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AMENDMENTS

The following amendments are under the requirements of the Examiner's Report:

1. In line 10 on page 65, "the optimal utility function o f should be ''the optimal
utility of.

2. In his Examiner's Report, Dr. Shuntian Yao states: "

There is, however, a small mathematical error in his model concerning the
measure of the population of individuals and the utility function of the
Monarch. In fact with a continuum of individuals, M is just a cardinal
number of the set of population. As a result the factor M/2 in equation
(3.3.3b) and the factor M in (3.3.3h) have vague meanings. Unless the
preference of the Monarch is completely different from an ordinary
individual, otherwise the author has to explain what is the utility of the
Monarch when she consumes an infinitely large amount of each of the
goods.

M
Answer: The reason for putting the factor — in equation (3.3.3b) and the factor

M in (3.3.3h) is because for simplicity it is assumed in this model that there is
only One Monarch, i.e. a single person, in this large economy with population
size of M. The preference of the Monarch is the same as the general populace.
However, when the Monarch imposes taxation, she faces a trade-off in terms of
what to do with the revenue. The trade-off is between using the revenue for her
own personal consumption and using the revenue to finance protection of
property rights, which in turn will increase future tax revenue through more
effective enforcement of criminal laws. The Monarch imposes taxation on all of

her subjects, and the number of good x or y specialists is — in equilibrium

respectively. Thus, in (3.3.3b) the total taxation revenue collected from her
subjects should be the tax collected from each good x or y specialist times their

M
total number respectively, i.e. — . Based on the same reason, equation (3.3.3h)

also ne ds to include the population size M in its expression which is the optimal
utility of the Monarch's decision problem under previous assumptions.
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Abstract of Thesis

This thesis applies inframarginal analysis to study the relationship among the

division of labor, theft behavior and bundling sale within the new classical

microeconomic framework. It will address three issues: the effects of stealing and self-

protection from being stolen on the network size of division of labor (Chapter 2); the

effects of the property rights system that penalizes stealing on the network size of

division of labor and on economic development (Chapter 3); the effects of bundling sale

on the network size of division of labor (Chapter 4).

Chapter 1 provides a review of the literature of inframarginal analysis of the

division of labor. A brief outline of Chapters 2 to 4 is also included in this introductory

chapter.

Chapter 2 develops a general equilibrium model with endogenous specialization

and endogenous theft behavior to investigate effects of theft on the equilibrium network

size of division of labor, on aggregate productivity, and on per capita real income. If an

individual can steal from her neighbors or her trade partners, then an increase in

transportation efficiency or a decrease in stealing efficiency will increase the level of

division of labor where each individual's resources allocated to theft may be either

lower or higher than in autarky. This shows the conventional wisdom that "wealth

reduces the desire for stealing and poverty stimulates theft" is not always consistent

with a sophisticated general equilibrium analysis of interdependence between per capita

real income and equilibrium levels of division of labor and stealing activity. An increase

in transportation efficiency and/or a decrease in stealing efficiency will raise the

equilibrium level of division of labor, thereby enlarging the extent of the market, and

increase aggregate productivity and per capita real income.

Chapter 3 shows how an improvement in institutional efficiency from the third

party's protection for property rights can promote the development of division of labor,

specialization of workers and the enhancement of aggregate productivity and per capita

real income. Contrary to the assumptions underlying ideas of technology and

investment fundamentalism, this chapter stresses the importance of institutional factors,

especially the enforcement of property rights that captures the relationship between

IV



structural transformation that occurs in an economy and the level of division of labor.

This model is compared with the model of Hobbes1 jungle in Chapter 2 to investigate

the effects of the Monarch's power in enforcing property rights on network size of

division of labor and productivity. By comparing self-protection and the third party's

protection, this chapter shows that the government can endogenously emerge from

taxation that is used to finance the judicial system and enforcement of laws that penalize

theft. This chapter has examined the trade off between positive network effects of the

laws and their enforcement, and negative effects of taxation on the network size of

division of labor. It is shown that the improvement in institutional efficiency expands

the demand for transactions, which requires third party's protection. The market

mechanism for goods as well as for the third party's protection, determines the selection

of the protection system of property rights. In this model, aggregate productivity is

determined by the network size of division of labor (extent of the market). The network

size of division of labor is determined by the enforcement of property rights, which is

dependent on tax revenue and in turn dependent on per capita real income, aggregate

productivity, and network size of division of labor.

Chapter 4 develops a general equilibrium model of impersonal networking

decisions and bundling sale. It departs from the other models of bundling and tying by

allowing substitution between goods, flexible quantities of goods, resale of any goods,

competitive market, and ex ante identical utility function for all individuals. Hence,

interactions and feedback loops between quantities, prices, network effects of division

of labor, transaction costs, self-interested decisions, income, and productivity can be

investigated. Inframarginal analysis (total cost-benefit analysis across corner solutions

in addition to marginal analysis of each corner solution) of the model shows that the

function of bundling sale in a competitive market is to get intangible information goods

involved in the division of labor and commercialized production, meanwhile avoiding

direct pricing of such goods, thereby promoting division of labor and aggregate

productivity. According to this theory of bundling, bundling in a competitive market is

Pareto efficient and it plays a very important role to utilize positive network effects of

division of labor on aggregate productivity. Antitrust prosecution should pay more

attention to the intention to block free entry rather than bundling itself.
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CHAPTER 1. Introduction

1.1 Specialization and Division of Labour

Houthakker (1956, p. 182) expressed the belief that "Most economists have

probably regarded the division of labour, in Schumpeter's words, as an 'external common

place,1 yet there is hardly any part of economics that would not be advanced by a further

analysis of specialization." This implies that the analysis of specialization and division of

labour is not merely one of many fields of economics, but rather is at the core of classical

mainstream economics. The focus of classical economics was on the implications of

specialization and division of labour for economic growth and welfare1. Before Adam

Smith, the role of the market and population size in perm'.tting specialization and the

advantages of the division of labour, like improving the skill of individual workers,

saving the time and effort involved in having to switch from one operation to another,

and facilitating the invention of machinery, were spelt out by Josiah Tucker (1755, 1774),

Denis Diderot (1713), Henry Maxwell (1721), and Anne-Robert-Jacques Turgot (1766).

Adam Smith (1776) explicitly explored the central role of specialization and

division of labour in economic analysis by systematically investigating their implications

for economic growth and prosperity. In the beginning of his book written in 1776, An

1 Plato (380BC, book 2, pp. 102-6) considered welfare implication of division of labour and specialization

and the connection between the division of labour, the market, and money Xenophon also examined the

connection between cities and the division of labour (see Gorden, 1975, p. 41). William Petty (1671, pp.

260-61) noted that specialization contributes to skillful clothmaking and pointed out that Dutch could

convey goods cheaply because they specialized each ship for a specific function. In another place, Petty

gave a more striking example of the division of labour in the manufacture of a watch. He indicated (1683,

pp. 471-2) that cities can promote the division of labour by reducing transaction costs. Joseph Harris (1757)

and Josiah Tucker (1755, 1774) referred directly to the productivity implications of the division of labour,

the possibility for the subdivision of labour, and the intimate relationship between a greater variety of

goods, production roundaboutness, and a higher level of division of labour [See Groenewegen (1987), Meek

and Skinner (1973), and Rashid (1986) for more details of this classical literature].
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Inquiry into the Nature and Causes of the Wealth of Nations, he stated that" The greatest

improvement in the productive powers, and the greater part of skill, dexterity and

judgement with which it is anywhere directed, or applied, seem to have been the effect of

the division of labour" (1776, book I, chapter I ). He proposed the conjecture that the

extent of the market is determined by transportation efficiency (1776, pp.31-32) and the

proposition that the division of labour is limited by the extent of the market (1776,

chapter 3 of book I). According to Smith's notion of specialization and comparative

advantage, now referred as "endogenous comparative advantage", economies of

specialization and division of labour may exist even if all individuals are ex ante identical

and the differences in productivity among individuals are the result rather than cause of

the division of labour (1776, p.28).2

During the 19th century and the first half of the 20th century, the division of labour

remained to play an important role in the economic analysis, particularly in the works of

David Ricardo (1817), John Rae (1834), Charles B. obage (1832), Karl Marx (1867),

Amasa Walker (1874), Alfred Marshall (1890), and Allyn Young (1928). Marshall (1890)

attempted to formalize classical economic thinking within a mathematical framework.

Marshall's Principles (1890) consists of two parts. One part (chapters 8-12) is full of

classical insights on the economic implications of specialization and division of labour

without mathematical formalization. The second part successfully formalized the

2 Adam Smith explained the difference in productivity between the agricultural sector and industrial sector

as determined by the relative difference in th? benefits of specialization compared to the seasonal

adjustment cost caused by specialization between the two sectors. This theory explains economic structure

by the different balance points in trading off economies of division of labour against coordination cost of

the division of labour instead of by tastes, income, or exogenous technical conditions. An extension of the

theory implies that a decline in income share of the agricultural sector occurs not because of a change in

tastes, in income, or in exogenous technical conditions, but because the agricultural sector has a higher

cooidination cost of the division of labour compared to the benefits derived from the division of labour, and

it can improve productivity only by importing an increasingly larger number of industrial goods. These

goods are produced by a high level of division of labour in the manufacturing sector where transaction costs

are more likely to be outweighed by economies of division of labour. This theory of Smith is formalized by

Shi and Yang (1995), and some empirical implications of the Smith conjecture is investigated by Kaldor

(1967).



relatively unimportant part of classical economic thinking on the problem of resource

allocation. This part is based on an unrealistic dichotomy between pure consumers and

pure producers (firms), which is essential for avoiding corner solutions3. Here, the

problem of resource allocation is to find the efficient relative quantities of different goods

and the efficient relative quantities of factors allocated to produce different goods with a

given degree of scarcity (or a given transformation function) and a given pattern and level

of division of labour. The problem of organization by contrast is to find the efficient level

and pattern of division of labour in order to expand the production possibility frontier (or

to reduce scarcity) against transaction costs for a given relative quantities of different

goods consumed and produced. However, Marshall's formalization of the resource

allocation problem established the mainstream of economics in the following years. As

Buchanan (1994, p. 6) observed, "with one part of his mind always in classical teachings,

Marshall recognized that this genuinely marvellous neoclassical construction requires that

the Smithian proposition on labour specialization be abandoned". Marshall's neoclassical

framework is characterized by the dichotomy between pure consumers and firms, the

replacement of the concept of economies of specialization with the concept of economies

scale, and marginal analysis of demand and supply.4 The debate on external vs. internal

economies of scale and on other issues within the framework clarified some confusion.

3 As Yang and Y-K. Ng (1993) show, the absence of formalization of classical economics on problems of

economic organization in Marshall's work was because the formalization must involve comer solutions, but

the technique for handling corner solutions and related inframarginal analysis was not available until the

1950s, which can answer Stigler's (1976, pp. 1209-1210) talk about "Adam Smith's failure". Here, a corner

solution to an optimisation problem is a solution that involves upper and/or lower bound values of some

decision variables. Inframarginal analysis is defined as total benefit-cost analysis across corner solutions in

addition to marginal analysis of each corner solution. Buchanan and Stubblebine (1962) propose this concept.

The application of inframarginal analysis to a decision problem can be found from Rosen (1983). The

application of inframarginal analysts to general equilibrium models can be found from Yang (1991), Yang and

Wills (1990), Yang and Borland (1991), Yang and Shi (1992), and Yang and Ng (1993). Koopman (1957)

suggests that the concept of production function should be replaced with the notion of activity analysis when

inframarginal analysis is conducted.

•"The modern Arrow-Debreu model of general equilibrium, which is featured with the first two properties of

Marshall's framework, has generalized and consolidated Marshall's framework. Arrow and Debreu use the

concept of non-convex production set to generalize the concept of economies of scale.



As an unexpected consequence of Marshall's success in formalizing problems of resource

allocation, the core of classical economics concerning specialization and division of

labour has been forgotten. Samuelson's (1948) work followed Marshall's marginal

analysis of demand and supply and macroeconomics that incorporates Keynesian

economics. Unfortunately, little attention was given to problems of specialization and

division of labour in his books (Samuelson, 1947, 1955). No formal models of Smith's

endogenous comparative advantage were developed to endogenize individuals' levels of

specialization in the textbooks although they covered formal models of Ricardo's

exogenous comparative advantage.

Allyn Young's work (1928) is the unique exception to Schumpeter's claim (1954,

p.l87).5As Buchanan (1994, p.7) indicated, "Allyn Young sensed that the focus of

economists' attention was shifting too readily and too rapidly toward clarification of

analysis within neoclassical structure and away from classical emphasis". Young's paper

(1928) is regarded by Rosen (1983, p.44) as "the zenith of the analysis of the connection

between specialization and economic development". Young emphasized the concepts of

specialization, roundaboutness, and division of labour, and criticized the concept of

economies of scale or increasing returns to scale which had been already very popular in

economics teaching and research due to the success of Marshall's book (1890) of

neoclassical economics.6 As Young argued, the replacement of Smith's concept of

economies of division of labour with Marshall's concept of economies of scale obscures

the distinction, thereby misleading the discipline of economics.

f
s Schumpeter (1954, p. 187) claimed that Smith's first doctrine that economic development mainly springs

from the progressive division of labour and increasing specilization, " has not received the attention it

deserves: nobody, either before or after Smith, ever thought of putting such a burden upon division of

labour".
6 It is interesting to note that the classical economists did not use the concept of economies of scale or

increasing returns to scale. The concepts that they used are specialization, division of labour, and related

benefits and costs. A careful reading of Alfred Marshall (1890) and Allyn Young (1928) indicates that the

subtle distinction between the concepts of economies of specialization and economies of scale was crucial

for the subsequent development of economics. According to Groenewegen (1987), the works of Senior

(1836, pp. 74-5, 181-2), Mill (1848, p. 13), Fawcett (1863), and Nicholson (1893) started the process that

replaces the concept of economies of division of labor with the concept of economies of scale.



Young's concept of "social increasing returns" is very similar to Buchanan's (1994)

concept of "generalized increasing returns" and to Rosen's (1978) concept of

"superadditivity". Young stated several times that the increasing returns with which he

was concerned are not caused by the scale of a firm or an industry. According to him,

they are generated by specialization and the division of labour rather than by economies

of scale.' He used three concepts to describe the division of labour. The first one is the

individuals' specialization. An individual's level of specialization increases as his scope of

activities is narrowed down. The second one is the length of a roundabout production

chain, or so-called roundaboutness. The third one is the number of imermediate goods in

each link of the chain. Certainly, the three concepts are related to, but distinct from the

concept of economies of scale. Indeed, Young's concept of social increasing returns based

on specialization and division oi labour is equivalent to the modern concept of a positive

network effect of division of labour.8 Young's conjecture (1928, p.534, p.539) consists of

the following three statements. "The securing of increasing returns depends on the

progressive division of labour"; "Not only the division of labour depends upon the extent

of the market, but the extent of the market also depends upon the division of labour";9

"Demand and supply are two sides of the division of labour".Io Young's conjecture

represents the view that takes economies of division of labour as a network effect.

Young suggested that the extent of the market is determined not only by

population size, but also by purchasing power, which is determined by productivity,

which is in turn dependent on the extent of division of labour. He then went on to argue

that the circle that the division of labour depends upon the extent of the division of labour

7 Young (1928, p. 533) even argued that the use of the notion of large-scale-production misses the

phenomenon of economies of division of labor.
8 Young (1928, p. 539) spelled this out as follows. "The mechanism of increasing returns is not to be discerned

adequately by observing the effects of variations in the size of an individual firm or of a particular industry,

for the progressive division of labor and specialization of industries is an essential part of the process by which

increasing returns are realized. Whnt is required is that industrial operations be seen as an interrelated whole."

"Roumasset and Smith (1981) provide evidence for the proposition that individuals' levels of specialization

determine the extent of the market.
l0This relates to Say's law. Yang and Ng (1993, chap. 18) show that a new classical dynamic equilibrium

model may generate efficient business cycles and unemployment even if Say's law holds.



implies that a dynamic mechanism generates progressively increasing division of labour

and the extent of the market. On the other hand, this circle implies that the size of the

market network and the degree of division of labour are simultaneously determined.

Young's conjecture explores a typical feature of network effects of the division of labour

and related market.11 He implicitly, therefore, set up a research agenda to use economic

models to explain how the size of the market network based on specialization and

division of labour is determined in a decentralized system. Another more explicit target

set by Young is to formalize the concept of economies of division of labour that include

economies of individuals' specialization, economies of roundaboutness, and economies of

the variety of producer goods. On the basis of the formalization, a dynamic equilibrium

model may be able to simultaneously explain the three aspects of the division of labour.

Young argued (1928, p.531) that "the view of the nature of the processes of

industrial progress which is implied in the distinction between internal and external

economies is necessarily a partial view. Certain aspects of those processes are illuminated,

while, for that very reason, certain other aspects, important in relation to other problems,

are obscured." Hence, it seemed to Young that the concept of external economies of scale

is a misrepresentation of the classical concept of economies of specialization and division

of labour. Since Young and Marshall, the research of specialization has developed along

two lines. One is associated with Marshall's concept of (external or internal) economies

of scale and with his marginal analysis, and the other follows Young's concept of

economies of specialization and division of labour.12

Houthakker (1956, p. 182) further developed Smith's proposition that the extent of

the market is determined by transportation conditions to suggest that a tradeoff between

economies of specialization and transaction costs can be used to explain the level of

division of labour. If the transaction cost coefficient for one unit of goods is very large,

"The concept of network effect here is consistent with Katz and Shapiro's (1985, 1986) definition, which

implies that performance of a network depends on the number of participants and that a participant's decision

depends on his expectation of other participants' decisions.

' Economies of scale and economies of division of labor may coexist. But the latter is much more important

than the former, since the latter enhances the capacity of society in acquiring information and knowledge by

exploiting interpersonal complementarity, while the former is a pure technical concept that may have nothing

to do with endogenous technical progress generated by the knowledge acquisition process of society.
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then the economies of specialization are outweighed by the transaction costs caused by

the division of labour, and the equilibrium level of division of labour will be very low. In

this case, the extent of the market is small and market demand and supply are both zero.

As the transaction cost coefficient falls, the efficient level of division of labour and

productivity will increase, so that the extent of the market and demand and supply in the

market place will increase.13 This is a promising direction toward the formalization of

Young's concepts of demand and supply. Houthakker drew the distinction between

economies of specialization and economies of scale when he discusses the necessity of a

new analytical approach. "We have increasing returns to the extent that if several

activities are replaced by a single one, there is less need for (internal) coordination and

switching time and more scope for acquiring experience. The output of the single activity

may thus be raised above the combined outputs of the several activities." Houthakker

complained that the evolution of specialization and division of labour in an economic

system seems more significant and important than the evolution of species, but research

of the former in economics is far behind studies of the latter in biology. This complaint

still has important implications for current economic research. However, Houthakker

argued (1956, p. 182) "such an analysis (of specialization) involves the use of methods

that are rather unlike those by which the classical questions of economics are discussed".

Another important paper that followed Young's research direction is Stigler

(1951). Like Houthakker, Stigler used a graph to emphasize the distinctive feature of

specialization that a firm's productivity increases as it narrows down its range of

production activities. He demonstrated that a firm's cost function will be endogenously

and discontinuously changed by its decision on the level of specialization. The

discontinuous change in the cost function that is caused by a change in a firm's level of

specialization is similar to the inframarginal analysis developed by Rosen (1983) and

Yang (1991). However, Stigler still followed Marshall's approach of separating the

analysis of demand from the analysis of decision making regarding the level of

specialization. He emphasized internal increasing returns to specialization against

Marshall's concept of external economies of scale. When discussing the problem of

l3Rosen (1983, p. 48) also states that market constraints on specialization must arise from transactions costs

that limit the size of a person's market.



vertical integration, he combined the concept of economies of specialization with the

concept of economies of scale, departing from Young's research direction.

Since Stigler and Houthakker, the literature on specialization has developed along

three directions. The first one has developed formal models based on Ricardo's concept of

exogenous comparative advantage and on Marshall's framework with a dichotomy

between pure consumers and firms and marginal analysis of demand and supply, which

are focusing on the division of labour between countries rather than on the

endogenization of individuals' levels of specialization. This turned out to be a field called

the theory of international trade. Dixit and Norman's textbook (1980) is representative of

this research direction. The second one has developed formal models using the concept of

economies of scale and Marshall's framework to endogenize one aspect of Young's

concept of division of labour: the number of consumption and producer goods.

Representative works along this direction are Dixit, Stiglitz (1977), Ethier (1982),

Krugman (1979), Judd (1985), Romer (1986), and Grossman, Helpman (1989, 1990).

The third direction has endogenized individuals' levels of specialization and the

level of division of labour for society as a whole, following Smith, Young, and

Houthakker's ideas. Some of the formal models applied inframarginal analysis to

endogenize the level of division of labour and explain other economic phenomena by the

level and pattern of division of labour. In the last two decades, the primary effort to bring

formal economic research back to the original ideas of Smith, Young, and Houthakker,

might be attributed to Rosen (1978) and Becker (1981). Rosen (1978) extended the

Ricardo model to the case with many goods and many individuals. Appling linear

programming rather than marginal analysis to handle the problem of corner solutions, he

explored the implications of corner solutions for endogenization of individuals' levels and

patterns of specialization instead of getting around corner solutions. He showed that

economies of division of labour that are endogenously determined by individuals'

decisions on their levels and patterns of specialization look like external economies of

scale, but may exist in the absence of economies of scale. Becker (1981) developed a

model to endogenize individuals' decisions on specialization within a family. This model

is solved using inframarginal analysis of many corner and interior solutions. The positive

interactions between labour and human capital allocated to produce certain goods



generate a pattern of complete specialization for each member of the family except one

who will not completely specialize when an integer condition for the numbers of different

specialists is not satisfied. Although this model is not explicitly specified as a dynamic

decision model, and human capital plays a role similar to the one with difference in

endowment between agents in neoclassical models, it focuses on the endogenization of

individuals' patterns of specialization and emphasizes the role of endogenous comparative

advantage. This might be taken to be a starting point for formalizing Smith and Babbage's

idea that the division of labour can be used to avoid duplicate fixed learning and training

costs.14

Yang (1988, 1990) developed a model to endogenize individuals' levels of

specialization and the level of division of labour in society by abandoning the dichotomy

between pure consumers and firms. In this model, each individual is a consumer-producer

who prefers diverse consumption and specialized production because of economies of

specialization. A tension between specialized production and diverse consumption for

each consumer-producer generates a tradeoff between economies of specialization and

transaction costs. A central planner may trade off economies of specialization against

transaction cost to achieve the efficient level of division of labour by equalizing marginal

benefit o r the division of labour and marginal transaction cost. Since this is a planning

model, marginal analysis can be used for decision making, and corner solutions that may

emerge from a decentralized market are avoided. In terms of mathematics, the Becker and

Murphy's model (1992) is very similar to this model if the coordination cost in their

model is interpreted as the transaction costs in the Yang's model (1988, 1990). These

models showed that the efficient level of division of labour is determined not only by the

population size which is usually considered as the extent of the market, but also by the

efficient balance between the economies of division of labour and the coordination or

transaction costs.

Since the middle of the 1980s, the endogenization of individuals' levels of

specialization has been developing along two distinctive directions. One is to endogenize

individuals' levels of specialization on the basis of the neoclassical dichotomy between

pure consumers and pure producers or to endogenize individuals' levels of specialization

14Also, Schultz (1993) has explored the intrinsic connection between human capital and specialization.



A combination of several configurations15 that is compatible with the market

clearing conditions for traded goods is referred to by Yang (1990) as a "market structure"

or a structure for short. For each structure, a market clearing condition can be established

for each traded good by specifying the numbers of individuals selling different goods and

by equalizing total market demand and supply. Also, utility equalization conditions can

be established by competition for a higher income between specialties (configurations).

Hence, for each structure, there may exist a set of relative prices of traded goods and a set

of numbers of individuals selling different goods that satisfy the market clearing

conditions. Yang refers to the set of relative prices and the set of numbers of individuals

selling different goods in each structure as a comer equilibrium. Each corner equilibrium

is associated with a certain network of the market. Different comer equilibria are

associated with different numbers of traded goods for society, different degrees of

interdependence between different specialists, and different productivity levels. A

Walrasian regime is assumed because the number of ex ante identical individuals is large

and economies of specialization are individual specific. Within this framework, a general

equilibrium is defined as a fixed point that satisfies the following conditions. First, each

individual uses inframarginal analysis to maximize his utility with respect to

configurations and quantities of each good produced, consumed, and traded for a given

set of relative prices of traded goods and a given set of the numbers of individuals selling

different goods. Second, the set of relative prices of traded goods and the set of numbers

of individuals selling different goods clear the markets for traded goods and equalize

utility for all individuals selling different goods. There are two steps in solving for the

general equilibrium. First, a corner equilibria is solved for each structure. Second, the

general equilibrium is identified as the comer equilibria that generates the highest utility

level since it satisfies the two conditions for the definition of general equilibrium. The

other comer equilibria are not general equilibrium since they do not satisfy the first

condition. A rigorous proof of the proposition that individuals have an incentive to

deviate from these inefficient comer equilibria can be found in Yang (1990) and Yang

and Ng (1993, Chapter 6).

15 A profile of zero and non-zero variables that is compatible with the Wen theorem (1997b) is referred to
as a "configuration"
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There are two types of comparative statics of the general equilibrium. The first

type of comparative statics implies that the general equilibrium, demand and supply

functions, and indirect utility function will discontinuously shift between comer

equilibria as transaction costs and production function parameters have reached some

critical values. The discontinuous jump of the supply function is consistent with Stigler's

conjecture (1951) that a change in the level of division of labour will discontinuously

shift the cost function and it can be interpreted as an endogenous technical progress.

Another type of comparative statics of the general equilibrium implies that the

equilibrium relative prices, quantities of goods, and number of individuals selling

different goods will change continuously in. response to continuous changes of the

parameters within the ranges demonstrated by the first type of comparative statics. The

second type of comparative statics is analogous to neoclassical comparative statics of

equilibrium based on marginal analysis. It generates the implications for resource

allocation for a given level and pattern of division of labour. But there is no neoclassical

counterpart of the first type of comparative statics based on inframarginal analysis. From

this framework, it is easy to tell that the efficient extent of the market and efficient level

of specialization, productivity, scarcity, and per capita real income are different aspects of

the level of division of labour. The efficient level of division of labour is determined by

the trade-off between economies of division of labour and transaction costs.

