Integrated Product Development and Porfolio
Design

Optimization Problems for different Strategies

1. Product Line Innovation under Monopoly

max N (αxHpH + (1− α) xLpL)− Iθ2

s.t.
vH (qA + θ)− tHxH − pH ≥ 0

vLqA − tLxL − pL ≥ 0
vH (qA + θ)− tHxH − pH ≥ vHqA − tHxH − pL

vLqA − tLxL − pL ≥ vL (qA + θ)− tLxL − pH

0 ≤ xi ≤ 1, pH , pL ≥ 0

2. Single Product Innovation

max NpS (αxH + (1− α) xL)− Iθ2

s.t.
vH (qA + θ)− tHxH − pS ≥ 0

vLqA − tLxL − pS ≥ 0
0 ≤ xi ≤ 1, pS ≥ 0
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3. Product Line Innovation under Competition: Firm A

max N (αxHpH + (1− α) xLpL)− Iθ2

s.t.
vH (qA + θ)− tHxH − pH ≥ 0

vLqA − tLxL − pL ≥ 0
vH (qA + θ)− tHxH − pH ≥ vHqA − tHxH − pL

vLqA − tLxL − pL ≥ vL (qA + θ)− tLxL − pH

vH (qA + θ)− tHxH − pH ≥ vHqB − tH (1− xH)− p2

vLqA − tLxL − pL ≥ vHqB − tH (1− xH)− p2

0 ≤ xi ≤ 1, pH , pL, p2 ≥ 0

3. Product Line Innovation under Competition: Firm B

max N (α (1− xH) + (1− α) (1− xL)) p2

s.t.
vH (qB + θ)− tH (1− xH)− p2 ≥ 0

vLqB − tL (1− xL)− p2 ≥ 0
vHqB − tH (1− xH)− p2 ≥ vH (qA + θ)− tHxH − pH

vHqB − tH (1− xH)− p2 vLqA − tLxL − pL

0 ≤ xi ≤ 1, p2 ≥ 0

4. Single Product Innovation under Competition: Firm A

max N (αxHpH + (1− α) xLpL)− Iθ2

s.t.
vH (qA + θ)− tHxH − pS ≥ 0
vL (qA + θ)− tLxL − pS ≥ 0
vH (qA + θ)− tHxH − pS ≥ vHqB − tH (1− xH)− p2

vL (qA + θ)− tLxL − pS ≥ vLqB − tL (1− xL)− p2

0 ≤ xi ≤ 1, pS, θ ≥ 0
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5. Single Product Innovation under Competition: Firm B

max N (α (1− xH) pH + (1− α) (1− xL) pL)
s.t.

vHqB − tH (1− xH)− p2 ≥ 0
vLqB − tL (1− xL)− p2 ≥ 0
vHqB − tH (1− xH)− p2 ≥ vH (qA + θ)− tHxH − pS

vHqB − tH (1− xH)− p2 ≥ vL (qA + θ)− tLxL − pS

0 ≤ xi ≤ 1, p2,≥ 0
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Proofs
Proof of Lemma 4.3.1

Proof. The marginal consumers for both segments when the price is pH and

pL are:

xH =
vH (qA + θ)− pH

tvH

(B.1)

xL =
vLqA − pL

tvL

(B.2)

a) For the first part, we assume that none of the constraints are binding. Thus,

substituting B.1 and B.2 into the profits function and solving for pH and pL

we get that

pH =
vH (qA + θ)

2
(B.3)

pL =
vLqA

2
(B.4)

However, for this to be true, we need that both 0 < xH , xL < 1. Substituting

B.3 into B.1 and B.4 into B.2, we have that

x∗H =

(
qA + θ

2t

)
x∗L =

qA

2t

It is easy to note that the above condition would be satisfied if θ < 2t − qA.

We also need that the ICC constraints are not binding. This means that

vH (qA + θ) − tHxH − pH ≥ vHqA − tHxH − pL. Substituting the prices, we

have the condition that θ < qA(vH−vL)
vH
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b) When the IC constraints are binding; we have that pH = vHθ + pL. Sub-

stituting this and B.1 and B.2 into the profit function and solving for pL, we

have that

p∗H =
qA (2 (1− α) vH − vL (1− 2α))− αvLθ

2 ((1− α) vH + αvL)

p∗L =
vHvL (qA − αθ)

2 ((1− α) vH + αvL)

c) When the high-end is completely covered, the optimal price of the high-end

would be set such that the consumer at the end of the line earns zero surplus.

