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Private information creates a cost of operating a hierarchy, which becomes
larger as the hierarchical distance between the information source and the
decision maker increases. When information about a firm’s capabilities is dis-
persed among the individuals in the firm, production is inefficient even though
everyone behaves rationally. Because hierarchies need rents in order to func-
tion, a firm with a long hierarchy may not be viable in a competitive industry.

1. INTRODUCTION

What are the costs of hierarchy? How can a hierarchy be less than
the sum of its parts? Williamson (1985, p. 131) asked: Why can’t a
large firm do everything that a collection of small firms can do and
more? At the level of the economy as a whole, Lange (1938) asked
the same question: “Why can’t a central planner mimic the market,
mainly using the price system to allocate resources but sometimes
intervening to produce an outcome that, in the planner’s view, im-
proves upon the market?”” We offer a model in which organizational
diseconomies of scale arise when people in a hierarchy exploit the
bargaining power that their private information gives them. The
model rationalizes the commonsense observation that longer hierar-
chies generate larger distortions.

Hayek (1945) argued that the costs of hierarchy arise from the fact
that knowledge is dispersed among the people in the organization. By
knowledge, Hayek had in mind not just scientific and engineering
knowledge, but also more mundane facts; he noted that “knowledge
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of people, of local conditions, and of special circumstances” is a valua-
ble asset. Such knowledge is pervasive. A worker on the production
line might observe quality-defect problems that become apparent only
on the shop floor, or notice a machine that is sometimes idle, or a
surplus stock of raw materials that could be used. A middle manager
might become aware of engineering problems in a new process, or of
a way of reassigning workers to increase productivity. Salespeople in
the field learn about demand for the firm’s products. Much of the
information about demand and costs that the top management needs
for planning must come from below." Knowledge that is valuable to an
organization is acquired by people—at all levels of the organization,
including the lowest—as a by-product of their day-to-day duties; often
it consists of information about things that are transitory and seem-
ingly trivial.

Why does it matter that the source of the information is sepa-
rated from the decision-making responsibility? Organizational costs
are multifaceted. Our model focuses on one particular source of orga-
nizational diseconomies of scale. People in organizations devote en-
ergy to influencing the organization’s decisions to their advantage;
this is the basis of the influence—cost theory of Milgrom (1988), and
Milgrom and Roberts (1988, 1990a). We shall examine a specific form
of influence cost: the strategic use people make of any special knowl-
edge they have acquired. As Hayek said, “practically every individual
has some advantage over all others because he possesses unique infor-
mation of which beneficial use might be made, but of which use can
be made only if the decisions depending on it are left to him or are
made with his active cooperation.” Individual incentives, we shall
argue, create a fundamental impediment to efficiency in hierarchies.
Dispersed information within a hierarchy makes conflicts of interest
inevitable. Information becomes distorted in our model—there is, in
effect, a cost of communication—not because of limits to people’s
ability to transmit and receive information, but because of people’s
incentives to exploit any informational advantages they have. This
distortion increases cumulatively as the information moves up the
hierarchy, so longer hierarchies have greater informational ineffi-
ciencies.

1. The importance of such information for the running of a firm is stressed by Hayek
(1945), Milgrom and Roberts (1988), and Schiff and Lewin (1968, 1970). In the view of
Aoki (1988, Ch. 2), Japanese firms’ ability to utilize production-floor information is one
of the sources of their competitive edge. Levine and Tyson (1990) review empirical
studies that find that employee participation in decision-making often improves firms’
productivity, in part because it makes use of knowledge about the workplace that
workers have and managers lack.
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The experience of large European firms exemplifies the bargain-
ing advantages of privately-held information that are the focus of our
analysis. “People are reluctant to share their information,” observed
the head of a French company. “Managers in particular seem to think
it gives them extra power.” Resistance by middle-ranking managers,
according to The Economist, has prevented most large European com-
panies from establishing management information systems across
their subsidiaries in the various countries in which they operate.
“Those lower down the management hierarchy . . . have an interest
in husbanding information—and the power that goes with it. . . .
The types of information which these companies have found it most
difficult to standardise and collect is that on customers, pricing, prod-
uct specifications, and local personnel. . . . This is precisely the infor-
mation which would be most helpful in lowering costs or responding
quickly to changes in the market.”?

The model to be developed is stylized, in that it ignores other
sources of hierarchy inefficiencies, such as the limits to people’s ability
to process information (Geanakoplos and Milgrom, 1991), and the
cost of monitoring subordinates and the resulting inadequate effort
levels (Qian, 1994). The model is one-sided, in that it focuses on the
costs of hierarchy, but not on the benefits (apart from some analysis
of coordination gains in Section 6); in particular, technological econo-
mies of scale are ignored.

In a firm, according to our model, (a) production efficiency falls
as the hierarchy lengthens; (b) production efficiency may rise or fall,
depending on the form of the cost function, when the firm’s output
market becomes more competitive; (c) the longer the hierarchy, the
smaller the marginal rate of payment with respect to output of the
workers at the bottom of the hierarchy (so small firms will pay their
workers piece rates, large firms will pay closer to fixed wages); (d)
the more competitive the firm’s output market, the more sensitive
pay is to performance (so competitive firms will pay their workers
piece rates, monopolists will pay closer to fixed wages); () the higher
an individual is up the hierarchy, the more sensitive are marginal
payments to performance (so bonuses will be a bigger fraction of in-
come for executives than for production-line workers); and (f) a firm
with a long hierarchy may not be viable in a competitive industry (so
a large firm might respond to an increase in competition by shortening
its hierarchy).

The degree of industry concentration, in our model, depends
on the nature of the demand for industry’s output. When the demand

2. “The Flowering of Feudalism,” The Economist, February 27, 1993, p. 70.
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curve is elastic over a broad output range, the industry will not be
monopolized. This is novel, for it gives a demand-side rationale for
industry concentration, which complements the conventional supply-
side rationale based on economies of scale. The industry will tend to
be competitive if there exist close substitutes for its output (for exam-
ple, from imports); conversely, industries without close substitutes
will tend to be monopolized. Thus we have a reversal in the conven-
tional causality of perfectly competitive industries. Rents, we shall
argue, are the lubricants that make it possible for a hierarchy to func-
tion. Economists usually think of an industry as being competitive
because the firms in it are small. But if larger firms mean longer hierar-
chies, then potential rents must be present for a large firm to be viable.
Thus firms are small because the industry is competitive.

