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ABSTRACT

PRICING POLICIES IN THE LINEN SUPPLY INDUSTRY
by
Revin Kearns Steiner

Submitted tc the Alfred P. Sloan School of Management on
May 11, 1979 in partial fulfillment of the requirements for
the Degree of Master of Science.

Linen supplies use a number of different types of pricing
systems. Some of these systems charge customers a single price
for each piece of linen soiled. Other systems charge cus-
tomers in two parts: Customers pay a price per piece of linen
soiled, and also a price for the right to rent linen at those
piece rate prices.

As long as a linen supply has some degree of monopoly
power, it can earn larger profits by using a two-part pric-
ing system rather than charging a single vprice for the linen
it provides. What form of two part pricing system is best
for a linen supvly to use depends on the market in which the
linen supply operates. For markets which include a sizeable
segment of large, very price sensitive customers, it will
be best for the linen supply to charge customers a right to
rent linen price in the form of a delivery fee which is the
same for all customers. For markets in which large customers
are not more price sensitive than smaller customers, a linen
supply should charge a right to rent linen price in the form
of an inventory fee. This inventory fee is charged for
each piece of linen the linen supply holds to service each
customer and hence, larger customers will be charged larger
right to rent linen prices.

Thesis Supervisor: Robert S. Pindvyck,
Associate Professor of
Applied Economies
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CHAPTER I
THE LINEN SUPPLY INDUSTRY

A. What is a Linen Supply?

A linen supply provides customers with a variety of clean
linen by way of a iegular system of pick up and delivery. A
linen supply, unlike a laundry, owns most of the linens it
washes and in effect leases these linens to its customers.
Deliveries aré made as frequently as once a day gnd as infre-
quently as once a month. Typically, the linen supply plant
operates on a fivg day cycle. Each déy, each delivery driver
runs a different part of his route; that is, each day of the
week the driver delivers clean and picks up dirty linen from a
different string of customers. The dirty linen picked up by
. the driver on the first day of the cycle is counted and sorted
by workers inside fhe linen plant on the second day of éhe cycle.
On the third day the linen is washed and dried in huge machines
made expressly for industrial laundries. On the fourth day,
the linen is pressed, folded and bundled into packages desig-
nated for particular customers. Again,- large specialized
eqﬁibment is normally used to pfoces; the linen. On the final
day of the cycle the packaged linen is separated by route and
stacked in huge baskets, which the delivery men wheel to |
their trucks for loading: Thus, on the next morning, the
cycle is ready to begin again.

There are over four hundred types of linens which a linen

5
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' supply might offer its customers, although typically a full-

"service linen supply will provide only seventy-five to a hundred
'

|different types and colors of linen. Exactly what products

are offered varies, of course, among linen supplies, but the

following table does provide a general picture of the product

lines carried by a linen supply plant.

General Colors
Product # of Avail- Typical
Type Products able Customers

Uniforms 10 5 Heavy industrial
companies; restaurants;
automobile-related
companies

Flat towels 10 i Restaurants; doctors'
offices; gyms; country
clubs; garages; bars

Bed linens 3 1 Mctels; hotels

.Table cloths 6 4 Restaurants

Napkins 2 3 Restaurants

Aprons 3 2 Restaurants; bakeries;
butcher shops; print
shops

Mops 3 1 Various

Entryway

Latex Mats 2 1 Various

Continuous towels 2 2 Public restrooms in
restaurants, bars, gyms,

- offices

Oven mitts 2 1l Restaurants

Patient gowns 2 1 Doctors' offices

Paper towels 1- 1 Various

Toilet paper 1 1 Various
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The peicent of total revenues associated with each
‘general product type varies so widely among linen supplies as
to make it impossible to associate a typical percent of total
revenue figure with each general product type. Nevertheless,
we may observe that for nearly all linen supplies, uniform
rentals are a major source of revenue. In fact, some linen
supplies specialize in providing uniform service. For many,
continuous towels are a very important product, and yet some
linen supplies do not carry continuous towels at‘all. For a
few, bed linens are a major revenue producer, although many
linen supplies havé tried to keep their volume of bed linens
relatively low due to the rather high shrinkage associated with
these, items. -

.A linen supplyv's costs, other than capital costs, are of
four basic types: .processing costs, which are those costs
directly associated with washing, pressing or dry cleaning
linens; inventory costs, or the costs of maintaining an inventory
of linen suff;cient to meet customer '‘needs; delivery costs, which
are those costs associated with maintaining the linen company's
fleet of trucks and staffing them with delivery drivers; and
finally, general and administrative cgsts. Althéugh there is
considerable variation among linen supplies, the following dis-

-

tr_bution of these costs would be fairly common in the industry:

Type of Cost % of Total Cost
Production 25%
Textile 30%
DeliVery 15%

General & Administrative 30%
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The kef persén in a linen supply plant is the plant manager.
It is his job to coordinate the sales force, delivery department
and production department. It is his responsibility to set
‘up prices for each o©f the linen supply's products, although in
practice he may share this responsibility with his sales
manager and delivery department manager.

Most plant managers are college educated, althcugh very
few hold advanced éegrees in business or econcmics. Typically,
the plant manager has worked for a linen supply for a number
of years and has spent time in both the the production depart-
ment and i£ the delivery department. He is generally well-
acquainted with the market conditions in the area served
by his plant, and in fact may have considerable knowleéée
about which of his customers are sensitive to the price of
“the products his plant provides and which are moré concerned

with a product's quality and appearance.

B. Industry Structure

Large companies in the linen supply industry generally
consist of chains of linen supplies spread over wide geographical
areas with plants in many smaller cities as well as in large
metropolitan areas. The five largest such linen supply
companies in the United States are:

1. National Service Industries. This company owns

approximately 40 linen supply plants in the United

States. It is publicly traded and has an approximate
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- (1979) market value of $203,000,000.

2. Steiner Corporation. Steiner owns thirty linen
supplies in the United States and an additional
thirty plants outside the United States, making it
the largest company in the industry world-wide.

It is privately held.

3. American Linen Supply Co.. This company operates
twenty-seven plants in the United States. It also

is privately held.

4. F. W. Means. Means owns 28 plants in the United
States. It is publicly traded and has an approximate

-

market value of $28,000,000.

5. Workwear. This company owns 19 plants in the
United States. It is publicly traded and has an

approximate market value of $17,500,000.

It would be a mistake to think that any of these large
linen supply companies have, on the level of the firm as a
whole, any monopoly power. The market for linen supply services
is éssentially local. Thus, particular plants belonging to these
large linen supply companies may have some monopoly power,
while others may operate in very competitive markets.

Nearly all cities in the United States are serviced by
at least one linen supply. Large cities such as New York or

Chicago may be serviced by as many as fifteen or twenty large
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linen supplies and a good number of smaller ones. In some
cases, plants located as far as seventy-five miles away, will
ésend a delivery driver into such metropolitan centers. Competi-
:tion in the big cities is generally rather fierce, and hence
managers are left with little discretion as to where to set
)prices. In general, no one linen supply is able to secure

more than a fairly small market share.

In smaller cities competition among 1linen supplies is
much less severe. This is particularly true in small western
cities such as Casper, Wyoming (population: 40,000) or Grand
Junction, Colorado (population: 25,000) which are so isclated
from other cities as to prevent linen supplies located else-
where from invading the local market. In such cities, there
‘is unlikely to be more than three linen supplies, and hence
a large lineﬁ supply weculd enjoy a near monépoly position.