So

pH = vH (qA + θ)− tvH

If IC constraints are not binding, then the optimal price for low-end should be
vLqA

2
. The consumer at point 1 then would get a utility of vHqA− qAvL

2
> 0 by

switching to the low end product. This means that the IC constraints would

be binding in this case and hence pH = vHθ + pL. Solving for optimal pLby

substituting for ph and having xH = 1, we will have that

p∗H =
qAvL

2
+

αtvL

2 (1− α)
+ vHθ

p∗L =
vL (qA (1− α) + αt)

2 (1− α)

d) When both segments are completely covered, the optimal pricing ensures
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that the firm extracts all the surplus from the low-end and makes the high-end

indifferent between two product. It follows that

p∗H = qAvL + vHθ − tvL

p∗L = qAvL − tvL

Proof of Lemma 4.3.2

Proof. The marginal consumers for both segments when the price is pS are:

xH =
vH (qA + θ)− pS

tvH

(B.5)

xL =
vL (qA + θ)− pS

tvL

(B.6)

a) When none of the constraints are not binding, we can directly substitute

B.5 and B.6 and solve for optimal price. FOCs would then gives us that

p∗s =
(qA + θ) vLvH

2 ((1− α) vH + αvL)

However, here we also require than both segments are not covered completely.

Substituting the optimal price back into B.5 and B.6 and constraining xH < 1,

we have that qA + θ ≤ t + 2tvL

2vH(1−α)+(2α−1)vL
is required for this case to occur.

b) The next case occurs when the high-end segment is completely covered.

Thus xH = 1 and 0 < xL < 1 is given by B.6. Substituting these values back

into the profit function and solving for pS,we have that

p∗s = vH(qA + θ)− tvH
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Again, as before, we need to ensure that 0 < xL < 1 and xH = 1. From

previous part of the lemma, we know that for xH ≥ 1, we need qA + θ >

t + 2tvL

2vH(1−α)+(2α−1)vL
. Similarly, substituting p∗S back into xL, we can see that

if (θ + qA) > t, then 0 < xL < 1.

c) For the third part of the lemma, for both segments to be covered, the

low-end consumer should have the incentive to purchase the product. This

gives us that

p∗s = vL (qA + θ)− tL

From the previous part, it follows that this would occur if qA + θ < t and

qA + θ > t + 2tvL

2vH(1−α)+(2α−1)vL
.

Proof of Lemma 4.3.3

Proof. a) We proceed in the same way as we did for optimal prices. We know

that when the optimal market coverage is partial for both segments, we fall

into part a) of Lemma 4.3.1. Substituting this into the profit function and

differentiating wrt to θ we can find the optimal level of innovation which is

θ∗ =
αNqAvH

4It− αNqAvH

Substituting this back into the range in the Lemma 4.3.1, we can see that this

case occurs when 2IqA+NαvH

4I
< t ≤ anvH(2vH−vL)

4I(vH−vL)

b) and c) The second and third part of the lemma also follows in the same
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fashion. we substitute the optimal prices into the profit function and then

determine the optimal level of innovation from FOCs. The condition can be

obtained by directly substituting the optimal level of innovation into the limits

in Lemma 4.3.1.

Proof of Lemma 4.3.4

Proof. a) Again, we proceed in the same fashion as we determined the optimal

prices. For the case in which we have partial coverage, we can substitute the

optimal prices into the profits function and then differentiate it wrt to θ. This

gives us the optimal level of innovation. The corresponding thresholds can be

obtained by substituting this level of innovation back into the limits.

b) and c) Same as above

Proof of Proposition 4.3.5

Proof. a) We know that if 2IqA+NαvH

4I
< t ≤ anvH(2vH−vL)

4I(vH−vL)
, then profits under

PLI would be

πPLI =
Nq2

A (4ItvL − α2NvLvH + α (4It (vH − vL)− nvHvL))

4t (4It− αNvH)

Since the price under SPI would be lower than that of PLI, it follows, that the

market would not be covered completely under SPI and PLI if t > 2IqA+NαvH

4I
.

The corresponding profits of the SPI under the same range would be:

π =
INq2

AvHvL

4It ((1− α) vH + αvL)−NvHvL
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The difference in profits between the two cases would then be:

πdiff = (1− α) Nq2
A

(
4α2INtvHvL (vH − vL)− 4ItvHv2

L

+α
(
16I2t2 (vH − vL)2 − 4Itv2

HvL + Nv2
Lv2

H

))
4t (4It− αNvH) (4It ((1− α) vH + αvL)−NvHvL)

It can be seen that this difference is increasing in vH . We also have by as-

sumption that vH > vL. The above difference is

πdiff (vH = vL) = −(1− α) N2q2
Av2 (4 (1 + α) It− αNv)

4t (4It−Nv) (4It− αNv)

This expression is negative. So it follows that there would exist a threshold

on the level of vH above which PLI would be optimal.

b) To continue for the other ranges, note that IC constraints are binding and

the high-end is not covered completely if

t < max

[
NvLvH + 2IqA (2 (1− α) vH − vL + 2αvL)

4I (vH (1− α) + αvL)
,
2IqA + NαvH

4I

]
As before, the difference in profits of the firm can be represented as follows:

πdiff = (1− α) N2q2v2
H

(
4α3It (vH − vL)2 + (1 + α) Itv2

L

−α2vH (vH − vL) (4It−NvL))