The first type of comparative statics substantially enhances the power of general

equilibrium models in explaining changes in patterns of market network. The Yang's

model (1988, 1990) showed that the invisible hand can efficiently exploit network effects

of division of labour and transaction costs. Which network of the market and related

division of labour is efficient depends on the transaction efficiency coefficient. If the

transaction efficiency is low, the positive network effect of the division of labour is

outweighed by the transaction costs. Autarky or a low level of division of labour, which

is associated with a small size of the network of the market, is efficient and will be

chosen by the invisible hand. On the other hand, if the transaction efficiency is improved,

the efficient and equilibrium level of division of labour and related efficient size of

market network will increase. Hence, whether or not the positive network effects can be
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utilized, will fully depend on where is the efficient tradeoff between the positive network

effects and the transaction costs.

Under this new classical economic framework, a great deal of research has

already been undertaken, such as a trade theory (Yang and Shi 1992), a theory of the firm

(Yang and Ng 1995), urban economics (Yang and Rice 1994), growth models (Yang and

Borland 1991), a theory of contract and property rights (Yang and Wills 1990, Lio 1996),

a theory of capital (Yang, 1999), a theory of money (Cheng, 1998), a theory of business

cycles and unemployment (Yang and Ng 1993), a theory of insurance and uncertainty

(Lio, 1996), a theory of development (Shi and Yang 1995), a theory of hierarchy ( Shi

and Yang 1998, Yang 1994), etc.. Sun, Yang, and Yao (1999) have proven the existence

theorem and the first welfare theorem for a general class of the Yang's model (1988, 1990)

with a continuum of individuals and without an explicit specification of functional forms.

Zhou, Sun, and Yang (1999) extended the results to a general class of the Yang's model

allowing ex ante different individuals. Also, they have proven that the set of equilibrium

allocations is equivalent to the set of core allocations. These models have simultaneously

formalized many of the original ideas of Smith, Young, and Houthakker. They have

showed that demand and supply are two sides of the division of labour, and the extent of

the market (absolute level of aggregate demand) can be endogenized as one aspect of the

level of division of labour. The most important function of the market is to choose the

efficient size of the market network based on the division of labour. The concept of

endogenous comparative advantage is formalized. The absolute level of aggregate

demand of each person, which is one aspect of the extent of the market, is determined by

each person's level of specialization.

However, two gaps need to be filled in the literature of newclassical economics.

First, stealing is not endogenized and the effects of stealing on network size of division of

labour are not examined. Second, the effects of bundling sale on network size of division

of labour are not investigated.

1.2 Brief Outline of Chapters 2 to 4

This thesis applies inframarginal analysis to study the relationship among the

division of labour, theft behaviour and bundling sale within the new classical
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jungle in Chapter 2 to investigate the effects of the N4onarch's power in enforcing

property rights on network size of division of labor and productivity. By comparing se..

protection and the third party's protection, this chapter shows that the government can

endogenously emerge from taxation that is used to finance the judicial system and

enforcement of laws that penalize theft. This chapter has examined the trade off between

positive network effects of the laws and their enforcement, and negative effects of

taxation on the network size of division of labor. It is shown that the improvement in

institutional efficiency expands the demand for transactions, which requires third party's

protection. The market mechanism for goods as well as for the third party's protection,

determines the selection of the protection system of property rights. In this model,

aggregate productivity is determined by the network size of division of labor (extent of

the market). The network size of division of labor is determined by the enforcement of

property rights, which is dependent on tax revenue and in turn dependent on per capita

real income, aggregate productivity, and network size of division of labor. Hence, the

notion of general equilibrium is a powerful vehicle to investigate circular causation and

related economics of state.

Chapter 4 develops a general equilibrium model of impersonal networking

decisions and bundling sale. It departs from the other models of bundling and tying by

allowing substitution between goods, flexible quantities of goods, resale of any goods,

competitive market, and ex ante identical utility function for all individuals. Hence,

interactions and feedback loops between quantities, prices, network effects of division of

labour, transaction costs, self-interested decisions, income, and productivity can be

investigated. Inframarginal analysis (total cost-benefit analysis across corner solutions in

addition to marginal analysis of each corner solution) of the model shows that the

function of bundling sale in a competitive market is to get intangible information goods

involved in the division of labour and commercialised production, meanwhile avoiding

direct pricing of such goods, thereby promoting division of labour and aggregate

productivity. According to this theory of bundling, bundling in a competitive market is

Pareto efficient and it plays a very important role to utilize positive network effects of

division of labour on aggregate productivity. Antitrust prosecution should pay more

attention to the intention to block free entry rather than bundling itself.
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CHAPTER 2. Division of Labor, Specialization, and Theft

Behavior: A General Equilibrium Analysis

2.1 Introduction

The traditional theory of competitive markets relies on an implicit assumption that

a large number of anonymous traders engaged in mutually beneficial transactions are

under a perfect legal umbrella that protects and enforces property rights without cost.

However, such circumstances are rare. Even in a bilateral exchange of goods with

commonly known quality, it is still possible that one party does not execute the

contractual promise contingent on the other party's performance. Moreover, one party

may attempt to steal the other party's goods besides buying. Coase (1960) and Demsetz

(1964, 1967) raise the issues of social cost. As Demsetz points out, based on the social

transaction cost, the systems enforcing the exchangeable property rights provide an

attractive basis for economizing on the costs of allocating resources in society. The

emergence of the property rights system can reduce the resources that individuals devote

to conflicts over distribution.

According to Hobbes (1651) and Rosseau (1762), human society has a primordial

"state of nature" where property rights do not exist. Individuals under such circumstances

may devote some of their endowments to steal goods from other parties, as well as to

self-protect their own goods. According to Hobbes, the state of nature has the

characteristics of the law of the jungle, that is,

...to a time of Warre, where every man is Enemy to every man, ... wherein men live
without other security, than what their own strength, and their own invention shall
furnish them withall. ...that nothing can be Unjust. The notion? of Right and Wrong,
Justice and Injustice have there no place. Where there is no common power, there is no
law. ... but onely that to be every mans, that he can gel; and for so long, as he can keep
it. ... The Right of Nature, is the Liberty each man hath, to use his own power, as he
will himself, for the preservation of his own Nature; that is to say, of his own Life; and
consequently, of doing anything, which in his own Judgement, and Reason...
(Leviathan, pp.64-66)

Moreover, Hobbes described the mechanism of "Laws of Nature" which is to

establish property rights and mandate punishment for those who violate the rights of

others. However, establishing social order involves trade-offs between positive network
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effects of establishment of public law and its enforcement, and negative effects of

reducing the resources devoted to productive activities, and on the network size of

division of labor. The decision whether or not to establish social order is dependent on

comparing the costs of-enforcement, the cost of the attempt to transfer benefit from others

and the cost of self-protection. Just as the statement made by Rousseau,

...What a man loses as a result of the social contract is his natural liberty and his
unqualified right to lay hands on all that tempts him, provided only that he can
encompass its possession. What he gains is civil liberty and the ownership of what
belongs to him... (The Social Contract, Chapter VIII)

Because each individual is a potential criminal as well as a potential victim, the

social contract therefore should have the following components: (i) rules to establish

property rights, (ii) a mechanism for enforcing the sanctions for violations of property

rights, (iii) rules which specify the taxation system made by each individual to support

this property rights system, such as a "criminal justice system" (Skogh and Stuart, 1982).

However, Hobbes and Rosseau did not tell us how the Commonwealth superpower will

endogenously emerge from economic development, or in their words, how the Man or the

Assembly of Men emerges from the society.

In addition to the above research, there have been several more studies done in

recent decades. Becker (1968) sets up an economic approach for crime and punishment.

Alchian (1983) emphasizes that implementing the property rights system needs the might

of the state or the government. Buchanan (1975) analyses the bases for a society where

the people want to be free but who recognize the inherent limits that social

interdependence places on them. Further he points out "Men want freedom from

constraints, while at the same time they recognize the necessity of order" (The Limits of

Liberty, preface). Barzel (1997) applies contract theory to analyze property rights and the

evolution of the state. Guth and Kliemt (1995) establish and apply an indirect

evolutionary approach to show that institutions of enforceable adjudication in themselves

may enable higher levels of contract compliance than would occur in their absence even

though adjudicators are no better behaved than ordinary traders.

Umbeck (1981) states, even before the "War where every man is enemy of every

man" (Hobbes, 1651, p.64), human society already sets up contractual arrangement and

the superpower agents which effectively protect and enforce the implementation of the
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contracts. Moreover, the markets emerge as the intermediate of the whole society also

during this progress. Although Hobbes presented to us some aspects of the principal

nature of the human society, they ravdy happened or were only special cases at some

periods in human history (Demsetz, 1964). However, the above studies do not

endogenize stealing and network size of division of labor and the emergence and

evolution of property rights in their models.

The purpose of this chapter is twofold. First, using inframarginal analysis, this

chapter develops a general equilibrium model with endogenous stealing and endogenous

network size of division of labor. It can examine the effect of stealing on the network size

of division of labor and productivity; Second, this model shall formalize the notion of

Hobbes1 Jungle using a mixed Nash - Walrasian equilibrium model, and take a small step

toward the formalization of the economics of state and constitutional economics.

The rest of this chapter is arranged as follow: Section 2 presents a basic model

with two final goods. It will consider the cases with and without stealing and self-

protection. This model doesn't concern legal protection from the third party, like the

Government or the Monarch. Moreover, this model is under a mixed regime of Nash and

Walras; Section 3 will solve for equilibrium and its inframarginal comparative statics;

Section 4 concludes this chapter.

2.2 A General Equilibrium Model with Division cf Labor, Increasing Return to

Specialization, and the Attempts to Steal the Possessions of Other Parties

Consider a large economy with M ex ante identical consumer-producers, and two

final goods x and y, where the set of individuals is assumed a continuum. Assume these

goods can be self-produced or purchased from the market. The self-provided

consumption of good x is denoted as xr, the amount sold in the market is xs, and the

amount purchased from the market is xJ. The transaction efficiency coefficient is k for

each unit of good purchased from the market, and kxd is the quantity of gcod x received

from the purchase for consumption, where k e (0,1). Let x' and y' denote an individual's

amounts of labor allocated to steal other parties' two goods, respectively. Furthermore, /
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represents the stealing efficiency coefficient and it is assumed that / e (0,l). t-x' is the

consumption of good x from stealing. Strictly speaking, parameter t represents relative

efficiency of an individual's stealing activities compared to others' self-protection

activities. Other variables for good y have the similar meaning. Moreover, because each

individual cannot expect to only steal the other parties' goods without having their goods

stolen, let xT and yT denote the amounts of the two goods stolen from her by all others.

Moreover, in this model we make the following assumption.

Assumption 2.1

Each individual may choose stealing from her neighbors in autarky or

stealing from her trading partners in a structure with the division of labor.

It is assumed that all individuals are ex ante identical, and they are different only

after they choose to specialize in the production of different final goods (x or/and y).

Finally, we assume that the whole economy is symmetrical, although all the later results

can be applied to a non-symmetrical economy except that the calculation will be more

strenuous.

Each consumer-producer has identical, non-satiated, continuous, and rational

preference represented by the following utility function:

(2.1.1) u = f(xc,yc),

where xc =(x + k-xJ +/-x')and yc = {y + k-yJ +t-y') are the amounts of the two

goods that are consumed. / (.) is continuously increasing and quasi-concave.1 For

simplicity, it is assumed / ( . ) = (*c)e • ( / ) ' - " and 0 =1/2.

The individual's production functions with fixed learning costs, are specified as,

(2.1.2) xp =x + xs +xT =max{/x -a ,0} and ae(0, l ) ,

yP = y + ys +yT = max.\ly -a ,o} and a e (0,l).

' The specification of such iceberg transaction cost is a common practice in the equilibrium models with the
trade-off between increasing returns and transaction costs (see Krugman, 1995). This specification avoids
notoriously formidable index sets of destinations and origins of trade flows.
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Here, xp and yp are the total output levels of the individual in producing goods x andy,

respectively. xs and / are respectively the amounts of the two goods sold in the market.

xT and ;>r are respectively the amounts of the two goods that are stolen from the

individual by others. Term lx represents the amount of time used in the production of

good x and the individual's level of specialization in producing good* ; the parameter

a is a fixed learning cost and is related to the degree of economies of specialization.

Term /,, and the parameter a of good y have the similar meaning.

(2.1.2) implies that the received self-provided consumption of the two goods

respectively are,

(2.1.3) .x = max{x/'-.vJ-xr,0}5

y = max{yp-ys-yT,o}.

This person takes xT and yT as given when she chooses her own stealing activity

level. In this sense, the stealing game among all these individuals which is part of this

model is a Nash game, despite the Walrasian regime where individuals choose the

quantities of production, trade, and consumption for given market prices. The above

functions indicate that if an individual does not produce good x and/or good y, then the

other individuals can't steal them from her.

The individual's stealing functions are as follows.

(2.1.4) x'=l* , and

/=/£,
where x' and y' are the total amounts of good xand y which the individual steals from

the other parties. It is assumed that (3 e (0,1), which means stealing activities exhibit

decreasing returns to scale.

The endowment constraint for labor is:

(2.1.5) / , H + / « + / o - = 1 -

This system of production functions and endowment constraint implies the

existence of economies of specialization in production since labor productivity increases

with an individual's level of specialization. Meanwhile, the stealing functions display
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decreasing returns. Intuitively, from endowment constraint (2.1.5), we can also derive the

following constraint,

(2.1.6) •()</ / / / <1

The budget constraint for her is,

(2-1-7) PS + pyy'= PS + P,/.

Finally, all the variables, parameters and coefficients are non-negative.

There are 210=1024 combinations of zero and non-zero values of

x,xs,xd,x',xT,y,y\yJ,y',yT. In Yang and Ng (1993), Yang and Shi (1992), and Wen

(1997), Lemma 2.1 has been established in a model similar to the one in this chapter.

Lemma 2.1

According to the Kuhn-Tucker condition, for an individual's optimum

decision, each person sells at most one good, and does not buy the same good, or buy

and self-provide the same good.

Then, we define a configuration as a combination of zero and non-zero variables,

which is compatible with Lemma 2.land Assumption 2.1; a market structure, or a

structure for short, is a division of individuals in the economy among the configurations

that are compatible with the market clearing condition. Here, Lemma 2.land Assumption

2.1 imply that a specialist producer of good x cannot steal from another JC specialist since

x specialists trade only withy specialists.

Let us examine all structures that might occur in equilibrium.

2.2.1 Autarky without stealing (A)

Individual autarky without stealing is a structure where every individual chooses

the configuration A, which implies xs = xd = y' = / = x' = xT = / = yT = 0 for all the

consumer-producers. All the people in this structure self-provide the two final goods by

themselves, and no market transactions happen among them. The decision problem for an

individual in configuration A can be specified as follows,
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(2.2.1) Max: uA=xi>yi ,

subject to the following constraints:

(2-2-2) xp =x = max{/, - a,0} and a

yp =y = v -a ,o} and a e (0,l),

O<UV<1.

The optimal resource allocation in this situation of autarky is,

(2.2.3)

"A =(--«)•

Here, the individual's maximum utility uA equals the maximum per capita output level of

the two final goods. As every individual is only endowed with one unit of labor, uA is the

per capita real income as well as the maximum average labor productivity of the final

goods in this structure.

2.2.2 Autarky with Stealing ( As)

Autarky with stealing is a structure where every individual chooses the

configuration autarky with stealing As, which implies xs = xJ = ys = yd = 0 for all the

consumer-producers. All the people in this structure self-provide the two final goods and

steal them from their neighbors as well. There are no market transactions happen among

them. Meanwhile, for the purpose of simplicity without losing generality, we assume

P = - from now on. The decision problem of an individual who chooses the

configuration autarky with stealing A becomes,

(2.3.1) M a x : « M S ) = (x +1 - x ' ) 2 - ( y + 1 - y ' ) 2 ,

subject to the following constraints:

(2.3.2) x = max{/x - a -x r ,o} and a 6 (0,l),
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y = max \ly - a - yT ,0} and a e (0,l),

Taking symmetry into account, which generates x r = x' and y r = y', the optimal

resource allocation in autarky with stealing is,

(2.3.3) /* =/„-&'.

'•(2-0

Here, the individual's maximum utility UAS equals the maximum per capita output level of

the two final goods. As every individual is endowed with one unit of labor, UAS is the real

per capita income as well as the maximum average labor productivity of utility in this

structure.

Moreover, since u{AS) > 0, a positive utility in As requires the following

inequality.

(2.3.4) f(a,k,O = Q-t)2+2-Q-2a)>0,

which requires the following conditions to be met,

(2.3.5)

— > a > - and / < //, or
2 4

— > a > — and / > tj,
2 4

where /, = 1-V4ct-1, and t2 =1 + V4ct-1 . It can be shown that x > 0 if and only if

g(,) = / 2 + 2 / - 2 ( l - 2 a ) < 0 , which holds if / 6(0,^1 + 2(1-200-1). Here, g(t) is a

convex U-shape curve with the minimum point on the left side of the vertical axis since
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dgit)/dt > 0 at t=0 and c?g(t)/dr > 0 within this region of parameter values. As shown in

Figure 2.1, tx and /2 are cutting points of the curve to the horizontal axis, given by

g(t) = 0 and /, < /2 . It can be seen that 7^< 0 and T2 > 0, and T, = -j\ + 2(1 - 2 a ) -1

Figure 2.1 The Graph of g(t)

gtt

0

Since t2 > t2 cannot hold when a > —, this implies t > ti is irrelevant for u{AS) > 0 when

—>a>—.
2 4

2.2.3 Complete Division of Labour without Stealing (DN)

The structure involving complete division of labor without stealing is denoted as

DN. It consists of configurations (x/y) and (y/x). All the individuals in these

configurations specialize in producing one final good, which means self-providing and

selling only one final good, meanwhile buying the other final goods from the market. The

symbols in the parenthesis denote the nature of the configuration. Taking (x/y) as an

example, the first symbol x means that the individual self-provides and sells good x; the

second symbol y after the slash indicates that the individual buys good y from the
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Based on Lemma 2.1, there are two configurations (xxr / / / ) , and [yyT /x

involved in the complete division of labor with stealing. The configurations in the

structure are the same as in structure DN except that the amounts of stealing activities are

positive. The symbols in the parenthesis, taking (xxT //'y') as an example are as

follows: x means that the individual self-provides and sells good x; xT represents that

some of good x are stolen by others; yd after the slash, indicates that the individual buys

good y from the market; y' represents the amount that the individual steals of good y.

This configuration can be defined as xJ = x' = y = y' = yT = 0, and

*,x\xr,/,y>o.

Considering the configuration (xxr I ydy') in the structure Ds, an individual has

the following decision problem,

(2.5.1) Max:

subject to the following constraints:

(2.5.2) xp =
s +xT =max{/;c-a,0} and a €(0,1),

= max{/;t-a-x*-xr,o}and cce(0,l),

Therefore, the optimal solution for the individual choosing configuration

(xxT / ydy1) is,

(2.5.3) l» 4k2

, (\-a-xT)
x = U 2 -

Taking symmetry into account, which generates x = y', we have,
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a > - and / < t3, or
4

3
a > — and t > t4,

where /, = k • (1 - V4a -3 ) and t, = k • (1 + ̂ 4 ^ 3 ) . Moreover, it can be shown that

x*>0 if and only if g(/) = 3f2 +2/r/-4A:2(l-a) <0 , which holds if

H e r e ' ^ i s a c o n v e x U-shape curve with the minimum

point on the left side of the vertical axis since dgit)/dt > 0 at t=0 and ^g{t)/dp- > 0 within

this region of parameter values. However, f4 > * + - c t ) - k
> - , which

4 '

implies that / > t< is irrelevant for w,n9, > 0 when a > —.

Per capita real incomes of these structures are summarized in Table 2.1.

Table 2.1. Per Capita Real Income an Different Economic Structures

Structures

A

As

DN

Ds

Per capita real income

(\ /-(2-0"|
(AS) ^ 4 J

1

*Ml-a)
U(DN) 2

[4k>-(l-a)-,-(2k-t)]
U(DS ) 3

8 £ 2

2.3 General Equilibrium and Its Inframarginal Comparative Statics
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As far as stealing activities are concerned, the regime is similar to a Nash game,

which involves conjectured variations of quantities stolen by other players. Hence, it can

be assumed that each individual chooses her stealing level for a given amount of her

goods that is stolen by others. It can be claimed that this is a mixed regime of Nash and

Walras. As far as quantities traded and produced and prices are concerned, it is a

Walrasian regime; while as far as stealing activity levels are concerned, it is a Nash

regime with a continuum of players. Each player makes her decision according to the

price vector announced by the referee and her conjecture on the quantities of her

production that is stolen by others (see Appendix 2.1, Mathematical Description of a

mixed Nash - Walrasian Equilibrium Model with Endogenous Stealing and Endogenous

Specialization).

A general equilibrium is a consequence of the interactions between prices and

behaviors that simultaneously determines both prices and the quantities of goods and

factors. As shown in Yang ;:nd Ng (1993), since each individual chooses only the

optimum one from the multiple optimal solutions, the general equilibrium is one of

multiple corner equilibria. In the new classical framework, a general equilibrium not only

counts all interactions between prices and quantities, between the markets for different

goods and factors, and between individuals' self-interested behaviors, but also is the

mechanism that simultaneously determines the network size of division of labor, demand

and supply as two sides of the network, productivity, and per capita real income. A

general equilibrium can be defined as a set of relative prices of traded goods, a set of

numbers of individuals choosing different configurations that constitute a structure, and

individuals' quantities of goods produced, traded, consumed and the stealing level, which

satisfies the following conditions: (1) each individual's decision of the configurations and

the quantities of goods produced, traded, consumed and steal'siy level, maximizes her

utility for a given set of relative prices of traded goods, a given set of the numbers of

individuals choosing different configuratioas, and the amount of goods stolen; (2) the set

of relative prices of traded goods and the numbers of individuals in different

configurations clear the markets for all traded goods and equalize all individuals' utilities;

(3) the stealing plan of every individual is realized.

I
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According to the Yao Theorem (Yang, 2001, Chapter 6), the general equilibrium

in this model is the corner equilibrium that yields the highest per capita real income and

in which nobody has an incentive to unilaterally deviate from it. Other comer equilibria

are not general equilibrium. Therefore, we will compare per capita real incomes among

comer equilibria in all structures and check if individuals have incentives to deviate from

it. In order to do it, we will partition the parameter space (a,k,t) into several sub-spaces

within each of which a particular corner equilibrium generates the highest per capita real

income and therefore is the general equilibrium. This is referred to as total cost-benefit

analysis, which is the second step in the inframarginal analysis.

Comparing the per capita real incomes in structure if and if, it is easy to show

that,

(2.6.1) uDtl>uDSt

for t < 2k, which must hold for a feasible corner equilibrium in if.

However, we can show that an individual has an incentive to deviate from the

comer equilibrium in if. If we consider the x specialist's utility function in structure if,

which can be derived as follows,
i i i

(2.6.2) u,T//A = (lx-a-xs -x7)1 -[kxs +t-(l-lxy]2 .

From this utility function, its first order conditions are,

(2.6.3)

dl 2.(1-/,)'

(2.6.4)

dl 2<V'A')
{-(he'

2-H
'„=<>
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•0

i

t '--•.

•(-fcv-v+oo)>0 .

According to the Kuhn - Tucker condition, the above results imply that the

optimum value of lx is not 1, and the optimum value of lv is not 0, which means when an

individual specializes in good x, she will still steal good y from others. Since lly =0 in

structure D'\ this result implies that an individual has an incentive to deviate from the

corner equilibrium in structure if. Appling the same procedure, it also can be derived

that,

(2.6.5)

duir, j

a?.

',*=!

[~(kxs --]
2

This result implies that it is not optimal to specialize in stealing.

In structure if, the optimum lx * 1 and the optimum l^ * 0. In other words,

structure if never occurs in equilibrium due to the "prisoners' dilemma" in a Nash game

of choosing a stealing level, i.e., people still have incentives to steal the other parties'

possessions even if this stealing makes everybody worse off.

Meanwhile, from (2.6.3) and Table 2.1, it follows that the individual will not

devote all her labor to stealing activities. In addition, a comparison between uDN and uDs

in Table 2.1 shows that the corner equilibrium in structure DN is Pareto superior to the

corner equilibrium in structure if where stealing occurs.

Comparing the per capita real incomes in structure A and As, if we follow the

same method as the above analysis, it is easy to prove that
duAS

> 0 and

dii AS

dl.

du
, together with , ,

AS

ty

and ~
A.=o

z
ol,

>y

. These results indicate that

structure A never occurs in equilibrium due to the "prisoners' dilemma" in a Nash game of
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choosing the stealing level. Hence, people in autarky also have the temptation to steal

their neighbors' possession even if stealing makes everybody worse off.

If we define a departure of equilibrium from the Pareto optimum as endogenous

transaction costs, then our preceding analysis can be summarized in the following

proposition.

Proposition 2.1

The corner equilibrium in structure Z>~ is Pareto superior to the one in structure />*,

and the corner equilibrium in structure A is Pareto superior to the one in structure

As. If and A never occur in equilibrium due to prisoners' dilemma, which implies

that each individual has temptation to steal despite stealing makes everybody worse
off.

"Next, we compare per capita real incomes of structure ,4s and if that will occur in

equilibrium. It can be shown that uDS > uAS, if and only if the following inequality holds,

(2.6.6) g(a, k, t) =y-t2 +B-t + p > 0

where y = 1-2*15 > 0 iff. * < ?m, 6 = 2£(2A:O5-1) > 0 iff. k> '/<, which is always smaller

than 2m, p s 4£2[l-a-(l-2a)/*05], which is always positive when k>ko. The shape of the

graph of g(a, k, t) in the coordinates g-t is dependent on signs of y and 6. Henoe, we

consider three cases with various combinations of signs of y and 8.

(a) Assume that k>Tm> V* which implies 7 < 0 and G > 0. The graph of g(a, k,

0 is a concave inverted U-shape curve with the maximum point on the right side of the

vertical axis since dg(a, k, t)ldt < 0 at /=0 and &g(a, k, t)/dt2 < 0 within this region of

parameter values. As shown in Figure 2.2a, suppose ts and t(, are cutting points of the

curve to the horizontal axis, given by g(a, k, t) = 0 and ts < /6, then we can rule out the

critical values of/s and f6 as

• [(1 - - JO - - 4(1 - i-2ocN,

(2.6.7) 4k •,and

• f l4
1
m
II3

1-2*"'
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(2.6.11) uDS >uAS iff.
DS > u A S

I

Figure 2.2 The Graph of g(a, k, t) with Various Combinations of Signs of y and 9

0
t6

\
o

Case ( a ) Case ( b )

\

Js t /<s

Case ( c )

To summarize (a) to (c), the general equilibrium is the division of labor if stealing

efficiency is sufficiently low and it is autarky if stealing efficiency is sufficiently high. The

foregoing results can be summarized in the following proposition.