In Casper, Wyoming, for example, one linen supply plant
controls 60% of the market for linen supply services, with the
remaining 40% divided among two or three smaller linen supplies.
The moncopoly positions of these small city linen supplies
are ﬁrotected by three fairly formidable barriers ﬁo entry:
1. There is a lot to know in order to run é linen
supply. There are more and less efficient ways to
lay out a plant ahd to organize :.a sales force and
delivery department. Certain mixes of soap, starch

and hot water are much harder on textiles than others.
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Finally, certain laundry equipment is more
efficient than chers, and in fact some of a
large linen supply's equipment must be specially

designed and built to order.

2. Building a large linen supply requires a consid-

erable amount of capital--$1,000,000 at least.

3. One could start up a small linen supply for con-
siderably less than a million dollars, of course,
but there are significant eccnomies of scale
associated with a large linen supply plant. The
large industrial type machines are much more effi-
cient than smaller washers and dryers. More<import—
antly, many of .a linen supply's customers demand
a large variety of products. Without special equip-
ment and a large investment in textiles, a smaller
linen supply cannot proéeSS'the variety of products
required by these customers and hence, cannot effi-

ciently compete for the business of these customers.

C. . Industry Pricing Policies

There are four pricing systems which have been used in
linen supplies. Very componly, one linen supply may use more
than one pricing system. Most linen supplies, for example,
do not use the same pricing system for uniform rentals as

they use for flat goods--towels, bed linens, tablecloths,
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etc. Many linen supplies, in fact, use different pricing
systems for the same type of product, depending on the size
and type of customer. For all types of linen supply products,
volume discounts are common, which for very large customers
may be as high as 20% off list prices. The four most
commonly used pricing systems are as follows:

1. Piece-Rate System. Plants using this pricing system

charge customers a fee for each item of linen soiled by the
customer. The fee varies according to the type éf linen used.
Thus, for example, a restaurant which used 100 napkins and
25 tablecloths dufing a particular billing period would be

charged as follows:

-
duantitz Product " Piece Rate Price Total
" 100  Napkins (white, @ $.08 = - $8.00

regular) '
25 Tablecloths e -43 = - 10.75

(white, 64 x 64)

Amount Billed: $18.75

The piece-raté system was formerly the standard pricing system
in - the industry. However, in the late 50's as managers became
more concerned with increased costs in the industry, they
determined that there was a critical customer size: For
customers generating revenues less than this critical size

of customer, the costs of billing, keeping records and delivering

to that customer exceeded the revenue brought in by that customer.
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-

It was simply noct profitable to rent two aprons a month @ 35¢
each to a hamburger stand or a Mom-and-Pop grocery store.
Hence, plant managers began to change from the piece rate

system to the pricing systems discussed below.

2. Piece-Rate with a Minimum. The simplest solution to the

problem of critical customer size was to augment the piece rate
system with a minimum charge for small customers. Under this
system, customers are billed the greater of a minimum monthly
charge, which is the same for all customers, or what the cus-
tomer would be charged under a pure Piece-Rate system. For
example, a linen supply may charge 25¢ for each Turkish towel
and 16¢ for each massage towel soiled by the customer. Should
the linen supply have a minimum charge of $8 per month and
should a particular customer soil only 20 Turkish towels and

10 massage towels, the customer would be charged the $8 mini-

mum rather than the $6.60 he would pay on a pure Piece-Rate

basis.
Quantity Product Piece-Rate Price Total
| 20 Turkish @ $.25 ‘ = $5.00
10 Massage @ .16 = 1.60
$6.60
) Minimum $8.00

Amount Rilled .58.00
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The Piece-Rate with a Minimum system is very common in
linen supplies. Typically, the minimum monthly charge is
set by the plant manager at what he believes to be the critical
size of customer revenue for his plant. That is, the minimum
monthly charge is set at that point for which the revenue which
would be obtained from a certain size of customer is just equal

to the cost of providing linen service to that customer.

3. Flat Rate. The Flat Rate system is another simple solution
to the problem of critical customer size. Under this system,
the customer is charged the same fixed amount each billing
period. This amount is based on the volume of 1linen the
customer is expected to use rather th;n tpe volumne of linen
he aézually does use each period. If a potential customer is
not expected to generate revenues of the critical size, his
business is simply not accepted. A

Suppose, for example, that a bakery contracts with a linen
supply to provide it with 10 white aprons per week and agrees
to be billed on a flat-rate basis. The bakery might during
one month soil 40 aprons and be billed $14 for that month.
The following month, due to vacations or illness, the bakery
may use only 35 aprons. Nonetheless, its linen bill for the
month would again be $14. -

The flat rate system is very common among linen supplies,
largely because it greatly simplifies bookkeeping and profit

planning for the linen supply. Also, as linen suppliers
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are qguick to point out, it assures customers that their linen

'bills will be exactly as budgeted.

-4, Inventorv Charge Plus Laundering Fee

Some linen supplies charge customers according to the
amount of linen inventory that the linen supply must purchase
and maintain in order to service that customer. This inventory
charge is augmented by a relatively small laundering fee which
the linen supply charges customers to pick up soiled linen,
process it and return the linen clean to the customer. Thus,
the linen supply, in effect, rents to the customer an inventory
of linen and charges the customer for maintaining that linen
in a clean and usable state. -

There are standard rules of thumb in the industry to deter-
‘mine the quantity of linen that should be held to service a
particular custcomer. Basically, these rules relate the
appropriate level of inventory to hold to the quantity 5f
linen the customer soils per month, since, obviously, the
greater the quantity of linen a customer soils, the larger
will be the inventory it is appropriate to hold for that cus-
tomer. .

To see how the Inventory Charge Plus Laundering Fee
pricing system works, let-us consider as an example an auto-
motive repair shop employing ten mechaniés each of whom normally
uses three coveralls per week. The repair shop receives its

delivery every week and thus, for every coverall soiled by the

customer per week the linen supply believes it must maintain
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an inventory of three coveralls. The monthly inventory charge

for this customer might be calculated as follows.

Weekly
# of Coveralls : Inventory Weekly
Expected Soiled x Inventory X Charge per = Inventory
Per Week Multiple Coverall Charge
30 3 $.39 $35.10
Weekly Inventory Monthly Inventory
Charge Charge
4 x $35.10 = $140.40

Suppose that each week during the month the automotive repair shop
‘soiled only 28 coveralls. Then the repair shop would have soiled
112 coveralls during the month, and would be charged a laundering

-~

fee as follows:

'# of Coveralls Laundering Fee
Soiled X Per Coverall = Laundering Fee
112 ©$1.10 $123.20

The total amount billed the repair shop would then be:

Inventory Laundering
Charge + Fee = Amount Billed
$140.40 | $123.20 $263.60

~

o The Inventory Charge plus Laundering Fee pricing system

is relatively new to the linen supply industry. It was intro-
duced in Portland, Oregon in the 1960's. At present, the system
has gained relatively little acceptance. Those plants which do
use it, normally employ it only for large uniform accounts,

seasonal flat linen accounts or accounts which require the linen
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supply to purchase linen it would not ordinarily buy.

D. Cost-Plus Pricing

Whichever pricing system is used, the linen supply plant
manager must at some point choose a particular price to charge
for each type of linen his plant provides. In very competitive
markets, the price is largely determined for the flant manager
by prevailing market conditions: The manager can only charge
as much as his competitors do. In less competitive markets,
however, managers have considerable discretion in setting
prices and it is important to understand how this decision is
typically made in the linen supply industry.

When a plant manager does have discretion in setting
pricés, by far the most common way for a manager to select a
particular level of prices is for the manager to choose some
target rate of return and to set prices so as to achieve some
target rate of return. The type of rate of return used may
be return on inventory investment, return on the book value
of average total assets, or return on the book value of average
equity. The target rate of return selected, of course, depends
on particular market conditions. ) .