4t (4It ((1− α) vH + αvL)− α2NvLvH) (4It ((1− α) vH + αvL)−NvHvL)

Again, this function is increasing in vH . Also, at v = vH = vL, we have that

it simplifies to:

πdiff = − (1− α2) IN2q2v2

(4It−Nv) (4It− α2Nv)
< 0
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So there would exist a threshold on the level of vH above which PLI would

dominate SPI.

c) For the threshold above which SPI dominates PLI, recall that if vH is above

a particular threshold, then the high-end would be covered completely. Let

us compare the profits under PLI and SPI when the high-end is completely

covered and this would occur when we have that t < Nα2vHvL−2IqAvL

4I((1−α)vH+αL)
+qA. The

difference profits is positive and hence there exists a threshold on vH above

which SPI is optimal.

Proof of Proposition 4.3.6

Proof. a) From 4.3.3, we know that the optimal level of innovation under PLI

is greater than SPI. Also, from proof of proposition 4.3.5, we know that in the

range in which IC constraints are not binding, there exists a threshold on vH

above which PLI is optimal. We also know that the range of parameters for

which IC constraints would not be binding is decreasing in θ. It follows that

PLI would be optimal only for a smaller range of parameters if a firm ignores

the existing product while making investment decisions.

Similarly, for the range in which the IC constraints are binding, but the market

is not covered completely, we know that for a high enough value of vH , the level

of innovation under PLI is larger than SPI. Again, since the profits difference

increasing in θ, the range of parameters for which product line strategy would
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be optimal would be smaller.

b) Under greenfield product development, the pricing decision of the firm

would be the same as in Lemma 4.3.3 and 4.3.4. However, the profits of

the firm would have an additional cost under product line innovation, Iθ2. So

the profits of the Firm would be:

π = N (αxHpH + (1− α) xLpL)− Iθ2 − Iq2
A (B.7)

It is easy to note that Single product innovation is the same under both cases.

For PLI, we can substitute the optimal prices and market shares back into the

profit function depending upon the different constraints in Lemma 4.3.3. To

show that product line innovation is not optimal, we just need to look at the

case in which the IC constraints are not binding. If PLI is not optimal here,

then it would not be optimal in other ranges too. Differentiating B.7 wrt to

both qA and θ, we can determine the optimal quality levels for both products.

It can be seen that θ∗ = 0, in this case. It follows that PLI is not optimal

in this case. Also, this shows that PLI would not be optimal under greenfield

product development.

Proof of Proposition 4.4.1

Proof. The optimization problem of both firms are given in the previous sec-

tion. It is easy to note that the marginal consumer would be indifferent be-

tween buying from from Firm A and Firm B. So the marginal consumers can
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be determined by the competitive constraints and these boil down to:

xH =
vH (qA − qB)− pH + pB + vH (t + θ)

2tvH

(B.8)

xL =
vL (qA − qB)− pL + pB + tvL

2tvL

(B.9)

a) For the first part, let us assume that the IC constraints are binding. Then

substituting B.12 and B.13 into the profit functions of both firms we have that

π =
N

2t

(
(1− α) pL (pB − pL + (qA − qB + t) vL)

vL

+
αpH (−pH + pB + vH (qA − qB + t + θ))

vH

)
(B.10)

π =
NpB

2t

(
2− (1− α) (pB − pL + (qA − qB + t) vL)

vL

−α (−pH + pB + vH (qA − qB + t + θ))

vH

)
(B.11)

To find the optimal prices, we have to differentiate B.10 wrt to both pL and

pH and B.11 wrt to pB. Solving these first order condition, we have that the

prices are:

p∗H =
1

2
vH (qA − qB + t + θ)− vL (qA − qB − 3t + αθ)

3 (vH (1− α) + αvL)

p∗L = vL (6tvH − 3αtvH + 3αtvL − αvHθ

+qB (−2vH + 3αvH − 3αvL) + qA ((2− 3α) vH + 3αvL))

6 (vH (1− α) + vHα)

pB =
vLvH (qB − qA + 3t− αθ)

3 (vH (1− α) + αvL)

Now we also need to ensure that the IC constraints are binding which occurs

when θ ≥ (qA−qB+t)(vH−vL)
vL
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b) For the second part of the lemma, note that when IC constraints are binding,

we have that pH = pL + vθ. Again, as in the previous case, we can substitute

the market coverage values (B.12 and B.13).Again, solving for Focus we have

that

p∗H =
vH (vL (qA − qB + 3t + αθ) + 3vHθ (1− α))

3 ((1− α) vH + αvL)

p∗L =
vLvH (qA − qB + 3t− 2αθ)

3 (vH (1− α) + vHα)

p∗2 =
vLvH (qB − qA + 3t− αθ)

3 (vH (1− α) + αvL)

Proof of Lemma 4.4.2

Proof. The optimization problem of both firms are given in previous section.