Proposition 2.2

For a given transportation efficiency, if stealing efficiency is high, the general

equilibrium »s autarky. As stealing efficiency is reduced, the general equilibrium
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jumps from autarky to the division of labor. For a j>iven stealing efficiency, as

transportation efficiency improves, the general equilibrium discontinuously jumps

from autarky to the division of labor.

Due to t < 2k which is required by a positive utility in if, it follows that

/ • (/ - 2k) < 0. The above inequality .6) holds only if,

(2.6.12)

Here, this inequality holds only if it meets the following condition,

(2.6.13)
L(l-a) 2(1-a).

dknFrom this expression, it can be shown that —- < 0 when a < —. Moreover, note

at 4

that (2.6.12) is necessary but not sufficient for uDs > uAS. Alternatively, the inequality

(2.6.6) yields the critical value of k for UDS > HAS- That is, nDs > UAS, iff. k > k\ which is

given by g(a, t, k\) = 0. It can be shown that ki> k0.

The stealing activity le^el of an individual in if is ( ~ ) 2 , and the stealing

activity level of an individual in structure As is /„ +1^, = —. Comparing the two levels of

stealing activity in structure v4sand if, we can show that

(2.6.14) (—)2> —, iff. * < 4 = .
2k 2 42

1
Here, (2.6.14) implies when k > -j=, the stealing level in structure Er is lower than

V2

the one in structure A .

This analysis generates the following Table 2.2. This Table indicates that as trading

efficiency is improved, the level of division of laboi increases. But the equilibrium level of

stealing activity may either increase or decrease. For instance, when fo>l/V2, as k

increases from a value smaller than k, to a value larger than k,, the equilibrium jumps from
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autarky to the division of labor, while the stealing activity level decreases. When ft, <1

as ft increases from a value smaller than ft, to a value larger than it,, the equilibrium jumps

from autarky to the division of labor, while the stealing activity level increases.

Table 2.2 Relationships between the Level of Division of Labor and Stealing Level

Trading
efficiency k

Equilibrium
structure

ft/>l/V2
ft<l/V2

Ab with a
stealing

level
lower

than in Ds

fte
D/V2,ft/|
A" with a
stealing

level higher
than in Ds

k>k,

D* with a
stealing

level lower
than in As

ft/<l/-x/2
ft<ft/

A5" with a
stealing

level lower
than in Ds

fte
[ft/,1/^2]
Ds with a
stealing

level higher
than in As

fc>l/V2

Ds with a
stealing

level
lower

than in As

This result shows that under a certain condition, the Hobbes conjecture (Hobbes,

1651) is correct that if the per capita real income is very low, people have more incentives

to engage in stealing activities, while as the income increases, the incentives may reduce.

But the conjecture is incorrect under other conditions. This is because not only stealing

activity level is dependent on the income level, but also per capita real income is

determined by the level of division of labor that is in turn dependent on the stealing activity

level. There are infinite feedback loops between the level of division of labor, aggregate

productivity, per capita real income, and stealing activity level, though feedback effects

attenuate after each round of feedback in a general equilibrium mechanism. Hobbes

considered only the first round interaction between income and stealing activity level.

Hence, the whole picture of general equilibrium mechanism is much more complicated

than he could appreciate. For ft/ >1/V2 , as improvements in trading efficiency enlarges the

scope for trading off benefit from specialized production against benefit from stealing,

individuals have stronger incentive for production and weaker incentive for stealing, so that

aggregate productivity increases while stealing activity level declines. For ft/ <1/V2, as

improvements in trading efficiency enlarge the scope for trading off benefit from

specialized production against benefit from stealing, individuals can afford a higher
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stealing activity level, so that aggregate productivity and stealing activity level increase
side by side.

Next, when comparing per capita real incomes of structure A and if, we can rule

out k2 as a relevant critical vilue forwCA, > uA, that is

uA iff. k > k2 =
\-a

(2.6.15) u,

Besides, g(a, /, k) can be shown as the following,

(2.6.16) g{a,t,k) = [uDN-

Plugging k = k2 into (2.6.16), which will always be negative if and only if the following

inequality holds,

(2.6.17) and

\-2k~2 2

Also, taking into account uDs > HAS, iff. k > k\ which is given by g(a, /, k\) = 0, it can be

shown that ki > k2 under the condition in (2.6.17).

The temptation for stealing in a Nash game of choosing the stealing level, may

generate endogenous transaction costs in a Hobbes' Jungle which result in an inefficient

1 1
level of division of labor when/: 6 [k2,k\\ and k < (—)3. Within this parameter subspace,

the equilibrium is autarky with stealing As and the Pareto optimum is associated with

structure if. The endogenous transaction costs are mutually beneficial gains from the

division of labor that cannot be exploited in a decentralized market.

We can use a table to further explore the welfare implications of equilibrium and

endogenous transaction costs of two types.

Table 2.3 General Equilibrium and Pareto Optimum
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2.3-1: k<(-Y

Stealing

efficiency /

t <t

t>t

Trading

efficiency k

k<k0

ke[ko,k2)

*e[*2,*,]

k>k,

k<kQ

*e [*„,*,)

k>kx

Equilibrium

Structure A*

Structure Ab

Structure A*

Structure L?

Structure A*

Structure A*

Structure if

Pareto Optimum

Structure A

Structure A

Structure if

Structure if

Structure A

Structure A

Structure if

2.3-2: *> ( ! )»

Trading efficiency k

k<k0

fce [*„,*,)

k>kx

Equilibrium

Structure A*

Structure A*

Structure I?

Pareto Optimum

Structure A

Structure A

Structure if

Table 2.3 shows that for k>k{, stealing generates inefficient resource allocation

(too much labor is allocated to theft), despite an efficient level of division of labor.

1 1
Forifc e [k2,kt] and k < (—)3, stealing generates allocation inefficiency (too much labor

is allocated to theft), as well as organization inefficiency (the equilibrium level of

division of labor is inefficient). If k increases from a level smaller than k0 to a value

greater than ki, then equilibrium will jump from Pareto inefficient autarky in structure A

to Pareto inefficient division of labor in structure Lr.

Since parameter t represents relative efficiency of stealing to self-protection-from-

theft, a decrease in / can be interpreted as an increase in efficiency of self-protection-from-
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theft. Proposition 2.1 and 2.2 show that the incentives for stealing create the "prisoners'

dilemma" problem. Each individual will allocate ,-esources to stealing activity despite the

fact that theft behaviour makes everybody worse off. The distortions of resource allocation

may cause an inefficient level of division of labour (endogenous transaction cost associated

with organization inefficiency), if transportation efficiency is neither too high nor too low

and stealing efficiency is low. Therefore, Hobbes' jungle may generate coordination failure

of mutually beneficial division of labour, because of the trade-off between the positive

network effects of the division of labour on aggregate productivity and endogenous

transaction costs caused by theft and exogenous transaction costs. An increase in

transportation efficiency and / or a decrease in stealing efficiency will raise the equilibrium

level of division of labour, thereby enlarging the extent of the market, and increasing

aggregate productivity and per capita real income.

This model offers an explanation why in developing countries, which have lower

transaction efficiency and lower protection level for property rights, the network of division

of labour is small and easier to break down. On the other hand, although developed

countries have higher transaction efficiency and larger network size of division of labour,

stealing activities still exist.

2.4 Concluding Remarks

In this chapter, we have developed a general equilibrium model with endogenous

specialization and endogenous theft behaviour to investigate effects of theft on the

equilibrium network size of division of labour, on aggregate productivity, and on per capita

real income. If an individual can steal from her neighbours or her trade partners, then an

increase in transportation efficiency or a decrease in stealing efficiency will increase the

level of division of labour where each individual's resources allocated to theft may be either

lower or higher than in autarky. This shows that conventional wisdom that "wealth reduces

the desire for stealing and poverty stimulates theft" is not always consistent with a

sophisticated general equilibrium analysis of interdependence between per capita real

income and equilibrium levels of division of labor and stealing activity. An increase in

transportation efficiency and / or a decrease in stealing efficiency will raise the equilibrium
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level of division of labour, thereby enlarging the extent of the market, and increase

aggregate productivity and per capita real income.

I
m
S
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Appendix 2.1 Mathematical Description of a mixed Nash - Walrasian Equilibrium

Model with Endogenous Stealing and Endogenous Specialization

A2.1.1. Introduction

It is well known that a property right environment may affect the economic

decision-making of every individual in a society. In an economy without any effective self-

protection and / or third party protection of property rights, illegal behaviour such as

stealing or pirating may be encouraged, while incentives of carrying out a technical

innovation or introducing new products may be suppressed. The issues of property rights

have been addressed by quite a lot of studies. However, as far as we have seen, very few

studies have related this problem directly to the general equilibrium analysis.

In Chapter 2, it is assumed that an economy with stealing is a mixed regime of

Nash and Walras. As far as quantities traded and produced and prices are concerned, it is

a Walrasian regime; but as far as stealing activity levels are concerned, it is a Nash

regime. Each player makes her decision according to the price vector announced by the

referee and her conjecture on the quantity of her products stolen by others. The total

number of goods in the economy, the transaction efficiency for each good, and the

stealing efficiency are assumed to be exogenously given and to be common knowledge.

The production technology and the preference of each individual, are assumed to be ex

ante identical.

Given the level of self-protection and/or the third party's protection of property

rights, when any good is produced by any individual, part of it may be stolen by some

other individual or individuals. The producer then can determine either to sell part of that

left by the thieves in exchange for some other good produced by the other individuals or

to consume all of that left for him. For simplicity, we assume that in this chapter the

stolen good cannot be used for trading, and an individual can only steal the goods torn

her trade partners.

In this model, an exogenously given property rights environment will be denoted

by a set of parameters. A better environment leads to lower returns to any stealing

activity; on the other hand, a worse property rights environment increase the productivity

of illegal activities. Thus, like most of the legal systems introduced in human society, in
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our model the property rights system, instead of directly giving protection to producers, is

mainly aimed at discouraging illegal behaviour. As a result, the equilibrium of the

economy, as we will see, depends not only on self-protection and / or the legal system

themselves, but also on the transportation efficiency of the economy.

With an exogenously given level of self-protection and / or the third party's

protection of the property rights, together with a price vector for trading goods, an

individual must first make a conjecture on what percentage of her produce may be stolen

before she can make her decision on production or stealing. Note that, all these

percentages are actually not determined until every individual has made her decision. A

price vector together with a conjecture across the population induces a mixed Nash -

Walrasian Equilibrium (NWE) if, when every individual maximizes her utility under her

conjecture, the trading markets and the theft "markets" are all cleared, i.e., the ex ante

conjectures of all the individuals concerning the production-theft environment coincide

with ex post one generated by the individuals' utility maximization decisions.

We introduce the mathematical model in Section 2. Then we propose some simple

results in Section 3 together with a simple example. Section 4 is devoted to the discussion

of the existence of a NWE. In Section 5 we compute a NWE with complete division of

labour. From our example one can see the not only the exogenously given property rights

environment, but also the transaction efficiency in the trading markets may affect the

theft activity.

A2.1.2. The Mathematical Model

2.1. Consider a large economy with a continuum of individuals:

(A2.1.1) E = fI,M/,g,uJ.

Here / = [0,1] is the set of ex ante identical individuals. Each individual is

endowed with 1 unit of labour. M = {1, ...,m} is the set of consumption goods./= {fj, ...,

fmj is the set of production functions for each and every individual, i.e. a quantity of fj (

Lj) of good j will be produced if any individual allocated Lj units of labour for the

production of goody, g = (gi, .... gm} is the set of transaction functions, i.e. if # units of

goody is purchased by an individual from the market, then, because of the presence of
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transaction costs, a quantity of g, (y,) is actually received by her for consumption. Finally

u : R"-> R is the utility function for every individual. We have assumed that the

individual can only obtain utility from consumption of goods, i.e. the utility obtained

from consumption of the vector of goods (z,, ..., zlft) is given by u (z,, ..., z j . In this

chapter we assume that, while the knowledge /, M and g are common, the production

function and the utility function of each individual is her private information.

In addition to the activity of production, we also consider the activity of stealing,

or theft activity. In this model, we consider a society with an exogenously given level of

self-protection and / or the third party's protection of the property rights of every goody.

We assume that the effectiveness of this self-protection and / or the third party's

protection of the property rights is measured by r = (n, .... r^ with r7g[o,l] . Thus a

higher r, value corresponds to a better property-rights environment for good j . On the

other hand, we assume that every individual has a set of stealing functions {si, .... sm } ,

i.e. a quantity up to {X-x^-s^V^) is stolen by her, where L\ is the amount of labour

this individual allocates for stealing of good j . The function s, is assumed to be strictly

increasing and continuous. Thus we have assumed that, as far as the aggregate demand of

stealing has not yet exceeded the aggregate quantity of good j being produced, the

quantity of a good any individual can steal is computed by the above formula. We will

see that, at any equilibrium, this case is always true. On the other hand, in case the total

amount of goody produced, Qj = J ,ffoj)> i s l e s s t h a n t n e t o t a l amount of good;

people plan to steal, S(r, j) = (1-rj) J

should be adjusted to -,~J ,(l-rj)sj(L's ) .
S{rJ)

ifel
1

?,, ), then the actual amount being stolen by i

From now on we will denote such an economy by E = [/, N, f, g, u; r]. r and the

stealing function of every individual will be assumed as common knowledge.

2.2. We will impose some fundamental assumptions on the above mentioned functions.

Assumptions:

h
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(i). For every;, /_,- .- [0JJ-+11+ is continuous, non-decreasing, and convex or

weakly convex; and fj (1) > 0 .

(ii). For every/ g,.- R+ ->R+ is strictly increasing and continuous, satisfying gj

(0) - 0, gj (yj) < yj, and Urn gj (yj = «s oar J J -> «».

(iii). u :R™-± R is continuous, non-decreasing in each variable, and for any given

; and (zx, ...,zs.it ,zj+i, .... zm)» 0, it holds that

Um r;--> 00 ll(zi, ...,Zj-i, ,Zj+i, . . . , Znl) = 00 .

(iv). For everyj, sj: [0,1] -±R+ is continuous and strictly increasing.

2.3. With an exogenously given level of self-protection and / or the third party's

protection of property rights, described by r, imagine that a price vector/? = (pi, .... pj

> 0 for the m goods is announced by the referee. When making a decision on allocating

her labour, an individual has first to make a conjecture on the theft environment. A

conjecture of an individual / is represented by two /w-vectors: e' =•( e\, .... e'm), where e'j

is the fraction of good j that will be stolen by other individuals from her produce. Of

course a conjecture of any individual may depend on r and p. On the other hand, for

simplicity, we assume that, when making a stealing decision on a goody, every one

expects or believes that, an amount of (1 - r3) • SJ(LSJ) will be stolen by her.

2.4. A decision plan of / is then

(A2.1.2) d'= (L\,..., L'm; L'sV...,L'sm;x'v..., x'm;y\,

where V is the amount of labour she allocates for goody's production, L'sj is the amount

of labour she allocates for stealing goody, x) is the amount of goody she sells, and/ , is

the amount of good j she purchases. These quantities are subject to the following

constraints:

(A2.1.3) L)>.0,L'sj:

(A2.1.4) 0

(A2.1.5) y'jZO,
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The amounts of goods she expects to consume are given by

(A2.1.6) *>Q-e'J)fJ{l!J)-x

As a result, her utility is expected to be

II

2.5. Given r and p, denote the mapping /j-»e' by e, and denote the mapping

i\->z' = (z[ ,-..., z'm) by z, then < p, e z > is said to be a NEW of the above mentioned

economy E if the following requirements are satisfied:

(i). For every j , the market for trading goody is cleared:

(ii). The ex ante system of conjecture e is consistent with the ex post production-

theft environment, i.e. for every j :

(A2.1.9)

(iii). The utility of every / is maximized at z' given p subject to the constraints

(A2.1.3), (A2.1.4), and (A2.1.5).

Note that, at any equilibrium, every individual must hold the same conjecture. As

a result, e' = e , V;. Note also that, given the properties of the utility functions as

described in 2.2. Assumption (iii), at any NWE we must have p » 0. Otherwise the

aggregated quantities demanded for the free goods will be infinity and the markets can

never be cleared.

A2.1.3. Necessary Condition for Existence of a NWE, Examples

3.1. It is straight-forward to establish

Lemma A2.1.1.

Given the assumption that all individuals are ex ante identical, at any NWE,

should it exist, every individual must achieve the same utility.
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Proof. The argument is simple. Assume that at a NWE < p, e, z > it holds that iJ <

u\ then by choosing individual h's decision plan d\ individual i can achieve a higher

utility, which violates the requirement in 2.5 (iii).

3.2. In this subsection lot us consider a simple example.

Example A2.1.1.

Consider a simple example with m = 2. Assume that r

exogenously given. Assume that for every goodj, we have

(Al l . 10) u(xl,x2) = xlx2 ,

(A2.1.11) fj(Lj)=max{0,Lj-0.5} ,

, r>) » 0 is

(A2.1.13) &(yj)=kyj,ke(0,\] .

Consider any price vector p. Let e be a system of conjectures with respect to the

production-theft environment. Any individual / has five configurations for her decision

options: (i). producing one good but neither trading nor stealing; (ii). producing one good

and trading but not stealing; (iii). producing one good and stealing but not trading; (iv).

producing one good and trading and stealing; and (v). not producing any good but

stealing. Note that while configuration (v) does not generate any symmetric structure, it

can be sustair.cJ at an equilibrium when each of the two goods is produced by a positive-

measured subset of other individuals in the population.

Observation A2.1.1. With r = (1, 1), a NWE of this economy is given by p =

(1,1), e' = (0,0), d = (1,0; 0,0; 0.25,0 ; 0, 0.25), V/e[0,0.5) ; d = (0,1; 0,0; 0,0.25;

0.25,0), V/ e [0.5, 1], and z1 = (0.25, 0.25k), i e [0,0.5]; j = (0.25k, 0.25), i = [0.5,1].

It is easy to check that the maximal utility for every individual is 0.0625 k.

Proof. Given r = (1,1), no one wants to waste labour for stealing. Given p = (1,1)

and the production functions, every individual will allocate labour to produce one good

only. The above-mentioned NWE is achieved by complete specialization and trading.
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Observation A2.1.2. For any value of ft, at any NWE of this example, should it

exist, the equilibrium utility for every individual is less than 0.0625.

Proof. We first establish the result that the equilibrium utility must be not greater

than 0.0625 at any NWE. Assume that at a NEW, there are total amount of A individuals

allocate labour for good 1 production, and B individuals allocate labour for good 2

production. Then the aggregated quantity of good 1 produced is QA < 0.5A , and that of

good 2 is QB < 0.55. As a result the sum of these two aggregated quantities is

Q< 0.5(̂ 4 + B) < 0.5. Assume that at this equilibrium every individual achieves a utility

of U. Assume that individual / consumes z\ units of good 1. Then she must consume —

units of good 2. We therefore have

(A2.1.14) 0.5> J[01]z; + J [ w ] ^ . = J[01](2; + ^ - )>
z,

from which we derive U < 0.0625.

=21/ 0.5

- i

Observation A2.1.3. With the r, > 0 being sufficiently small, for any value of k,

in our example there does not exist any NWE.

Proof. On the one hand, from Observation 2, at any NWE, the equilibrium utility

is not greater than 0.0625. On the other hand, by allocating all her labour for stealing, 0.5

units of labour for stealing each of the goods, an individual can consume 0.5 (1- r}) units

of goody, achieving a utility of 0.25 (1-ri) (l-r2), which could be higher than 0.0625 for a

sufficiently small r,, provided her stealing plan is realized. Thus no NWE can exist.

Remark. Observation 3 reveals a new characteristic of our GE model with illegal

behaviour. We see that, not every property rights system supports a NWE. The intuition

behind this observation is that, when the property rights system is very poor and the

expected returns to the illegal activities are very high, individuals are inclined to seize

goods and services through illega) activities, and few people have incentive to engage in

any production activity. As a result, the ex ante plans of "stealing" cannot be realized ex

post.
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An economy without a NWE is non-stable in the sense that individuals' decisions

may change from one period to another. Given a very poor property rights system, when

resources become extremely scarce, even professional thieves or bandits have to engage

in production in order to survive. Once the resources become abundant, some of them

may engage in theft activity again because it is more efficient for increasing their wealth.

A2.1.4. The Existence of a Nash - Walrasian Equilibrium

4.1. As we have seen in subsection 3.2, sometimes an economy with illegal behaviour

may have no NWE. Here, however, we will try to derive some sufficient conditions for

its existence.

Divide the population into m subsets: / = / , u . . . u / m , and 7, consists of the

individuals who sell only good; for; = 1, ... m.

For any given e, assume that every individual holds the same cc jecture e' - e .

Let Wj (e) be the measure of the mass of /,. We then have

Proposition A2.1.1.

For every given e , there exists a price vector p(e) and a weight vector w(e) =

(wi(e), .... wm(e))' such thatpfo) is an MVEPV and that w(e) clears the trading market.

The proof of Proposition 1 is very much similar to the GE existence proof in Sun-

Yang-Yao (1999). Therefore we omit it.

Note that, while p(e) together with w(e) clears the trading market, it is not

guaranteed that the theft "market" is also cleared. As a result, the targeted allocation z(e)

may or may not be realized because the (1 - x}) • Sj(L'3J) must be adjusted at the end.

Now we consider an economy £p in which everything is the same as in E,

except that the aggregate amount of good; is Qj + /3 instead of Qj, meaning, even if no

production of good j is carried out, there is still some amount of good j there, say,

dropping from heaven.
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Now assume that all the goods in this economy are gross substitutes. Consider Ep

first. For any given e, the price vector p(e), the targeted allocation z(e) and the weight

vector w(e), as mentioned in Proposition 1, are uniquely determined by e. Let z '(e) be the

actual allocation. Let e' be the vector of real percentages computed according to w(e)

and z'(e). We then have a mapping e K> e \ It is a continuous mapping from a compact

convex set into itself. By the Brower's Fixed Point Theorem there exists a ep such that

epv^ep. Then we have pp = p(ep) and wp = w{ep) which clear both the trading

markets and the "theft markets".

Let e be a limit point of {ep:fi> 0} and let p* = p(e*) and >v* = >v(e*). We

then have

Proposition A2.1.2.

A Nash - Walrasian equilibrium exists if {ep : /3 > 0} has a limit point e* « (1

I).

4.2. With E = [/, M, f g, u; r] given, an individual is said to be professional thief \f she

allocates all her labour for stealing. We first assume that her stealing plan could be

completely realized, i.e. the amount of good j she could steal is precisely equal to

(l-rj)-.s;(Z-V)for ally. The corresponding maximum utility she could achieve in such a

way is denoted if. It is easy to demonstrate:

Proposition A2.1.3.

Given E = [I, M,fg, u; r], let £ ' = [I. M.f g, u; (1 1)] be the economy similar

to E except that there is a perfect self-protection and / or the third party's protection of

property rights, so that any theft activity results in nothing returned. Let U' be the

maximal utility for every individual at a general equilibrium of E'. Then U' < U implies

that there does not exist any NWE of E.

Proof: According to the First Welfare Theorem, if U is the equilibrium utility in

E, we must have U'< U .But then UT> U' gives a contradiction.
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Proposition A2.1.4.

Following Proposition 3, we assume in addition that the model is completely

symmetric, and that for any L,, L2 such that 1 > L, > L2 > 0 it holds that

Then U'> U implies the existence of a N WE with no active theft activity.

Proof: Actually the GE of £ ' is a NWE of E with e = (0,...,0). Given the

equilibrium price p = (1,..,,1). The inequality in (15) guarantees that trading is more

profitable than stealing once you have determined to produce any good. On the other

hand, U'> U guarantees that no one has the incentive to specialize as a thief.

A2.L5. Continued Discussion of the Example.

Now we assume that, in the example we discussed in subsection 3.2. rj = r< l,j

= 1, 2. We want to compute a NWE. We will compute a general equilibrium with

complete specialization.

By symmetry we may assume that the equilibrium price vector is p = (1, 1), and e

= (a, a). Now a good 1 producer will allocate all her labour on good 1 production,

producing an amount of 0.5. With 0.5a units of her produce being stolen, she has an

amount of 0.5(7- a) left. For utility maximization she sells 0.25 (1 - a) units of the

remaining product, and purchases 0.25 (1 - a) units of good 2 from good 2 producers.

With the transaction efficiency equal to k, she consumes 0.25 (1 - a) units of good 1, and

0.25 k(l - a) units of good 2, achieving a utility of U = 0.0625 k (1 - a)2. The incentive

constraint for her not to allocate part of her labour for stealing2 is given by k (1 - a) > 1 -

r. We will always assume this constraint holds. Similarly the maximal utility for a good 2

producer is U = 0.0625 k (1 - a)2.

On the other hand, a professional thief will allocate 0.5 units of labour for stealing

each of the two goods. He will consume 0.5 (1 - r) units of each good, achieving a utility

of if=0.25 (1 -r)2.

We now consider two cases:

50



Casel. r < l - 0 . 5 - V L

In this case, we always have U < UT even if all the producers are extremely

optimistic, believing a = 0. As a result, there does not exists any NWE.

Case2. r>l-0.5-V& .

In this case we have multiple equilibria. If all producers are optimistic and

believing that a = 0, then we have a NWE with half the population producing good 1 and

another half producing good 2.

On the other hand, we can also determine an a, and a> 0 which supports a NWE

with professional thieves and complete specialization. What is required is

.16) r>l-k(l-a), r = l-0.5(l-a)4k .

From which one solves a = 1 r . To determine the measure of the mass of each

type of professionals, we may assume >v/ = wi = v, and that WT ~ 1 - 2v. It is required

that,

(Al l . 17) (0.5a)v = 0.5(l-r)(l-2v) .

\-r
From which one solves v -

2-(\-r)
. It is easy to see that 0 <v < 0.5.

From case 2, we see that given the same economy with the same property rights

environment, the equilibrium of an economy not only depends on the transportation

efficiency of the economy, but also depends on the protection of property rights.

2 If she had allocated any labor for stealing, she will first steal good 2.
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CHAPTER 3. Division of Labor, Specialization, and the Enforcement of

Property Rights: A General Equilibrium Analysis

3.1 Introduction

Among others, Barzel (1997) and Buchanan (1975,1991) develop the economics of

state and constitutional economics respectively to explain the emergence and evolution of

state and constitutional order. According to them legitimized and monopolized police

violence that penalizes theft is essential for the emergence and evolution of private property

rights. This chapter extends the model of endogenous theft and endogenous network of

division of labor in the preceding chapter to formalize the economics of state and

constitutional economics, as well as to investigate how new constitutional rules emerge and

evolve.

