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Recent theoretical research on principal-agent relationships has emphasized incentive prob-
lems that arise when the parties involved are constrained by either asymmetric information
or their inability to monitor each other’s actions. Here we concentrate on the former constraint
and consider the case of a single principal (the monopolist). The main contribution is to
show that, under a separability assumption, strong conclusions can be drawn about the
nature of optimal incentive schemes. Although the primary focus is on optimal quantity
discounts in a monopolized market, the results also shed light on related topics, such as
optimal income taxation and commodity bundling.

1. Introduction

B In the last few years much theoretical work has considered incentive schemes (or
“principal-agent” relationships) where the parties involved are constrained either by asym-
metric information or by their inability to monitor each other’s actions. In this article we
concentrate on the former constraint, known in the literature as “adverse selection,” rather
than on the latter, often called ‘“moral hazard.”

We show that a variety of issues can be viewed formally as members of a single family
of principal-agent problems. In this article we consider in detail: (i) price discrimination
via quantity discounts (Goldman, Leland, and Sibley, 1980; Oi, 1971; Roberts, 1979;
Spence, 1977)! and (ii) monopoly pricing of products of differing quality (Mussa and Rosen,
1978). In a companion piece, Maskin and Riley (1983a), we study (iii) the choice of an
auction for selling a fixed number of identical items. (See Harris and Raviv (1981), Maskin
and Riley (1980, 1984), Milgrom and Weber (1982), Myerson (1981), and Riley and
Samuelson (1981), as well as the seminal paper by Vickrey (1961).)

For each of these problems, the central issue is how to construct a sorting mechanism
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! There is also a much earlier literature which recognizes the potential gains to differential unit pricing for
different sized purchases. Pigou (1930), for example, discusses “block pricing.” He does not, however, consider
its role as a screening mechanism in the absence of complete information. Instead he views it as an approximation
to perfect (“first-degree”’) price discrimination.
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to extract the greatest possible private gain. Our main contribution is to show that, under
a separability assumption, we can draw strong conclusions about the nature of optimal
incentive schemes. Our results also shed new light on a wide range of closely related topics.
These include the theory of optimal income taxation (Mirrlees, 1971), the monopoly pricing
of insurance (Stiglitz, 1977), the monopoly provision of excludable public goods (Brito
and Oakland, 1980), multiproduct monopoly pricing (Mirman and Sibley, 1980), the reg-
ulation of a producer with unknown costs (Baron and Myerson, 1982), and monopoly
pricing of a product line (Oren, Smith, and Wilson, 1984).

In the following section, we begin with a heuristic discussion of the issues involved
for the simplest application: nonlinear pricing. Then, in Section 3 we examine the self-
selection constraints that the monopolist faces and show that the choice of an optimal
selling procedure reduces to a tractable variational problem. In Section 4 we present the
fundamental characterization theorem for the optimal selling strategy of the monopolist.
Using this result, we are able to show that, in a broad class of cases, the optimal selling
strategy involves pricing larger quantities at successively lower unit prices; that is, using
quantity discounts. We also provide a strong result on the effect of a change in the distribution
of preferences on the profit-maximizing quantity discount scheme.

Finally, in Section 5, we extend the Mussa and Rosen (1978) analysis of the pricing
of quality to preferences that are defined over both quality and quantity. In this case a
seller’s optimal strategy is to sell multiple units in bundles. Higher quality units are sold
in packages of a different size from those of lower quality units. For a simple parameterization
of preferences, we provide a complete characterization of the optimal bundling strategy.
We conclude in Section 6 with a discussion of further applications of the theory and with
some comments on the central assumptions.

2. Description of the problem

B To introduce the general principles involved we focus on the simplest application—
the use of a nonlinear price schedule to discriminate among customers. A monopolist
produces a single product at constant marginal cost, c. A buyer of type i has preferences
represented by the utility function?

q
U,~(q,-T)=fo p(x;v)dx — T, (1)

where ¢ is the number of units purchased from the monopolist and 7 is total spending on
these units. That is, we take the standard consumer surplus approach and assume that
differences in tastes are captured by the single parameter v. The seller does not observe v,
but knows F(v), the distribution of buyers’ preferences.’> Throughout we shall assume that
higher levels of v are associated with a higher demand. We also assume that the demand
price p(q; v) is decreasing in g and that there is some maximum quantity g(v) for which

2 Thus we exclude income effects. Notice that we do not rule out the possibility that differences in income
across consumers may account for differences in demand; such effects can be embodied in the parameter v;. What
we are assuming, in effect, is that the proportion of any single consumer’s income spent on the good in question
is so small that variations in p have a negligible effect on income.

3 Throughout this section, we shall interpret F(v) to be the underlying probability distribution from which
the parameters of a population of buyers are drawn independently. Therefore, in considering expected seller profit,
we are assuming risk neutrality on the part of the seller. Alternatively we could think of F(v) as the actual—i.e.,
the realized—distribution of the v’s. The analysis would remain unchanged except that profit-maximization would
replace expected-profit-maximization. Actually, there is a slight difficulty with the latter (traditional) interpretation
of F(v). If all buyers but one revealed their v’s through their purchasing behavior, the seller could infer the parameter
value of the remaining buyer without observing it directly. This problem arises, however, only if the seller knows
the actual distribution exactly, which seems improbable in practice.
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demand price exceeds marginal cost. For each v, gv) is thus the efficient consump-
tion level.
To be precise we impose the following restrictions.