Again, as under PLI, the marginal consumer would be indifferent between

buying from from Firm A and Firm B. So the marginal consumers can be

determined by the competitive constraints and these boil down to:

xH =
vH (qA − qB + t + θ)− pS + pB

2tvH

(B.12)

xL =
vL (qA − qB + t + θ)− pS + pB

2tvL

(B.13)

Again, we can substitute the market coverage back into the profit function

and solve for FOCs of both firms simultaneously. This gives us the Nash
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equilibrium in prices which are

p∗S =
vLvH (3t + qA − qB + θ)

3 ((1− α) vH + αvL)

p∗2 =
vLvH (3t + qB − qA − θ)

3 ((1− α) vH + αvL)

Proof of Lemma 4.4.3

Proof. a) We proceed in the same way as we did for prices. Let us consider

the case in which the IC constraints are binding i.e. θ is sufficiently high. Here

the profits of the Firm A are:

π = N
(
4A2vLvH + α

(
9B2 + 2vHCθ + 9v2

Hθ2
)

−9B2α2 − 18BvHθ − vH (9vH − 4vLθ2))

72t ((1− α) vH + αvL)
− Iθ2 (B.14)

where A = qA−qB +3t, B = (qA − qB + t) (vH − vL), C = 9vH (qA − qB + t)−

vL (5qA − 5qB − 3t). Differentiating B.14 wrt to θ, we can find the optimal level

of innovation which would be

θ∗ = αNvH (9 (1− α) (q1 − q2 + t) vH

+ (3 (1 + 3α) t− (5− 9α) (q1 − q2)) vL)

72It (vH − αvH + αvL)− αNvH (9 (1− α) vH + 4αvL)

To ensure that IC constraints are binding, we substitute this level back into

the condition for IC constraints and that gives us the thresholds on I We have

that

Ith = αNvH

(
9 (1− α) (qA − qB + t) v2

H + (7− 11α) (qA − qB) vLvH

(3− 11α) tvLvH + 3α (qA − qB + t) v2
L)

36tB ((1− α) vH + αvL)
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b) For the second part of the lemma, we can represent the profits of the Firm

A under the case in which the IC constraints are binding as follows:

π =
NvH (A2vL + αDθ + α2vLθ2)

18t ((1− α) vH + αvL)
− Iθ2 (B.15)

where: D = 9 (1− α) (qA − qB + t) vH−((7− 9α) (qA − qB) + 3 (1− 3α) t) vL.

Differentiating B.15 wrt to θ, we can see that the optimal level of innovation

would be:

θ∗ = αNvH (9 (1− α) (qA − qB + t) vH

− (3 (1− 3α) t + (7− 9α) (qA − qB)) vL)

36It ((1− α) vH + αvL)− 2α2NvLvH

Proof of Lemma 4.4.4

Proof. We proceed in the same fashion as before. The profit of Firm A under

this case would be

πA =
NvLvH (qA − qB + 3t + θ)2

18t ((1− α) vH + αvL)
(B.16)

From FOCs it directly follows that the optimal level of innovation would be:

θ∗ =
N (3t + qA − qB) vHvL

18It ((1− α) vH + αvL)−NvLvH
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Proof of Proposition 4.4.5

Proof. It is easy to note that the profits of the Firm A would be larger when

the IC constraints are not binding in comparison to the case in which these

constraints would be binding. So let us compare the profits of the firm under

the case in which it does single product innovation and when it does product

line innovation when IC constraints are binding. We have that the difference

would be, when qA = qB = q:

πdiff =
(1− α) NvHθ (9αt (vH − vL)− 6tvL − (1− α) vLθ)

18t ((1− α) vH + αvL)

It is easy to note that this expression is increasing in θ. Also, for the same

level of θ, this expression is increasing in vH and hence there is a threshold on

vH above which PLI dominates SPI. In addition, we can also see that above

a threshold on vH , the level of innovation under PLI is higher than level of

innovation under SPI. It follows that there would exist a threshold on vH above

which product Line innovation would dominate Single Product Innovation.
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Appendix C

Strategic Implications of Intermediaries Upon
Leasing and Selling of Durable Goods

Proofs
Proof of Proposition 5.2.1

Proof. Parts a), b), and c) follow immediately from the definitions of w0L(cm, cd),

w0S(cm, cd), qFOC
l (w1), qFOC

s (w1), qPL
l (w1), and qPS

s (w1).