2. EVIDENCE ON THE COSTS OF HIERARCHY

Since the informational rents that are the subject of this paper arise
from private information, evidence on their existence or size is difficult
to obtain, requiring as it does an unusual amount of inside knowledge.
Such evidence must come either from an extraordinarily detailed audit
of the organization’s accounts, or from whistle-blowing insiders.
Some evidence does exist, however, from capitalist firms, communist
firms, and firms in transition economies.

A study of divisions of three large U.S. corporations by Schiff
and Lewin (1968, 1970), based on interviews and examination of the
accounts, finds that divisional managers built slack into their annual
divisional budgets by understating expected revenues using—low
price and sales estimates—and overstating costs—inflating personnel
requirements, proposing unneeded projects, and failing to report the
adoption of cost-lowering process improvements. On the cost side,
“. . . opportunities for incorporating slack are numerous and appear
to require intimate knowledge of the budget and control system.”
(Schiff and Lewin, 1968, p. 61). The slack was lower in years in which
operating conditions were adverse than in favorable years, consistent
with the model to be developed. This slack was large, amounting to
an estimated 20% to 25% of the division’s budgeted operating ex-
penses. In terms of the model to be developed below, if we interpret
the division as the agent and the top management as the principal,
this implies that the agent’s informational rents averaged one-quarter
to one-third of the actual production cost. The top management appar-
ently understood that the budget was being padded but, like the prin-
cipal in our model, did not have precise enough information to be
able to put a stop to it.
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Misreporting was rife in the pre-reform Soviet firm, according
to Berliner’s 1957 study, based on interviews with expatriate former
managers. One of Berliner’s informants said there is “An enormous
amount of falsification in all branches of production and in their ac-
counting systems . . . everywhere there is evasion, false figures, un-
true reports.” (Berliner, 1957, p. 161). Enterprise managers misrepre-
sented their firms’ costs in their reports to the ministries. They
exaggerated their needs for labor, materials, and equipment; failed to
report improvements in techniques; concealed the productivity of new
machines; understated the number of engineers on hand; and over-
stated the time needed for a task (Berliner, 1957, pp. 82-91). The
misinformation caused the Soviet planer, like the principal in our
model, to order inefficient output quantities (Berliner, 1957, p. 325).
The misreporting was not unknown to the ministry/principal, but the
manager/agent understood incentive compatibility: ““Although the
purchasing organizations sometimes make attempts to check up on
the statements of requirements presented to them, they have no data
for this purpose, and therefore they simply adopt the method of indis-
criminate cutting, which in turn causes some enterprises to present
even more greatly inflated statements of requirements.” (Berliner,
1957, p. 91). The ministry/principal did not, however, appear to design
incentive contracts like those in the model, but rather simply asked
what the enterprise’s technical possibilities were. The manager/agent
was not rewarded for revealing production capacity to be large (Ber-
liner, 1957, pp. 76-77).

Consistent with the magnifying of informational rents that we
shall find in our multi-tier model, misreporting within the Soviet en-
terprise "’ is not confined to one level of management but permeates
the whole system. Within the enterprise each official seeks to maintain
a little factor of safety unknown to his immediate superior. The conse-
quence is a cumulative discrepancy between actual capacity and plan
targets.”” (Berliner, 1957, p. 83; see also Litwack, 1989). The cumulative
increase in misreporting did not even end at the enterprise level. The
ministry officials in charge of the enterprise overstated its costs to the
State Planning Commission (Berliner, 1957, pp. 249-251).

China’s economic reforms provide an experiment in changes in
hierarchy. Before the reforms, China’s economic decision making re-
lied on the flow of information through bureaucratic channels from
production and consumption units. According to Naughton (1991),

3. The principal’s inability to commit to the incentive scheme that will apply in the
future exacerbates such misreporting; on contracting in the face of the ratchet effect,
see Dearden, Ickes, and Samuelson (1990).
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“the narrow channels connecting subordinates to superiors become
clogged with pseudo-information, which is often intentionally dis-
torted. While the system continues to report thousands of “bits” of
data, the actual information content is quite limited.”” The reforms in
the 1980s shifted the right to make output decisions from the state
down to the firm’s manager, thus eliminating a layer of hierarchy.
Groves, Hong, McMillan, and Naughton (1994), testing the model to
be developed below, find that managers responded to the grant of
output autonomy by strengthening their workers’ incentives (specifi-
cally, increasing the use of bonus payments), and the workers re-
sponded to the new incentives, significantly increasing their produc-
tivity.

3. MODELING THE COSTS OF HIERARCHY

To see why it matters that there is a separation between the decision
maker and the holder of the information, we first review the case of
a simple two-person hierarchy, consisting of a principal and an agent
(manager and subordinate, or central planner and firm). We shall refer
to the principal as ““she’”” and to the agent as “he.” Both principal and
agent are assumed to be risk neutral. (In the multi-tier case to be
developed in the next section, however, we shall assume that people
in the middle of the hierarchy have limited liability.) The agent is
better informed about, in Hayek’s phrase, “the particular circum-
stances of time and place” than the principal; specifically, the agent
has more precise information about the current level of production
cost. (Alternatively, to be consistent with some of the examples given
above, the private information could be modeled as being about the
demand function.) The principal, operating under this informational
handicap, decides how to remunerate the agent; in turn, this deter-
mines how much output the agent decides to produce.*

We represent the informational asymmetry by supposing the
agent has a type (e.g., inherent productivity), denoted ¢, which deter-
mines the production cost. The agent knows his type; that is, the
value of t. The principal perceives the agent’s type as being drawn
from a distribution F(t), with density f(f) and support [0, 1]. Let C°(g,
t) be the cost to the agent of obtaining a given output 4 when his type
is t. We assume that higher types have a lower cost and a lower
marginal cost: Cf(g, £) = 0, CJ(q, t) = 0 (where subscripts denote par-

4. The analysis in this section is standard—it builds on Laffont and Tirole
(1986)—but it is necessary to develop this standard case fully as it is the basis of the
induction argument for the multilevel hierarchy that follows in the next section, and
of the analyses of organizational costs in the subsequent sections.
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tial derivatives). We assume also that the marginal cost of output is
positive and nondecreasing: Ci(g, £) > 0, Co,(q, £) = 0. The (exoge-
nously determined) revenue the principal earns from selling the out-
put is R*(g) (monotonicity of the quantity ¢ in type t follows from the
supermodularity of the agent’s profit function, a consequence of CJ;
= 0; see Milgrom and Roberts, 1990b).

The principal, as the Stackelberg leader, specifies the agent’s
incentive scheme: that is, a nonlinear function stating how the size
of the payment he receives will depend on the output he delivers.
Denote this (endogenous) payment function by R%(g). The agent, hav-
ing accepted the contract, then produces the output and is paid ac-
cording to the prespecified payment function.”