Early economic analysis of the enforcement of property rights can be traced back to

classical writers such as Montesquieu (1748), Beccaria (1767), Bentham (1789), Hobbes

(1651) and Rosseau (1762). Hobbes and Rosseau, in particular, examined human society in

its primordial "state of nature" where there is no third party protection of property rights.

Hobbes argued that in the primordial state of nature, the "law of the jungle" prevailed in

which individuals allocate part of their endowments to self-protect their own properties and

steal goods from other parties. According to Hobbes, the "laws of nature" dictated the

establishment of a property rights system with third party protection, which he called the

"Civil Government", or "Commonwealth" (Hobbes, 1973, pp.64-66) which mandated

punishment for those who violate the rights of others. Hobbes and Rosseau tried to explain

how the Civil Government, or Commonwealth is erected, although they failed to tell us

how the Commonwealth superpower endogenously evolves from economic development,

or in their words, how the Man or the Assembly of Men emerges from the society.

...Therefore before the names of Just, and Unjust can have place, there must be some

coercive Power, to compel men equally to the performance of their Covenants, by the

terrour of some punishment, greater than the benefit they expect by the breach of their

Covenant; and to make good that Propriety, which by mutual Contract men acquire, in

recompence of the universal Right they abandon: and such power there is none before

the erection of a Commonwealth... (Leviathan, p.74)
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...if their actions be directed accounting to their particular judgments, and particular

appetites, they can expect thereby no defense, nor protection, neither against a common

enemy, nor against the injuries of one another. ...The only way to erect such a Common

Power, ...as if every man should say to every man, I Authorize and give up my Right of

Governing my self, to this Man, or to this Assembly of men, on this condition, that thou

give up thy Right to him, and Authorize all his Actions in like manner. This done, the

Multitude so united in one Person, is called a COMMON-WEALTH, ...This is the

generation of that great LEVIATHAN... (Leviathan, p.89)

Establishing social order consists of a reduction in the resources devoted to

productive activities, that is the costs of enforcement less that of attempting to steal

benefit from others and self-protection (Rousseau, 1762). The social contract therefore

should have the following components: the rules to establish property rights, a

mechanism for enforcing the sanctions for violations of property rights, and the rules

which specify the taxation system made by each individual to support this property rights

system, like the "criminal justice system" (Skogh and Stuart, 1982). In recent decades,

Becker (1968) sets up an economic approach for crime and punishment. Alchian (1983)

emphasizes the implementing of property right system need the might from the state or

the government. Buchanan (1975) analyzes the bases for a society where the people want

to be free but who recognize the inherent limits that social interdependence places on

them. Barzel (1997) applies contract theory to analyze property rights and the evolution

of the state. Guth and Kliemt (1995) establish and apply an indirect evolutionary

approach to show that institutions of enforceable adjudication in themselves may enable

higher levels of contract compliance than could be obtained in their absence even though

adjudicators are no better behaved than ordinary traders. Although Hobbes presented to

us some aspects of the principal nature of the human society, they rarely happened or

were only special cases at some periods in the human history (Demsetz, 1964).

During the same period of time, the pioneering work of Coase (I960, 1991),

Williamson (1989), North (1987, 1990a) and others, has led to the recognition that various

transaction costs are the primary reason why impersonal competitive markets do not

function as effectively as might be suggested by the neoclassical benchmark of the Arrow-

Debreu theory or the corresponding more general benchmark of the Aumann-Shapley core
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in cooperative game theory, which forms the theoretical underpinning of the Coase

theorem. That in turn explains the emergence of different mechanisms and institutions as

devices that enable the participants to mitigate or to cope with the transaction costs. This

mode of analysis has been developed and tested most fully in industrial economics and in

economic history (Williamson 1989; North 1990a). North (1990b) studies the political

process in the transaction-cost mode, and his main focus is on a particular facet of

transaction costs, namely, a failure of "instrumental rationality" for participants in the

process. As North states, the informational feedback is inadequate to convey to these

participants the correct theory of how their world operates; this affects the individuals'

decisions and in turn the outcome of the process and the information it generates. However,

there are other aspects of transaction costs that are also prominent in industrial economics.

They are to do with game-theorstic issues of asymmetric information and time-consistency

of action, and they persist and affect outcomes even if there is full instrumental rationality,

that is, even when every participant knows the correct theory of the world and can perfectly

calculate his own optimal strategy. The problems arise in the strategic interaction between

such individuals and the equilibrium of their game. Moreover, some formal modeling in

political economy is close to this tradition of industrial economics in emphasizing

transaction costs, but the connection does not appear to have been explicitly recognized or

exploited. First, numerous analyses of time-consistency and commitment in fiscal and

monetary policy derive from Kydland and Prescott's (1977) work on rules versus

discretion. Difficulties with credibility of commitments constitute an important class of

transaction costs (Maskin and Xu 1999). Second, the problems of agency in politics and

administration have been studied by Banks (1991), Persson and Tabellini (1990), Tirole

(1994), and Dixit (1996).

Through the process of institutional evolution, which is itself history-dependent and

often quite slow, we should expect to see some systemic attempts to cope with transaction

costs and to mitigate their ill-effects. In transaction-cost economics, an external

enforcement agency, namely the legal institution governing the contract, is assumed to

exist, although its performance is again constrained by the difficulties of verifying whether,

or how well or badly, the parties have met the conditions of the contract, and it is

recognized that sometimes bilateral private mechanisms of dispute resolution may
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outperform external enforcement. Transaction-cost economics assumes that contracts are

enforceable within the limits of the existing legal institutions and the available information.

In an original position behind a veil of ignorance, everyone may voluntarily agree on a

social contract, but the contract must include an explicit or implicit coercive mechanism to

ensure continued participation after specific individual positions have been revealed. Olson

(1993) puts such mechanisms with coercive capability at the center of his theory of the

emergence and performance of governments. Although an intention of the constitution is

that such force, or its threat, should serve the general interest, nothing can guarantee that

once an agency is given the state's monopoly of force, it will not use this power in pursuit

of its own interests. But it may be possible to structure the rulers' incentives in such a way

that they will find it in their own interests to remain reasonably benevolent.

The Smithian perspective of economic development focuses on the roles of

institutions in driving economic growth. Accordingly, markets are important in attracting

private savings for capital accumulation and in promoting an increasing division of labor in

markets, leading to the stimulation of growth in the industrial sector and agricultural sector.

In a developed society, complex institutional structures are devised to constrain various

opportunistic behavior such as cheating, and shirking and to reduce the uncertainty of

social interaction. In general, the formation of institutions aims to ensure that transactions

are not too costly and thus allow the potential productivity gains of the division of labor

and improved technology to be realized. Various transaction costs directly affect the

efficiency of resource allocation, which results from market failure or incomplete markets.

In order to reduce transaction costs, such as various opportunistic behaviors, elaborate

institutional structures must be devised that constrain the participants and so minimize the

costly aspects. Formal contracts, legal guarantees, brand names, and other elaborate

monitoring systems are developed to protect and enforce property rights. These institutions

depend on a complex institutional structure that makes possible the specification and

enforcement of property rights, which in tum allow transactions to occur and productivity

gains from modem technology to be realized in order to achieve economic growth and

development.

Yang and Ng (1993) formalize the Smithian perspective of economic development

by taking transaction costs into account. They utilize a consumer-producer approach to
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show that an exogenous improvement in transaction conditions leads to enhanced levels

of individual specialization, increased degrees of roundaboutness of production, and an

increased variety of intermediate goods. However, the above studies do not endogenize

stealing and the enforcement of property rights from the third party in their models.

Historical observation indicates that the demand for the enforcement of property rights

from government, and the demand for transaction protection are significantly higher in

developed countries than in developing countries, and also that violation of property

rights occurs less in developed countries. However, the foregoing argument still lacks

theoretical foundations.

Applying a general equilibrium model with economies of the division of labor

through increased returns to specialization, this chapter assumes that in an economy with

stealing a mixed regime of Nash and Walras prevails. As far as quantities traded and

produced and prices are concerned, it is a Walrasian regime, but as far as stealing activity

levels are concerned, it is a Nash regime. Each player makes her decision according to the

price vector announced by the referee and her conjecture on the social environment.

Meanwhile, this chapter will also examine the economies of the division of labor, effects

of stealing on the network size of division of labor, effects of third party protection of

property rights on the network size of division of labor.

In the first part of the model, the state can endogenously emerge from taxation that

is used to finance the judicial system and enforcement of laws that penalize theft. The

tradeoffs between positive network effects of the criminal laws and their enforcement and

negative effects of taxation on the network size of division of labor, can be used to

partition the parameter space into subspaces, in each of which a corner equilibrium in a

structure is the general equilibrium. Particularly within certain parameter subspace, the

third party, like the Monarch, emerges from a large network of division of labor. In the

second part of the model, a Monarch is specified as the monopolist of legitimate violence,

and has a trade-off between his consumption directly from tax revenue and his

consumption indirectly from tax revenue via more effective enforcement of criminal

laws. His optimum allocation of tax revenue and optimum tax rates efficiently balance

the tradeoff. In the third part of the model, competition between two kingdoms, if the
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populations are allowed free migration, is specified as a determinant of equilibrium

allocation of tax revenues between Monarchs1 consumption and law enforcement and

equilibrium tax rates. This model may generate many predictions that reject conventional

wisdom and support empirical observations. For instance, it may predict that per capita

real income, the level of division of labor, productivity, and income share of tax revenue

in a geo-political structure where many sovereigns of nearly the same size in the absence

of overarching political power (such as in Europe in the 17th - 20th centuries), are higher

than those in a geo-political structure with overarching political power (such as in China

before the 19th century).

The geo-political stricture in Western Europe and the North Atlantic were

favorable for the evolution of competitive institutions and division of labor. Baechler

(1976, p.79) states: "Fundamental springs of capitalist expansion are, on the one hand, the

coexistence of several political units within the same cultural whole and on the other,

political pluralism which frees the economy." McNeil (1974) also indicates,

...The political pluralism of early modern Europe was, I think, fundamental and
distinctive. When all the rest of the civilized world reacted to the enhanced power cannon
gave to a central authority by consolidating vast, imperial states, the effect in western and
central Europe was to reinforce dozens of local sovereignties, each consciously
competing with its neighbors both in peace and, most especially, in war. Such a political
structure acted like a forced draft in a forge, fanning the flames of rival ideologies and
nurturing any spark of technical innovation that promised some advantage in the
competition among states... (The Shape of European History, p. 125)

The driving force of the development of capitalist institutions is the absence of a

single overarching political power in Europe and the rivalry between hostile

sovereignties, which created the opportunity for social experiments with a great variety of

institutions within a relatively short period of time. This rivalry also created great

pressure for rulers to creatively mimic those institutions that enhance economic

performance, and thereby, their power. These predictions reject conventional wisdom that

a lovver tax rate is always better than a higher one and confirms the conjecture proposed

by many historians that checks and balances on the top level of political arena can

increase income share of tax revenue allocated to law enforcement as well as aggregate
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productivity, per capita real income and level of division of labor.1

The rest of this chapter is arranged as follow: Section 2 develops a general

equilibrium model with two final goods, stealing and Monarch's taxation. Section 3

solves this equilibrium as well as the Monarch's optimal personal consumption and tax

rate. Section 4 solves a mixed Nash-Walrasian general equilibrium, and explores

implication of inframarginal comparative statics of general equilibrium. Then, another

kingdom is introduced into the model to investigate effects of rivalry between Monarchs

on the equilibrium level of division of labor; Section 5 concludes this chapter.

3.2 The Basic Model

Consider the same large economy with M ex ante identical consumer-producers

and two final goods x and y where the set of individuals is assumed to be a continuum.

Assumption 3.1

Each individual can only steal goods from parties with whom she trades.

This assumption implies that in the absence of trade in the economy, there is no

stealing occurs. Without this assumption, the calculation becomes intractable.

The specification of an individual's utility function and constraints, as well as the

meanings of the terms, are the same as the ones in the preceding chapter except the

specification of stealing efficiency coefficient and budget constraint. In this chapter, the

stealing efficiency coefficient depends on the third party's enforcement for property rights.

We assume that the level of self-protection that other parties have is exogenously given.

Here, we use T to denote the stealing efficiency coefficient and t e (0,l) to denote the

stealing efficiency coefficient without third party protection. The relationship between t and

Twill be

1 The historians include Baechler (1976, p. 79), McNeil (1974, p.125), Hall (1987), Mokyr (1990), Jones
(1981, pp. 226-35), Braudel (1984, pp. 128-29), Weber, quoted from MacFarlane (1988, pp. 186-87), and
Laslett(1988,p.235).
In contrast to Europe, the emperor of the continental Chinese empire dominated politics, the economy and
religion within the empire. Compared to China, all other Asian countries were relatively small. Thus, the
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(3.2.1)

where the parameter 5 is the taxation rate imposed by the Monarch. The parameter (3 is that

fraction of the total taxation revenue personally consumed by the Monarch and 1 - p is the

percentage of the total taxation revenue that the Monarch devotes to the protection of

property rights. In addition, we assume s e (0,l) and (3 e (0,l), as well as p = 1 when 5 -»

0. According to this formula, 7 = Mf.s = 0andP=l . ,y = 0 implies the absence of third

party enforcement. With third party protection of property rights by the Monarch, T < t.

The stealing efficiency coefficient in the absence of their party enforcement, t, relates to the

other parties' self-protection which, as noted above, is exogenously given. From the

stealing function, it is easy to show that when the taxation rate 5 andl-P increases, the

stealing efficiency coefficient, T, decreases.

Strictly speaking, the parameter t represents the relative efficiency of an

individual's stealing activities compared to others self-protection activities. Thus, t-x' is

the consumption of good x from stealing and t • y' is the consumption of good y from

stealing. Similarly, the parameter T represents the relative efficiency of an individual's

stealing activities compared to others self-protection activities and the efficiency of third

party protection of property rights. Thus, taking third party protection into account, T-x' is

the consumption of good x from stealing and T • y' is the consumption of good y from

stealing. In addition, because each person is assumed to be ex ante identical and other

parties will also attempt to steal the individual's goods, we use xT and yT to denote

quantities of x and y which other parties steal from the individual.

The budget constraint for the individual is different from the one in the preceding

chapter,

(3.2.2) pxx
s + pyy

s = (1 + s) • pxx" • pyy
d

competition between institutions within countries and between countries did not have the same opportunity
to develop as in Europe.
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The parameter s is the taxation rate imposed by the Monarch. The budget constraint

implies that the Monarch can collect the tax revenue only when there are market

transactions. Moreover, the mode! also exhibits that there is an endogenous institutional

factor that determines the cost of establishing market transactions. A high value of T

denotes an inefficient institution system, which encourages individuals to steal goods from

others. This is because each individual must suffer high costs in order to maintain the

transactional system, or to protect her property rights. That is, the development of

institutional structures for securing exchanges permits individuals to take actions that

involve complex relationships with other individuals. Furthermore, all the variables,

parameters and coefficients are non-negative.

3.3 Configurations and Structures

Following the same procedure and definitions described in the preceding chapter,

this chapter will examine each structure and derive the equilibrium solution with stealing

and third party's protection.

Yang and Ng (1993) establish Lemma 1 in a multilateral bargaining game.

Lemma 3.1

According to the Kuhn-Tucker condition, the optimal configuration entails each

person selling at most one good and does not involve purchase and self-provision of

the same good.

Lemma 3.1 and Assumption 3.1, above, imply that theft never occurs in autarky and

that an individual specializing in p.-oducing good x cannot steal from another individual

specializing in producing good x. This is because individuals specializing in producing

good x will only trade with individuals specializing in producing goody.

Taking into account Lemma 3.1 and Assumption 3.1, we first consider two

alternative configurations; namely, Autarky, which we will call structure A, and the

complete division of labor with stealing, which we will call structure if. There is a

Monarch who provides third party protection of property rights in the if structure.

"M*r'l
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3.3.1 Autarky without Stealing (Structure A)

The optimal resource allocation in this situation of Autarky is as follows,

(3.3.1a) / x = / v = ~ , and

(3.3.1b) (-

Here, the individual's maximum utility uA equals the maximum per capita output level of

the two final goods. Because each individual is only endowed with one unit of labor, uA is

the per capita real income as well as the maximum average labor productivity of the final

goods in this structure.

3.3.2 The Complete Division of Labor with Stealing (Structure

In this structure, all individuals specialize in producing one of the two final goods.

Since stealing activity doesn't involve fixed learning costs and transaction costs, people still

have an incentive to steal ;he others' possession as described in the preceding chapter.

However, there is a Monarch in this economy who will provide protection for property

rights in this case. Because the total taxation revenue is divided between Monarch's

consumption and the enforcement of property rights, there is a trade-off between the

Monarch's personal consumption and the enforcement of property rights for given tax

revenue. The trade-off does not end here. One more trade-off is between positive effects of

taxation that contributed to the enforcement of property rights and negative effects of

taxation on the level of division of labor that determines aggregate productivity, transaction

volume, and per capita real income. Feedback loops based on the trade-offs are more

complicated. Tax revenue is dependent on the income level, aggregate productivity, and

transaction volume which is dependent on the level of division of labor, which is in turn

depends on stealing efficiency, while stealing efficiency is determined by tax revenue

allocated to the enforcement of property rights. There are two configurations in structure

if, (xxT I ydy'), and [yyT lxdx'\ which characterize the choices of being a specialist in

producing good x and being a specialist in producing good y respectively.

The good x specialist's decision problem is,
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(3.3.2a) Max: u^rl/yl) = x* . (k. / + T • y' j .

The constrains facing an individual who specializes in good x are:

(3.3.2b) x + x' =

v1 =p

/, -o,0} and a e (0,l) ,

-a-^-x r,o} andae(0,l),

(3.3.2c)

The optimal solution for the individual in configuration (xxT /y'y') is:

Taking the symmetry into account, which yields xT = y', then we get

(3.3.2d)

(3.3.2e)

y -(2-p)1 +3t2

,and

W( T,

i I '
>-[2kpx

xy3 3

Since all the individuals in the structure are ex ante identical, and the model is

symmetrical, we can work out the optimal soli .ion for configuration \yyT lxdx') as well.

By the utility equalization condition and market clearing condition, we can obtain

the relative prices and the number of individuals of the two different configurations in

structure D? as,
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(3.3.2f) ^ = 1 and
Py

M_

2

Here M^TlyJy^ and M ^ J / x V | denote the numbers of individuals in the different

configurations respectively. The per capita real income in this structure is:

_
"DS

-[2k-(2-py

8*'•(! + *)* - (2- /3)

Because the endowment constraint of this configuration requires ()</,,/,>, < 1 ,

Ik • 12 — B
therefore a feasible corner equilibrium in D5 requires / < X=—, otherwise /^ > 1,

-s/l + i1

which is infeasible. Moreover, since u{DS) > 0, the following inequality must hold.

(3.3.2h) r(a,k,t)~[k(2-

which requires the following conditions to be met,

+k2 •(3-4a)-(2-p)>0,

(3.3.2i) a<- ,or
4

a > — and t < {7, or
4

a > — and t > ts,
4

where /7 = Jfc • (2 - /3)1 (1 - V 4 a - 3 ) and f8 = k • (2 - P ) 1 (1 + ^ 4 a - 3 ) . Moreover, it can be

shown that x* > 0 if and only if

-(2-B)~2 -4k\\-a)-(2-B)<0 , which holds if

t /Q
3(1 + 5)

a ) 1] Here^ ^ts^p^ i s a c o n v e xu-shape curve witlithe

minimum point on the left side of the vertical axis since 8 g(t,s,B)/dt > 0 at 1=0 and
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d2g{t,s,P)/dl2 >0 within this region of parameter values. However,

^ 3
when a > --, which implies that / > ts is irrelevant for

4

when a > —.

We now consider the decision problem of the Monarch in structure if, who

imposes taxation and offers third party protection of property rights. We assume that when

the Monarch imposes taxation, she faces a trade-off in terms of what to do with the

revenue. The trade-off is between using the revenue for her own personal consumption and

using the revenue to finance protection of property rights, which in turn will increase per

capita income and related tax revenue through more effective enforcement of criminal

laws. Hence, the decision problem of the Monarch is:

(3.3.3a) Max: uK =(xd)2-(yd)2,

subject to the budget constraint,

(3.3.3b) P,xi+pyyi=S'P-<j

Here, s • px • xd is the tax revenue collected from a good y specialist and the number of

+pyy ) - y

good y specialists is — in equilibrium. Similarly, s • py • yd ;s the tax revenue collected

M
from a good x specialist and the number of good x specialists is — as well in equilibrium.

Plugging the budget constraint, and

into the Monarch's utility

function, the first order conditions of the Monarch's decision problem will be,

(3.3.3c)
du

•£- == 0 and
ds

K _= 0 .
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This yields the following relationship between the taxation rate and the Monarch's

personal consumption rate:

(3.3.3d) s = 2-/3

The optimal value of the variable p is solved from the following equation,

(3-3.3e)

(3.3.3f)

Then, the optimal value of Monarch's personal consumption rate is

1 5/2 i

B ~2 f Y.

Plugging (5 * into (3.3.3d), we can rule out the optimal value of taxation rate, that is

(33.3g)

From the above two equations, the optimal utility function of the Monarch and the

individual in structure if are,

.2 I-
)2

V) 2fe.[- \.5t:

(3.3.3h) uK =
i.5

•o-«)J' .«,-«) £-o-_q)J.
2 2

L*2-(l-a) Y
-},and

(3.3.30
_>/ifc-(l-a)'(1.5f2)i t-[k2-(\-a)Y , f2-[fc2-(l-a)]i

2V2 -[k2 -(1-a)]* A-\fk-(\.5t2y 4*j2k2-(\.5t2)2

Because it is assumed previously that this analysis is under the condition of a large

economy, which means the population size M is very large, the Monarch's utility will

always be higher than his subjects' given the conditions of / < j=— and (3.3.2h) in

this economy.

(3.3.3J) » "DS •

3.4 General Equilibrium and Comparative Statics
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A comparison between uDS in (3.3.2g) and vA in (3.3.1b), yields uDS > uA if a 6

(0.5, 1), which makes uA < 0 and uDs > 0, or alternatively if a e (0, 0.5) and the following

inequality holds,

(3.4.1)

-{\~2a)-k2 -(1.5)6 >0.5/1 (l-aY-^-
2 a) '' * + I

Here, this inequality holds if and only if it meets the following condition,

(3.4.2)

•0-5)6

I 4 i
l-a)'•*'-*•(!-a)*

or

(1.5)5(l-a)« +V(1.5)'(l-a)3 +[2V3-(l-a)7 -it1 -2Hl-a)2]-(l-2aK2

^
V3-(l-a)' -it3 -fc-O-a)*

If further assuming there are two kingdoms, country A and country B, we can

examine two situations in the rest of this section. First, we will consider the case where one

kingdom has the Monarch to protect property rights, while the other one is still in the

situation of Hobbes'jungle. Second, we will investigate the case where both kingdoms have

Monarchs, and they are ex ante identical. The only difference between them is in the

arrangement of economic institutions. For simplicity without lose of generality, this chapter

assumes the difference lies in the Monarch's personal consumption p , and $A < (3fl. In

addition, people are free to migrate between these two kingdoms.

In the first case, we assume there is a Monarch in country A to offer the third party's

protection of property rights, while country B doesn't have any third party's protection of

the property rights. They will enjoy the same per capita real income in the autarky

structure. However, there is crucial difference within the structure of complete division of

labor with stealing,

(3.4.3)
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u DSB
_[4k2-(\-a)-t -
~ I

where UOSA and UDSB are the per capita real incomes in the division of labor with stealing in

the two countries, while A is with the third party's protection of property rights and B is

without it. Comparing the UDSA and UDSA with uA respectively, we will solve two threshold

values of the stealing efficiency coefficient. uDSB > uA, if and only if

(3.4.4) ,<,.,.»4 -[(\-2a)-k2 -(1-ct)] ,or

t>tn sk + yk

Similarly, uDSA > uA, if and only if the inequalities in (3.4.1) hold.

Here, all these U are under the domains for a feasible corner equilibrium in

structure if. It is easy to show that if k > k0 s ( ^ — ^ ) 2 , or the division of labor is better

off than autarky in the absence of stealing, the relationships among these /, are,

(3.4.5) / , > / „ and/,0<f1 2-

These two inequalities imply that the curve of UDSB - uA is higher than uDSA - uA, as shown

in the following graph. This implies that UDSB > uDSA. In other words, if the equilibrium in

the country with Monarch is the division of labor, then the equilibrium in the country with

Monarch is always the division of labor. But if the equilibrium is the division of labour

when in the country with Monarch, the equilibrium in the country without Monarch may

not be the division of labour.

= UDSB - UA , which are shown at Figure 3.1

Figure 3.1 The Graph o(fi(a,k,0 and f2(a,k,t)
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fi(a-Xt)

f2(a,k,t)

These relationships indicate that the emergence of a Monarch, who offers third

party protection of property rights, will make the division of labor more likely to occur in

equilibrium compared with Hobbes' primordial state of nature. In other words, if

/ e (/„,/,)or / s (/,0,/12), the equilibrium in country B is autarky while the equilibrium in

country A is the division of labor.

Proposition 3.1

If t e (/u,f9)or / e (Jw,tn)» a Monarch generates a higher level of division of

labor, higher aggregate productivity and higher per capita real income compared

with Hobbes primordial state of nature through an increase in the institutional

efficiency of enforcement of property rights. The equilibrium level of division of

labour in the presence of a Monarch is not lower than that in the absence of Monarch.

Next, we examine the case where both countries have Monarchs, but their personal

consumption of the tax rate differs. We assume that $A < pB . We also assume that there are

no border controls preventing population flows between Countries A and B.

Taking equation (3.3.2k) into account, together with the Monarch's budget

constraint and the endogenous values of xd and /, we can derive the Monarch's and the

individual's utility functions as functions of the Monarch's personal consumption rate, p .
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| m d

_/3 y

where UK is King's utility and uDs is a commoner's utility.