Proof of Corollary 5.2.2

Proof. a) It is easy to confirm that qFOC
l (w1), qFOC

s (w1), qPL
l (w1), and qPS

s (w1)

are all non-increasing. At the point w1 = w0S(cd, cm), it can be confirmed that:

qFOC
l (w1) = qPL

l (w1) = a−cm−cd

2
. Similarly, at the point, w1 = w0L(cd, cm), it

can be confirmed that: qFOC
s (w1) = qPS

s (w1) = cm + 9cd − a.

b) For w1 ≤ Min
{
w0L(cd, cm), w0S(cd, cm)

}
, we have:

α∗(w1) =
qFOC
l (w1)

qFOC
l (w1) + qFOC

s (w1)
=

a(3 + 2ρ)− 19cd − 12cdρ− cm(2 + ρ)− w1

3(a− cd − w1) + ρ(2a + cm)

Differentiating with respect to w1, it can be confirmed that

dα∗(w1)

dw1

=
2(a− cm − 9cd)(3 + 2ρ)

(3(a− cd − w1) + ρ(2a + cm))2
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Proof of Lemma 5.2.3

Proof. a) Using the definitions of wH
1 , wPL

1 , and wPS
1 , it can be shown that:

wH
1 =

a(3 + 2ρ)2 + cm(9 + 7ρ)− cd(9− 2ρ− 4ρ2)

2(9 + 5ρ)
(C.1)

wPL
1 =

(a− cd)(4 + 3ρ)2 + cm(16 + 8ρ− 5ρ2)

16(2 + ρ)
(C.2)

wPS
1 =

a(67ρ2 + 184ρ + 128) + cm(5ρ2 + 104ρ + 128)

32(8 + 5ρ)

+
cd(5ρ

2 − 56ρ− 128)

32(8 + 5ρ)
(C.3)

By comparing (5.20) to (C.1) and (C.2) respectively, it is easy to show that:

cMinH
d (cm) =

3(a− cm) + ρ(2a− 5cm)

51 + 28ρ
(C.4)

cMaxPL
d (cm) =

4(a− cm) + ρ(3a− 7cm)

68 + 35ρ
(C.5)

The result follows from comparing (C.4) to (C.5).

b) By comparing (5.19) to (C.1) and (C.3) respectively, it is easy to show that:

cMaxH
d (cm) =

a(15 + 8ρ)− 5cm(3 + ρ)

111 + 62ρ
(C.6)

cMinPS
d (cm) =

a(40 + 23ρ)− 5cm(8 + 3ρ)

296 + 175ρ
(C.7)

and the result follows from comparing (C.6) to (C.7).
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Proof of Proposition 5.2.4

Proof. From Proposition 5.2.1, we have that when cd < a−cm

9
, the optimal

wholesale price will induce either a hybrid or a pure leasing response, whereas

when cd > a−cm

9
, the optimal wholesale price will induce either a hybrid or

a pure selling response. Let us first consider the case for cd < a−cm

9
. From

the definition of wPL
1 and cMinH

d (cm), it is obvious that that w∗
1 = wPL

1 for

cd ≤ cMinH
d (cm). For cd ∈ (cMinH

d (cm), cMaxPL
d (cd)), the manufacturer’s FOCs

are satisfied at both wPL
1 and at wH

1 . If she sets her wholesale price to wPL
1 ,

then her total profits from periods 1 and 2 will be ΠMS
1 (wPL

1 , qPL
l (cm, cd), 0).

Alternatively, if she sets her price to wH
1 , then her total profits will be

ΠMS
1 (wH

1 , qFOC
l (cm, cd), q

FOC
s (cm, cd)). We are interested in the following dif-

ference in profit:

∆PLvH(cd, cm) = ΠMS
1 (wPL

1 , qPL
l (cm, cd), 0)−ΠMS

1 (wH
1 , qFOC

l (cm, cd), q
FOC
s (cm, cd))

(C.8)

By substituting (C.1) , (C.2), (5.17), (5.18), and (5.22) into (C.8), it can be

shown that:

d2∆PLvH(cd, cm)

dc2
d

= −ρ(544 + 21ρ(27 + 7ρ))

32(2 + ρ)(9 + 5ρ)
< 0

Hence ∆PLvH is concave in cd. It can also be confirmed that ∆PLvH(cMinH
d (cm), cm) >

0, while ∆PLvH(cMaxPL
d (cm), cm) < 0, so that we must have cMinH

d (cm) <

c1(cm) < cMaxPL
d (cm) .

Let us now consider the case in which cd > a−cm

9
, where the optimal

wholesale price will induce either a hybrid or a pure selling response. By
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comparing (C.6) and (C.7), it can be confirmed that cMaxH
d (cm) < cMinPS

d (cm)

for all cm ≤ 5
8
a. When cd ∈

(
a−cm

9
, cMaxH

d (cm)
)
, the manufacturer’s FOCs are

satisfied at the unique price wH
1 ; while when cd ∈

(
cMaxH
d (cm), cMinPS

d (cm)
)
,

we must have:wH
1 > w0L, and wPS

1 < w0L. It follows that:

dΠMS
1 (w1, q

FOC
l (cm, cd), q

FOC
s (cm, cd))

dw1

> 0 anddΠMS
1 (w1,0,qPS

s (cm,cd))

dw1
< 0

and hence: w∗
1 = w0L for cd ∈

(
cMaxH
d (cm), cMinPS

d (cm)
)
, and c2(cm) = cMaxH

d (cm).