The fundamental result is that the agent earns rents from his
private information: knowledge conveys bargaining power. Because
of her informational handicap, the principal cannot design an incen-
tive scheme that extracts all of the rents. The principal, in getting the
output, must not only cover the production cost actually incurred by
the agent, but also offer some profit to the agent—in effect a bribe to
prevent the agent from acting as though his costs are higher than
they really are.

Let 7°(g, t) be the profit earned by the agent if his type is t and
he produces output g, given the payment function designed by the
principal. Thus

7%q, t) = R%q) — C%(q, b). 1)

Given the incentive scheme imposed by the principal, R°, the agent
will choose his output according to the function g*(t), maximizing
a° for his given type t. The principal faces an individual-rationality
constraint: the contract must offer the agent nonnegative rents for all
possible agent types.

From the ex ante point of view of the principal, not knowing
the agent’s type t, the expected amount of profit left with the agent
is the expected value, over the range of possible types, of 7#°(g*(t), t),
or E#° It is shown in the appendix that, if the agent chooses the
output that is best for him, then

En® = —fo CUq(h), t) h(t) () dt, @)

5. Melamud and Reichelstein (1989) provide conditions under which, without loss
of optimality, payment can be a function of output alone. Equivalently—and consis-
tently with the empirical examples given in the previous section—the principal could
ask the agent to report his type, having announced that payment will depend on both
report and output. In this case, the optimal payment function is often linear in output,
although with distinct linear functions for distinct reported types: see Laffont and Tirole
(1986), McAfee and McMillan (1987).
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where h(t) is the inverse hazard rate [1 — F(£)//f(f) (which is assumed
to be nonincreasing). Thus, in an ex ante sense (which is the relevant
sense for the principal’s contract-design problem), it is as if the agent
of type t earns a profit of —h(t)C2(q*(t), t) (which is positive since
C?is negative). In the terminology of Myerson (1991), define the virtual
cost to be C'(g, t,), such that:

C' B = C°@, t) — h(CXg, 1) ‘ ®)

Then, from eq. (2), the expected total cost—production cost plus
agent’s rents—as perceived, ex ante, by the principal is equal to the
expected value of C'(g*(t), t).

The principal designs the contract so as to maximize her expected
net return, which is:

m\d.HSx.QV\ t)

E[RY(g*(t)) — Cog*(t), t) — =°(g*(t), )]
E[RY(g*(t)) — C'(g*(t), D] 4)

For each possible agent type t, the principal maximizes R*(q) — C*(g, ).
In other words, the principal, in designing the incentive scheme,
acts as though the agent has a known type t and cost function C'(g,
t). The asymmetric-information problem has, in effect, been converted
into a full-information problem. It is as if the principal produces the
output herself, but at a higher cost than the agent. The principal,
because she bears the informational rents, induces the agent to pro-
duce less output than the (full-information) efficient level.®

Individuals’ incentives, therefore, create a cost of operating a
hierarchy. The holder of the information exploits the bargaining
power the information gives him, earning rents; in anticipation of
this, the principal manipulates the outcome. This game-playing adds
an information cost to the production cost and reduces the efficiency
of the organization.

In the revelation-principle analysis just given, the agent correctly
reports his information to the principal and receives some rents as a
reward. In the real-world firms discussed above, the agent (a middle-
level manager or a worker) deliberately misreports his information.
To re-interpret the model consistently with this misreporting, we can
think of the agent as reporting not true cost but virtual cost. The size
of the cost-padding, which Schiff and Lewin (1968, 1970) estimated
to be 20% to 25% of the true cost, is —h(t)Cf(4*(t), t). The principal
(the top manager) accepts the agent’s report at face value and bases

6. Note that the payment from principal to agent, R® is, in expectation, equal to
the principal’s virtual cost C, but in any particular realization they will typically be
different.
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her output decision on it. The principal knows the reported costs are
inflated, but also knows there is nothing she can do about it.

4. THE MULTI-TIER HIERARCHY

Does it matter how many hands information passes through betweer
information source and decision maker? Does the informational cost
of hierarchy increase in the length of the hierarchy? We now lengther
the hierarchy in the model just developed, and show that the answer
is yes.

Consider a hierarchy consisting of three people: a top principal,
a middle principal, and an agent. If the extra layer added to the hier-
archy had private information of its own, then it is obvious that length-
ening the hierarchy would exacerbate the inefficiencies. To examine
the pure effect of the length of the hierarchy, therefore, we hold con-
stant the amount of private information. Only the agent has private
information. Anything the middle principal does to transform the
output is observable by the top principal, so from a modeling point
of view it is as if the middle principal simply passes the output ug
the chain.”

The top principal is assumed to be unable to contract directly
with the agent. We leave this unexplained—that is, we leave unex-
plained why the hierarchical structure exists—but presumably it is
because of bounds on any individual’s span of control. Supervision
takes time, and the principal’s time is limited. Once an organization
reaches a large enough size, employing many agents, it is not feasible
for the top principal to contract with the agents directly, and she must
insert subprincipals between herself and the agents (compare with
Geanakoplos and Milgrom, 1991; Qian, 1994). Our interest here is not
in explaining the structure of the hierarchy, but in examining the prior
question of the rents that arise, given the hierarchical structure.

Assume that, initially, the top principal designs and implements
the contract for the middle principal; this contract is a function R*(g)
specifying how much the middle principal will be paid as a function of
the output she delivers to the top principal. Next, the middle principal
designs and implements the contract for the agent; this contract is a

7. Melamud, Mookherjee, and Reichelstein (1989) model a three-tier hierarchy in
which the middle agent as well as the bottom agent have private information. The
hierarchy is shown to be less efficient than having the principal control both agents
directly. Demski and Sappington (1987) model a three-tier hierarchy in which the top
principal designs all of the contracts. The intermediate principal is able to gather im-
proved information about the agent’s productivity. The top principal must motivate
the intermediate principal to acquire the information. Laffont (1988) and Tirole (1986)
model collusion in a three-tier hierarchy. )
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function R%(q) specifying how much the agent will be paid as a func-
tion of the output he delivers to the middle principal.® The middle
principal then delivers the output to the top principal.

The middle principal (who is offered a contract prior to learning
the agent’s type) is assumed to face a limited-liability constraint as
well as an individual rationality constraint. If the middle principal
were able to post an arbitrarily large bond, then the multi-tier hier-
archy would reduce to a single-tier hierarchy, effectively by the top
principal selling the hierarchy to the middle principal for a fixed fee.
We assume instead that the middle principal has limited borrowing
capacity, and is unable to pay such a fixed fee. We require in particular
that the middle principal earns non-negative rents for every possible
type of the agent.