From the above two expressions, it is clear that — ^ - ^ > 0 , "K •- > 0 , and
9p dM

< 0 . These relationships indicate that with no border controls preventing

population flows between these two ldngdoms, all individuals will emigrate to the country

with the lower (3. This implies an increase in M in the country with a lower (3, which will

increase the Monarch's utility in the country with a lower p via a positive effect of

increasing inflow population size on his utility, despite direct negative effects of a smaller p

on Monarch's utility. Since as subjects run out of the kingdom with a larger p, the

Monarch's utility tends to zero as M tends to 0 even if P is large. Hence, two Sovereigns

will reduce the level of P to attract more people to emigrate to their Kingdoms, thereby

increasing UK- The process of reducing the level of p will continue until uK = uDS. We can

derive the critical value of P , which is denoted as p 0 , from uK = uDS which is equivalent

to the following equation,

(3.4.7)

^ 2 f a ^ r f )+ f 4fr2-(l-a)-(2-p )2 -/f _
The critical value of P is:

In (3.3.2m), P' is the equilibrium tax revenue share of Monarch's consumption in a

single kingdom without competition threat from another kingdom. Since - ^ : > 0 a n d
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Hmpo=2-—i_- ,
A/-KO k(\ - a)

t h a n w e h a v e • Furthermore,

comparing the per capita real income of the individuals in an economy with one Monarch,

with those in an economy with two Monarchs, yields the following relationship, due

to-

(3.4.9) w D S ( P 0 ) > K J M ( P ' ) .

Here, wDS(P0) denotes the per capita real income in an economy with two Monarchs in two

kingdoms, and uDS($ ) denotes the per capita real income in an economy with one

Monarch.

Because of (3.4.9), an economy with two Monarchs in two kingdoms has a higher

utility within the structure E? than one with just one. It follows that uDS > uA is more likely

to hold in the economy with two sovereigns who are in competition for labor flows

compared to the situation where there is just one sovereign within the if structure.

Therefore, rivalry between the two sovereigns under pressure of free migration between the

kingdoms will promote division of labor.

The results are summarized in the following Proposition,

Proposition 3.2

1. Monarch's function is to promote division of labor and to raise aggregate

productivity and individuals' per capita real income through an increase in

institutional efficiency of enforcement of property rights;

2. Competition between Monarchs generated by free migration between the two

kingdoms will result in more effective third party protection for property

rights. This, in turn, will expand the network size of the division of labor and

productivity and reduce the income differential between the Monarch and her

subjects compared to the situation where there is just one Monarch.
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Basically, Proposition 3.2 is similar to Buchanan's (1975, 1991), Barzel's (1997)

and Baechler's (1976) observations on economic history. These economists emphasized

that: 1. The emergence and evolution of state and constitutional order are essential for

economic development. According to them, legitimate and monopolized police violence

that penalizes theft is essential for the emergence and evolution of a private property rights

system. But monopolized police violence creates a scope for state opportunism which

pursues Monarch's interest at the cost of social welfare despite the fact that monopolized

police violence may generate higher per capita income than Hobbs jungle. This dilemma is

detrimental to economic development; 2. Rivalry between Monaichs, generated by free

migration, will solve this dilemma, promote division of labor, and raise aggregate

productivity and per capita real income via improvement of enforcement of property rights.

The rivalry will also reduce inequality of income between political elite and commoners,

thereby creating momentum for democratic reforms. These results suggest that institutional

efficiency in enforcing property rights is one of the most important driving forces behind

economic development and structural transformation.

3.5 Conclusions

The previous sections have shown how an improvement in institutional efficiency

from the third party's protection for property rights can promote the development of

division of labor, specialization of workers and the enhancement of aggregate productivity

and per capita real income. Contrary to the assumptions underlying iu 'as of technology

and investment fundamentalism, this chapter stresses the importance of institutional factors,

especially the enforcement of property rights that captures the relationship between

structural transformation that occurs in an economy and the level of division of labor. In

this model, parameter / represents technical efficiency of stealing in the absence of

institutional protection of property rights, and variable T represents stealing efficiency

when institutional protection of property rights is allowed. In this chapter, a Monarch's

decision to collect tax and to allocate tax revenue between his consumption and

enforcement of property rights is introduced to the model with endogenous stealing and

endogenous specialization of Chapter 2. Then, this model is compared with the model of

Hobbes1 jungle in Chapter 2 to investigate the effects of the Monarch's power in enforcing
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property rights on network size of division of labor and productivity. By comparing self-

protection and the third party's protection, this chapter shows that the government can

endogenously emerge from taxation that is used to finance the judicial system and

enforcement of laws that penalize theft. This chapter has examined the trade off between

positive network effects of the laws and their enforcement, and negative effects of taxation

on the network size of division of labor. It is shown that the improvement in institutional

efficiency expands the demand for transactions, which requires third party's protection. The

market mechanism for goods as well as for the third party's protection, determines the

selection of the protection system of property rights. In this model, aggregate productivity

is determined by the network size of division of labor (extent of the market). The network

size of division of labor is determined by the enforcement of property rights, which is

dependent on tax revenue and in turn dependent on per capita real income, aggregate

productivity, and network size of division of labor. Hence, the notion of general

equilibrium is a powerful vehicle to investigate circular causation and related economics of

state.
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CHAPTER4. A General Equilibrium Model with Impersonal
Networking Decisions and Bundling Sale

4.1 Introduction

The purpose of this chapter is to investigate the function of a particular type of

bundling sale in exploiting network effects of the division of labor and in promoting

productivity progress. We motivate this task from the following perspectives. First we

compare it with the existing literature of bundling and tying sale. Then, we consider

some common internet phenomena which cannot be predicted by the existing

literature. Finally, we motivate the research of effects of bundling sale on the network

size of division of labor by comparing our task with the literature of endogenous

specialization and network effects of division of labor.

An extensive literature has been developed to investigate the role of bundling

and tying sale (Bursten, 1960, Stigler, 1963, Adams and Yellen, 1976, Schmalensee,

1984, McAfee, McMillan, and Whinston, 1989, Whinston, 1990, Hanson and Martin,

1990, Eppen, Hanson, and Martin, 1991, Salinger, 1995, Varian, 1995, 1997, and

Bakos and Brynjolfsson, 1999a, b). This literature focuses on bundling and tying that

is associated with monopoly power. The following assumptions are made in this

literature. Each consumer consumes at most one unit of a good and has constant

valuation of the one unit of good. Resale of a good is not allowed. In addition,

differentiated prices cannot be directly charged for individuals with differentiated

valuations of goods because such valuations are not observable. The assumptions

imply that utility is not specified as a function of amounts of all consumption goods

and that no substitution between goods is allowed (so-called independent valuations).

Hence, interesting interactions and feedback loops between consumption quantities,

prices, income, production decisions, and substitution between goods, which are the

focus of a standard general equilibrium analysis, are not investigated in this literature.

With these quite special assumptions, it is easy to see that bundling can impose

indirect price discrimination under a uniform price of a bundle of goods even if no

monopoly power exists. Bakos and Brynjolfsson (1999a, b) have nicely presented the

intuition about this function of bundling.
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In this literature, research results on welfare effects of bundling are

inconclusive. Adams and Yellen (1976) emphasize that adverse effects of bundling on

welfare come from monopoly power rather than bundling itself. Bowman (1957), Blair

and Kaserman (1978), Grimes (1994), Delong (1998), Chae (1992), Fishburn, Odlyzko

and Siders (1997), Varian (1995), Chuang (1999), and Bakos and Brynjolfsson (1997,

1999) pay more attention to positive welfare effects of bundling. Matutes and Regibeau

(1992), Tirole (1989, pp. 146-48), and Martin (1999) pay more attention to adverse

welfare effects of tie-in sale. Whinston (1990) shows that welfare effects of tying in an

oligopoly regime are ambiguous.

As reviewers of some papers in the literature point out, many internet and e-

business phenomena are inconsistent with the particular assumptions made in this

literature. For instance, there are more than a thousand email or search engine providers

and each of them bundles their services. Some of the services are charged positive

prices (very likely lower than marginal cost) and others are provided free of charge.

Also, resale of such services is possible, quantities of such services can be any integer

numbers (for instance each person may get several email accounts from each of several

providers), and substitution between services are not trivial (that is. a consumer's

valuation of a service is not a constant, or a consumer's utility is a function of quantities

of such services and other goods).

Bakos and Brynjolfsson, (1999b, p. 3) defend their position by arguing that

bundling sale with zero prices of some services is a phenomenon of disequilibrium.

We disagree. A good of zero price implicitly bundled with goods of positive prices

can be a general equilibrium phenomenon. A conventional market for petrol and air

pump services may illustrate our point. There are many petrol stations which sell

petrol at a competitive price and provide air pump services free of charge. This

market structure has been in place for long time. The bundling of petrol and air pump

services must be a general equilibrium phenomenon. In this market, all consumers'

preferences for petrol and air pump services might be very similar, so that the

rationale for the type of bundling in the existing literature is irrelevant.1 The intuition

for this phenomenon is quite straightforward. Pricing of air pump services and

collection of related payment involves transaction costs to consumers as well as to

petrol stations (waiting time, inconvenience, and tangible resource cost for pricing

1 As shown by Bakos and Brynjolfsson (1999a), benefit of bundling disappears as consumers'
evaluations converge to the same value.
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and payment collection). If the production cost of such services can be added to the

price of petrol which is complementary to air pump services, then such transaction

cost can be avoided. Bundling sale may incur endogenous transaction costs that are

the distortions caused by individuals who use air pump services but do not buy petrol

from the same petrol station. But as long as reduction of exogenous transaction costs

of pricing air pump services outweighs the increase in endogenous transaction costs, a

competitive market will generate pressure to compel all petrol stations to implement

such a bundling price structure. We call this phenomenon implicit bundling which

charges a positive price for a good and zero price for another good without an explicit

bundle. Implicit bundling is closer to mixed bundling than pure bundling investigated

in the existing literature. Other implicit bundling cases include TV programs (TV

shows are free of charge and associated advertisements are paid at positive prices by

companies selling goods to viewers of TV programs) and an automobile company's

marketing operation with positive prices of cars and free internet purchase services.

Here, the key point is that competition pressure and prohibitively high pricing cost of

some goods are essential for zero prices of goods bundled with goods of positive

prices. Therefore, we need a model without monopoly power and with transaction

costs and competitive (implicit) bundling. This paper will formalize this story using a

general equilibrium model with well specified ex ante identical utility and production

functions for all individuals.

We shall tell the story by formulating a trade-off between positive network

effects cf division of labor on aggregate productivity and transaction costs. As

suggested by Allyn Young (1928), network effect is a notion of general equilibrium.

Not only does the network size of division of labor depend on the extent of the market

(the number of participants in the network of division of labor), but also the number

of participants is determined by all individuals' participation decisions in the network

of division of labor, which relates to their decisions of their levels of specialization.

This circular causation, noted by Young, is of course an essential feature of general

equilibrium, analogous to the circular causation between quantities and prices in the

fixed point theorem (each individual's quantities demanded and supplied depend on

prices, while the equilibrium prices are determined by all individuals' decisions as to

quantities). Hence, a partial equilibrium model, such as those in the existing literature

of bundling, does not work for our task.
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Moreover, since we need an assumption of competitive market for

investigating network effects of division of labor, we are not confined to the strategic

networking decision that is associated with monopoly power. We need a general

equilibrium model of impersonal networking decisions to investigate infinite feedback

loops between network size of division of labor, each person's participation decision,

prices, quantities, and different markets. Yang (2001) and Sun, Yang, and Yao (1999)

have drawn the distinction between the strategic networking decision and the

impersonal networking decision. For the latter, each decision maker is not concerned

with whom she has a trade connection. She is concerned with how many goods she

will trade and how many she will self-provide. Such concern is associated with the

number of types of trading partners, which determines her trade network size and

pattern. Impersonal networking decisions take place in a market where no body can

manipulate prices, so that implicit bundling with zero prices of some goods may

emerge from competitive pressure and free entry. Such impersonal networking

decisions generate network effects of division of labor that are not network

externalities since we assume that each individual is capable of conducting

inframarginal analysis (total cost-benefit analysis across corner solutions in addition

to marginal analysis of each comer solution). Inframarginal analysis means that each

individual is capable of not only choosing locally optimum resource allocation for a

given trade network pattern using standard marginal analysis, but also choosing a

globally optimal trade network pattern by comparing several locally optimum values

of objective functions. Formally, inframarginal analysis is non-linear programming.

Coase (1946, 1960), Buchanan and Stubblebine (1962), and Yang (2001) have shown

that a lot of so-called network externalities can be internalized by individuals'

inframarginal decisions. They are considered externalities by many economists since

these economists assume, naively, that individuals are incapable of doing

inframarginal analysis. Many contributors to the literature of inframarginal analysis of

network effects of division of labor and impersonal networking decision (see surveys

of this literature by Yang and Ng, 1998 and by Yang, 2001, and references there in)

have shown that marginal cost pricing does not work when individuals conduct

inframarginal analysis. Hence, non-marginal cost pricing is compatible with a

competitive market with increasing returns and impersonal networking decisions.

In this chapter, we will specify a general equilibrium model with a continuum

of ex ante identical consumer-producers who prefer diverse consumption and
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specialized production due to economies of specialization in production of three

goods. There is a trade-off between transaction costs and positive network effects of

division of labor on aggregate productivity. Hence, if the transaction cost coefficient

for a unit of goods traded is very large, the positive network effect is outweighed by

transaction costs. Therefore, individuals choose autarky where market transactions,

the institution of the firm, and bundling sale do not occur. As the transaction cost

coefficient decreases, the general equilibrium discontinuously jumps to a higher level

of division of labor. Markets emerge from the division of labor. However, if the

transaction cost coefficient for labor is smaller than that for goods, the institution of

the firm and related labor market emerge from the division of labor. Otherwise, the

markets for various goods will be used to organize the division of labor in the absence

of the institution of the firm and related labor market. If the transaction cost

coefficient for a good is extremely large and the equilibrium level of division of labor

is sufficiently high, then this good will be implicitly bundled with other goods to

avoid prohibitively high pricing cost, meanwhile getting this good involved in the

large network size of division of labor and commercialized production.

Intuitively, this story can be told as follows. Suppose that an automobile

manufacturer, such as General Motors, sells automobiles and internet services for

purchasing cars online. Automobiles are tangible goods which are easy to price, but

internet services are intangible and very difficult to price. General Motors can bundle

two goods together by providing free internet services and by adding the operation

cost of internet services to the price of automobiles. If such bundling can save

consumers' transaction costs incurred in a purchase deal in excess the added cost to

the price of automobiles, General Motors will have a competitive edge compared to

other automobile manufacturers who do not provide such bundled deal. Then a

competitive pressure in the market will force all manufacturers to provide such

bundled deals. Here, monopoly power, constant and independent valuations of one

unit of good, non-resale, and other peculiar assumptions are not needed. In addition,

even if all individuals have ex ante identical utility function that allows substitution

between goods, productivity gains from bundling may be generated by network

effects of division of labor. Without bundling, involvement of the good with

prohibitively high transaction cost coefficient in a high level of division of labor and

avoidance of direct pricing cost of such a good cannot coexist. Hence, positive

network effects of division of labor on aggregate productivity cannot be fully
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exploited. With bundling, both of the tasks can be achieved at the same time.

Therefore, the network effects can be fully exploited and aggregate productivity can

be promoted by the bundling. It is interesting to see that bundling in a competitive

market has very important productivity implications even if all individuals have ex

ante identical utility function and substitution between different goods are non-trivial.

This chapter proceeds as follows. Section 2 is devoted to describing the model.

Section 3 solves the equilibrium and its comparative statics and reports the main

findings. The final section concludes the paper.

4.2 A Model with Impersonal Networking Decisions and Bundling Sale

Consider an economy with a continuum of consumer-producers of mass M This

assumption implies that population size is very large. It avoids an integer problem

associated with having numbers of different specialists, which may lead to non-

existence of equilibrium with the division of labor (see Sun, Yang, and Zhou, 1998).

Each consumer-producer has identical, non-satiated, continuous, and rational preference

represented by the following utility function:

(4.2.1) u = f(xc,yc),

where xc = (x + xd) and yc = (y + yd) are the amounts of the two final goods that are

consumed, x and >> are the amounts of the two goods that are self-provided, xd and./ are

the amounts of the two goods that are purchased from the market, and j(.) is

continuously increasing and quasi-concave. For simplicity., it is assumed that

Each consumer-producer's production functions are:

(4.2.2) xp = x + xs = (z + zd f • lx and j3 e (0,1),

z" = z +Z5 = Max{0, lrb), and b s(0,1).

where / and / are the amounts of the two final goods produced, / is the amount of the

intermediate good produced, / is the amount of intermediate good purchased from the

market, Xs, / and z* are the amounts of the three goods sold, b is a fixed learning and

training cost in producing goods y and z and the parameter /3 represents the elasticity

of output of good x with respect to the input level of intermediate good z.0+l>l

implies that there are increasing returns in producing the final good x. The endowment
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constraint for each individual endowed with one unit of working time is given as

follows:

(4.2.3) lx+l,+ls=l,

where /, is the amount of labor allocated to the production of good i. This system of

production implies that each individual's labor productivity increases as she narrows

down her range of production activities. As shown by Yang (2001, chapter 2), the

aggregate production schedule for three individuals discontinuously jumps from a low

profile to a high profile as each person jumps from producing three goods to a

production pattern in which at least one person produces only one good (specialization).

The difference between the two aggregate production profiles is considered as positive

network effects of division of labor on aggregate productivity. This network effect

implies that each person's decision as to her level of specialization, or gains from

specialization, depends on the number of participants in a large network of division of

labor, while this number is determined by all individuals' decisions in choosing their

levels of specialization (the so-called Young theorem, see Young, 1928). Since

economies of specialization is individual specific (learning by doing must be achieved

through individual specific practice and cannot be transferred between individuals), a

labor endowment constraint is specified for each individual, so that increasing returns

are localized.

The budget constraint for an individual is,

(4.2.4) kxpxx
s + kypvy

s + k:p.zs = pxx
d + pvy

d + p,zd, and kt e (0,1) ,

where p, is the price of good i. A fraction \-kt of a good sold disappears in transit due to

an iceberg transaction cost, or kt is a trading efficiency coefficient, which represents the

conditions governing transactions.2 h relates to transportation conditions and the

general institutional environment that affects trading efficiency. We assume that if

labor trade occurs, a fraction 1-g, of the amount of labor employed to produce good i

disappears in transit from the employee to the employer due to all kinds of transaction

costs in labor trade (shirking, measurement cost of quantity and quality of labor, and

anticipated moral hazard). Hence, g, is the trading efficiency coefficient of labor

employed to produce good i.

2 The specification of such iceberg transaction cost is a common practice in the equilibrium models
with the trade-off between increasing returns and transaction costs (see Krugman 1995). This
specification avoids notoriously formidable index sets of destinations and origins of trade flows.
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Due to the continuum number of individuals and the assumption of localized

increasing returns in this large economy, a Walrasian regime prevails in this model.

The specification of the model generates a trade-off between economies of division of

labor and transaction costs. The decision problem for an individual involves deciding

on what and how much to produce for self-consumption as well as to sell and to buy

from the market. In other words, the individual chooses nine variables xh x,s, xf, yh y,s,

yt, zh zf, Zi > 0. Hence, there are 29 =512 possible corner and interior solutions.

4.3 Corner Solution in a Configuration and Corner Equilibrium in a Structure

Since corner solutions are allowed in our model, standard marginal analysis of

interior solution does not work. We need a three-step inframarginal analysis. In the first

step a set of candidates for an individual's optimum decision is identified by ruling out

all inefficient interior and corner solutions. Possible network structures of division of

labor and related transactions can then be identified as combinations of corner solutions.

This first step of infxamarginal analysis will be done in subsection 3.1. We then solve

for all possible corner solutions and the local equilibrium in each market structure that

is a combination of compatible comer solutions, using marginal analysis. The second

step will be taken in subsection 0.2. Finally, we will use total cost-benefit analysis to

figure out under what condition, which local equilibrium is a general equilibrium. This

will be done in subsection 3.3.

4.3.1 Configurations and Structures

The set of candidates for each individual's optimum decision includes many

corner and interior solutions. In order to narrow down the list of the candidates, Yang

and Ng (1993), and Wen (1998) used the Kuhn-Tucker conditions to establish the

following lemma:

1

Lemma 1

Each individual sells at most one good, but does not buy and sell the same good,

nor buys and self-provides the same good at the same time.

We define a configuration as a combination of zero and positive variables

which are compatible with Lemma 1. When labor trade and bundling are allowed, there

are 19 configurations from which the individuals can choose. A combination of all
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individual's configurations constitutes a market structure, or structure for short. Let us

examine all structures that might occur in equilibrium.

Structure A: Autarky

Structure A consists of all individuals choosing configuration A (self-

sufficiency, or autarky), where an individual produces all the three goods for self-

consumption. Configuration A is defined by x,y,z>0and

x>=x
d=y'=yd =z'=zd=0.

Figure 4.1 Configurations and Structures

Autarky

Structure PB

Firm

Structure FPB



Structure CD

Firm
Firm /

Structure FDA
Structure FTA

Firm /

Structure FTB
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Structures with Partial Division of Labor: PA, PB and FPB

(1) Structure PA is a division of the population between configurations (xz/y)

and (y/x).

A person choosing configuration (xz/y) produces goods x and z, buys good y,

and sells good x. It is defined byx,xx,z,yd > 0,z' = zd = y = ys = xd = 0.

A person choosing configuration (y/z) produces good y, buys good x, and sells

good y. It is defined by y,y\xd > 0,x = xs = z = z* = zd - yJ = 0.

Note that structure PA involves trade of goods x and y, so that the trading

efficiency coefficients kx and ky appear in this structure.

(2) Structure PB is a division of the population between configuration (zx/y) and

(yx/z).

A person choosing configuration (zx/y) produces goods x and z, buys good y,

and sells good z. It is defined by x,z,zs ,yd >0,xs =xd = y = ys = zd = 0.

A person choosing configuration (yx/z) produces goods x and y, buys good z,

and sells good y. It is defined by x,y,ys ,zd >0,xs =xd = yd =z = zs = 0.

Note that structure PB involves trade of goods z and y, so that trading efficiency

coefficients k, and ky appear in this structure.

(3) Structure FPB is a division of the population between configuration (lzx/y)

and (yx/lz).

A individual choosing configuration (lzx/y) produces goods x and z, buys good

y, and sells labor for producing an intermediate good z. It is defined

byx,z,lz,y
d >0,x° =xd =y = ys = zs=zd =0.

A person choosing configuration (yx/lz) produces goods x and y, sells good y,

and employs labor to produce good z. It is defined

byx,y,y',l,>0S =x' ~yd =z' =z" =0.

Note that structure FPB involves trade of good y and labor lz, so that the trading

efficiency coefficients ky and gz appear in this structure.

Complete Division of Labor:

Structure CD with Complete Division of Labor and without the Institution of the

Firm is a division of the population among configurations (x/yz), (z/xy) and (y/x).
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An individual choosing configuration (x/yz) in structure CD produces and sells

good x and buys goods y and z. It is defined

byx,x\yd,zd > 0,xd = y = ys = z = z° =0.

An individual choosing configuration (y/x) in structure CD produces and sells

good y and buys good x. It is defined by y,ys,xd > 0,.x = xs = / = z = z' = zd = 0.

An individual choosing configuration (z/xy) in structure CD produces and sells

good z and buys goods x and y. It is defined

byz,z',xd,yd >0,zd =x = xs=y = / =Q.

Note that structure CD involves trade of goods x, y, and z, so that trading

efficiency coefficients kx, ky, and k? appear in this structure.

Complete Division of Labor with the Institution of the Firm: Structure

Structure FDB is a division of the population among configurations (z/lxy),

(lx/xy) and (y/x).

An individual choosing (z/lxy) produces and sells good z, hires labor to produce

x, and buys good y. It is defined by z,yd ,lx,x
s >Q,xd = y = ys = zs = zd = 0.

An individual choosing (lx/xy) sells labor for producing x and buys goods x and

y. It is defined byxd ,yd , lx > 0,xs = y = / = z = zs = zd = 0.

Configuration (y/x) is the same as in structure CD.

Note that structure FDB involves trade of goods x, y, and labor lx, so that the

trading efficiency coefficients kx, ky, and gx appear in this structure,

Complete Division of Labor with Bundling Sale and the Institution of the Firm:

Structures FT^, and FTB

(1) Structure FTA is a division of the population among configurations (x/lyz),

(ly/x(y))and(z/x(y)).

An individual choosing (x/lyz) produces good x, employs labor to produce y,

and sells x that is bundled with y. It is defined

byx,xs,ly,z
d,ys >0,xd =yd=z = z° =0.

An individual choosing (ly/x(y)) sells labor for producing y, buys good x, and

gets the bundled good y. It is defined

byxd,L,yd>0,x = xs =y = ys =z = zs=zd =0.
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An individual choosing (z/x(y)) produces and sells z, buys good x, and gets the

bundled good y. It is defined by z,z* ,x
d,/ > 0,* = x' =y = yx =zd = 0.

Note that structure FTA involves trade of goods x, z, and labor ly, so that the

trading efficiency coefficients kx, L, and gy appear in this structure. Good y is not

directly priced though it is bundled with good x.

(2) Structure FTB is a division of the population among configurations (x/lyz),

(ly/y(x))and(z/y(x)).

Configuration (x/lyz) in FTB is symmetric to (x/lyz) in structure FTA. An

individual choosing this configuration produces good x, hires labor for producing y, and

sells y, which is bundled with good x. The difference between FTA and FTB is that

good x is priced and good y is not in the former, while good y is priced and good x is

not in the latter.

Configuration (ly/y(x)) is symmetric to (ly/x(y)) in structure FTA) but good y is

priced and good x is not.

Configuration (z/y(x)) is symmetric to (z/x(y)) in structure FTA, but good y is

priced and good x is not.

Note that structure FTB involves trade of goods y, z, and labor ly, so that trading

efficiency coefficients ky, k,, and gy appear in this structure. Good x is not directly

priced though it is bundled with good y.

According to Sun, Yang, and Zhou (1998, see also Yang, 2001, chapter 13), a

general equilibrium exists for a general class of the models of which the model in this

paper is a special case under the assumptions that the set of individuals is a

continuum, preferences are strictly increasing and rational; and both local increasing

returns and constant returns are allowed in production and transactions. A general

equilibrium in this model is defined as a set of relative prices of goods and all

individuals' labor allocations and trade plans, such that, (1) Each individual

maximizes her utility, that is, the consumption bundle generated by her labor

allocation and trade plan maximizes her utility function for given prices; (2) All

markets clear.