For cd > cMinPS
d (cm) , the manufacturer’s FOCs are satisfied at the unique price

wPS
1 ≥ w0L. Therefore, c3(cm) = cMinPS

d (cm).

Proof of Corollary 5.2.5

Proof. From the thresholds in Proposition 5.2.4 it is clear that:

α∗(cm, cd) = 1 for cd ≤ c1(cm)
0 < α∗(cm, cd) < 1 for c1(cm) < cd < c2(cm)

α∗(cm, cd) = 0 for c2(cm) < cd

In the range c1(cm) < cd < c2(cm), we can substitute (5.17) , (5.18) and (C.1)

into the definition of α∗(cm, cd) =
q∗l (w∗

1)

q∗l (w∗
1)+q∗s (w∗

1)
=

qFOC
l (wH

1 )

qFOC
l (wH

1 )+qFOC
s (wH

1 )
and to

obtain:

α∗(cm, cd) =
a(15 + 8ρ)− cm(15 + 5ρ)− cd(111 + 62ρ)

9(a− cm − cd) + (4a + 5cm − 6cd)ρ
(C.9)

Differentiating with respect to cd, we have:

dα∗(cm, cd)

dcd

=
−4(9 + 5ρ)(a(24 + 10ρ)− cm(24− 17ρ)

(9(a− cm − cd) + (4a + 5cm − 6cd)ρ)2

which is negative so long as cm < 5a
8

< 24+10ρ
24−17ρ

a. Differentiating (C.9) with

respect to cm:

dα∗(cm, cd)

dcm

=
−4(9 + 5ρ)(3aρ + cd(24− 17ρ)

(9(a− cm − cd) + (4a + 5cm − 6cd)ρ)2
< 0
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To complete the proof, it suffices to show that c1(cm) and c2(cm) are decreas-

ing. The threshold, c1(cm) is the value of cd ∈
(
cMinH
d , cMaxPL

d

)
for which

∆PLvH(cd, cm) = 0 . From (C.8), it can be confirmed that ∆PLvH(cd, cm) has

two roots with respect to cd:

−256(a− cm)− ρ(281a− 333cm)− ρ2(77a− 105cm)

544 + 21ρ(27 + 7ρ)

±
2
√

2(2 + ρ)(9 + 5ρ) (2a(12 + 7ρ)− 3cm(8 + 7ρ))

544 + 21ρ(27 + 7ρ)

and by the concavity of ∆PLvH(cd, cm) , it is clear that c1(cm) is the larger of

these two roots. Differentiating with respect to cm, we have:

dc1(cm)

dcm

=
256 + 333ρ + 105ρ2 − 6

√
2(2 + ρ)(9 + 5ρ)(8 + 7ρ)

544 + 21ρ(27 + 7ρ)
< 0

where the inequality follows from the fact that the denominator is positive

and the numerator is negative for all ρ ≥ 0, which can be seen by noting

that
√

2(2 + ρ)(9 + 5ρ) > 3ρ + 6. To see that c2(cm) is decreasing, recall that

c2(cm) = cMaxH
d (cm), which as shown in (C.6) is obviously decreasing.

Proof of Proposition5.2.6

Proof. a) From Proposition 5.2.4, we know that when cd ≥ a−cm

9
, the manufac-

turer’s equilibrium selling wholesale price will induce either a hybrid or a pure
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selling policy from the dealer. Let us define the following difference function:

∆SvL1 = ΠMS
1 (wPS

1 , 0, qPS
s (cm, cd))− ΠML(cm, cd)

=
ρ

64 (1 + ρ) (8 + 5ρ)

(
(1 + ρ)

(
5c2

d (5ρ− 24) + a2 (8 + 9ρ)
)

(C.10)

+ 2cmcd (65ρ− 56) + 2a (1 + ρ) (cd (56 + 15ρ)− cm (8 + 25ρ))

+c2
m (8 + ρ (49 + 65ρ))

)
(C.11)

where the latter expression results from substituting wPS
1 and qPS

s as defined

in (C.3) and (5.21) respectively. It is obvious that ∆ScL1 is concave in cd. It

can be confirmed that ∆SvL1 > 0 and d∆SvL1

dcd
> 0 for cd = a−cm

9
. To see that

∆SvL1 > 0 for all cd, cm ≥ 0 such that cd + cm ≤ 5
8
a , it suffices to confirm that

∆SvL1 > 0 when cm = a − cd, and cd, cm ≥ 0. Substituting back into (C.11),

we have:

∆SvL1 =
ρ2 (3a2ρ + 2acd (8 + 5ρ)− c2

d (8 + 5ρ))

208
> 0

where the inequality follows from the assumption that cm = 5
8
a− cd ≥ 0. The

other difference function that is of interest is:

∆SvL2 = ΠMS
1 (wH

1 , qFOC
s (cm, cd), q

FOC
s (cm, cd))− ΠML(cm, cd)