As usual in principal-agent problems, we solve in reverse of
chronological order. Consider first the middle principal’s design of
the contract for the agent. This is, clearly, exactly the same problem
as solved in the last section. The middle principal faces the reward
function R! and the virtual cost C*, and chooses the payment scheme
R° to maximize the expression (4) (given that the agent maximizes his
profit as in eq. (1)).

Now consider the top principal’s contract design. The top princi-
pal understands that the middle principal’s profit is the difference
between the payment received by the middle principal and the
amount the middle principal pays the agent (which is the agent’s
production cost plus rent):

7'(q t) = R'(q) — C°q, t) — 7@, 1). ®)

The top principal has a reward function R?, and must pay R' to the
middle principal. Let C* be the virtual cost associated with the middle
principal’s cost C', that is,

C¥q, t) = CHg, t) — MHCi@, 1), (6)
or, for the multi-tier hierarchy,
CKg, t) = C-~ (g, t) — W(BCE~ (g, b). ?)

We assume producing nothing costs nothing, so C°0, t) = 0. We
assume also Ci(g, £) > 0, Ck,(q, £) <0, and Ciy(g, t) < 0. These assump-

8. In our notation, the superscript on a cost or a revenue function denotes the level
of the hierarchy to which it applies. Thus R is the revenue received and C' the cost
incurred by a person at the ith level in the hierarchy (with 0 denoting the agent at the
bottom). Note also that the revenue function of the top principal is exogenous, whereas
lower-level revenue functions are designed by the person at the next level up.
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tions are analogous to the standard assumptions imposed in the one
tier case to ensure the solution is monotonic. They are complicatec
assumptions since they involve kth derivatives of the primitive
function C°. One case that satisfies them is ¢ uniform on [0, 1] anc
C%@q, t) = (z + 1 — t)c(g), for increasing concave ¢, with ¢(0) = 0, for
which

Cig, t) = (z + 21 = £)c(@). 8

From the one-tier analysis, R%(g*(0)) = C°g*(0), 0). Thus the limited
liability condition for the first-level principal requires

0 = R'(¢*(0) — R°(*(0)) = R'(g*(0)) — C°(4*(0), 0). ©

In addition, ER%(g*(t)) = EC*(g*(t), t). Thus the individual-rationality
condition for the first-level principal requires

0 = ER'@*(1) — EC@*(®), B

~[R@GHE) — CUaH(e), ) — FE)B

I - FOIRM @O0 — Cia*t), Ha*'(®) — CHa ), Hld
= RY{g*(0)) — CHg*(0), 0) — [y CHg*(H), H(1 — F®)dt. (10

In general, either eq. (9) or eq. (10) could be the binding constraint
determining R'(3*(0)). If eq. (10) binds, the first-level principal earn:
zero profits and the solution is for the second-level principal to “sell’
the agency to the first-level principal (that is, require a payment inde
pendent of output). In this case there is no extra distortion due to the
extra layer of hierarchy; the extra layer of hierarchy adds no extr:
hierarchy costs. If, however, eq. (9) is the binding constraint, a longe
hierarchy means greater inefficiencies. o

A sufficient condition for eq. (9) to bind (that is for “selling the
agency” not to be possible) is as follows. Let go be the most outpu
that the lowest type of agent (i.e., t = 0) could ever be asked t
supply. If T denotes the top principal, qo is given by R™'(q0) =
CY%go, 0), and is zero if R™'(0) < C3(0, 0). Then, it will turn out, limitec
liability always binds if

Ck—1(g, 0) — CXg, 0) — Eh(t)Ci(g, t) = 0, forallg, 0=gq=qgo.
(11

This is satisfied by the example eq. (8), so there are indeed hierarch;
costs when the cost function takes this form. It is also satisfied if ¢
= (; that is, if zero output is ordered from the lowest type of agent
Given that the functional forms are such that eq. (11) holds, then (a
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s shown in the Appendix) the total rents increase cumulatively up
he hierarchy.

The agent exploits the bargaining power that comes from his
srivate information to earn profits, as we saw in the last section. The
niddle principal, according to eq. (7) is effectively in a similar position
~vhen she contracts with the top principal (given that the limited-
iability constraint is binding). The middle principal, via her contract-
ng with the agent below her, in effect inherits the agent’s information,
ind she uses this to extract profits for herself.

How quickly do informational rents increase as we move up the
rerarchy? The jth-tier virtual cost depends on the jth derivatives with
-espect to t of C%g, t) and [1 — F(#)]/f(¢), so little can be said in general
since C*! depends on C}; in turn, C' depends on Ci™%, etc.). In a
ractable special case, however, the rents rise surprisingly quickly.
_et F be the uniform distribution on [0, 1] and C°Qy, t) take the form
z + 1 — t)c(g), with z > 0 (thus making the higher derivatives zero).
For this example, the cost effectively borne by the jth-tier principal is
z + 2(1 — t)]e(g). Thus each layer added to the hierarchy doubles
he informational rents borne by the overall principal (which are
Y(1 — f)c(g)). Informational rents increase exponentially in the length
>f the hierarchy.

For a more general model of a multi-tier hierarchy, imagine an
rganization with a pyramidal structure. A single principal oversees
1 certain number of subprincipals, each of whom supervises some
sub-subprincipals, and so on down to several agents at the bottom of
he hierarchy. The agents do the actual production, each delivering
1is output to his immediate supervisor, who in turn delivers it to her
mmediate supervisor, and so on until the output reaches the overall
srincipal. Provided the top principal’s revenue function is additively
separable in the different agents’ outputs, the foregoing analysis ex-
ends immediately to this case, with only notational complication.’

Thus our model corroborates the idea that the degree of hierar-
‘hical inefficiency depends upon how far up the hierarchy the deci-
sion maker is from the source of the information.

9. In the case of multiple agents when the agents’ outputs are not additively separa-
le, a principal who supervises several people must use more general incentive schemes
han the nonlinear pricing schedules considered here. A principal must ask each of
he people she supervises to report their types, and then make each supervisee’s reward
unction depend on the other supervisees” reports. Optimal contracts in this class of
sroblems are analyzed in McAfee and McMillan (1991). (It is shown there that, for this
lass of problems, there arise none of the difficulties often found in problems vith
nultidimensional types.)
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5. INCENTIVES IN THE HIERARCHY

Imagine lengthening a hierarchy, from two tiers to three. Does adding
the extra layer to the hierarchy result in an extra output distortion?
The marginal cost borne by the principal in the two-tier hierarchy is
C2 = C} — h(t)Ck, and so C3 = Cj if and only if C; < 0. But, as is
noted in the Appendix, part of a sufficient condition for the first-order
conditions to characterize the one-tier solution is Cz = 0. Given this,
the top principal’'s marginal cost is higher in the two-tier hierarchy
than in the one-tier hierarchy. With the concavity of the total-revenue
function, this means that output falls as the hierarchy lengthens.
Large firms—in the sense of firms with longer hierarchies—produce,
ceteris paribus, less efficiently than small firms.