An industry journal provides the following example of how
to set piece-rate prices to achieve a target return on inventory

investment:
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If you find from cost accounting that an
item costs approximately 17 cents, for example (i.e.,
full cost-producticn, distribution and administrative
costs included), and vou estimate that you get an
average of 17 servings per vear and the net purchase
cost of the item is a dollar then--

o Yearly return reqguired is 30% x $1.00 = 30¢
. . . 30
o Profit needed per serving is 17 servings, 1.8¢
o Price that should be
charged to vield a 30%
return on textile invest-
ment is 17¢ (your cost)
+ 1.8¢ (profit required
per serving) = .19%9¢
(rounded
off)

This may not be the ovrice you wish to
charge because of vour market but this
information can be extremely valuable.

. The important fact to notice about rate of return methods
for setting prices, is that higher rates of return do not neces-
sarily mean higher profits for the linen supply. A linen supply
earning a relatively high rate of return mav do a smaller volume
of business than it would if its target rate of return were
lower and henée earn smaller total prof;t than it would at a
lower rate of return. Consider for example two linen supplies,
A and B, which operate in the same market and have identical
costs. Both A and B carry Turkish towels which, as in the
example above, cost an average 17¢ to process and $1.00 to
purchase. Each linen supply expects to get 17 servings per
year, or in other words, expects to nrocess the towel 17 times

before it wears out, is stolen or lost.



19

Piant A has a target return of 30% per year and hence
charges 19 cents per towel on a piece-rate basis. (Calculations
" are identical tc those in the example.) At 19 cents per towel,

the linen supply does a volume of 22,000 Turkish towels over the

year and earns a profit of $400 during the vear.

Volume Price Total Revenue
20,000 X - 19¢ = $3,800
Volume Average Cost Total Cost
20,000 b 4 17¢ = $3,400
$3,800
- 3.400

Profit: $ 400

Plant B has a target return of 15% per year. The price

it charges is calculated as follows:

il

o0 Yearly return required is 15% x $1.00 .15¢
.0 Profit needed per serving is .15 = .09

17 servings
o Price that should be charged

to yield a 15% return on inventory

investment is .17 + .09 = $.18,‘rounded
off

At 18 cents per towel, Plant B is able to steal guite a few
customers from Plant A and hence does a volume of 50,000
Turkish towels during the year. It earns a profit of $500, as

opposed to Plant A's profit of $400.
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Volume Price Total Revenue
50,000 b'4 18¢ = $9,000
Volume Average Cost = $8,500
50,000 X 17¢ = $8,500
$9,000
—PS,OOO
$ 500

The rate of return methods of setting price are, of course,
versions of cost-plus pricing: The linen supply charges so as to
insure a profit margin--expressed as a percentage rate of ieturn
--over its total costs of providing linen service. As we have
just seen, these cost-plus pricing methods need not lead a linen
supply to maximize profits. Why then, it is reasonable_to ask, are
rate of return methods for setting prices so common in the
industry?

The answer, it seems to me, is that cost-plus pricing is
very easy to.use. The linen supply manager, after all, must
set prices for each of the seventy-five to a hundred different
typeé and colors of products his plant provides, as well as
attend to the hundreds of other aspects of running the lingn
supply. Any methods df setting prices which:equirenmrket.

surveys and detailed data analysis, however theoretically

acceptable those methods may be, are entirely useless to the

plant manager. He simply does not have the time, nor the
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resources to use them. Unless some more sophisticated method
for setting price levels can be made easy and quick to use,
the linen supply manager is better off using his cost-plus
pricing tempered by his judgement of what the market will
bear.

We shall return to this theme in Chapter V where I shall
present what I believe to be a workable and sophisticated
method for setting prices at the appropriate levels. 1In
Chapter II and Chapter III, however, I shall take up the topic
of which sort of pricing system--Piece Rate, Piece-Rate with a
Minimum, Flat-Rate, or Inventory Plus Laundering Fee--is best

for linen supplies to use. —
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CHAPTER ONE

FOOTNOTES

1It has been my experience that "the cost of providing
linen service” is intended by most managers to mean the
average total cost rather than the marginal cost.

2Laurason, Jim. "How to Calculate and Use Return on
Textile Investment," Linen Supply News, November 1976, p. 40.




CHAPTER II

ONE PART PRICING SYSTEM

In this chapter, I shall begin to present economic
analyses of the various pricing systems used by linen supplies.
Specifically, this chapter has four sections. In Section (&)
I shall introduce several important economic concepts and
in Section (B), use those concepts to define the maximum
profit that can be earned in the short run1 by a given firm
operating in a given market. As we shall see, these maximum
profits may be obtained under a discriminating one-part
pricing system. In Section (C), I shall examine how prbfits
may be maximized under a non-~discriminating one-part pricing
system and finally in Section (D), I shall discuss to what
" extent the Piece Rate pricing system may be explaihed in terms

of a non-discriminating one-part pricing system.

A. Economic Concepts

generally speaking, there are just two elements which
determine the maximum short term profit that can be earned
by a firm: what customers are willing to pay for ﬁhe firml's
output and what it costs the firm to produce that output.

What customers are willing to pay for a firm's output
varies, of course, from firm to firm depending on what the
firm is selling, the tastes of its customers, the incomes of
those customers, the availability of substitutes for

23
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the firm's output and a myriad of other factors. Nonetheless,
for particular firms operating at a specific time in a particu-
lar market, there is a unique relationship between the price
the firm charges for its output and the amount of output the
firm can sell. This relationship between price and the amount
of oﬁtput a firm can sell is called the firm's demand curve.
More formally, a demand curve is the relation between the
price charged per-unit of output P and the total guantity
produced Q, such that the pair (Pi,Qi) is on a firm's demand
curve if and only if the maximum price the firm can charge

for its Qgh, or last, unit of qutput is Pi’

Demand curves may have various shapes. In a purely
competitive market, the demand curve faced by a particular
firm will be a flat, horizontal line. This shape reflects
the fact that at prices above the going market price, the firm
will sell no output. 1In a monopolistic market, the demand
curve faced by the monopolostic firm Qill have a negative
slope; that is, the demand curve will slope downward to the
right.‘ This shape of demand curve reflects the fact that
the:amount of output the monopolistic firm can sell will vary
depending on the price it charges for its output; at high
prices the firm's customers will purchase fewer units of
output than they would purchase at low prices. In a very
few markets, the demand curve faced by a firm may have a

portion which is positively sloped reflecting the fact
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that for a certain range of prices customers value the
firm's output more highly the higher the price is.

For a given firm, the total cost that firm incurs
depends only on the level of output the firm produces.
Normally, the greater the output the firm produces the higher
will be its total costs. For some firms, as volume increases
total costs will increase at a constant rate. For other
firms, as volume increases total costs will increase at
varying rates. Put another way, for some firms the cost of
producing an additional unit of output remains the same as the
level of total outéut increases, while for other firms, the
cost of producing an additional unit of output varies as
the level of output increases. The cost of an additional unit
of cutput, or equivalently, the rate of change of a firm's
total costs, is cailed the marginal cost of prbduction.'

There is an interesting interpretation of a firm's

marginal cost function. Since any firm will produce its
th

.