Since the optimum decision is always a corner solution and the interior solution

is never optimal according to Lemma 1, we cannot use standard marginal analysis to
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solve for a general equilibrium. We adopt a three-step approach to solving for a general

equilibrium. The first step is to narrow down the set of candidates for the optimum

decision and to identify configurations that have to be considered. We can identify

structures from compatible combinations of configurations. In the second step, each

individual's utility maximization decision is solved for a given structure. The utility

equalization condition between individuals choosing different configurations and the

market clearing conditions are used to solve for the relative price of traded goods and

numbers (measure) of individuals choosing different configurations. The relative price

and numbers, and associated resource allocation are referred to as corner equilibrium

for this structure. General equilibrium occurs in a structure where, given corner

equilibrium relative prices in the structure, no individuals have an incentive to deviate

from their chosen configurations. In the second step, we can substitute the corner

equilibrium relative prices into the utility function for each constituent configuration in

the given structure to compare the utility between this configuration and any alternative

configurations. This comparison is called a total cost-benefit analysis. The total cost-

benefit analysis yields the conditions under which the utility in each constituent

configuration of this structure is not smaller than any alternative configuration. With

the existence theorem of general equilibrium proved by Sun, Yang, and Zhou (1998),

we can completely partition the parameter space into subspaces, within each of which

the corner equilibrium in a structure is a general equilibrium. As parameter values shift

between the subspaces, the general equilibrium will discontinuously jump between

structures. The discontinuous jumps of structure and all endogenous variables are

called inframarginal comparative statics of general equilibrium. The three steps

constitute an inframarginal analysis.

The corner equilibria in the structures are solved in the following subsection.

4.3.2 Corner Solution in a Configuration and Corner Equilibrium in a Structure

In this subsection, we first use two examples to illustrate how marginal analysis

can be conducted to solve for the corner solution in each configuration and for the

corner equilibrium in each structure. The first example is the corner solution in

configuration A that is the corner equilibrium in autarky structure A.

Autarky is a structure where each individual chooses configuration A. An

individual's decision problem in A is:
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(4.3.1a) Max: uA = x a . y ~ a

subject to the following constraints:

(4.3.1b) * = - P - / , ,

= l.-b, and

lx+ly+L=\.

The optimal solution is:

(4.3.1c) /,=£i
ap '

1 + ap

1 + ap

(l + aP)1 + a P

where UA is per capita real income in structure A.

Next, we consider the corner equilibrium is structure FTA with bundling sale

and the institution of the firm. This structure involves the division of the population

among configurations (x/lyz), (ly/x(y)) and (z/x(y)). An individual choosing (x/lyz) is the

employer of a firm. She specializes in producing good x, and hires labor to produce a

final good y. She sells good x, buys intermediate good z and labor, and bundles good y

with good x, which means good y is not directly priced, and people can obtain some

amount of good y when they buy good x from the market. The ratio of the amounts of

the two goods bundled is chosen by the employer under competitive pressure in the

market.

In structure FTA, the decision problem for an individual choosing configuration

(x/lyz) is:

(4.3.2.a) Max: umi = xa • yl~a ,

subject to the following constraints,

(4.3.2.b) x + xs ={zdf-lx and / , = 1 ,

Ys=gy-Ly-b and Ly=\ ,
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where gy is again the transaction efficiency coefficient for labor hired to produce good

y. Moreover, N is the number of workers hired by the employer to produce good y, w is

the wags rate, and h is the bundling ratio between goods y and x. In order to distinguish

inter flow of goods from market trade flow, we use capitalized decision variables to

denote internal flow. Hence, Ys is internal transfer of good y produced by an employee

to the employer and / is the amount of good y provided free of charge by the firm.

Here, x is priced and y is not. We assume h =e- — . This implies that an individual

w

selling x, buying labor, and bundling y with x, must choose the bundling ratio k = y/x

according to pjw. For a small relative market price pjw, she must give away a small

amount of y for each unit x sold. Otherwise, a small value ofpjw may not be enough to

cover the production cost of y which is not directly priced. Here, e is as given to the

owner of the firm, while later based on the Yao Theorem (see Yang 2001, chapter 6,

p. 156), we can rule out the optimal bundling ratio of good x and y in this structure. In

addition, lx is the decision variable of the employer, while ly is an employee's decision

variable. uFm is the utility for an x specialist-employer choosing (x/lyz).

The solution to the decision problem yields a demand function for labor and

good z, a supply function of good x, and an indirect utility function for configuration
(x/lyz).

Similarly, an employee choosing configuration (l/x(y)) has the following

decision problem,

(4.3.2c) Max: um2 =(**)" -(Z)1"0 ,

subject to the following constraints,

(4.3.2d) yd=h-xJ,

The solution of this problem yields demand for goods x and y, supply of labor, and an

indirect utility function for configuration (ly/x(y)).
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An individual choosing configuration (z/x(y)) has the following decision
problem:

(4.3.2e) Max: umi =,(*')• . ( / ) • -* ^

subject to the production function, endowment constraint, and budget constraint:

(4.3.2f) * ' = / , - & ,

= P , * '

The solution to this problem yields demand for goods x and y, supply of good z, and

indirect utility function for configuration (z/x(y)).

The two utility equalization conditions across three configurations yield the

corner equilibrium relative prices of goods x and z and labor.

(4.3.2g) w = ks(\-b), and

w kx(gy-b)-k:-(5 ± q ' . ( i -

px (l-a)-(l J

Based on the Yao Theorem, maximizing utility with respect to e, yields the

optimal value of e in this structure:

, , „ . . kx(l-a)2-(gv-b)
(4.3.2h) e = : .

The two independent market clearing conditions for goods x and z (the other

market clearing condition is not independent due to Walras' lav/) yield the corner

equilibrium relative numbers of specialists producing goods x, y, and z.

(4.3.2i)

P

(

M.

and

My -__r(l-a)-(q-P)H-a/31 (l-a+a/3) r
~ ••- Y • • • . , ! • , j • ^ -

p aa •(l-/
0-o)-
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where Mx is the number of x specialist-employers choosing (x/ly2), M: is the number of

specialist producers of good z choosing (z/x(y)), and M, is the number of employees

choosing (ly/x(y)). The relative numbers of specialists, together with population size

identity Mx+M:+My=M, yield the comer equilibrium numbers of different specialists.

Plugging relative prices into an indirect utility function of any of three configurations

yields the per capita real income in this structure:

(4.3.2J)

"ra =' M -)

In Structure FTA) a firm produces both good x and y, while selling x with good

y bundled. The percentage h of good x and y is dependent on the relative price of good

x, labor, and e. Note that good y is bundled through the purchase of good x, therefore

transaction costs in directly pricing good y is avoided.

Following this procedure, we can solve for corner equilibria in all structures,

hiformation about such solutions of comer equilibria in 11 structures is summarized in

Tables 4.1 and 4.2.

Table 4.1 Relative Price and Number of Specialists

Structure

A

PA

PB

FPB

Relative Prices

N/A

Px *;-(i+/3)1 + p

Py k\-a-^-{\-bY

D £ 1 - a '

p.. V

~rFPB
W

Relative Number of Specialists

N/A

Mx cx-k];tt

My (\-a)-k?

M. a{5-ky\-a+ap

M a"
y (l-a)-A:;-a+ap

Mz

My
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CD

FDA

FTA

FTB

Pz

Py

w

Py

P,

w

Pz

Px

IV

• — •

V ] _ RJ QP u\~a+ap
r y >Vj.

~k~z

°FTA\

Pz

W -P

Py

M2

Mx

M.

Mx

Mx

My

Mv

Mx

(\-a) + aB(\-kx-k..k\:a)

0-/3)
B-k:.k

a
x

g. .(1-/3)

B-k"x

k';a-a-(\-B)

-MFTAl

Here,

P — —L — !
rFPB ~ — V

W

M™ =-

\-a

\-a

(a/3)° -(\-a)-(\-by

(a/3)« .(l-a)-O-

= [77^ (1-a)1

m FTA\ t, ~

f»ft a" •Q-/3H(gy-

_ H r

(1-O)H

jj aa-(\-B)-[(l-ay(a-B)+aB] '-"
(1-a)1-
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hit

Table 4.2 Per-Capita Real Income in Different Structures

Structure

A

PA

PB

FP B

CD

FDA

FTA

FT B

Per-Capita Real Income, i

paP

aa •

PB

. - '

of.

aa •

W

•(1- a)1-" -(l-26) lH

(l + a/3)1+a/J

(l-ay~a -(\-b)Uap

0+j3)B

aa -(l-a)1"" -(1-

i-a

(a/3) a • (1 -

• - « • - « • « - ' -

ap .a«(i+/»)

•pa"-(^-^r(l-a)

aP(l-a)

6)1+a/J-(a^)a'i-(A::-^)1-a+a/J

(l + aj3)1+a/3

>)"(1 CL) 0(1 +CLf})l.(|_a).(|.atO/)) r ( l~W) "U • ( ' " " ) K i

0

1 (1 — cO'O"*/?)^ op

<l- » ' (l-a).0-p)+ap
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4.3.3 General Equilibrium and Its Inframarginal Comparative Statics

We now consider the third step of inframarginal analysis. Based on the first two

steps of the inframarginal analysis, we will partition the parameter space into subspaces

within each of which a particular structure occurs in equilibrium.

For any given structure, each individual can plug the corner equilibrium prices

into her indirect utility functions for all configurations including those that are not in

this structure. She has no incentive to deviate from a constituent configuration in this

structure if this configuration generates a utility value that is not lower than in any

alternative configurations under the comer equilibrium values of prices in this structure.

Each individual can conduct such total cost-benefit analysis across configurations. Let

indirect utility in each constituent configuration not be smaller than in any alternative

configurations under the corner equilibrium prices in this structure. We can obtain a

system of semi-inequalities that involves only parameters. This system of semi-

inequalities defines a parameter subspace within which the corner equilibrium in this

structure is the general equilibrium. This total cost-benefit analysis is very tedious and

cumbersome. Fortunately, the Yao Theorem (see Yang 2001, chapter 6, p. 156) can be

used to simplify this total cost-benefit analysis. It states that in an economy with a

continuum of ex ante identical consumer-producers having rational and convex

preferences and production functions displaying individual specific economies of

specialization, a Walrasian general equilibrium exists and it is the Pareto optimum

corner equilibrium. Here the Pareto optimum comer equilibrium is a corner equilibrium

that generates the highest per capita real income. Since our model in this paper is a

special case of the above-mentioned general class of models, the individuals have no

incentive to deviate from their chosen constituent configurations in a structure if and

only if individuals' comer equilibrium utility value in this structure is not lower than

that in any other comer equilibria. With the Yao theorem, we can then compare comer

equilibrium per capita real incomes across all structures, and the comparison partitions

the five-dimension (<x,$,g,b,k) parameter space into several subspaces, within each of

which one corner equilibrium is the general equilibrium. As parameter values shift

between different subspaces, the general equilibrium discontinuously jumps between

corner equilibria. This is referred to as inframarginal comparative statics of general

equilibrium.
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In order to obtain an analytical solution of the inframarginal comparative statics,

we consider the economy with a = p = 0.5. A close examination of per capita real

incomes in different structures, given in Table 4.2, generates the results in the following

table, in which trading efficiency coefficients in an entry positively correlate to per

capita real income in a structure associated with the column.

Table 4.3 Trading Efficiency Coefficients that Positively Affect Per capita Real
Income in a Structure

A

n/a

PA

k k

PB FPB

gz, ky

CD

kx, ky, k:

FDA

kx, ky, g:

FTA

kx, kz, gy

FTB

kz, ^y, gy

From Table 4.2, we can see that as any trading efficiency coefficient in the

second row tends to zero, the pe- capita real income in the corresponding structure in

the first row in Table 4.3 goes to zero. For instance, por capita real income in structure

FDA positively depends on trading efficiencies of goods x and y, kx, ky, and trading

efficiency of labor employed to produce x, gz. The per capita real income converges to zero

as any of kx, ky, g: goes to zero. Since per capita real income in autarky (structure A) is

independent of the trading efficiency coefficients, if all trading efficiency coefficients

are sufficiently close to zero, per capita real income in autarky will be greater than that

in any other structures with trade. Also, we can see from Table 4.3 that a structure with

partial division of labor (PA, PB, or FPB) involves trading efficiency coefficients of two

types of goods and/or labor, while a structure with the complete division of labor (three

goods are involved in commercialized production) involves trading efficiency

coefficients of three types of goods and/or labor. Hence, as trading efficiencies of more

types of goods and labor are improved, the general equilibrium will discontinuously

jump from autarky to partial division of labor, followed by the complete division of

labor. Hence, the first conclusion from the total cost-benefit analysis of per capita real

income in various structures is that trading efficiency determines the general

equilibrium network size of division of labor.

The second conclusion from the third step of inframarginal analysis is that the

institution of the firm is a way to replace trade of goods with trade of labor. As we can

see from Table 4.3, all structures with the firm (FPB, FDA, FTA, FTB) involve the

trading efficiency coefficient of labor employed to produce good i, g. Per capita real
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incomes in all structures without the firm (PA, PB, CD) are independent of trading

efficiency of labor. Hence, if the trading efficiency is higher for labor than that for

goods, the institution of the firm and related labor market will be used to more

efficiently organize the division of labor. Otherwise, the markets for goods will be used

to organize the division of labor in the absence of the institution of the firm and related

labor market. This formalizes the theory of Coase (1937) and Cheung (1983). This is

consistent with the inframarginal analysis of the theory of the firm by Yang and Ng

(1995) and the model formalizing the theory of irrelevance of the size of the firm

developed by Liu and Yang (2000).

The third conclusion can be obtained by comparing structures with the firm and

bundling (FT;, i = A, B) and those with the firm and without bundling (FPB, FDA). A

comparison between structures FDA and FTA shows that if trading efficiency is

prohibitively low for good y (ky tends to zero), then not only can a structure without the

firm (such as structure CD) not be used to coordinate the complete division of labor

with three goods involved in commercialized production, but also structures with the

firm (FDA, F D B ) cannot be used to coordinate the complete division of labor in the

absence of bundling. This is because structures CD and FDA involve marketing and

pricing of good y, while structure FTA with bundling avoids direct pricing of good y,

when it gets good y involved in commercialized production.

In order to make results more concrete, we explicitly solve for general

equilibrium and its inframarginal comparative statics for some specific ranges of

parameter values.

We first assume that the trading efficiency of good y, ky, is very close to zero.

From Tables 4.2 and 4.3, we can see that this implies zero per capita real incomes in

structures PA, PB, CD, FDA, FTB, since per capital real incomes in these structures are

positively dependent on ky and they go to zero as ky tends to zero. Hence, the set of

candidates for the equilibrium structure consists of structures A and FTA in which per

capita real incomes are independent of ky. As shown in Tables 4.2 and 4.3, per capita

real income in structure A is independent of trading efficiency, while per capita real

income in structure FTA depends on kx, h, and gy. Therefore, when kx, k,, and g^are very

small, the general equilibrium is the corner equilibrium in structure A. When kx and k3

are large, the general equilibrium is the corner equilibrium in structure FTA. The

inframarginal comparative statics of general equilibrium are summarized in Table 4.4.
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Table 4.4 General Equilibrium and Its Inframarginal Comparative Statics

when kv -» 0

Trading efficiency of goods

Equilibrium structure

gy . kx and k. are
small
A

gy, kx and k. are large

FTA

The inframarginal comparative statics in Table 4.4 indicate that as trading

efficiencies increase from very small to very large values, the general equilibrium

discontinuously jumps from autarky to the division of labor. Due to prohibitively low

trading efficiency of good y, the division of labor must be organized via the institution

of the firm that sells good x and provides good y free of charge. A particular structure

with the firm and bundling can be used to avoid trade of a particular type of labor.

Structure FTA can be used to avoid trade of labor employed to produce good x. Suppose

that good y is an information good and x is hardware. Hence, the output and input of

producing x are easy to measure, but the output and input of producing y is

prohibitively expensive to measure. For instance, labor employed to produce good y is

intellectual efforts put into thinking and research. The quantity and quality of such

efforts are prohibitively expensive to in.-"mre. Under this circumstance, bundling in

structure FTA is to avoid all direct pricing of output and input of the activity producing

intangible good y.

As shown in Yang and Ng (1995), the institution of the firm can indirectly price

intangible intellectual properties via claims to residual rights of the firm. But, the model

in this paper shows that the institution of the firm coupled with bundling can enlarge the

scope for such indirect pricing of intellectual properties. In the case of Table 4.4, the

institution of the firm is not enough to indirectly price all input and output of the

activity producing good y in the absence of implicit bundling. Hence, without implicit

bundling, the division of labor and commercialized production of information goods

becomes impossible, so that positive network effects of such commercialized

production through specialization cannot be fully exploited.

In order to compare the roles of structures with and without bundling, we

consider the case with kx -» 0. The inframarginal comparative statics of general

equilibrium within this range of parameter values are summarized in Table 4.5.
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Table 4.5 General Equilibrium and Its Inframarginal Comparative Statics

when kr -> 0

Trading efficiency
of good
Trading efficiency
oflabor
Equilibrium
structure

small
&•> g-. are
small

A

ky and k: are neither large
nor small

gy, g: are small

PB

g: is neither
large nor small

FPB

ky and k: are
large

FTB

The inframarginal comparative statics in Table 4.5 indicate that as trading

efficiencies increase from very low to very high levels, the general equilibrium evolves

from autarky first to the partial division of labor, then to the complete division of labor.

The partial division of labor is coordinated by the institution of the firm and related

labor market (FPB) if trading efficiency for labor is high. Otherwise, it is organized by

the markets for goods in the absence of the firm and related labor market (PB). The

complete division of labor can be organized only via the institution of the firm which

sells good y with good x bundled due to prohibitively low trading efficiency of good x.

A comparison between Tables 4.4 and 4.5 shows that direct pricing of a good (x or y)

must be avoided via bundling if the trading efficiency of this good is extremely low.

Following Sun, Yang, and Yao (1999, see also Yang, 2001), it can be shown

that a general equilibrium in our model is Pareto optimal. This first welfare theorem in

our model with impersonal networking decisions and endogenous network size of

division of labor implies that very function of the market is to coordinate impersonal

networking decisions and to fully utilize network effects of division of labor on

aggregate productivity, net of transaction costs. Bundling in a competitive market is an

effective way to promote division of labor and productivity progress. This, together

with the inframarginal comparative statics of equilibrium given in Tables 4.4 and 4.5,

lead to the following proposition:

Proposition 4.1

Absolute level of transaction efficiency of goods and labor determines the Jevel of

division of labor. As transaction efficiency is improved, the equilibrium level of

division of labor increases. Relative level of transaction efficiency for labor to that

97

1



for goods determines if the division of labor is organized by a labor market and

the related institution of the firm. Bundling sale can be used to avoid direct pricing

of output and input of the activity with the lowest transaction efficiency,

meanwhile getting this activity involved in the division of labor, thereby promoting

the division of labor and productivity progress. Bundling sale based on impersonal

networking decisions in a competitive market has no adverse effects on welfare.

Proposition 4.1 implies that antitrust prosecutions should focus on the existence

of an intention to block free-entry rather than on the bundling sale itself because

according to Proposition 4.1 and the Yao theorem, bundling sale will promote the

division of labor and increase aggregate productivity if it occurs in equilibrium.

Bundling does not generate distortions in a competitive market.

Following Yang (2001), it is easy to prove that marginal cost price no longer

holds in a structure with the division of labor and that the aggregate production

schedule discontinuously jumps to a higher level as the network of division of labor

expands. Due to the trade-off between transaction costs and positive network effects of

division of labor on aggregate productivity, the equilibrium and Pareto optimum may be

different from the PPF. As trading efficiency is improved, the equilibrium network size

of division of labor enlarges, and the equilibrium and Pareto optimum become closer to

the PPF.

4.4 Concluding Remarks

This chapter develops a Walrasian general equilibrium model based on

impersonal networking decisions to investigate the role of bundling sale in a

competitive market and e-business. The following features distinguish our model of

bundling from other models in the literature, hi our model there is no monopoly power,

substitution between different goods and resale of goods are allowed. An ex ante

identical utility function is specified for all individuals whose valuations of each good

are not a constant. Each individual can choose size and pattern of her trade network by

choosing her level of specialization subject to impersonal prices. Hence, gains to each

person's level of specialization depends on the number of participants in the network of

division of labor, while the number of participants depends on each person's

participation decision in the network, which is determined by her decision in choosing

her level of specialization. Since individuals are capable of doing inframarginal analysis
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in choosing a utility maximizing trat * network from many possible corner solutions,

the equilibrium network size and patte.a of division of labor is Pareto efficient despite

the existence of network effects of division of labor on aggregate productivity.

The function of the institution of the firm and bundling is to get the activity with

the lowest trading efficiency involved in the division of labor and commercialized

production, meanwhile avoiding direct pricing of the outputs and inputs of this activity.

Implicit bundling coupled with the institution of the firm can provide a greater scope for

indirectly pricing goods with the lowest trading efficiency than the institution of the

firm alone can do. In our model, the complete division of labor can be organized by

trade of three types of goods and labor. But there are six types of goods and labor: x, y,

z, Ix, />, /.. Hence, a competitive market will find a three element combination from six

elements to fully exploit total positive network effects of division of labor on aggregate

productivity net of total transaction costs. Note that the total equilibrium value of

transaction costs may increase as a consequence of evolution of division of labor caused

by improvements in trading efficiency. For instance, as trading efficiency is improved,

the general equilibrium jumps from autarky, where transaction costs are zero and

aggregate productivity is lower than the PPF, to the division of labor where total

transaction costs are positive and aggregate productivity is higher.

Since the general equilibrium in our model is always Pareto optimal as long as

nobody can block free entry into any sector and nobody can manipulate relative prices

and numbers of specialists, policy implications of our model are straightforward.

Bundling in a competitive market is efficient and it ensures that network effects of

division of labor can be fully exploited when some goods involved in the network of

division of labor are associated with prohibitively high transaction costs. Hence,

bundling in a competitive market can promote aggregate productivity by enlarging the

scope for trading off network effects of the division of labor on aggregate productivity

against transaction costs. Bundling itself is not a source of distortions in a competitive

market. Bundling may generate distortions only if it is used in connection with

monopoly power. Hence, in antitrust cases, such as in the case of Microsoft vs. the

United States, artention should be placed on the existence of intention to block free

entry in an attempt of gaining monopoly power rather than on alleged adverse effects

of bundling itself on welfare. To business practitioners, our model suggests that

successful bunding of intangible e-business with some tangible 'mortar-brick'

business is a key for commercial viability of e-business companies.
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A promising extension of our model is to assume that the seller of a bundle of

goods cannot choose the bundling ratio. We may assume that each buyer of implicitly

bundled goods must allocate resources to use those goods that are free of charge.

Hence, it is the buyer rather than the seller who chooses the bundling ratio subject to her

resource endowment constraint. When a firm sells informa'aon goods via a website, she

usually cannot choose the bundling ratio of goods with posivive prices and goods free of

charge. We speculate that the extended model will confirm results in the current chapter

with this assumption that is more relevant to real e-business.

100



A promising extension of our model is to assume that the selW of a bundle of
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Appendix 4.1 The Corner Equilibria of Different Market Structures

A4.1.1 Partial Division of Labor: PA

Structure PA consists of twc configurations, (xz/y) and (y/x). In the structure

PA, given that x,xs,z,yd >0 ,z ' = zd =y = ? =xd = 0, an individual in

configuration (xz/y) has the following decision problems,

(A4.1.1a) Max: 'MW1 = JCB • ( / ) I - ° ,

subject to the following constraints:

'=z*-lx and j3e(0,l),

= L-b and be(0,1),

where uPAl is the utility for an individual in configuration (xz/y). The other equations

represent an individual's budget constraint, endowment constraint, and the production

function. Similarly, an individual in configuration (y/x) has the following decision

problem:

(A4.1.1c) Max: uPA2 = (xd)a -y1^ ,

subject to the following constraints:

y + y'=Iy-b and be(Q,\),

where uPA2 is the utility for an individual in configuration (y/x).

Based on the utility equalization condition and market clearing conditions, the

price of good x in terms of good y, and the relative number of individual selling good

x to individuals selling good y are given by:

Px_

Py

and

Mx a-ky
\~a

The real per capita income in this structure is,
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UPA =
aa-{l-a.) l-Q

A4.1.2 Partial Division of Labor: PB

Similarly, in structure PB the decision problem for an individual with

configuration (zx/y) is:

(A4.1.2a) Max: uPBl = xa • ( / )'-a ,

subject to the following constraints:

(A4.1.2b) x = z*-lx and /3

z + z5 = /. - b and be(0,1),

K'Pz'2' =py-y
d.

where M^, is the utility for an individual in configuration (zx/y). The equations of

constraints state an individual's budget constraint, endowment constraint, and the

production function.

An individual in configuration (yx/z) has the following decision problem:

(A4.1.2c) Max : uPB2 = xa • y ] ' a

subject to the following constraints:

(A4.1.2d) JC = (zd f-lx and j3 e (0,1),

y + y> = ly -b and be(0,1),

The utility equalization and market clearing conditions yield a set of relative

prices and relative number of specialists, and the per capita real income in this

structure.

(A4.1.2e)

1
. 1-a+a/J

nPz

M, aj3-Aj-a+aP

M.
,and

, 1-a+oP
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A4.1.3 Partial Division of Labor with the Institution of the Firm: Structure FPB

Structure FPB is a division of the population between configuration (lzx/y) and

(yx/lz). Given that x,z,lz,y
J >0,x* = * ' = ;, = / = 2 ' = ^ = o , an individual in

configuration (lzx/y) has the following decision problems.

(A4.1.3a) Max: uFPBX=xa-(yd)d\\-a

subject to the following constraints:

(A4.1.3b) x = zp-lx and j3 6(0,1),

z = L-b,

Similarly, a person choosing configuration (yx/lz) produces goods x and y,

sells good y, and employs labor to produce good z. It is defined

byx,y ,y s ,L >0,xs = xd = yd = zs =zd = 0 . An individual in configuration (yx/lz)

has the following decision problems,

(A4.1.3c) Max: u
FPB2

-y 'a

subject to the following constraints:

(A4.1.3d) y + y'=ly-i

and j8 6(0,1),

The utility equalization and market clearing conditions, yield the price of good

y in term of labor to produce good z, and the number of individuals sf ling good y

relative to that of individuals selling labor to produce good z, are given by:

(A4.1.3e)
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\-a

1-a .}<'•»*'-"«*> , and

l-a

Ms.