What contract does the principal offer the agent in the one-tier
hierarchy? The principal can evoke her desired output by offering the
agent a menu of contracts. Payment is a linear function of output,
with a marginal remuneration rate of R” (g*()) = CJ(¢*(t), t), by eq.
(1) (Laffont and Tirole, 1986; McAfee and McMillan, 1987). The reason
is straightforward. The agent rationally equates the marginal cost he
bears to his marginal rate of payment. If the principal wants to evoke
the output 4 when the agent is of type ¢, she must offer a marginal
payment rate equal to the corresponding marginal cost Cy(g, t). This
marginal payment rate can be interpreted as a piece rate, commission
rate, or managerial incentive scheme. Similarly, in the three-tier hier-
archy, the marginal payment rate for the middle principal is
CYg*(#), t). But this marginal payment rate is equal to Cog*@), t) —
h(t)Co:(q*(#), t). Given that C); = 0, this means that (because marginal
costs rise) the marginal rate of payment rises as we move up the
hierarchy. A supervisor’s performance bonus always exceeds her su-
pervisee’s.

A reduction in the desired output reduces the marginal rate of
payment to an agent (that is, CJ(4*(), #)). Thus the longer the hier-
archy, the smaller the agent’s marginal payment rate, given the
agent’s type. Small firms (that is, firms with short hierarchies) will
tend to pay workers piece rates; in large firms, workers” payments
are closer to fixed wages.

6. LARGE FIRMS Vs. SMALL FIRMS

Our model gives one answer to the question posed by Williamson
(1985) about the limitations to the size of firms. Imagine merging sev-
eral firms. The merged firm ought to do at least as well as the indepen-
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ient firms, for one option for the chief executive is to order what are
10w divisions to behave exactly as they would have as separate firms.
3ut the merged firm should do strictly better than this, for the chief
axecutive is able to intervene selectively when there are clear gains
rom doing so. That there exist limits to the size of firms implies some-
‘hing is missing from this argument.

Suppose that in the merged firm, selective intervention from the
‘op, which can achieve efficiency and profit gains, requires that an
sverall principal be added to control the merged firm, so creating an
axtra layer of hierarchy. Then, by our argument above, the merged
irm’s costs of operation incorporate an informational rent associated
with the extra level of hierarchy.

To compare market coordination with coordination within a
irm, let us examine more carefully an experiment of the sort proposed
>y Williamson. Imagine an industry consisting of n separate firms.
Bach of these firms consist of a single entrepreneur/worker. (This can
se interpreted as a reduced-form representation of a hierarchical struc-
ure.) Each firm has private information about its own type, which
Jetermines its costs of production; and it perceives its rivals’ types as
seing independent draws from a distribution F. The firms meet each
sther in the product market in asymmetric-information Cournot quan-
ity competition. We shall compare this market with the situation after
‘he n firms have been merged and now form the n divisions of a
nonopolistic firm.'® Suppose that the problems of bargaining with
orivate information among the # firms mean that the n independent
irms could not simply form a partnership; instead, the merged firm
nust be controlled by a single overall principal, adding a level of
aierarchy. A three-way trade-off determines how the merged firm
oserforms in comparison with the independent firms.

Two effects work to produce gains from selective intervention.
One, which could be labeled a price-coordination effect, is the stan-
dard monopoly effect: by choosing the total quantity to be supplied,
‘he monopolist is able to extract more rents from the buyers of the
ndustry’s output than are the independent firms. The second effect
zan be labeled the output-coordination gain from centralization. Cour-
a0t competition creates a technical inefficiency when the firms’ costs
differ: firms with high costs produce too much output, and firms with
ow costs produce too little (holding total quantity constant). This
nefficiency of competition can be ameliorated in the merged firm.
The principal of the merged firm can direct the low-cost divisions to

10. To permit coordination of the workers, the merged firm uses contracts as ana-
yzed in McAfee and McMillan (1991); see footnote 9.
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produce more and the high-cost divisions less. But the inefficiencies
of hierarchy mean that output-coordination gains can only partially
be achieved. Full technical efficiency requires that outputs be allocated
so that marginal production costs be equated across the divisions. But
recall from Section 3 that the costs that the principal bears are not
just production costs. Rather, the principal bears production cost plus
informational rents, so that what she equates across the divisions are
these marginal virtual costs. Except in the measure-zero case in which
marginal information costs are the same for all divisions, the principal
does not induce a fully efficient allocation of production to the divi-
sions.™ Working in the opposite direction to these two coordination
effects is the information-cost effect derived in Section 3, which tends
to make the monopoly produce less efficiently than the independent
firms. This inefficiency of hierarchy tends to make the competing
firms more profitable than the monopoly.

To examine this trade-off further, consider an example. There
are n producing units, which we shall alternately view as independent
firms and divisions of a monopoly. The monopoly is controlled by
a single principal; the monopolized industry has one more layer of
hierarchy than the competitive industry. The cost function is zg +
(1 — t)¢*, where t is distributed uniformly on [0, 1]. The demand curve
is linear: price is a — bQ, where Q is total output (the sum of the g/’s).
Let #° represent expected industry profits (averaged over types) when
the firms compete as independent entities; 7" total profit (to principal
and agents) when the industry is monopolized; and #' the profit
earned by the principal when the industry is monopolized. (If 7™
exceeds 7, then it is feasible for the principal to organize a takeover
of the n independent firms, paying them their stock-market value 7*,
and still earning positive profit.) Whether or not monopoly does better
than competition depends on the parameters. In particular (as is
shown in Section A3 of the Appendix): (1) for n large, 7 = 7' > 7°;
(2) for b large, @™ = 7' > 7% (3) for b small, #* > 7™ = 7'. The first
of these is easily explained. When there are many firms competing,
the standard profit increase from monopolization outweighs the orga-
nizational costs. Results (2) and (3), showing the effect of the demand
curve’s slope on the organization of the industry, are more novel. If
the demand curve has a very small slope, two of our three effects
disappear. There is no Cournot inefficiency, and there are no profit

11. Consider the special case in which F is uniform on [0, 1] and the cost function
is C°%g, t) = (z + 1 = t)e(g) for z > 0. The marginal cost perceived ex ante by the
principal (from eq. (1)) is (z + 2(1 — t))c'(9), and equating this across different divisions
with different ¢'s does not in general equate marginal production costs, (z + 1 — #)c’(g),
so there is an inefficiency.
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gains from monopolizing the industry. All that remains are the hierar-
chical losses due to the asymmetric information. Thus, when the in-
dustry demand curve is relatively flat, the industry will not be monop-
olized.