Q unit of output only if the price it can receive for

that unit of output is greater than or at least equal to its
cost of producing that unit, the minimum price which the firm

must receive for it to produce its ch unit of oﬁtput is the

h

marginal cost of producing the Qt unit. Thus, for example,

h

a Jirm will produce its iOOt unit of output only if the

h

price it will receive for that 100t unit is greater than

or equal to the firm's cost of producing the 100th unit--
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i.e., the marginal cost function of the firms evaluated at-

h'unit.

the 100°
Thus, it is apparent that a firm's marginal cost function

pPlaces a lower bound on the price at which the f£irm would be

willing to sell each additional unit. More specifically, if

Pi is the price charged per-unit, and the total gquantity pro-

duced is Qi' then if the pair (Pi'Qi) is on a firm's marginal

cost curve, then the firm will be willing to produce'the

iE? unit of output only if the price it receives.for

that unit is greater than or equal to P..

Q

B. The Maximum Profit Achievable by a Given Firm Operating

in a Given Market

We have now identifiéd two important ways in which price
and the quantity of output a firm produces are related. The
demand curve facing a firm gives, for each level of output
the firm might produce, the maximum price per unit of output
at which the firm could sell all of its output. A firm's
marginal cost function gives, for each level of output the
firm might produce, the cost of producing one additional unit
of 6utput. :

With this background, the rule fér a given firm to maxi-

mize profits by operating in a given market is very simple:
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Rule For Maximizing Profit Under a Discriminating One-Part

Pricing Svystem

| First, charge each customer the maximum amount he is

willing to pay for each unit of output he purchases.

Second, continue to produce and sell output until the
marginal cost of production, i.e., the cost of producing
one additional unit of output, is equal to the maximum
price that customers are willing to pay for that unit

of ocutput.

This rule defines a discriminating, one-part pricing )
system. The system is discriminating because it charges
different customers different prices for each unit of output
they purchase, and hence the system discriminates among
customers. Thé system is a one-part pricing éystem, because,
although the price charged for different units of output may
vary, eacﬁ customer is charged a single price for each unit
he purchases.

&o see how this rule works, we shall consider an example.
Let us suppose that a certain firm has a monopoly in:a given
market and hence is faced with a downward.sloping‘demand curve.
Also, we shall suppose that the firm's total costs increase
at varying rates as volume 4ncreases and hence, the firm will
have a varying marginal cost curve.

Demand and marginal cost functions satisfying these
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descriptions are depicted on the following graph.

$
P
Marginal Cost
Curve
Demand Curve
MC
q

Qutput

Demand and Marginal Cost Curves for the Firm

If the firm charges each customer the maximum amount he
is willing to pay for each unit of output, then the firm will
not charge all customers the same price nor even the same
customers the same pricé for different units of output.
Rather, the firm will negotiate the price for each unit of
output purchased by each customer. Thus, customers who are
willing to pay a large amount for a unit of output will be
charged a large amount. Other customers, who are very nearly

satiated with the firm's output, would be charged much less
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for additional units of output.

More specifically, we might think of the firm as producing
its first unit of output and selling that unit in the market
for the highest price any customer would be willing to pay for
it. What that price would be is determined by finding that
point on the demand curve where the gquantity sold is one unit
and observing the maximum price the firm can charge to sell
that one unit. The firm then brings its second unit of output
to the market and sells that unit for the highest price any
customer is willing to pay. What that price would be is again
determined from the demand curve: the firm locates that point
on the demand curve where the quantity sold is two- units and
charges for the second unit of output the maximum price at
which it can sell the second unit. The firm continues this
érocess for the third, fourth and following units of output.

In effect, by charging each customer the maximum amount
he is willing to pay for each unit of output, the firm lowers
the price it charges for each subsequent unit of output. Fur-
thermore, since the firm's demand curve given for each quantity
of output the maximum price the firm can charge to séll its
last unit of output, the optimal price to charge for each
unit of output is determined from the demand curve facing the
firm. )

" If the firm continues to produce and sell units until the

cost of producing an additional unit is equal to the maximum



30

price that some customer would be willing to pay for that unit
of output, then the firm will produce and sell exactly Q* units
of output. The marginal cost of producing the 0*th unit of
output is equal to the amount the firm would earn by selling
that unit in the market. Should the firm produce more than
Q* units, the cost of producing those extra units will exceed
the amount that the firm can receive by selling those units
and hence the firm would lose money. Should the firm produce
less than Q* units, the price some customer is willing to pay
for an additional unit is greater than what it would cost
the firm to produce'that unit. Hence the firm could increase
its profit by producing and selling additional units. In
fact, only by producing and selling 0* units, will the firm
achieve maximum profit.

The profit eained by the firm on each unit it sellé is
equal to the difference between the price it can charge for
that unit and the cost of producing that unit. In terms of

h unit of

thg above graph, the profit the firm:earns on its qt
.output is represented by the distance between the demand curve
evaluated at g. and the marginal cost curve evaluated at q.
The total profit earned by the firm ié equal to the sum of

the profits it earns on each unit it sells. Thus, the total‘
pro.it earned by the firm is equal to the entire area

between the demand curve facing the firm and its marginal cost

curve. This is the area shaded in the above graph.
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This profit is the maximum profit that the firm could
earn by selling its output in the market. As is apparent
from studying the graph, there is no way to increase the
firm's profits without either shifting the demand curve
outward~-thereby defining a different market for the firm's
products, or shifting the marginal cost curve inward--suppos-
ing thereby, that a different firm with different costs now
produces for the market. Thus, a discriminating, one-part
pricing system achieves the maximum profits possigle for a
given firm operating in a given market.

Despite the pfofitability of the system, there are
two important reasons why a firm might choose not to use a
discriminating one-part pricinghsystem:

First, for a firm, such as a linen supply, which deals
with a large number of customers, many of whom demand lafge
quantities of output, it would be entirely impractical to
negotiate with each customer the maximum price he is willing
to pay for each unit of output. The transactions cost of per-
forﬁing such negotiations far outwéigh the benefits which
the firm can epect to receive from price discrimination.

Second, price discrimination am&ng customers, which
is unjustified by differences in costs incurred to sell to
diffa2rent customers, is illegal. Price discrimination is
explicitly forbidden by Section 1 (a) of the Robinson-Patman

Act (15 U.S.C. Sections 13 and 13a):



32

That it shall be unlawful for any person engaged
- in commerce, in the course of such ccmmerce, either
directly or indirectlv, to discriminate in price
between different purchasers of commodities of like
grade and quality, where either or any of the purchases
involved in such discriminaticn are in commerce, where
such commudities are scld for use, consumption, or
resale within the United States or any Territory thereof
or the District of Columbia or any insular possession
or other place under the jurisdiction of the United
States, and where the effect of such discrimination
may be substantially to lessen competition or tend to
create a monopoly in any line of commerce, or to injure,
destroy, or prevent competition with any person who
either grants or knowingly receives the benefit of such
discrimination, or with customers of either of them:
Provided, that nothing herein contained shall prevent )
differentials which make only due allowance for differences
in the cost of manufacture, sale, or delivery resulting
from the differing methods or guantities in which such
commodities are to such purchasers sold ot delivered.

Because of these reasons a firm is likely not to wish'to
discriminate in price among its customers. Neverthelesé, the
discriminating one-part pricing system will continue to interest
us in the following analyses as a benchmark from which to

judge the effectiveness of other pricing systems.

C. Maximizing Profit Under a Non-Discrimirnating One-Part

Pricing System

In this section, I shall discuss how the optimal pricing
strategy of a firm would change if the firm chose té impose on
itself the restriction that it will charge all éustomers the
same, single price for all units of output they purchase. At
first, I shall consider thé effect that such a restriction will
have on a monopolistic firm. Then, once we have understood

this case, I shall consider the effect this restriction has

for firms operating in perfectly competitive markets.
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Recall that the demand curve facing a monopolistic firm
slopes downﬁard as the quantity of output sold by the firm
increases. This negative slope of the monopolistic firm's
demand curve simply reflects the fact that the firm can sell
additional units of its output only at a lower price. Of
course, if the firm is restricted to charge the same price
for all units of output it sells, then if the firm does sell
an additional unit of output, it must lower the price on
all units of output it sells. Similarly, if the firm were
to sell one fewer units, it would be able to raise the price
it .charges for all units. Thus, when operating under the
restriction that it must charge the same, single price for
all units of output it sells, the maximum price the firm can
charge for its output will always be equal to the maximum
price any of the firm's customers would be willing to pay
for the last unit produced by the firm.