Assumption 1. (i) For all feasible v the demand price function p(q; v) is nonincreasing in
g and nonnegative, and there exists g°(v) = 0 such that p(g; v) is decreasing in g for
g < q%v), and p(g; v) = c if and only if g < g°(v). (ii) p(g; v) is twice continuously
differentiable for g < g(v). (iii) p(g; v) is strictly increasing in v whenever p(q; v) is positive.

A selling procedure is then a schedule of pairs (g, T, Yses, which the seller offers to
the buyers. If a buyer chooses s, he receives 4, and pays a total of 7. The profit or “return”
to the seller is then X X

R, =T, — cg,. 0))
Throughout we shall assume that any selling procedure includes the pair {0, 0), that is,
the buyer always has the option of buying (and paying) nothing.

Combining (1) and (2), we can rewrite the utility of a buyer of type i as

q
W%Rnw=J;MMvmk—fq—RENwwo—R, 3)

where M(g; v;) is the social surplus generated by the sale. Thus, we can think of the trades
between the seller (the “principal’’) and buyers (“agents”) as giving each buyer the entire
surplus less a fee R. The selling procedure is then a schedule of pairs {g;, R;)ses offered
to each of the buyers. This latter formulation proves more convenient.*

Before considering the choice of a selling procedure, we note that our formulation
can be reinterpreted, without modification, as the choice of an optimal piece-rate schedule.
Let C(g; v;) be the opportunity cost to a worker of type v; of producing g units for a
potential employer with some monopsony power. Suppose that the employer (the principal)
knows the distribution of v; but cannot observe v; directly. If m is the value of each unit
of output to the employer and the worker is offered a payment Q for g units, the net gain
to the worker is

Ulg, & v:) = @ — g; vi), 4)
whereas the employer’s return is
R=mqg—- Q. &)
As before, we define N(g; v) to be the social surplus, that is,
N = mq — C(g; v). (6)

Substituting (5) and (6) in (4), we find that the net gain to an agent (worker) of type i is
given once again by (3).°

4 Our formulation embraces a vast array of selling procedures that the notation perhaps conceals. We allow,
for example, for selling procedures involving multiple rounds of moves by buyer and seller, as long as the only
things that ultimately matter to the buyer and seller are the quantity sold and the payment. Two possibilities that
our formulation does exclude are (i) allowing one buyer’s quantity-payment pair to depend on the choices of other
buyers and (i) permitting g(s) and 7{s) to be random functions of 5. As we argue below, however, neither possibility
is advantageous for the seller, given our assumptions (see, however, the minor qualification in footnote 3.)

5 To make the problem exactly equivalent, we also introduce the constraint that the worker will participate
only if his utility exceeds some reservation level #. This description suggests that the relationship between an
employer and worker begins only after the worker has observed his v; (an ex post relationship), but we can equally
well suppose that the two parties sign a contingent contract before v; is realized. By making the payment and
output contingent on v;, such a contract serves to share risk. If we assume that the employer is risk neutral and
the worker infinitely risk averse and maintain the hypothesis that only the worker can observe the realization of
v;, then this ex ante contract generates the same contingent payments and outputs as the ex post relationship.
This results because, given the worker’s extreme risk aversion, the constraint on his utility in the contract is simply
that net gain should exceed some minimum, #, which is the same as in the ex post relationship. Hence, the
literature on labor contracts with asymmetric information (Hart, 1983) can also be fit into our framework.
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Returning to the original interpretation, we begin with a diagrammatic derivation of
the seller’s optimal price schedule. A buyer’s utility from any pair (g, R) is, from (3), just
the social surplus M(q; v;) less the seller’s profit R. Given our definition of g¢(v) as the
efficient level of consumption by a buyer with parameter v;, it follows that, for any R,
U(q, R; v;) increases with g until it reaches a maximum at ¢ = g°(v;).

Thus, indifference curves must be as depicted in Figure 1. Note that at (g, R) the
slope of the corresponding indifference curve is

dR aU [oU

- =——[=p(@Vv)—cC
i aq/ R p(q; v)

Therefore, at any point (g, R) the indifference curve for a buyer with a higher parameter
value has a greater slope. Sorting is feasible precisely because different individuals have
different marginal rates of substitution between the commodity and income. Our assumption
that one individual’s marginal rate of substitution is everywhere higher than another’s is
an important analytical simplification.

For the simplest case of two buyer types we can illustrate the profit-maximizing selling
strategy with the help of Figure 1. If the seller had complete information about buyer types,
he could extract all buyer surplus by introducing the schedule I* = {{qf, R}),
(g%, R¥)}. But since we assume that he has no direct means of distinguishing buyer types,
this selling procedure will not extract all surplus. Indeed, high demanders (v = v, > v,)
are strictly better off buying ¢¥ units at a total cost of R¥ + cg¥.

From the figure it is easy to see, moreover, that the seller can do strictly better than
I*. Consider the indifference curve for a high demander through {g¥, Rf). Any such
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