Rents must exist for a long hierarchy to be viable. The general
conclusion from this example is that the size of the potential rents in
any given industry depends on the shape of the industry demand
curve. Whether firms are large or small therefore depends, in general,
not only on standard considerations such as the extent of returns to
scale, but also on the nature of demand.

7. COMPETITION AND THE EFFICIENCY OF PRODUCTION

Do monopolists produce above minimum cost, causing a welfare loss
beyond the thoroughly explored allocative inefficiencies? Conversely,
does competition force minimum-cost production? Generations of
economists have believed that competition provides the discipline
needed to induce managers to make relatively efficient production
decisions. Adam Smith said that monopoly is ““a great enemy to good
management, which can never be universally established but in conse-
quence of that free and universal competition which forces everybody
to have recourse to it for the sake of self-defense’” (Smith, 1776, p.
165). Hicks (1935, p. 8) put it more pithily: “The best of all monopoly
profits is a quiet life.” Despite the familiarity of the idea that competi-
tion promotes efficiency and the fact that it has some empirical sup-
port (Scherer, 1980, pp. 464-466; Caves and Barton, 1990, Ch. 6), it
still lacks a convincing theoretical basis.™

A natural measure of the efficiency with which a firm produces
a given output is the ratio of the lowest possible cost of producing
that output to the actual cost. From eq. (1) efficiency, so measured,
equals C%[C° — h()Cf], or 1/[1 + x], where x is the ratio of ex ante
informational rent to production cost (i.e., x = —h(t)C(q, £)/C°(g, t)).
Thus the extent of inefficiency depends on the size of the informa-
tional rent relative to production cost. As informational rents decline
relative to production costs, measured efficiency increases towards

12. In the model of Hart (1983), firms with separate owners and managers compete
with owner-managed firms. With very risk-averse managers, slack is lowered by the
existence of competition. Scharfstein (1988), however, shows that with less extreme risk
aversion competition may increase managerial slack. Hermalin (1992) gives sufficient
conditions for an increase in competition to decrease managerial slack, when managers
are risk-averse and have commitment ability. Stole and Zwiebel (1995) show that the
bargaining power of workers can generate internal inefficiencies in the firm, the extent
of which varies with, among other things, the competitiveness of the product market.
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one. At the outset, the principal decides the quantity she wants the
agent to produce by equating marginal revenue to the marginal (vir-
tual) cost the principal pays, C}. Assume the principal faces increasing
marginal costs, so that Cj, > 0. (C3, equals C3;, — {[1 — F(®)I/f(H)}
Cfq so this requires that Cf, is, if positive, not too large.) Consider
the experiment of a small rotation of the demand curve about a pre-
existing optimal point. This increases the demand elasticity and in-
creases marginal revenue at that point. This means (given concavity
of the total-revenue function) that the principal wants more produced
than before. What is the effect of the increased production on effi-
ciency? Efficiency, measured as 1/[1 + x], rises or falls with increases
in output as x, the ratio of informational cost to production cost, falls
or rises. Thus efficiency increases as output increases if and only if
gCy/C®, the elasticity of cost with respect to output, exceeds qCf/C?,
the elasticity of the rate of change of cost with respect to type. (For
example, with the cost function C° = [z + 1 — t]¢?, these elasticities
are equal and efficiency is independent of output. With C° = zq +
(1 — t)g%, C? is more elastic than C° and efficiency declines as output
increases.) Thus our model gives only ambiguous support for the idea
that increased competition generates increased efficiency.

If we define profit as in elementary textbooks to be revenue
minus production cost, then in the model developed here firms do not
maximize profit; rather, they maximize revenue minus cost inflated
by the informational rent. Samuelson (1976, p. 508), in assessing the
assumption of profit maximization, echoes Hicks (1935) on the mo-
nopolist’s quiet life: “As soon as the firm becomes of any considerable
size and begins to enjoy some control over price, it can often afford to
relax a little in its maximizing activities.” According to Samuelson,
firms with less elastic demand operate less efficiently. We have seen
that this is true in our model if the cost elasticity condition holds; that
is, if C? is less sensitive to output variations than is cost C° itself. But
efficiency falls with changes in demand elasticity not because the firm
relaxes in its maximizing activities, but rather because the informa-
tional constraints facing the firm’s principal change with the firm’s
environment.

We noted in Section 5 that the optimal contract may be imple-
mented by a menu of linear contracts. The optimal payment scheme
varies with the firm’s demand. Consider again the experiment of rotat-
ing the demand curve about the existing optimum. As demand be-
comes more elastic, the desired quantity g*(t) rises. Because the .
agent’s marginal costs are increasing, this means that his marginal
payment rate increases. Thus the more competitive the firm’s output
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market, the more stringent are the contractual incentives offered to
the agent.

8. SUMMARY

We have shown how private information creates a cost of operating
a hierarchy, which is larger than greater the hierarchical distance be-
tween the information source and the decision maker. We have exam-
ined how contractual incentives vary along the hierarchy. The longer
the hierarchy, the smaller the marginal rate of payment with respect
to output of the workers at the bottom of the hierarchy. The higher
an individual is up a hierarchy, the more sensitive are marginal pay-
ments to performance. When information about the firm’s capabilities
is dispersed among the individuals in the firm, production is ineffi-
cient even though everyone behaves rationally. We have found that,
when the firm’s product market becomes more competitive (i.e., the
elasticity of demand for its output rises) production efficiency rises
or falls depending on the form of the cost function. The more competi-
tive the firm’s output market, the more sensitive is pay to perfor-
mance. Because hierarchies need rents in order to function, a firm
with a long hierarchy may not be viable in a competitive industry.