It is easy to see that when ghis'restriction is imposed
the decision of whether or not to produce an additional unit
of output becomes much more important to the firm: If the
firm is allowed to discriminate in price among its customers,
then. the firm will always increase its revenues;-although
not always its profits--by selling additional units. When
the firm is constrained to charge the same price for all
units of output, total re&enue becomes subject to two opposing

influences: since by selling an additional unit, the firm is
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increasing the quantity of output it sells, total revenue will
tend to increase. However, since to sell the additional unit,
the tirm must lower the price it charges for all units, total

revenue will tend to decrease.

We could imagine using the demand curve facing the firm
to calculate both the positive and negative impacts selling one
additional unit of output would have on the total revenues of
the firm. The net change in total revenue of these impacts
need not, of course, be always the same for all lévels of
total output which the firm might supply to the market. If we
were to calculate the change in total revenue which would -
result from selling one additional unit for all levels of
output which the firm might currently be producing, then we
would be able to define a function which relates the level of
output and the chanée in total revenue which would resul£ from
producing and selling one additional unit. This function is
called the marginal revenue function of the firm.

A graph of a typical monopolistic firm's marginal revenue

curve would look something like the following. (see page 35).
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Demand and Marginal Revenue Curves
Notice that the marginal revenue curve lies always below
the firm's demand curve. This is due to the fact that at

any level of output, the firm can sell one additional unit only
by charging a price lower than the price it currently receives.
Notice also that the marginal revenue can be negati&e. This
will occur when the increase in total revenue due to an addi-
tional unit sold is outweighed by the decrease in total revenue
due to lowering the price of all output sufficiently, to sell
one additional unit.
A firm's marginal revenue function is conceptually

very similar to another function we have already discussed:
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the firm's marginal cost of production function. As you
remember, the firm's marginal cost of production function gives
che cost of producing one additional unit of output for each
level of output at which the firm may be operating. The firm's
marginal revenue function gives the change in total revenue
which would result from selling an additional unit of output
for all levels of output which the firm might currently be
producing.

With these two concepts as background we ma& now state
the rule for maximizing profit when the constraint is imposed
that all customers must be charged the same price for each

unit of output they purchase:

-
-

Rule For Maximizing Profit Under a Non-Discriminating

One-Part Pricing System

Continue to préduce and sell output until the
increase in total revenue resulting from the sale
of an additional unit of output is equal to the
cost of producing that unit of output.

Put another way the rule is this:

Continue to produce and sell output until marginal

revenue becomes equal to marginal cost.

This rule defines the.optimal use of a non-discriminating,
one-part pricing system. The system is non-discriminating since
all customers are chraged the same price for each unit of output

they purchase. The system is a one-part system because
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customers afe'éhargéd only one price for the outpﬁt they buy.
To see how this rule works, and to observe how the
profits it generates differ from those obtained under a discrim-
ianting one-part pricing system, we shall again consider the
case of a monopolistic firm with varying marginal costs. The
demand and marginal cost functions of our former example are
repeated in the following graph; in addition, however, the

firm's marginal revenue curve is now included.

Margiﬂal Cost

Demand Curve

Marginal Revenue
Curve

Output

Demand, Marginal Revenué-and Marginal Cost Curves

If the firm follows the rule given above, then it will
produce Q** units of output since for that quantity of output

marginal cost is equal to marginal revenue. If the firm
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produces more than Q** units, then the cost of producing an
additionai unit of output will exceed the increase in total
revenue that will be received if that unit is sold. Hence, the
firm will lose money if it produces more than Q** units. If
the firm were to produce less than Q** units, then the cost
of producing an additional unit will be less than the increase
in total revenue that the firm would receive by selling the
additional unit. Thus, the firm would make money by producing
and selling the additional unit.

By feferring to the demand curve facing the firm, we

see that at the optimal output level Q**, the maximum price
that the firm can charge for its oufput and be sure of selling
it all is P**. The profit which would be earned by the firm

* %
is equal to the total revenue it receives from selling Q

units; P**-Q**, minus the total cost of proddcing Q** units,
which may be written as IOQ** MC(Q) dQ where MC is the firm's
marginal cost function. This amount of profit is represented
by the shaded area in the above graph.

One important fact to notice about the non-discriminating
one—pért pricing system is that it is less profitabie for a
monopolistic firm to use, than the discriminating‘one—part
pricing system. Under the discriminating one-part system,
the profits earned by the -firm were equal to the entire area
between the demand curve facing the firm and the firm's

marginal cost curve. Under the non-discrimindting one-part system

however, the firm's profits were equal to only a part of that
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aiea, and thus the monopolistic firm will earn less under a
non-discriminating one-part pricing system.

Let us now briefly consider what impact imposing the
restriction that all customers must be charged the same single
price for all units of output they purchase, has for firms
operéting in a perfectly competitive market. The demand
curve facing a firm in a perfectly competitive market is a
flat horizontal line reflecting the fact that the maximum
price the firm can charge for its output is the going market
rate. We shall suppose that one firm operating in such a
competitive market has the demand and marginal.cost curves

given in the following graph. -~

Marginal Cost

//// %//7/ é ' — Demand Curve

Q* Output

Demand and Marginal Cost Curves
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Let us.'suppose the firm in our example wishes to use
a discriminating one-part pricing system to sell output to its
customers. Following the rule for the optimal use of this
system, the firm would, £irst, charge each customer the maximum
amount he is willing to pay for each unit he purchases, and
second continue to produce and sell output until the cost cof
producing an additional unit of output is equal to the maximum
price customers are willing to pay for that unit. The.second
part of this rule would lead the firm to produce Q* units
since the marginal cost of producing the o*th unit is just
equal to the price the firm can sell it for in the market.
Howevar, if the firm follows the first part of this rule and
charges each customer the maximum amount he is willing to pay,
the firm will end up always charging the same price, P*. Since
the market is perfectly competitive, no customer will be
willing to pay more than market price P*, and since the firﬁ
can always sell its output for P*, it will never charge'less
than p~.

Thus, due to the nature of competitive markets, the dis-
criminating one part pricing system collapses into the non-
discriminating system: The optimal pricing strategy in a
competitive market is to voluntarily submit to the restriction
that all customers be charged the same single price for all
units of output they purchase. Thus, in)competitive markets,
there is no advantage to using a discriminating rather than

a non-discriminating one-part pricing system.
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D. The Piece-Rate Pricing Svstem

As you recall, under the Piece-Rate pricing system, linen
supplies charge a single price for each uniform, towel, table-
cloth, etc., which a customer soils. Aside from volume dis-
counts, each customer is charged the same piece-rate as every
other customer and each customer pays the same amount for each
piece of linen he soils whether it is his tenth or his fiftieth.

Thus, the Piece-Rate pricing system is a close approximation
to the non-discriminating one-part pricing system we have just
discussed. The good, or what I have called the unit of output
corresponds to a rental of a piece of linen of a given type.
The price-per-unit is, of course, just the piece-rate charged
for a particular tvpe of ;inen. Thus, presumably the way to
maximize profits under a Piece-Rate system, will be to follow
ithe rule for maximizing profits under a non-discriminating
one~part pricing system: Continue to sell output until the
marginal cost of producing an additiohal unit becomes egual
to the marginal mvenue received from selling it.