The per capita real income in this structure is,

(A4.1.3f)

l-o

A4.1.4 Complete Division of Labor without the Institution of the Firm: Structure

CD

There are three configurations (x/yz), (z/xy) and (y/x) in this structure, where

an individual produces only one of good x, y or z, and sells them in exchange for

others. The decision problems for the individuals under different configurations are

given as below respectively,

In configuration (x/yz):

(A4.1.4a) Max: uCDl = xa • ( / ) ' "a

s.t. x + xs ={zdf-lx and/3e (0,1),

?. • z

In configuration (z/xy):

(A4.1.4b) Max: uCD2

s.t. z*=ls-b and b € (0,1),

Max: uCD2 =(xd)a

In configuration (y/x):

(A4.1.4c) Max: uCDi={xd)a-yl-a



l-a

• — \

l-a

: _ f
T7"~ i

(l-a) •(!-&)

The per capita real income in this structure is,

(A4.1.3f)

- ^ ^

(a(S) a -

A4.1.4 Complete Division of Labor without the Institution of the Firm: Structure

CD

There are three configurations (x/yz), (z/xy) and (y/x) in this structure, where

an individual produces only one of good x, y or z, and sells them in exchange for

others. The decision problems for the individuals under different configurations are

given as below respectively,

In configuration (x/yz):

(A4.1.4a) Max: wCD1 = xa • ( / )'-"

s.t. x + x* =(zJf-lx and J3 e (0,1),

In configuration (z/xy):

(A4.1.4b) Max: uCD2 = (xJ )a • ( / ) ' " "

s.t. zs=l-b and be(0,1),

In configuration (y/x):

(A4.1.4c) Max:
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s.t. '=iy-b and b e (0,1),

The utility equalization condition and market clearing conditions, yield a set of

relative prices and relative number of specialists,

(A4.1.4d) £s. = iL

J-p

M.

_ (1-/3)

The per capita real income in this structure is:

(A4.1.4e)

uCD=aa - (1-

-, and

A4.1.5 Complete Division of Labor with the Institution of the Firm: Structure

FDA

Structure FDA consists of three individual configurations (x/lzy), (U/xy) and

(y/x). Given that x, xs, / , /. > 0, xd = y = y* = z = zs = 0, an individual in

configuration (x/lzy) has the following decision problems,

(A4.1.5a) Max: uFDM = xa • ( / ) ' ' a .

Her budget constraint and the production functions are,

(A4.1.5b) x + x! =(Z"f -lx and j3 6(0,1),

)> and &e(0,1),

Zd=N-zs,



kx-px-x
s =py-y

d +W-N-L. ,

where g. is the transaction efficiency coefficient for labor hired to produce the

intermediate good z. It encompasses all costs that relate to the measurement of the

effects of efforts exerted for producing the intermediate good z in terms of quantity

and quality. In essence, the measurement costs can be explained as pricing costs. N is

the number of workers hired by the employer. In this configuration, lx is the decision

variable to the employer, while Lz is as given because it is bought from the labor

market. uFDM is the utility for an individual in configuration (x/lzy), and she is the

employer in this structure FDA.

Similarly, an individual in configuration ((lz/xy) has the following decision

problems,

(A4.1.5c) Max: uFDA2=(x")a-{yd),.d\\-a

The budget constraint and the production functions are,

(A4.1.5d) 4 = 1 ,

w-Lz=px-x
d +py-y

d .

The individual who chooses this configuration is the employee in this

structure. Moreover, an individual in configuration (y/x) has the decision problem of,

(A4.1.5e) Max: uFDA3 =(x ) a • y.l-a

The budget constraint and the production functions are,

(A4.1.5f) y + y'=l, ~b and b

The utility equalization and market clearing conditions, yield the set of prices

of good x and y in terms of labor to produce good z; and the number of individuals

selling good x, y relative to that of individuals selling labor to produce good z, are

given by:

W as U\

Py "
(A4.1.5g)

Px
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and

Mx k\~a -a-( l - j3)

The per capita real income in this structure is,

(A4.1.5h)

UFDA =
ap - ( I -

A4.1.6 With Bundling Sale and the Institution of the Firm: Structure FTB

Structure FTB is with bundling sale and the institution of the firm, and

involves the division of population among configurations (x/lyz), (ly/y(x)) and

(z/y(x)). In Structure FTB, a firm specializes in producing good x, and also hires labor

to produce another final good y. However, an owner of the firm only sells good y in

exchange for intermediate good z and labor employed to produce good y; she bundles

good x with good y, which means good x is not directly priced, and people can obtain

some amount of good x when they buy good y from the market (This sentence is too

long). The ratio of the amounts of the two goods is set up in a bundling sale.

In structure FTB, the decision problem for an individual in configuration

(x/lyz) is as follow,

(A4.1.6a) M a x : uFTBX = x a -yl~° ,

subject to the following constraints,

(A4.1.6b) x + xs ={zdf-lx and /3 e (0,1),

Ys =gy-Ly-b, ge(0,l) and 66(0,1),

xs =h-ys ,

y + y' =N-YS ,

where gy is again the transaction efficiency coefficient for labor hired to produce good

y. Moreover, N is the number of workers hired by the employer to produce good y . In

order to distinguish inter flow of goods from market trade flow, we use capitalized
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decision variables to denote internal flow. Hence, Ys is internal transfer of good y

produced by an employee to the employer and / is the amount of good y sold by the

firm, h is the bundling ratio between the bundled good y and the final good x which is

for sale. Here, we assume h = e ^ , This implies that an individual selling y, buying

labor, and bundling x with y, must choose the bundling ratio/? = — according tc — .

y
w

P
For a small market value of —-, she must give away a small amount of y for each

w

unit x sold. Otherwise, a small value of — may not be enough to cover the
w

production cost of x which is bundled to the sale of good y. Here, e is as given to the

owner of the firm, while later is based on the Yao Theorem (see Yang 2001, chapter

6, p. 156), we can rule out the optimal bundling ratio of good y and x in this structure.

In addition, lx is the decision variable to the employer, while Ly is as given because it

is bought from the labor market, w^ , is the utility for an individual in configuration

(x/lyz), and she is the employer in this structure FTB.

The solution to the decision problem yields a demand function for labor and

good z, a supply function of good x, and indirect utility function for configuration

(x/lyz).

Similarly, an employee choosing configuration (ly/y(x)) has the following

decision problem,

(A4.1.6c) Max: «TO2 = ( x d ) a - ( / ) ^ ,

subject to the following constraints,

(A4.1.6d) xd=h-yd,

Ly = 1 , and

w-Ly=py-y
J •

The solution of this problem yields deman:' For goods x and y, supply of labor, and an

indirect utility function for configuration (ly/y(x)).

An individual choosing configuration (z/y(x)) has the following decision

problem:

(A4.1.6e) Max: « m 3 = (xrf )a • ( / ) ' " " .
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subject to the production function, endowment constraint, and budget constraint:

(A4.1.6f) z'=L-b,

x"=h-yd, and

The solution to this problem yields demand for goods x and y, supply of good z, and

an indirect utility function for configuration (z/y(x)).

The utility equalization conditions across three configurations yield the corner

equilibrium relative prices of goods x and z and labor.

w
(A4.1.6g)

Pz

= k:(\-b), and

w
py

Based on the Yao Theorem, maximizing utility with respect to e, yields the

optimal value of e in this structure:

(A4.1.6h)
• kM-a)2-(g-b)

The two independent market clearing conditions for goods x and z (the other

market clearing condition is not independent due to Walras' law) yield the corner

equilibrium relative numbers of specialists producing goods x, y, and z.

JL
-b)-Pf'p -^ k: -jjA/.

and

fr

^ an-(l-j3)-[O-a)-(a-/3)+aj3]
(l-a)*

where Mx is the number of x specialist-employers choosing (x/lyz), Mz is the number

of specialist producers of good z choosing (z/y(x)), and M, is the number of

employees choosing (ly/y(x)). The relative numbers of specialists, together with the
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population size identity MX+M:+M}?=M, yield the corner equilibrium numbers of

different specialists. Plugging relative prices into an indirect utility function of any of

the three configurations yields the per capita real income in this structure:

(A4.1.6J)

UFTB = '

In Structure FTB, a firm produces both good x and y, while selling y with good

x bundled. The percentage h of good x and y is dependent on the relative price of

good y and labor, and the wage rate w of labor hired to produce good y, and e. Note

that obtaining good x is bundled through the purchase of good y, therefore we need

not take the transaction costs of good x into account separately from good y. In other

words, we suppose there is no extra transaction costs to obtain good x when good x is

bundled with good y.

110



References:

Abdel-Rahman, H. M. (1990), "Agglomeration Economies, Types and Sizes of Cities", Journal of

Urban Economics, 27: 25-45.

Adams, W. J. and Yellen, J. L. (1976), "Commodity Bundling and the Burden of Monopoly",

Quarterly Journal of Economics, 90 (3): 475-498.

Aghion, P., Bolton, P., and Jullien, B. (1991), "Optimal Learning by Experimentation", Review of
Economic Studies, 58: 621-654.

Aghion, P. and Howitt, P. (1998), Endogenous Growth Tlieory, Cambridge, MIT Press.

Aghion, P. and Tirole, J. (1997), "Formal and Real Authority in Organizations", Journal of Political

Economy, 105: 1-29.

Aiginger, K. and Tichy, G. (1991), "Small Firms and the Merger Mania", Small Business

Economics, 3(2): 83-102.

Alchian, A. and Denjsetz, H. (1972), "Production, Information Costs, and Economic Organization",

American Economic Review, 62: 777-795.

Alchian, A. A. (1983), Exchange and Production: Competition, Coordination & Control,

Wadsworth Publication Co-

Arrow, K. J. (1951), Social Choice and Individual Values, New York: Wiley.

Arrow, K. J. (1979), "The Division of Labor in the Economy, the Polity, and Society", in G.

O'Driscoll, Jr. ed., Adam Smith and Modern Political Economy, Iowa: Iowa State University

Press.

Arrow, K. J. (1962), "The Economic Implications of Learning by Doing", Review of Economic

Studies,29: 155-173.

Arrow, K., Ng, Y-K. and Yang, X, eds. (1998), Increasing Returns and Economic Analysis,

London: Macmillan.

Arthur W. Brian (1994), Increasing Returns and Path Dependence in the Economy, Ann Arbor: the

University Michigan Press.

Aumann, Robert J. (1997), "Rationality and Bounded Rationality", Games & Economic Behavior,

21:2-14.

Babbage, C. (1832), On the Economy of Machinery and Manufactures, 4th enlarged edition of

1835, reissued in 1977, New York: M. Kelly.

Baechler, Jean (1976), The Origins of Capitalism, translated by Barr Cooper, Oxford: Blackwell.

Baechler, Jean, Hall, John A., and Mann, Michael eds. (1997), Europe and the Rise of Capitalism,

New York: Blackwell.

I l l



Balcos, Y., Brynjolfsson, E. (1999a), "Bundling Information Goods: Pricing, Profits and

Efficiency", Management Science, 45 (12): 1613-1630.

Bakos, Y., Brynjolfsson, E. (1999b), "Bundling and Competition on the Internet", Working Paper,

Stern School of Business, New York University.

Banks, D. L. and Carley, K. M. (1996), "Models of network evolution", Journal of Mathematical
Sociology', 21(1-2): 173-196.

Banks, Jeffrey S. (1991), Signaling Games in Political Science, U.K.: Harwood Academic

Publishers.

Barro, R. (1997), Determinants of Economic Growth, Cambridge: MA, MIT Press.

Barzel, Y. (1982), "Measurement Cost and the Organization of Markets", Journal of Law and

Economics, 25: 27-48.

Barzel, Y. (1985), "Transaction Costs: Are They Just Costs?" Journal of Institutional & Theoretical

Economics, 141: 4-16.

Barzel, Y. (1989), Economic Analysis of Property Rights, Cambridge: Cambridge University Press.

Barzel, Y. (1997), "Property Rights and the Evolution of the State", mimeo., and "Third-party

Enforcement and the State", mimeo., Department of Economics, University of Washington.

Barzel, Y. and Yu, Ben T. (1984), "The Effect of the Utilization Rate on the Division of Labor",

Economic Inquiry, 22: 18-27.

Baumgardner, J. R. (1988a), "The Division of Labor, Local Markets, and Worker Organization",

Journal of Political Economy, 96: 509-527.

Baumgardner, J. R. (1988b), "Physicians' Services and the Division of Labor across Local

Markets", Journal of Political Economy. 96: 948-982.

Beccaria, Cesare (1767), On Crimes and Punishments, and Other Writings. Richard Bellamy, ed.

Translated by Richard Davis et al. New York: Cambridge University Press, 1995 (originally

published 1767).

Becker, G. (1964), Human Capital: A Theoretical and Empirical Analysis, with Special Reference

to Education, New York: Columbia University Press.

Becker, G., (1968), "Crime and Punishment: An Economic Approach", Journal of Political

Economy, 76: 169-217.

Becker, G. (1981), A Treatise on the Family, Cambridge, Massachusetts: Harvard University Prjss.

Becker, G. and Murphy, K. (1992): "The Division of Labor, Coordination Costs, and Knowledge",

Quarterly Journal of Economics, 107: 1137-1160.

Ben-Ner, A. (1995), "Book Review, Specialization and Economic Organization", Journal of

Institutional and Theoretical Economics, 151: 571-572.

112



Bentham, Jeremy (1789), An Introduction to the Principles of Morals and Legislation. In Tlie

Utilitarians. Rept. Garden City, New York: Anchor Books, 1973 (originally published 1789).

Binmore, K. Sahked, A., and Sutton, J. (1985), "Testing Noncooperative Bargaining Theory: A

Preliminary Study", American Economic Review, 75: 1178-1180.

Binmore, K., Osbome, Martin J., Rubinstein, Ariel (1992), Noncooperative Models of Bargaining,

New York: Elsevier Science.

Black, F. (1995), Exploring General Equilibrium, MIT Press.

Blair, R. and Kaserman, D. (1978), "Vertical Integration Tying and Antitrust Policy", American

Economic Review, 68: 397-402.

Blitch, C. P. (1983), "Allyn Young on Increasing Returns", Journal of Post Keynesian Economics,
vol. 5 (Spring): 359-372.

Blitch, C. P. (1995), Allyn Young: The Peripatetic Economist. London: Macmillan.

Border, K. C. (1985), Fixed Point Theorems with Applications to Economics and Game Theory,

Cambridge: Cambridge University Press.

Borjas, G., Freeman, R. and Katz, L. (1992), "How Much Do Immigration and Trade Affect Labor

Market Outcomes?" Brookings Papers on Economic Activity. No. 1: 1-67.

Borland, J. and Yang, X. (1992a): "Specialization and Money as a Medium for Exchange",

Seminar Paper, Department of Economics, Monash University.

Borland, J. and Yang, X. (1992b), "Specialization and a New Approach to Economic Organization

and Growth", American Economic Review, 82: 386-391.

Borland, J. and Yang, X. (1994), "Specialization, Product Development, Evolution of the Institution

of the Firm, and Economic Growth", Journal of Evolutionary Economics, 4:1-24.

Braudel, F. (1984), Civilization and Capitalism, iS"1 Century, translation from the French revised by

Sian Reynolds. London: Collins.

Brian, Arthur W. (1994), Increasing Returns and Path Dependence in the Economy, Ann Arbor: the

University Michigan Press.

Bowman, Jr. W. S. (1957), "Tying Arrangements and the Leverage Problem", Yale Law Journal,

67(1): 19-36.

Buchanan, James M. (1975), Tfie Limits of Liberty: Between Anarchy and Leviathan, Chicago:

University of Chicago Press.

Buchanan, James M. (1989), Explorations into Constitutional Economics, College Station: Texas

A&M University Press.

Buchanan, James M. (1991), Constitutional Economics, Cambridge: Mass., Blackwell.

113



Buchanan, James M. (1994), "The Return to Increasing Returns", in Buchanan, J. and Yoon, Y. eds

The Return to Increasing Returns, Ann Arbor: The University of Michigan Press.

Buchanan, James M. and Stubblebine, W. Craig (1962), "Externality", Economica, 29: 371-384.

Buchanan, James M. and Gordon TuUock (1965), 77ie Calculus of Consent: Logical Foundations of

Constitutional Democracy, Ann Arbor: University of Michigan Press.

Burnstein, M. L. (1960), " The Economics of Tie-in Sales", Review of Economics and Statistics,

42(1): 68-73.

Carter, M. (1995), "Information and the Division of Labor: Implications for the Finn's Choice of

Organization", Economic Journal, 105: 385-397.

Chae., S. (1992), "Bundling subscription TV channels: A case of natural bundling", International

Journal of Industrial Organization 10(2): 213-230.

Chenery, M. (1979), Structural Change and Development Policy, Oxford University Press.

Cheng, W. (1996), Implications of Some Unconventional Assumptions for Economic Analysis,

Ph.D. Dissertation, Department of Economics, Monash University.

Cheng, W. (1998), "Specialization and the Emergence and the Value of Money", In Arrow, K., Ng,

Y-K., and Yang, X. eds. Increasing Returns and Economic Analysis, London: Macmillan.

Cheung, S. (1968), "Private Property Rights and Sharecropping", Journal of Political Economy, 76:

1117-1122.

Cheung, S. (1970), "The Structure of a Contract and the Theory of a Non-exclusive Resource",

Journal of Law and Economics, 13:49-70.

Cheung, S. (1983), "The Contractual Nature of the Firm", Journal of Law & Economics, 26: 1-21.

Chiang, A. (1984), Fundamental Methods of Mathematical Economics, London: McGraw-Hill.

Chu, C. and Wang, C. (1998), "Economy of Specialization and Diseconomy of Externalities",

Journal ofPubpic Economics, 69:249-261.

Chuang, John Chung-I and Marvin A. Sirbu, (1999), "Optimal bundling strategy for digital

information goods: network delivery of articles and subscriptions", Information Economics

and Policy 11(2): 147-176.

Coase, Ronald (1937), "The Nature of the Firm", Economica, 4: 386-405.

Coase, Ronald (1946), "The Marginal Cost Controversy", Economica, 13: 169-182.

Coase, Ronald (1960), "The Problem of Social Cost", Journal of Law and Economics, 3:1-44.

Coase, Ronald (1991), "The Nature of the Firm: Origin, Meaning, Influence", in: Williamson, O.

and Winter, S. (eds.), The Nature of the Firm, New York: Oxford University Press.

Conlisk, John (1996), "Why Bounded Rationality?" The Journal of Economic Literature, 34: 669-

700.

114



Cooler, R. (1989), "The Coase Theorem", The New Palgrave: A Dictionary of Economics, J.

Eatwell, M. Milgate, and P. Newman, eds., Vol.1,457-460, London: The Macmillan Press.

Crafts, N. (1997), "Endogenous Growth: Lessons for and from Economic History", D. Kreps and K.

Wallis eds. Advances m Economics and Econometrics: Tiieory and Applications, Vol. II.

Cambridge: Cambridge University Press.

Debreu, G. (1959), Theory of Value, New Haven: Yale University Press.

Debreu,G.(1974), "Excess Demand Functions", Journal of Mathematical Economics, 1: 15-21.

Debreu, G. (1991), "The Mathematization of Economic Theory", American Economic Review, 81:

1-7.

Delong, J. V. (1998), "Dont Repeat IBM Debacle", Wall Street Journal Europe, March 4th, 6.

Demsetz, H., (1964) "The Exchange and Enforcement of Property Rights", Journal of Law and

Economics!: 11-26. •

Demsetz, H. (1967), "Toward A Theory of Property Rights", American Economic Review, 57:

347-359.

Demsetz, H. (1988), Ownership, Control, and the Firm, Oxford: Basil Blackwell.

Demsetz, H. and Lehn, K. (1985), "The Structure of Corporate Ownership: Causes and

Consequences", Journal of Political Economy, 93: 1155-1177.

Dewatripont, M. and Maskin, E. (1995), "Credit and Efficiency in Centralized and Decentralized

Economies", Review of Economic Studies, 62: 541-556.

Diamond, Charles and Simon, Curtis (1990), "Industrial Specialization and the Returns to Labor",

Journal of Labor Economics, 8: 175-201.

Diderot, Denis (1713), Diderot Encyclopedia: the Complete Illustrations, New York: Abrams, 1978.

Dixit, A. (1987), "Trade and Insurance with Moral Hazard", Journal of International Economics,

23: 201-220.

Dixit, A. (1989), "Trade and Insurance with Imperfectly Observed Outcomes", Quarterly Journal of

Economics, 104: 195-203.

Dixit, A. (.1990), Optimization in Economic Theory, Cambridge: The MIT Press.

Dixit, A. (1996), The Making of Economic Policy: A Transaction-Cost Politics Perspective,

Cambridge: The MIT Press.

Dixit, A and Nalebuff, B. (1991), Thinking Strategically, New York: W. W. Norton & Company.

Dixit, A. and Norman, V. (1980), Theory of International Trade, Cambridge: Cambridge University

Press.

Dixit, A. and Stiglitz, J. (1977), "Monopolistic Competition and Optimum Product Diversity",

American Economic Review, 67: 297-308.

115



Dutta, B. and Mutuswami, S. (1997), "Stable Networks", Journal of Economic Theory, 76: 322-44.

Ethier, W. (1982), "National and International Returns to Scale in the Modern Theory of

International Trade", American Economic Review, 72: 389-405.

Farrell, J. and Maskin. E. (1989), "Renegotiation in Repeated Games", Games and Economic

Behaviour, 1:327-360.

Fauver, Larry, Houston, Joel, and Naranjo, Andy (1998), "Capital Market Development, Legal
Systems and Value of Corporate Diversification: A Cros-Country Analysis", Working Paper,

University of Florida.

Fawcett, H. (1863), Manual of Political Economy, London: Macmillan.

Fishbum, P. C , Odlyzko, A. M., and Siders, R. C. (1997), " Fixed Fee versus Unit Pricing for

Information Goods: Competition, Equilibria and Price Wars", Conference on Internet

Publishing and Beyond: Economics of Digital Information and Intellectual Property,

Cambridge MA, January 23-25, 1997.

Fudenberg, D. and Levine, D. (1998), The Theory of Learning in Games, Cambridge: The MIT

Press.

Fudenberg, D. and Tirole, J. (1983), "Sequential Bargaining with Incomplete Information", Review

of Economic Studies, 50:221-247.

Fudenberg, D. and Tirole, J. (1989), "Noncooperative Game Theory for Industrial Organization: An

Introduction and Overview", Handbook of Industrial Organization, Vol 1, Chapter 5, Elsevier

Science.

Fudenberg, D. and Tirole, J. (1991), Game Theory, Cambridge: The MIT Press.

Furubotn, E. and Pejovich, S. eds. (1974), Vie Economics of Property Rights. Cambridge, Mass.:

Ballinger Publishing Company.

Gale, D. (1986), "Bargaining and Competition. Part I: Characterization and Part II: Existence",

Econometrica, 54: 807-818.

Gallup, John and Jeff Sachs (1998), "Geography and Economic Development", Working Paper,

Harvard Institute for International Development.

Galor, O. (1996), "Convergence? Inferences from Theoretical Models", Economic Journal, 106:

1056-1069.

Georgescu-Roegen, N. (1971), The Entropy Law and Economic Process, Cambridge: Mass.,

Harvard University Press.

Gibbons, R. (1992), Game Theory for Applied Economist, Princeton University Press.

Gilles, Robert (1990), Core and Equilibria of Socially Structured Economies: The Modelling of

Social Constraints in Economic Behaviour, Krips Repro Meppel.

116



Goodin, R. E. (1996), 77ie Theory of Institutional Design, Cambridge University Press.

Gordon, B. (1975): Economic Analysis before Adam Smith, London: Macmillan.

Grimes, W. S. (1994), " Antitrust Tie-in Analysis after Kodak: Understanding the Role of Market

Imperfections", Antitrust Law Journal, 62(2): 263-325.

Groenewegen, Peter (1987), "Division of Labor", in J. Eatwell, M. Milgate, and P. Newman eds.

Vie New Palgrave A Dictionary of Economics, 901-907, London: Macmillan.

Grossman, G. M. (1993): "Endogenous Innovation in the Theory of Growth", Journal Economic
Perspectives, 8: 23-44.

Grossman, S. and Hart, O., (1986), "The Costs and Benefit of Ownership", Journal of Political

Economy, 94: 691-719.

Grossman, G. and Helpman, E. (1989), "Product Development and International Trade", Journal of

Political Economy, 97: 1261-1283.

Grossman, G. and Helpman, E. (1990), "Comparative Advantage and Long-Run Growth",

American Economic Review, 80: 796-815.

Grossman Gene M. and Helpman, Elhanan (1994), "Protection For Sale", American Economic

Review, 84: 833-850.

Grossman Gene M. and Helpman, Elhanan (1995), "The Politics of Free-Trade Agreements",

American Economic Review, 85: 667-690.

Grossman, G. and Shapiro, C. (1982), "A Theory of Factor Mobility", Journal of Political

Economy, 90: 1054-1069.

Grossman, S (1989), The Informational Role of Prices, Cambridge: The MIT Press.

Grossman, S. and Hart, O. (1986), "The Costs and Benefits of Ownership: A Theory of Vertical

and Lateral Integration", Journal of Political Economy, 94: 691-719.

Grout, P. (1984), "Investment and Wages in the absence of Binding Contracts: A Nash Bargaining

Approach", Econmetrica, 52:449-460.

Guth, W. and Kliemt, H. (1995), "Evolutionary Stable Co-operative Commitments", Humboldt

University Discussion Paper - Economics Series 53.

Hahn, F. (1971), "Equilibrium with Transaction Costs", Econometrica, 39: 417-439.

Hall, John (1987), "State and Societies: the Miracle in Comparative Perspective," in Baechler, Hall,

and Mann (eds.), Europe and the Rise of Capitalism, Cambridge: Blackwell.

Hanson, W., and Martin, R. K. (1990), "Optimal Bundling Pricing", Management Science, 36(2):

155-174.

Harris, Joseph (1757), An Essay Upon Money and Coins. London: G. Hawkins, 1757-1758.

117



Hart, O. (1991), "Incomplete Contract and the Theory of the Firm", in: Williamson, O. and Winter,

S.(eds.): The Nature of the Firm, New York: Oxford University Press.

Hart, O. (1995), Firms, Contracts, and Financial Structure. Oxford: Clarendon Press.

Hart, O. and Moore, B. (1990), "Property Rights and the Nature of the Firm", Journal of Political

Economy, 98(6): 1119-1158.

Hart, O. and Moore, B. (1999), "On the Design of Hierarchies: Coordination versus Specialization",

Journal of Political Economy, 98: 1119-1158.

Hildenbrand, Werner (1974), Core and Equilibria of a Large Economy, New Jersey: Princeton
Press.

Himrnelblan, D. (1972), Applied Nonlinear Programming, New York: McGraw-Hill.

Hirsch, M. Magill and Mas-Colell, A. (1990), "A geometric approach to a class of equilibrium

existence theorems", Journal of Mathematical Economics 19(1-2): 95-106.

Hobbes, Thomas (1651), Leviathan, J.M. Dent & Sons Ltd, 1973 (this edition was first published in

Everyman's Library in 1914).

Houthakker, M. (1956), "Economics and Biology: Specialization and Speciation", Kyklos, 9: 181-

189.