The model can be interpreted as defining what comprises a hier-
archy. Who is the decision maker? The top principal is defined in our
model as the person who designs the terms of the transaction, using
information from below. Thus, if in a planned economy the right to
set outputs is shifted down form the state to the enterprise, hierarchy
has been reduced (in our terms), even if the state retains nominal
control over the enterprise. Similarly, a corporate reorganization that
pushed decision responsibilities down to lower-level managers would
correspond, in our model, toa reduction in the length of the hierarchy,
regardless of whether the firm’s formal organization chart had
changed. One way to reduce the informational costs of hierarchy is
to avoid vertical integration by organizing production Japanese-style
(see McMillan, 1990, 1995). Production takes place via a chain of sub-
contractors and, rather than sending all decisions up to the main firm
at the top of the chain, each subcontractor is made responsible for its
contracts with its own subcontractors.

APPENDIX
A1l. RENTS IN THE SIMPLE HIERARCHY

We derive eq. (3), the virtual cost for the simple principal-agent hier-
archy developed in Section 3. The principal designs the way the agent
is remunerated, offering to pay an amount that depends on the output
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the agent produces. The profit that will be left with an agent of type
t who produces an output of g is given by eq. (1). The agent is free
to choose the output; let 4*(t) be the output that is optimal for the
agent, given his type and the payment function. We ensure that the
agent is indeed optimizing in his choice of 4*(t) by applying the Enve-
lope Theorem to eq. (1):

dw®  om®
= = o = g, b). (A1)

The principal must choose a payment function such that the
agent is willing to participate. This means that 7w°(¢*(t), t) = 0. Further-
more, it cannot be in the principal’s interest to offer any rents to the
agent in the event that the agent has the lowest possible type: thus
7°(4%(0), 0) = 0. From the principal’s ex ante point of view, the ex-
pected profit left with the agent is:

Ex°

bﬁﬁsyiS&

I

—[m(g*(), DA — F() + b (1 — E()(dnVdt) dt

Il

- | cxg, pmorse a, (A2)

where h(t) = [1 — F(t)]/f(t). (Here the second line uses integration
by parts, and the third line uses (A1) together with F(1) = 1 and
7°(4%(0), 0) = 0. Hence, in an ex ante sense, the rent accruing to the
agent is —Cg(g*(t), t)h(t), and the virtual cost is this rent plus the
production cost, as given in eq. (3).

The principal sets the agent’s marginal rate of payment, if the
agent is of type t, equal to CJ(g*(t), t) (for then the agent’s marginal
benefit equals marginal cost at the desired output level—McAfee and
McMillan, 1987). The first-order conditions characterize the solution
if and only if this marginal payment rate increases with the agent’s
type. A necessary condition for this is dg*(t)/dt = 0 (McAfee and
McMillan, 1987); that is, more output is evoked from higher types.
The output the principal wants maximizes R*(4*(t)) — C'(g*(t), t).
Thus the optimal output satisfies R''(g*()) — C(q*(t), t) = 0. Totally
differentiating this expression with respect to t, we get dg*(t)/dt =
Ci/[RY" — CL]. Thus, with concavity of R', a sufficient condition for
the first-order conditions to characterize the solution is Cj; < 0 and
Cl, = 0; that is, the principal’s cost function C* inherits the curvature
properties we assumed (at the start of Section 3) for the actual cost
function C°. (Unfortunately, since C' depends on C?, the-signs of
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Cl: and C}, depend on third derivatives of C°.) In the analysis of the
multi-tier case to follow, we assume that these conditions on C! hold.

A2. RENTS IN THE MULTI-TIER HIERARCHY

We now consider the multi-tier case and derive the top principal’s
virtual cost, as given in eq. (7) in Section 4. We assume throughout
that eq. (11) holds. The top principal writes a contract with the second-
highest principal, who in turn contracts with the next principal, and
so on down to the agent, who accepts his contract and produces the
output. At each level, the contract specifies payment as a nonlinear
function of output alone. We solve backwards, beginning with the
contract between the agent and his immediate supervisor. Clearly this
is exactly the same as the two-tier case just solved, and is summarized
by eq. (A2). Now consider the contracting between a principal and
her superior. The middle principal’s profit for a given agent type f is
given by eq. (5). The middle principal in effect implicitly “chooses”
the output function (as discussed in the text): not directly, but indi-
rectly, since by her choice of contract R%(q) she determines the g*(t)
function that the agent will choose. As we saw in the two-tier case,
the meaning of the virtual cost C'(g, t) is that the middle principal
maximizes 7'(gq, t) = R*(q) — C'(g, t) pointwise: that is, the middle
principal “chooses” her optimal g for each value of { by maximizing
this expression. (As noted in the text, it is as if the middle principal
is able to produce the output herself, ata cost, known to her, of C(q, t)).
Given the middle principal’s optimization, the Envelope Theo-
rem implies
dm'  om'

= = o = ~CHa®), b. (A3)

Define, for k = 0,
CE+i(g, 1) = CXg, 1) — h(H)CH(g, t). (A%)

We show that, provided the j-level principals choose quantities g* that
maximize R/(q) — Ci(g, t), for all j < k, then the (k + 1)-level principal
does so as well, thereby establishing the induction formula given in
eq. (7).

We set the base of the induction at k; that is, we suppose the
kth level principal’s problem has been solved, with the following three
properties:

RI(0) = C%g*(0), 0), forallj < k. (A5)
ERI(q%(t)) = ECT*(g*(t), t) + C%g*(0), 0) — C'(%(0), 0), forallj <k. (A6)
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RI'(g*(t)) = Ci(q*(t), t), for all j < k. (A7)

We now show that these properties induct to k + 1. Provided g* is
nondecreasing, we first show that eq. (11) implies individual rational-
ity (i.e., condition (10)) for level k does not bind. Note that if eq. (10)
binds, the k + 1 principal sets R¥'(g) = R¥**'(g), which from eq. (A7)
and Cfi(g, t) < 0 implies g* is nondecreasing. Expected profits for the
k-level principal are:

E[R¥(g*(t)) — R*"X(g*(1)]
= ER(q*(t)) — ECXq*(t), t) — C%g*(0), 0) + C*~*(g*(0), 0)
= —[(RNg*(t)) — CXg*(t), )L — F(t)s
- %H (1 — F(t)CHg*(t), t) dt — C%g*(0), 0) + C*~(g*(0), 0)
0
= R¥(g*(0)) — C°(g*(0), 0) — CXg*(0), 0) + C*~(g*(0), 0)
|ﬁ:|m€§i§:&w9 (A8)
0
(The last step follows from limited liability (R¥(*(0)) — C°4*(0), 0) =

0) and eq. (11).) Since individual rationality eq. (10) does not bind,
limited liability eq. (9) does, establishing eq. (A5) forj <k + 1:

RX0) = C%g*(0), 0). (A9)

Using equations (A9) and (A6), and the integration by parts in eq.
(A8), we obtain

ER¥(g*(t)) = ER*~X(g*(¥)) + R¥q*(0)) = C%g*(0), 0) — CX4*(0), 0)

+qéi39lha[mggi;:&

ECHg(t), 1) — CHg*(0), 0) + C%(4*(0), 0)
— ER(t)CHg (1), 1)
EC3(g(t), 1) — CKg0), 0) + C°(*(0), 0).  (A10)

This establishes eq. (A6) for j < k + 1. Integrating eq. (A4) by parts,
we have:

Il

ECE*1(g*(t), ) = CXq*(0), 0) + b Calq*(),0)g (1)1 — F(1)) dt.