In fact, however, the Piece-Rate pricing system is not
identical with the non-discriminating one part pricing system
we héve been discussing. There are three important differences
each of which will require some refinements in our analysis
of the non-discriminating one-part pricing system, if that
system is to be used propérly to explain the Piece-Rate

system.
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: First, the analysis of the non-discriminating one-part

pricing system takes no acccunt of critical customer size.
fet, linen supplies which do use the Piece-Rate system often
find that some customers choose to receive such small amounts
of linen that the revenues they provide is less than the costs
of providing service to those customers. The issue of critical
customer size is, of course, entirely different from the issue
of the linen supply's marginal costs: Some customers are soO
small that, at whatever level of total volume the plant is
operating and thus wherever the plant is on its marginal cost
function, it still will cost the linen supply more to
deliver to those customers than it would receive in revenue.

Unfortunately, I do not see any way of amending the
analysis so as to explicitly recognize the issue of critical
customer size. Thus, I am led to propose the‘rather ad hoc
measure of redefining the demand curves facing linen supplies
so as to exclude the guantities demanded by customers who
demanq less than the critical customer size. In effect, by
this proposal I have assumed that linen supplies simply refuse
to provide service to potential customers whose linen reguire-
ments are less than the minimum customer size.

The second way in which the Piece-Rate pricing system
differs from the non-discriminating one-part pricing system
we have discussed is the fact that it is common practice for

linen supplies to offer vnlume discounts to large customers.

To the extent that these large customers are more price sensitive
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than smaller customers, this practice can be seen as a form
of price discrimination. Thus, when volume discounts are
offered to large price sensitive customers, the Piece-Rate
system could be seen as a versicn of a discriminating one-part
pricing system. If so, then one cannot help wondering about
the legality of granting such volume discounts. On the
other hand, if large customers are not more price sensitive
than smaller customers, the practice of granting volume dis-
counts is, in economic terms, inexplicable: A firm which
adopts this practice, in effect, is willing to accept less
profit than it would earn if it charged all customers the
same piece rate per unit.

Finally, my analysis of the non—discr}mina;ing oﬂé-part
pricing system assumed thét the firm produced only one product
and hence that all the firm's costs could be traced in one
way or another to the product the firm is attémpting to price.
A linen supply however provides its customers with many
different products and unfortunately for my analysis, many
of the costs a linen supply incurs are joint-costs wvhich
cannot be precisely traced to any particular product.

Thus, how a linen supply plant manager should interpret the
rule, "Continue to sell output until the marginal cost of

producing an additional unit becomes equal to the marginal

revenue received from selling it," is not at all clear.

There are, I think, reasonable ways to resolve the

problem that joint costs in linen supplies raises for my
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ahalysis, but their presentaticn is rather lengthy and complex.
Hence, I will defer a discussion of these solutions until
Chapter V in which I shall present my recommendation for how
linen supplies should go about setting prices.

The problems of critical customer size, volume discounts
and Jjoint costs are not unigque to the Piece-Rate system.
Rather, elements of these same problems can be found in all of
the pricing systems commonly used by linen supplies. Since,
with the exception of the problem of joint costs,“what little
I have to say concerning the solution of these problems I
have said in this gection, I shall not re-say that little bit
in future chapters. Nonetheless, in reading my analysis of
other pricing systems, you should keep in mind that these
problems do exist, and thus, they introduce discrepancies
between the real-world pricing systems we shall discuss~ and

their idealized economic counterparts.
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FOOTNOTES

CHAPTER TWO

lI have chosen to speak of short term profit rather than
long term profit in order to avoid a discussion of whether
firms would be better off in the long term--i.e. over the
entire life of the firm if they forego optimizing short term
profit in order to keep competition at a fairly low level.
Briefly, the point is that if firms make too much money in
the short term, other firms are likely to enter their markets,
thereby increasing competition and decreasing profits. The
trade-off between short and long term profit is an extremely
important issue which, however, is outside the scope of this
thesis.



CHAPTER TIII.

+3

TWO~-PART PRICING SYSTEMS

A two-part pricing system charges customers a per-unit
price for each unit purchased plus a lump sum fee for the right
to buy goods at that per unit price. Two-part pricing systems
are commonly used by a number of industries such as the office
equipment leasing industry, the short-term car rental‘industry,
amusement parks, private clubs and, as we shall see, the
linen supply industry. In each of these industries, customers
are charged for each unit of good they consume--hours cof
computer time, document copies made, miles driven, amusement
rides, or rounds of golf played--plus a charge that must be
paid in order to consume these goods--a monthly egquipment
rental, a daily car rental charge, an entrance fee to an
amusement park, or an entrance fee to a club.

In this chapter, I shall preéent'the economic theory of
two-part pricing systems. Specifically, in Part I, I shall
discuss why a firm might wish to use a two-part pricing system.
In Part II, I shall discuss uniform two-part pricing systems,
that is two part pricing systems in which the right-to-buy
tariff charged is the same for all customers, and I shall use
this analysis to explain linen supplies' Piece Rate With a
Minimum pricing system. finally in Part III, I shall consider
variable two part pricing systems, or two-part systems in

46
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which the right-to-buy tariff is varied depending on thevnumber
of units the customer wishes to purchase. This type of pricing
system will e used to explain the Inventory Charge Plus

Laundering Fee and the Flat Rate pricing systems.

Part I: General Analysis of Two-Part Pricing Svstems

The demand curve faced by a firm records the highest price
that any customer would be willing to pay for the last unit of
output produced by the firm, as the total guantity of output
available for purchase increases. Alternatively, if the firm
is constrained to charge all customers the same price for each
unit of output they purchase, the demand curve may be théught
of as recording the maximum uniform price that the firm can
charge per unit of output and still sell all it proauces.

The demand curve facing a £firm may be analyzed into the
demand curves of the firm's individual customers. The éemand
curve of an individual customer gives the maximum price he
would be willing to pay for the last unit of output he purchases,
or alternatively, if the customer is charged the same price
for all units he purchases, the demand curve of an individual
customer records the quantity of the firm's output that that
customer would purchase at-various prices per-unit of ocutput.
Obviously, for any price the firm charges: the guantity of
ocutput that the aggregate of the firm's customers would

purchase must be equal to sum of the guantities that
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individual customers are willing to purchase. Hence, the
demand curve facing the firm, which I shall henceforward call
the market demand curve, is egual to the sum of the demand
curves of the firm's individual customers. Thus, if a firr
sold its output only to one customer, then the market demand
curve would be identical with the demand curves of the firm's
one customer. If a firm scld its output only tc two customers
then the market demand curve would be equal to the sum of the
demand curves of both customers. '

We shall now consider why a monopolistic firm might wish
to charge its custohers using a two-part ©pricing system.
Later on, we shall take up the guestion of how a two-part
pricing system might function in a perfectly competitive
market.

Let us take as an example a monopolistic firm which has
constant marginal costs. For simplicity we shall assume that
the firm operates in a market of only two customers and that
the firm has d;cided to charge both customers the same price
for.each unit of output they purchase. Following the
appropriate rule given in Chapter II, such a firm will con-
tinue to produce and sell output untii the marginal cost of
producing an additional unit of output is equal to the margiﬁal
rev nue which would be received from selling an additional

unit. This is depicted in the following graph:
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Marginal Cost
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The monopolistic firm will produce exactly Q* units since
“at that level of output, the marginal cost of producing one
additional unit of output is just equél to the marginal revenue
received from selling that additional unit. If only Q* units

of output are available for purchase, then the firm will be

able to sell esach of those units for a price of P* as determined
from.the market demand curve. The profit earned by the firm
will ©be equal to the total revenue it receives, P*.Q*, minus
the cost it incurred in préaucing those units MC:-Q*. This
profit, P*.Q* - MC-Q*, is'represented by the shaded area in

the above graph.
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We can distinguish the profits that would be earned by
the firm from selling to each of its two customers by replacing
the market demand curve in the above graph with the demand
curves of the individual customers. This is done in the follow-

ing two graphs.