=
ρ

8 (1 + ρ) (9 + 5ρ)
(2a (1 + ρ) (2cm + cd (16 + 9ρ)) (C.12)

+c2
d (1 + ρ) (34 + 19ρ) + c2

m (−2 + ρ (1 + 5ρ))

− (1 + ρ)
(
a2 (2 + ρ) + 4cmcd (8 + 5ρ)

))
(C.13)

where the latter expression is obtained by substituting wH
1 , qFOC

l , and qFOC
s

as defined in (C.1), (5.18) and (5.17) respectively. In is obvious that ∆SvL2 is

convex in cd. It can be confirmed that ∆SvL2 > 0 and d∆SvL2

dcd
> 0 for cd = a−cm

9
.
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By convexity, it follows that ∆SvL2 > 0 for all cd > a−cm

9
.

b) From (5.20), it can be seen that when cd = cm = 0, the dealer will respond

to any positive selling wholesale price, w1 > 0, with a pure leasing policy.

Therefore, if the manufacturer sells her product to the dealer, her profits will

be ΠMS
1 (wPL

1 , qPL
l (wPL

1 ), 0). If she leases to the dealer, her profits will be

ΠML(cm, cd) as shown in (5.8). Substituting (C.2), (5.22) and qs = 0 into

(5.23), it can be confirmed that, when cd = cm = 0:

ΠMS
1 (wPL

1 , qPL
l (wPL

1 ), 0)− ΠML(0, 0) =
a2ρ2

64(2 + ρ)
> 0

c) Holding cd = 0, and increasing cm, the manufacturer will set her wholesale

price to wPL
1 as long as cm ≤ c−1

1 (0), where c−1
1 (.) is the inverse function of

the threshold c1(cm) and

c−1
1 (0) =

a
(
32 + ρ

(
61 + 25ρ− 2

√
2 (2 + ρ) (9 + 5ρ)

))
32 + 9ρ (9 + 5ρ)

< 0.6308a

Substituting (C.2), (5.22) and qs = 0 into (5.23), it can be confirmed that:

∆SvL3 = ΠMS
1 (wPL

1 , qPL
l (wPL

1 ), 0)− ΠML(0, cm)

=
ρ2 (a2 (1 + ρ)− 10acm (1 + ρ) + c2

m (9 + 17ρ))

64 (1 + ρ) (2 + ρ)
(C.14)

which is convex in cm. The roots of (C.14) are at

cm =
a
(
5 (1 + ρ)± 2

√
2 (1 + ρ) (2 + ρ)

)
(9 + 17ρ)
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It follows that for cd = 0 and cm ∈ (
a
�
5(1+ρ)−2

√
2(1+ρ)(2+ρ)

�

(9+17ρ)
, 5

8
a), the profit

difference in (C.14) will be negative. Hence, in this range, the manufacturer

prefers to lease to the dealer.

Proof of Proposition 5.3.1

Proof. a) It is easy to confirm that ΠDS
i1 (w1,ql,qs) is jointly concave in qil and

qis. The result follows from the definition of w0L(n, θ), w0S(n, θ), qFOC
il (w1),

and qFOC
is (w1).

b) From the definitions of w0L(n, θ) and w0S(n, θ) we can use the expressions

for qFOC
il (w1), and qFOC

is (w1) that are shown in Table 5.3 to see that:

w0L(n, θ) =
a (2− 12n− (9 + 2n (6n− 13)) θ)

6− 8n−R (n, θ)

−a ((n− 1)θ2 (6 + n(3n− 16)− (n− 1)(3n− 1)θ))

6− 8n−R (n, θ)

w0S(n, θ) =
a (n− 1) θ (3 + (3n− 1)θ)

2 + θ(2n− 3 + (n− 1)2θ)

where: R (n, θ) = (11 + 4n(2n − 5)θ − (n − 1)θ2 (6 + n(2n− 9)− (n− 1)2θ).

It can be confirmed that w0L(n, θ) and w0S(n, θ) are decreasing and increasing

respectively in θ, and that they intersect at the point, θ = −1+
√

1−8n+8n2

2n(n−1)
. For

θ ≤ −1+
√

1−8n+8n2

2n(n−1)
, we will have w0S(n, θ) ≤ w0L(n, θ), and the result follows

from the definition of qPL
il (w1).

c) For θ ≥ −1+
√

1−8n+8n2

2n(n−1)
, we will have w0S(n, θ) ≥ w0L(n, θ), and the result
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follows from the definition of qPS
il (w1).

Proof of Proposition 5.3.3

Proof. From (5.27) we can see that, if the manufacturer leases to a single

dealer, her profits will be: ΠML(1, θ) = a2

4
. Now suppose that the manufacturer

sells her product to this dealer. Since w0S(1, θ) = 0, the dealer responds to any

w1 > 0 with a pure leasing policy. The optimal price at which the manufacturer

would sell her product is w∗
1(1, θ) = 49

48
a, and the manufacturer’s profits from

selling would be ΠMS
1 (w∗

1, q
∗
l , 0) = 49

192
a2 ≥ ΠML(1, θ) = a2

4
.