(A11)
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From eq. (A10),

ER¥(q*(t)) = C%q*(0), 0) + % Calg*(t), ™' (A — E(t)) dt

0

I

ECq(e), b + [ 10 = FO)ICH(), 1

= CUg(t), tlg*'(t)] dt. (A12)

(The first equality uses eq. (All); the second uses eq. (All) for k =
0.) Thus, the (k + 1)-level principal earns

| Ry - RGN

= h [F(HIRE Mg (E) — CHa*(t), H] — (1 — FDICq*(H), 1)

= CUq*(t), Hlg*' ()] dt.

Interpreting this as the integral of a function H(q*, 4*', t) and applying
the Euler equation, we have (with the arguments of C/ suppressed),

FHIRF M (g) = C31 — (1 — F(#)ICh — Coly’

T D))

FBIR* " (q) = C3l — (1 — FW)ICh — Cagla” — f(#)(C5 — C7)
+ (1 = F®)(Ch — Cog” + (1 = FO)(Cq — Cay)
FOIR(q) — C5 — C5 + Cq + h(t)(Ca —Can)]

FHIR Y (q) — (C§ = h(t)Ca)]

FOIR(q) — C57H(q, ).

This establishes eq. (A7) forj = k + 1, which completes the induction.
(Note that the assumption that g is nondecreasing follows from eq.
(A7) and Ck(g, t) < 0, assumed in the text.)

A3. GAINS AND LosseEs FROM MERGER

We now derive the conditions under which a monopolist’s profit ex-
ceeds the sum of competitors’ profits, as stated in Section 6. The coor-
dination gains from having a single decision maker are traded off
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against the costs of the extra hierarchy. The price is p(Q) = a — bQ,
cost = zg + (1 — t)g>. Let @ =a — z (2, a chosen so that price never
goes negative). Let g = b~

Competition

The i** firm'’s profits are

Eqia — bQ) — 23 — (1 — B

= [a — b(n — Dulg: — (b + (1 — t:))q?,
where u = Egf(t;). Thus
la —bn — Du

I

i

Tt =31 -4
1
= 5 (@ = b(n — ) log(l + ),
where,

1

1 1 dt
m@+glwn%w+ﬁlﬁnLom@+~13

0

= log(b + 1) — log(b) = log(1 + b~"') = log(1 + B).

Thus,
w[2 + b(n — 1) log(l + B)] = alog(l + B), or,
_ alog(l + B)
K= 2 b — 1)log + B)
1(a — b(n — Dp)* 1 1

Em = MS b +c“ - WWE =g (@ = b(n = D)k gy

1 24 2 a?log(l + B)

T4 Toma + E_ T @2+ b(n — 1) log(1 + B)?

Industry profits under competition are

ne?B? log(l + B)
28 + (n — 1) log(1 + B)’]

na? log(l + B)
2+ @®n-1) Wwomﬁ + B)?]

a7 = nEwr =
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lim =€ = 0.
11—>00
lim 7 = 0.
B—0

lim 7€ = oo,

B>

1i _m _na?
fxlog + B) 4

2

K dme _ ha
AN dB ~ (n + 17
Thus, for small 8,

na?

B

\d-n

Monopoly
y=> (1 —-t)~* (Notey=mn, Ey = =)
i=1

The principal’s profits are:
7t = (o — b3g:)3q: — 32(1 — t:)q7.

ot
0= 5 =@ 2Q - 41 - )
»_ o= 20Q
A —hy

4Q = (a — 26Q)3(1 — t;)~" = (a = 2bQ)y.

Q4 + 2by] = ay, or, @u%m@.
ad + 2by) —bay 4+ by

@ —bQ = 4+ 2by Y% 1 oy
a4 + 2by) — 2bay 4o

@ = 20Q = =30y aT

Thus,

g = o and,

(1 — t)4 + 2by)’
(e — bQ)Q — 32(1 — t)g?

3
Il
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. [4+ by ay a?
@ T ¥ NNL 4 + 2by 2 (1 — £)& + 2by)?

= @+9|@Sm:\$ + by) — 2y]
2

@ y _ @ By
42+by 428+y

As n— », y — » (since y = n)

L a1 o2
TS hroy W ST
ﬂHHQwammlwwio as B—0.
tim e = lim & W 2
H%E}n%

Thus, for small 3,

1
ﬂHVﬂnmmsaoba\m } Am\ Srwnrwmq:mmg:wm.

Total Monopoly Profits

If, in order to buy the competitive firms, the top principal must only
pay the difference between what agents expect under competition
and what they expect under the top principal, the total profits of the
monopoly are the relevant comparison to 7 (i.e., is there anything
left over for the top principal?). These profits are

(@ = bQ)Q — 3(1 — t)g?

4+by ay a?
Tromir by 0T DTG T e
2

= ﬂgi% +by) — vl

ﬂ-w:

o*(3 + by)y  o* 3y + by?

(4 + 2by)> 4 4+ 4by + bW
a? 3y '+ b

Lay 2 + by T+ b7
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As noted earlier,
me ™ fim ——"
1~ 2% Togd + B)  sovlog(l + b 1)

3 m o _ H §||@lw —
him En™ = Elim o™ = g a°Ey =

Although v is an improper random variable (no mean), y~* is not.
Sincey =mn, wL € [0, 1/n]. Moreover me >0, since thereis a positive
probability that y < 2n.

d
Ew™ ™" b
:Bll.l mHHBI||I.| m:g
H 1
b0 log(l + b7 1) og(l + b7 %) Tom_omﬁ+w 1
_d . Wi+ \ 1
=Py T olee + D)

Q

-1
_a®y i 4y~ + b)b(b + 1)

4 Qy T+ bP 0.

Thus limy_o E#™a° = 0, and thus, for small b:
En! = Ea™ < #°.
This gives the following summary:

(i) For n large, 7™ = 7' > =°.
(ii) For b large, =™ = 7' > 7°.
(iii) For b small, 7' = 7™ < 7°.
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