Demand Curve for
Customer 1

MC

\\\\\\ Marginal Cost

Profit Earned by Selling to Customer 1 at a

Price of p*
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Demand Curve for
Customer 2

Marginal Cost

T~

q* Output

Profit Earned bv Selling to Customer 2 at a

Price of p*

By setting the price for a unit of output at P*, the
firm earns a profit of P*.qz - MC.q; from seliing units of
output to Customer 1l. This amount of profit is represented by
the shaded area in the first graph. Similarly, at a price of
P*, the firm earns a profit of P*.q§ ;Mc-q; from selling units
of output to Customer 2 and this amount of profit is
represented in the second graph by the.sﬂaded area. Since
qI+q§ = QI, the sum of the profits earned by .selling to

*
Customer 1 and Customer 2 1is equal to P Q*—MCQ*, the prcfit
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we determined the firm would earn by considering only the
market demand curve.

Let us now look more closely at the profit earned by
selling to Customer 1. Although he does pay the maximum
amount he is willing to pay for his q;th unit, Customer 1
is able to purchase his first q; -1 units at less than the
maximum amount he would be willing to pay. This surplus of
value achieved by Customer 1 under a non-discriminating one-
part pricing system is called Customer 1's consdmer surplus,
and in the above graph is defined by the triangular area
P:‘Al—Bl’ or equivaiently by f;* wl(P)dP, the area beneath
Customer 1's demand curve wl(P) and above the price line

=P*.

We have already considered one pricing system the firm
might use to force Consumer 1 to surrender his consumer éurplus.
That system, called the discriminating one-part pricing system,
required that the firm discriminate in the price it charged
customers for gach unit of output purchased. When adapted
to insure that the firm receives the maximum amount that
Customer 1 would be willing to pay for the q; units he
purchases, the rule is the following:

(lj Charge Customer 1 the maximum amount he is

willing to pay for each unit of output he
purchases.

*
(2) .Sell exactly qq units to customer l.l
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The profit that would be earned by the firm should it follow
this pricing mile in selling its output to Customer 1 is

given by the shaded area in the following graph. Notice

that the increase in profit that the firm earns by adopting
this pricing policy, the area P*—Al—Bl, is exactly egqual to
the consumer surplus enjoyed by Customer 1 under a non-dis-

criminating one-part pricing system.

$
Demand Curve for
Customer 1
Ay
p* Bl
. | -
{
/‘ \
] .
MC /égécl D1 Marginal Cost
]
| \\\\\\
|

Q
%

Output

Profit Earned by Selling g, Units to Customer 1

*
1
=

Using Price Discrimination

-

Obviously, the firm would like to receive the greater
profit that price discrimination will gain for it, but as we

have seen, there are legal constraints and high transactions cost
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which effectively disallow the firm from practising price
discrimination. Fortunately for the firm in our example, there
is another way of setting prices, two-part pricing, which
would be just as effective as price discriminaticn in forcing
Customer 1 to surrender the consumer surplus he enjoys by pur-
chasing q; units at a price of P*. Fortunately also, two-part
pricing is a much easier system to use and infinitely more -
legal! |

A two-part pricing system, as the name implies, would
charge Customer I in two parts: Before Customer 1 were allowed
to purchase any of the firm's output, he would be sold the
right to buy the firm's output. Only after Custcmer 1 has paid
this right-tc-buy tariff will he be permitted to pay a per-unit
price for each unit of output he purchases. If, as in our
example, it is assumed that Customer 1 will purchase only q;
units of output, then the per-unit price will be set at p*
and the right-to-buy tariff will Se set equal to the consumer
surplus that Customer 1 would enjoy if he were allowed to
purchase q; units at a per-unit price of P*. The profit
that the firm would earn by selling qz units of output to

Customer 1 is given in the following graph.
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In this graph, we can distinguish the profit earned by
the firm from charging the right-to-buy tariff and those
profits earned by charging a price per unit purchased by
Customer 1l: The area P*—Bl—cl-MC, shadeé by negatively
sloped lines, is the profit earned by selling q*l units to
Customer 1 at a price of P* each. This profit is, of course,
just the profit that the firm would have received had the
firm charged Consumer 1 a ncon-discriminating, one-part price

of P*; that is, the rectangel P*—Bl-cl—MC is equal to the

. . * *x .
firm's revenues from unit sales, P -q; minus the marginal
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costs of producing those units, Mc-q;. The area P*—Bl-Al
shaded by positively sloped lines, is the profit the
firm earns by charging Customer 1 a right-to-buy tariff.
Notice that when a two-part pricing system is used, the
total profit earned from both per unit sales and the right-to-
buy tariff is exactly equal to the profit earned by price
discrimination, which is, in turn, the maximum amount of
profit which can be earned by the firm on sales of q; units
to Customer 1.

Let us now examine w the two-part pricing system may
be extended to Customer 2. As you recall, the demand curve
of Customer 2 lay always outside and to the left of Customer
1's demand curve. We may infer from this fact not only that
Customer 2 is a larger customer than Customer l--at each price
per unit, Customer 2 is willin§ to purchase more units than
Customer 1l--but also that Customer 2 has a larger consumer
surplus than Customer l--for each unit of output he purchases,
Customer 2 is willing to pay a higher price than Customer 1.
How then should a two-part pricing system handle customers
with different sized consumer surpluses?

| There are basically two alternatives:

First, the £firm could attempt to charge customers with
larger consumer surpluses a larger right to buy tariff. Should
the firm choose this alternative, we shall say that the firm
has adopted a variable two-part pricing system, since the right-

to-buy tariff charged varies among customers. The advantages
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of a variable two-part pricing system are obvious: By charging
a larger right to buy tariffs to customers with larger con-
sumer surpluses, the firm extracts more consumer surplus from
its customers and hence increases its total profits. However,
this method is fraught with legal danger. Since charging a
customer a right-to-buy tariff is essentially selling that
customer the right to purchase output from the firm, a firm
which charges customers different right-to-buy tariffs is
engaging in a subtle form of price discrimination.among its
customers. Price discrimination which is unjustified on the
basis of different Eosts involved in selling to different cus-
tomers is, as we have seen, forbidden by the Robinson-Patman
Act. Hence, firms which do attempt to charge different cus-
tomers different right-to-buy tariffs must be extremely cautious.
In Part III of thisichapter, we shall examine two systemé for
charging different customers different right-to-buy tariffs
which seem to be permitted by the Robinson-Patman Act.