Hunvicz, L. (1973), "The Design of Mechanisms for Resource Allocation", American Economic

Review, 63: 1-30.

Jackson. M. and Wolinsky, A. (1996): "A Strategic Model of Social and Economic Networks",

Journal of Economics Theory, 71: 44-74.

Jones, Eric L. (1981), The European Miracle: Environments, Economies and Geopolitics in the

History of Europe and Asia, Cambridge: Cambridge University Press.

Judd, K. (1985), "On the Performance of Patents", Econometrica, 53: 579-585.

Kaldor, N. (1967), Strategic Factors in Economic Development, Ithaca: Cornell University.

Katz, M. and Shapiro, C. (1985), "Network Externalities, Competition, and Compatibility",

American Economic Review, 75: 424-440.

Katz, M. and Shapiro, C. (1986), "Technology Adoption in the Presence of Network Externalities",

Journal of Political Economy, 94: 822-841.

Kim, Hee-Su, (1996), "Equilibrium and efficiency in auctions of complementary goods without

bundling", Economics Letters 52(1): 49-54.

Kim, S. (1989), "Labor Specialization and the Extent of the Market", Journal of Political Economy,

97: 692-705.

Kirzner, Israel (1997), "Entrepreneurial Discovery and the Competitive Market Process: An

Austrian Approach", Journal of Economic Literature, 35: 60-85.

118



Knight, F. H. (1921), Risk, Uncertainty and Profit, Chicago: Hart, Shaffher and Marx.

Knight, J. and Sened, I. (1995), Explaining Social Institutions, The University of Michigan Press.

Kooprnan, T. R. (1957), Three Essays in the State of Economic Science, New York: McGraw-Hill.

Kreps, D. (1990), A Course in Microeconomic Theory, Princeton University Press.

Kreps, D., Milgrom, P., Roberts, J., and Wilson, R. (1982), "Rational Cooperation in the Finitely

Repeated Prisoners1 Dilemma", Journal of Economic Jlieory, 27: 245-252.

Krugman, P. (1979), "Increasing Returns, Monopolistic Competition, and International Trade",

Journal of International Economics, 9: 469-479.

Krugman, P. (1980), "Scale Economies, Product Differentiation, and the Pattern of Trade",

American Economic Review, 70: 950-959.

Krugman, P. (1981), "Intra-industry Specialization and the Gains from Trade", Journal of Political

Economy, 89: 959-973.

Krugman, P. (1992), "Toward a Counter-Counter Revolution in Development Theory", World Bank

Observer, Supplement, 15-61.

Krugman, P. (1995), Development, Geography, and Economic Tlieory, Cambridge: MIT Press.

Kydland, F. and Prescott, E. (1982), "Time to Build and Aggregate Fluctuations", Econometrica,

50: 1345-1370.

LaffonL J. J. (1990), "Analysis of Hidden Gaming in a Three Level Hierarchy", Journal of Law and

Economic Organization, 6: 301-324.

Laffont, J. J. and Tirole, J. (1993), A Theory of Incentives in Procurement and Regulation.

Cambridge, Mass.: MIT Pre: s.

Langlois, R. N. (1988), "Economic Change and the Boundaries of the Firm", Journal of

Institutional and Theoretical Economics, 144: 635-657.

Laslett, Peter (1988), "The European Family and Early Industrialization", in Baechler, Hall and

Mann (eds.) Europe and the Rise of Capitalism, Cambridge: Blackwell.

Lewis, T. and Sappington, D., (1991), "Technological Change and the Boundaries of the Firm",

American Economic Review, 81:965-982.

Lio, M. (1996), Three Assays on Increasing Returns and Specialization: A Contribution to New

Classical Microeconomic Approach, Ph.D. Dissertation, Department of Economics, the

National Taiwan University.

Lio, M. (1998a), "Uncertainty, Insurance, and Division of Labor", Review of Development

Economics, 2: 76-86.

Lio, M. (1998b), "The Inframarginal Analysis of Demand and Supply and the Relationship

between a Minimum Level of Consumption and the Division of Labor", in Arrow, K., Ng, Y-

119

I



K., and Yang, X. (eds.), Increasing Returns and Economic Analysis, London: Macmillan, 108-

126.

Liu, Pak-Wai and Yang, Xiaokai (2000) "The Theory of Irrelevance of the Size of the Firm",

Journal of Economic Behavior and Organization, 42: 145-165.

Locay, L. (1990), "Economic Development and the Division of Production between Households

and Markets", Journal of Political Economy, 98: 965-982.

MacFarlane, Alan (1988), "The Cradie of Capitalism: The Case of England", in Baechler, Hall and

Mann (eds.), Europe and the Rise of Capitalism, Cambridge: Blackwell.

MacKie-Mason, J. K. and Varian, H. L. (1994a), "Some Economics of the Internet",

http://www.sims.berkeley.edu/~hal/pages/sciam.html, 25/3/99.

MacKie-Mason, J. K. and Varian, H. L. (1994b), "Pricing the Internet",

http://www.sims.berkeley.edu/~hal/pages/sciam.html, 25/3/99.

MacKie-Mason, J. K. and Varian, H. L. (1994c), "Congestible Network Resources",

http://www.sims.berkeley.edu/~hal/pages/sciam.html, 25/3/99.

Mailath, George J. (1998), "Do People Play Nash Equilibrium? Lessons from Evolutionary Game

Theory", Jouixal of Economic Literature, 36: 1347-1374.

Manne, H. eds. (1975), The Economics of Legal Relationships, St. Paul: West Publishing Company.

Marcouiller, D. and Young, L. (1995), "The Black Hole of Graft: the Predatory State and the

Informal Economy", American Economic Review, 85: 630-646.

Marshall, Alfred (1890), Principles of Economics, 8th Edition, 1948, New York: Macmillan.

Martin, S., (1999), "Strategic and welfare implications of bundling", Economics Letters 62(3): 371-

376.

Marx, Karl (18c7), Capital, a Critique of Political Economy, Vols I-III, New York, International

Publishers, 1967.

Maskin, Eric and Xu, Chenggang (1999), "Soft Budget Constraint Theories: From Centralization to

the Market", Working Paper, Department of Economics, Harvard University.

Matutes, Carmen and Regibeau, Pierre (1992), "Compatibility and Bundling of Complementary

Goods in a Duopoly", Journal of Industrial Economics, 40 (1): 37-54.

Maxwell, Henry (1721), Reasons Offered for Erecting a Bank in Ireland, the second edition,

Dublin.

McAfee, R. P., McMillan, J., Whinston, M. D. (1989), "Multi-product Monopoly, Commodity

Bundling, and Correlation of Values", Quarterly Journal of Economics, 104: 371-383.

McNeil, W. (1974), The Shape of European History', Oxford: Oxford University Press.

120



Meek, R. and Skinner, A. (1973), "The Development of Adam Smith's Ideas on the Division of

Labor", Economic Journal, 83: 1094-1116.

Meier, G. (1995), Leading Issues in Economic Development, New York, Oxford University Press.

Milgrom, P. and Roberts, J., (1982), "Limit Pricing and Entry under Incomplete Information",

Econometrica, 40: 433-459.

Milgrom, P. and Roberts, J. (1992), Economics, Organization and Management, Englewood Cliffs:

Prentice-Hall.

Mill, John Stuart (1848), Principles of Political Economy, Harmondsworth, Penquin, 1970

(originally published in 1848).

Minsky, Hyman (1996), "Uncertainty and the Institutional Structure of Capitalist Economies",

Journal of Economic Issues, 30: 357-368.

Mitchell, B. M., Vogelsang, 1. (1991), Telecommunications Pricing: Theory and Practice,

Cambridge: University Press.

Mokyr, Joel (1990), The Lever of Richs: Technological Creativity and Economic Progress, New

York: Oxford University Press.

Mokyr, Joel eds. (1993), The British Industrial Revolution, An Economic Perspective, Boulder:

Westview Press.

Mokyr, Joel, (1993), "The New Economic History and the Industrial Revolution", in Mokyr, J. ed.

The British Industrial Revolution: An economic perspective, Boulder and Oxford: Westview

Press.

Montesquieu (1748), 77ie Spirit of the Laws, Rept. Ed. Berkeley: University of California Press,

1977 (originally published in 1748).

Nelson, R. (1995), "Recent Evolutionary Theorizing About Economic Change", Journal of

Economics Literature, 33:48-90.

Neyman, A. (1985), "Bounded Complexity Justifies Cooperation in the Finitely Repeated Prisoners'

Dilemma", Economic Letters, 19: 227-229.

Ng, S. (1995), Economic Openness and Growth, Ph.D. Dissertation, Department of Economics,

Monash University.

Ng, Y-K. and Yang, X. (1997), "Specialization, Information, and Growth: a Sequential Equilibrium

Analysis", Review of Development Economics. 1: 257-274.

Ng, Y-K. and Yang, X. (2000), "Effects of Externality-Corrective Taxation on the Extent of the

Market and Network S^c of Division of Labor", Seminar Paper, Department of Economics,

Monash University.

121



Nicholson, J. S. (1893), Principles of Political Economy, London, A&C Black, 1902 (originally
published in 1893).

Norman, A. L. (1994), "Computability, Complexity and Economics", Computational Economics, 7:
1-21.

North, Douglas, eds. (1981a), Structure and Change in Economic History, New York: Norton.

North, Douglas (1981b), "The Industrial Revolution Reconsidered", in North, D. ed. Structure and

Change in Economic History, New York: Norton.

North, Douglas (1987), "Institutions, Transaction Costs and Economic Growth", Economic Inquiry,
25:419-428.

North, Douglas (1990a)," A Transaction Cost Theory of Politics", Journal of Theoretical Politics,

2(4): 355-367.

North, Douglas (1990b), histitutions, Institutional Change and Economic Performance, New York.

Cambridge University Press.

Olson, M. (1993), "Dictatorship, Democracy, and Development", American Political Science

Review, 87(3): 567-576.

Osborne, M. and Rubinstein, A. (1994), A Course in Game Theory, The NUT Press.

Persson, Torsten, and Tabellini, Guido (1990), Macroeconomic Policy, Credibility and Politics,

U.K.: Harwood Academic Publishers.

Petty, William (1671), Political Arithmetics, in C. H. Hull ed., Economic Writings of Sir. William

Petty, reissued, New York: Augustus M. Kelly, 1963.

Petty, William (1683), Another Essay on Political Arithmetics, in C. H. Hull ed., Economic Writings

of Sir. William Petty, reissued, New York: M. Kelly, 1963.

Plato (380 BC), The Republic, tans. H.D.P. Lee, reissued, Harmondsworth: Penguin Classics, 1955.

Posner, E. A., (1996)," the Regulation of Groups: The Influence of Legal and Nonlegal Sanctions

on Collective Action", The University of Chicago Law Review, 63: 133-197.

Qian, Y. (1994a), "Incentives and Loss of Control in an Optimal Hierarchy", Review of Economic

Studies, 61(3): 527-544.

Qian, Y. (1994b), "A Theory of Shortage in Socialist Economies based on the 'Soft Budget

Constraint'", American Economic Review, 84: 145-156.

Quinzii, M. (1992), Increasing Returns and Efficiency, New York: Oxford University Press.

Radner, R. (1993), "The Organization of Decentralized Information Processing", Econometrica, 61:

1109-1146.
Radner, R. (1996), "Bounded Rationality, Indeterminacy, and the Theory of the Firm", Economic

Journal, 106:1360-1373.

122



Rae, John (1834), Statement of Some New Principles on the Subject of Political Economy, reissued,

New York: M. Kelly, 1964.

Rashid, Salim (1986), "Adam Smith and the Division of Labor: a Historical View", Scottish

Journal of Political Economy, 33: 292-297.

Rawls, J. (1971), A Theory of Justice, Cambridge: Harvard University Press.

Ricardo, D. (1817), 77?e Principle of Political Economy and Taxation, reissued London: Gaernsey

Press, 1973.

Rodriguez-Clare, A. (1996). "The Division of Labor and Economic Development", Journal of

Development Economics, 49: 3-32.

Roland, Gerard (2000), Politics, Markets and Firms: Transition and Economics, Cambridge, MA:

The MIT Press.

Romer, P. (1986), "Increasing Returns and Long Run Growth", Journal of Political Economy, 94:

1002-1037.

Romer, P. (1987), "Growth Based on Increasing Returns Due to Specialization", American

Economic Review, Papers and Proceedings, 11: 56-72.

Romer, P. (1990), "Endogenous Technological Change", Journal of Political Economy, 98:71-102.

Romer, P. (1993), "The Origins of Endogenous Growth", Journal of Economic Perspectives, 8: 3-

22.

Rosen, S. (1978), "Substitution and the Division of Labor", Economica, 45:235-250.

Rosen, S. (1983), "Specialization and Human Capital," Journal of Labor Economics, 1:43-49.

Rosenstein-Rodan, Paul (1943), "Problem of Industrialization of Eastern and South-Eastern

Europe", Economic Journal, 53: 202-211.

Roumasset, J and Smith, J., (1981), "Population, Technological Change, and the Evolution of Labor

Markets", Population and Development Review, 7:401-419.

Rousseau, J. J. (1762), Treatise Du Contrat Social, translated in Barker, E. (ed.), Social Contract,

reissued London: Oxford University Press, 1970.

Rubinstein, A. (1986), "Finite Automata Play the Repeated Prisoners' Dilemma", Journal of

Economic Theory, 39: 83-96.

Rubinstein, A. (1998),. Modelling Bounded Rationality, Zeuthen Lecture Book Series. Cambridge

and London: The MIT Press.

Sachs, J. and Yang, X. (1999), "Gradual Spread of Market-Led Industrialization", Harvard Center

for International Development Working Paper No. 11.

123



Sachs, J., Yang, X. and Zhang, D. (1999a), "Trade Pattern and Economic Development when

Endogenous and Exogenous Comparative Advantages Coexist", Harvard Center for

International Development Working Paper No. 3.

Sachs, J., Yang, X. and Zhang, D. (1999b), "Patterns of Trade and Economic Development in the

Model of Monopolistic Competition", Harvard Center for International Development Working

Paper No. 14.

Samuelson, P. A. (1947), Foundations of Economics Analysis, Cambridge, MA: Harvard University

Press.

Samuelson, P. A. (1948), "International Trade and the Equalization of Factor Prices", Economic

Journal, 58(230): 163-184.

Samuelson, P. A. (1955), Economics, New York: McGraw-Hill.

Sc'.ultz, T. (1993), Origins of Increasing Returns, Cambridge, MA: Blackwell.

Schumpeter, J. (1939), Business Cycles, New York: McGraw-Hill.

Schumpeter, J. (1942), Capitalism, Socialism, and Democracy, New York: Harper & Row.

Schumpeter, J. (1954), History of Economic Analysis, New York: Oxford University Press.

Schmalensee, R. (1984), "Gaussian Demand and Commodity Bundling", Journal of Business,

57(1): 211-230, part 2.

Segerstrom, P. (1998), "Endogenous Growth without Scale Effects", American Economic Re\'kw,

88: 1290-1310.

Senior, N. (1836), An Outline of the Science of Political Economy, reprinted, London: Allen &

Unwin, 1951.

Shackle, G. L. S. (1961), Decision, Order, and Time, Cambridge: Cambridge University Press.

Shi, H. and X. Y ^ g (1995), "A New Theory of Industrialization", Journal of Comparative

Economics, 20:171-189.

Shi, H. and X. Yang (1998), "Centralized Hierarchy within a Firm vs. Decentralized Hierarchy in

the Market", in Arrow, K., Ng, Y-K., and Yang, X. eds. Increasing Returns and Economic

Analysis, London: Macmillan, 145-169.

Simon, Herbert (1982a), Models of Bounded Rationality, A U . l : Economic Analysis and Public

Policy, Cambridge, MA: The MIT Press.

Simon, Herbert (1982b), Models of Bounded Rationality, Vol.2: Behavioural Economics and

Business Organization, Cambridge, MA: The MIT Press.

Skogh, G. and Stuart, C. (1982), "A Contractarian Theory of Property Rights and Crime", Scand.

Journal of Economics 84( 1): 27-40.

124

11



Slater, Gary and Spencer, David (2000), "The Uncertainty Foundcvions of Transaction Costs

Economics", Journal of Economic Issues, 35: 61-87.

Smith, Adam (1776), An Inquiry into the Nature and Causes of the Wealth of Nations. Reprint,

edited by E. Cannan. Chicago: University of Chicago Press, 1976.

Smith, Maynard, J. (1982), Evolution and the Tfieory of Games, Cambridge: Cambridge University

Press.

Smythe, D. (1994), "Rook Review: Specialization and Economic Organization: A New Classical

Microeconomic Framework", Journal of Economic Literature, 32: 691-692.

Stigler, G. (1951), "The Division of Labor is Limited by the Extent of the Market", Journal of

Political Economy, 59: 185-193.

Stigler, G. (1961), "The Economics of Information", Journal of Political Economy, 69: 213-225.

Stigler, G. (1963), "United States v. Leow's Inc.: a note on block booking", Supreme Court Review,

152-157.

Stigler. G. (1976), "The Successes and Failures of Professor Smith", Journal of Political Economy,

84:1199-1213.

Sun, Guangzhen (1999), Increasing Returns, Roundabout Production and Urbanization: A General

Equilibrium Analysis of the Division of Labor. Ph.D. Dissertation, Department of Economics,

Monash University.

Sun, G. and Yang, X. (1998), "Evolution in Division of Labor, Urbanization, and Land Price

Differentials between the Urban and Rural Areas", Harvard Institute for International

Development Discussion Paper, No. 639.

Sun, G., Yang, X. and Yao, S. (1999), "Theoretical Foundation of Economic Development Based

on Networking Decisions in the Competitive Market", Harvard institute for International

Development Working Paper, No. 17.

Tamura, R. (1991), "Income Convergence in an Endogenous Growth Model", Journal of Political

Economy, 99: 522-540.

Tamura, R. (1992), "Efficient Equilibrium Convergence: Heterogeneity and Growth", Journal of

Economic Theory, 58: 355-376.

Tirole, J. (1989), The Theory of Industrial Organization, Cambridge: Tie MIT Press.

Tirole, J. (1994), "The Internal Organization of Government", Oxford Economic Papers, 46(1): 1-

29.

Tucker, Josiah (1755), The Elements of Commerce and Theory of Taxes, London.

Tucker, Josiah (1774), Four Tracts on Political and Commercial Subjects, Gloucester, R. Taikes.

125



Turgot, A.R.J. (1766), Reflections on the Production and Distribution of Wealth, in Groenewegen,

P. D. ed. The Economics ofA.RJ. Turgot, The Hague, Nijjhoff, 1977.

Ulph, A.M. and Ulph, D. T. (1975), "Transaction Costs in General Equilibrium Theory— A

Survey", Economica, November: 355-372.

Umbeck, J. R., (1981), A Theory of Property Rights, University of Iowa Press.

Varian, H. L. (1992), Microeconomic Analysis, New York: Norton.

Varian, H. L. (1995), "Pricing Information Goods", in: Proceedings of Scholarship in the New

Information Environment Symposium, Harvard Law School.

Varian, H. L. (1996), "Differential Pricing and Efficiency", http://www.sims.berkeley.edu/

~hal/pages/sciam.html, 25/3/99.

Varian, H. L. (1997), "Versioning Information Goods", http://www.sims.berkeley.edu/~hal/pages/

sciam.html, 25/3/99.

Varian, H. L. (2000), "Buying, Sharing and Renting Information Goods", Working Paper, Shool

of Information Management and Systems, University of California, Berkeley.

Villar, A. (1996), General Equilibrium with Increasing Returns— Lecture Notes in Economics and

Mathematical Systems, Vol. 438. Heidelberg and New York: Springer.

Von Neumann, J. (1945): "A Model of General Equilibrium", Review of Economic Studies, 13:1-9.

Walker, Amasa (1874), Science of Wealth: A Manual of Political Economy, Boston: Little Brown,

New York: Kraus Reprint, 1969.

Walras, Leon (1874), Elements of Pure Economics, translated by William Jaffe., London: Ailcn &

Unwin, 1926.

Wang, J. and Yang, X. (1996), "The Division of Labor and the Pursuit of Relative Economic

Standing", Journal of Comparative Economics, 23: 20-37.

Weber, Max (1961), The Protestant Ethic and the Spirit of Capitalism, Routledge: Chapman &

Hall.

Weibull, J. (1995), Evolutionary Game Theory, Cambridge, M.A.: The MIT Press.

Wen, M. (1997a), "Infrastructure and Evolution in Division of Labor", Review of Development

Economics, 1: 191-206.

Wen, M. (1997b), Division of Labor in Economic Development, Ph.D. Dissertation, Department of

Economics, Monash University.

Wen, M. (1998), "An Analytical Framework of Consumer-Producers, Economies of Specialisation

and Transaction Costs," in Arrow, K., Ng, Y-K., and Yang, X. eds. Increasing Returns and

Economic Analysis, London: Macmillan, 170-185.

West, E.G. (1964), "Adam Smith's Two Views of the Division of Labor", Economica, 3:23-32.

126



Whiaston, M. D. (1990), "Tying, Foreclosure, and Exclusion", American Economic Review. 80 (4):

837-859.

Williamson, O. (1968), "Economics as an Antitrust Defense: the Welfare Tradeoffs", American

Economic Review, 58(1): 18-36.

Williamson, O. (1975), Markets and Hierarchies, New York: The Free Press.

Williamson, O. (1985), Economic Institutions of Capitalism, New York: The Free Press.

Williamson, O. (1989), "Transaction Economics", in Schmalensee, R. and Willig, R. eds, Handbook

of Industrial Organization, Vol. I, Amsterdam: North-Holland, pp. 135-182.

Wong, K-Y. and Yang, X. (1998), "An Extended Ethier Model Model with the Tradeoff Between

Economies of Scale and Transaction Costs", in Arrow, K., Ng, Y-K., and Yang, X. eds.

Increasing Returns and Economic Analysis, London, Macmillan, pp. 186-204.

Yang, X. (1988), "A Microeconomic Approach to Modeling the Division of Labor Based on

Increasing Returns to Specialization", Ph.D. Dissertation, Dept. of Economics, Princeton

University.

Yang, X. (1990), "Development, Structure Change, and Urbanization", Journal of Development

Economics, 34: 199-222.

Yang, X. (1994), "Endogenous vs. Exogenous Comparative Advantages and Economies of

Specialization vs. Economies of Scale", Journal of Economics, 60: 29-54.

Yang, X. (1995), "An Equilibrium Model of Hierarchy", Department of Economics Seminar Paper,

Monash University.

Yang, X. (1996), "A New Theory of Demand and the Emergence of International Trade from

Domestic Trade", Pacific Economic Review, 1: 215-217.

Yang, X. (1997), "Endogenous Transaction and the Theory of the Firm", Working Paper,

Department of Economics, Monash University.

Yang, X. (1999), "The Division of Labor, Investment, and Capital", Metroeconomica. 20: 301-324.

Yang, X. (2001), Economics: New Classical versus Neoclassical Frameworks, Cambridge, MA.:

Blackwell.

Yang, X. and Borland, J. (1991), "A Microeconomic Mechanism for Economic GroVh", Journal of

Political Economy, 99:460-482.

Yang, X. and Borland, J. (1992), "Specialization and Money as a Medium of Exchange",

Department of Economics Seminar Paper No. 8/92, Monash University.

Yang, X. and Heijdra, B. (1993), "Monopolistic Competition and Optimum Product Diversity:

Comment", American Economic Review, 83: 295-301.

Yang, X. and Hogbin, G. (1990), "The Optimum Hierarchy", China Economic Review, 2: 125-140.

127



Yang, X. and Ng, Y-K., (1993), Specialization and Economic Organization: A New Classical

Microeconomic Framework, Amsterdam: North-Holland.

Yang, X. and Ng, Y-K. (1995), "Theory of the Firm and Structure of Residual Rights", Journal of

Economic Behavior and Organization, 26:107-128.

Yang, X. and Ng, S. (1998), "Specialization and Division of Labor: a Survey", in Arrow, K., Ng,

Y-K., and Yang, X. eds. Increasing Returns and Economic Analysis, London, Macmillan, 3-

63.

Yang, X. and Rice, R. (1994), "An Equilibrium Model Endogenizing the Emergence of a Dual

Structure between the Urban and Rural Sectors", Journal of Urban Economics, 25: 346-368.

Yang, X. and Shi, H. (1992), "Specialization and Product Diversity". American Economic Review,

82: 392-398.

Yang, X. and Wills, I. (1990), "A Model Formalizing the Theory of Property Rights", Journal of

Comparative Economics, 14: 177-198.

Yang, X. and Yao, S. T. (2000), "Walrasian Sequential Equilibrium, Bounded Rationality, and

Social Experiments", Working Paper, Department of Economics, Monash University.

Yang, X. and Yeh, Y. (1993), "Economic Organisms and Application of Topology and Graph

Theory in Economics", Department of Economics Seminar Paper, Monash University.

Yang, X. and Yeh, Y. (1996), "A General Equilibrium Model with Endogenous Principal-agent

Relationship", Department of Economics Seminar Paper, Monash University.

Yang, X., Wang, J., and Wills, I. (1992), "Economic Growth, Commercialization, and Institutional

Changes in Rural China, 1979-1987", China Economic Review, 3: 1-37.

Yang, X. and Zhang, D. (1999), "International Trade and Income Distribution", Harvard Center for

International Development Working Paper No. 18.

Young, Allyn (1928), "Increasing Returns and Economic Progress", The Economic Journal, 38:

527-542.

Young, Alwyn (1993), "Invention and Bounded Learning by Doing", Journal of Political

Economy, 101:443-472.

Young, Alwyn (1998), "Growth without Scale Effects", Journal of Political Economy, 106:41-63.

Zhang, J. (1997), "Evolution in Division of Labor and Macroeconomic Policies", Review of

Development Economics, 1:236-245.

Zhang, J. (1998), "A Dynamic Monetary Model of Endogenous Specialization", in Arrow, K., Ng,

Y-K., and Yang, X. eds. Increasing Returns and Economic Analysis, London, Macmillan, 205-

218.

128



Zhao, Y. (1999), "Information, Evolution of the Institution of the Firm, and the Optimal Decision

Horizon", Review of Development Economics, 3: 336-353.

Zhou, L., Sun, G-Z, and Yang, X, (1998), "General Equilibria in Large Economies with

Endogenous Structure of Division of Labor", Working Paper, Department of Economics,

Monash University.

Zhou, L., Sun, G-Z, and Yang, X., (1999), "General Equilibrium in Large Economies with

Transaction Costs and Specialization", Working paper, Department of Economics, Monash

University.

129