Proof of Proposition 5.3.4

Proof. a) Since w0S(n, 0) = 0, when θ = 0, the equilibrium among the dealers

will be pure leasing for any w1 ≥ 0. Using the results from Table 5.3, we can

see that for θ = 0, the manufacturer maximizes her profits from selling by set-

ting her wholesale price to wPLC
1 (n, θ) = wPL

1 (n, 0) = (1+6n)2

4n(2+10n)
a. At this price,

the manufacturer’s profit is ΠMS
1 (wPLC

1 (n, 0),qPL
l (wPLC

1 ), 0) = (1+6n)2

32(1+5n)
a2 > 0.

Since wHC(n, 0) = 0, it follows that ΠMS
1 (wHC

1 (n, 0),qFOC
l (wHC

1 ),qFOC
s (wHC

1 )) =

0. The result follows from the fact that ΠMS
1 (wPLC

1 (n, θ),qPL
l (wPLC

1 ), 0) and

ΠMS
1 (wHC

1 (n, 0),qFOC
l (wHC

1 ),qFOC
s (wHC

1 )) are continuous in wPLC
1 and wHC

1

respectively, and wPLC
1 and wHC

1 are continuous in θ.

b) From Proposition 5.3.2, we know that for θ ∈
(
0, −1+

√
1−8n+8n2

2n(n−1)

)
, if the

manufacturer sells her product then she can induce either a pure leasing
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or a hybrid response from the dealers. Since the optimal price at which

she can induce the dealers to follow pure leasing policies in the symmet-

ric equilibrium is wPLC(n, θ) = Max
{
wPL(n, θ), w0S(n, θ)

}
and wPL(n, θ) is

the unconstrained price that maximizes ΠMS
1 (w1, q

PL
l (w1), 0), we have that

ΠMS
1 (wPL(n, θ),qPL

l (wPL), 0) is an upper bound on the profit that the manu-

facturer can earn from selling her product to the dealers at a price that induces

a pure leasing equilibrium among them. Therefore, the following is a lower

bound on the additional profits that she would earn from leasing, instead of

selling to the dealers:

ΠML(n, θ)− ΠMS(wPL(n, θ),qPL
l (wPL), 0)

=
1 + n(2 + (n− 1)θ)(6− 2θ + n(18 + 9n− 7)θ)

4(2 + (n− 1)θ)2(2− 2θ + n(10 + (5n− 3)θ)
a2

which is positive for n ≥ 2.

c) First consider θ = 1. It can be confirmed that for any n ≥ 3, we will

have wPS
1 (n, 1) > w0L(n, 1) and wH

1 (n, 1) > w0L(n, 1). Thus, for θ = 1,

if the manufacturer sells her product to at least 3 dealers, she will set her

wholesale price to wPS
1 (n, θ). If she were to lease her product to the dealers,

the additional profits she could earn would be:

ΠML(n, 1)−ΠMS(wPS(n, 1), 0,qPS
s (wPS)) =

n((n3 − 9n− 8)n− 1)a2

4(1 + n)2(8 + n(20 + n(19 + 5n)))

which is positive for all n ≥ 4. The result follows from the fact that the profit

functions are continuous in the prices and wPS
1 (n, θ), w0L

1 (n, θ), and wH
1 (n, θ)
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are all continuous in θ.

d) From Proposition 5.3.2, the wholesale price that maximizes the manu-

facturer’s profits from selling is either wPSC(n, θ) or wHC(n, θ) for any θ ≥
−1+

√
1−8n+8n2

2n(n−1)
. Observing that −1+

√
1−8n+8n2

2n(n−1)
approaches zero as n becomes

arbitrarily large, we can take limits of the expressions in Tables 5.3, to see

that:

lim
n →∞ wPS(n, θ) =

lim
n →∞ wHY (n, θ) = 9a

10
while lim

n →∞ w0L(n, θ) =

3a(1−θ)
2−θ

.

Thus, for any θ ∈ (0, 1), as n becomes arbitrarily large, the wholesale price that

maximizes the manufacturer’s profits from selling approaches 9a
10

. Whether this

price induces a pure selling or a hybrid equilibrium among the dealers depends

on θ. If θ ≥ 4
7
, then a pure selling response will be induced, otherwise a hybrid

response will be induced. To see that the manufacturer would be better off

leasing to the dealers for sufficiently large n, we can again take the limits:

lim
n →∞ ΠMS(wPS(n, θ), 0,qPS

s (wPS))

=
lim

n →∞ ΠMS(wH(n, θ),qFOC
l (wH),qFOC

s (wH)) = 9
20θ

a2

while lim
n →∞ ΠML(n, θ) = a2

20θ
< 9a2

20θ
.
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