The second alternative is extremely simple. The firm
could charge customers with large consumer surpluses the same
right-to-buy tariff as it charges its customer with the
smallest consumer surplus. In effect; each customer is
charged a right-to-buy tariff equal +to the smallest consumef
sur,lus belonging to any of the firm's customers. 1In this
second case, we will say that the firm has adopted a uniform

two-part tariff.
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If this second alternative were adopted by the firm in
our example, then Customer 2 would be charged a right-to-buy
tariff equal to that charged Customer 1. As was shown earlier,
the proper right-to-buy tariff to charge Customer 1 when the
per-unit charge is Pp* is equal to the consumer surplus
Consumer 1 would enjoy if he were allowed to purchase output
at a non-discriminating one-part price of p*. Thus, the
profit that would be earned by the firm by selling output

to Customer 2 is depicted in the following graph.

s .
A2
Demand Curve for
Customer 2
A

Marginal Cost

a, Ooutput

\ N . *
Profit Earned by Selling g, Units to Customer 2

Using a Two-Part Tariff
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As for Customer 1, we can distinguish the profit earned
by the firm from charging the right to buy tariff and those
profits earned by charc.:g a price per unit purchased by
Customer 2. The area P*~32~C2-MC, shaded by negatively
sloped lines is the profit earned by selling q; units to
Customer 2 at a price of P* each. This profit is, of course,
just the profit that the firm would have received had the
firm charged Consumer 2 a non-discriminating one-part ?rice of
P*. That is, the rectangle P*—BZ—CZ—MC is equal to ﬁhe firm's
revenues from unit sles, P* q; minus the marginal costs of
producing those units Mc-q; . The area P*—Bl-Al, shaded
by positively sloped lines, is the profit the firm earns by
charging Customer 2 a right-to-buy tariff egqual to that
charged Customer 1. Notice, however, that because Customer 2
has a larger consumer surplus than Customer 1, Customer 2
still retains some unexploited consumer surplus. He would
be willing to pay an amount greatér than he is being charged
under our two-part pricing system to receive q; units. Hence,
a two-part pricing system which is constrained to charge each
each customer the same'right to bﬁy tariff is a .less than
perféctly profitable pricing system when used in "a market
of two or more customers with consumer surpluses of unequal
sizes. -

We have now calculated the profits that the firm would
earn by selling its output by way of a fixed tariff, two-part

pricing system for both Customer 1 and Customer 2. By adding
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these profits we may calculate the total profit that our firm
would earn.
The profit the firm earns through its charge of a right-
to-buy tariff is the same for Custcmer 1 and Customer 2. 1In
each case, the customer is charged the amount defined by the

o0

area P*-B;-A; or, equivalently,,fp* ¥ | (P)dP, the consumer
surplus of Customer 1. Thus, the firm's total profit due to
its charge of a right-to-buy tariff is egual to 2&;&(P)dP.
The profit the firm earns through its sales of output at
a per unit price of P* differs, of course, between Customer 1
and Customer 2. Customer 1 is willing to purchase only qzﬁ
units of output at a price of P* and hence generates revenues
from those sales of P*.q;. Since it cost the firm MC-qi to
produce those units, the profit earned from unit sales to
Custémer 1 is P*q; -MC qz. Customer 2, however, is willing
to purchase q; units at a price of P* and hence sales to
Customer 2 result in revenues of P*q;. The cost of producing
qz units is MC q; and hence the profit earned £from unit sales
to ' Customer 2 is P*qg-Mqu. Total profit from unit sales
is then P¥ (q;-%q;) -MC (qz+q§) . L
Total prefit for the firm in our example therefore would

be equal tc its profit on charging right to buy tariffs plus

its profit on unit sales:-

_ o R * * * _ * *
I =2 fp*Wl(P)dP 4+ P (ql+q2) AC(ql+q2)

Notice however that the firm's profit on unit sales,
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P*(q§+q -MC(qi+q;), is exactly the profit that the firm

*
2
would earn by charging both customers the same price for each
ﬁnit of its output a5 was shown earlier in this chapter. Hence,
the profit earned by the firm in our example using a uniform
two-part pricing system exceeds that which would be earned by
the firm if it used a non-discriminating one-part tariff. The
amount that was gained by using a two-part pricing system in
our example was equal to Zgz,wl(P)dP-—the number of customers
times the smallest consumer surplus of any of the firm's
customers.

Let us now briefly consider how a firm which wishes to
use a two-part pricing system would fare in a perfectly gompeti-
tive market.

In a competitive market, the maximum per unit price the
firm can charée for its output is the going market rate.
However, since no customer would be willing to pay more . than
the market price per unit for any unit of output he purchases,
no pro@ucer can capture the consumer surplus of any
customer. Thus, if the firm attempts to charge any right-
to-buy tariff the firm will drive all customers out of the
market for its products and into the market for its competitor's
productg. In effect, the maximum right-to-buy tariff the
firm can charge is zero. At a zero right-to-buy tariff, of
course, a two-part pricing system is really no different than

a non-discriminating one-part pricing system. Thus, in
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perfectly competitive markets, a two-part pricing system has
no scope to operate. It can earn profits no greater than a

simple non-discriminating one-part system.

Part II: Uniform Two-Part Tariffs

A. Optimal Use

We have seen that a monopolistic firm can achieve higher
profit by using a two-part pricing system than it could by
using a non-discriminating one-part pricing system. That
demonstration was accomplished by setting the per-unit price
charged under the two-part tariff equal to P* the optimal price
to charge under a non-discriminating one-part tariff, thus
ensuring that the profit earned froﬁ thé pe;—uniﬁ sales under
the two-part tariff would be exactly egual to the total profit
earned under a one-part tariff. Then, we simply charged both
cﬁstomers a right-to-buy tariff equal to the smallest consumer
surplus of any of the firm's customers.

Although these gains may indeed seem substantial, it is
possible that the firm in our example could earn still greater
profits under a two-part pricing system. These additional
gains would ccme from two sources. First, the firm might
find that there is a more profitable combinaticon of a per-unit
price and a right-to-buy tariff than the one chosen in our
example. Second, the firm might choose to sets its per unit
Price or its right-to-buy tariff at a high enough level to

drive the smaller of the two customers out of the market.
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In this section I shall present rules to resolve each of
these iésues.2 In company with the presentation of each rule,
I shall discuss a modification of the example given in Part I
(A) which will demonstrate the validity of the rule by showing
the increase in profit that a firm would earn by following the

rule.

Rula l: Optimal Combinations of Per-Unit and

Right to Buy Prices.

Under a two-part pricing system, a firm earns pfofit both
from its sales of individual units of output and from charging
a right to buy tariff. We might therefore write the profit
earned by a firm serving N customers who demand in aggregate X
units as ’

m(N) = N-T + X'f - TC(X)
where T is the right-to-buy tariff, P is the price per unit
and TC(X) is the total cost of producing X units of output.
A5 we have seen, the largest righﬁ-to—buy tariff that can be
charged without driving customers out of the market is equal
to the smallest consumer surplus of any of the firm's customers.
The largest right-to-buy tariff that can be charged is therefore
equai to the area between the demand curve of the smallest
customer and the price set by the firm; Hence, we may
write the largest right-te-buy tariff the firm can charge

as a function of the per-unit price charged for output.

* _ .

Substituting the expression for T in the above equation, we
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find that profits are a function of just one parameter P.
We may therefore find the price P* which maximizes profit by
taking the derivative of the above equation, setting it equal

to zero and solving for P*. Doing so, we find,
* =

P MC
l1 + 1-NS

1
( E

=)

where Sl is thé market share demanded by the smallegt consumer
in the market and E is the price elasticity of the market demand
curve.3 (Details of this calculation are given in Appendix I
of this Chapter).

These calculations give rise to the following rule for
selecting the optimal combination of.a right-to-buy tariff and
a per-unit price for a firm operating in a given market:

Optimal Price Combination Rule

In a market of N customers, who in aggregate
would be willing to purchase X units of output,
a firm should charge a right to buy tariff T*
equal to,

©
fp* ¥, (p) ap
*
and a per unit price P equal to

MC

1-Ns, .
E

1+

Where:
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?1 = +the demand curve of the customer with the

smallest consumer surplus. Hence, f:* ¥y (P) 4P is
equal to the smallest consumer surplus of any of the

N consumers in the market.

th

MC = Marginal Cost of Producing the X unit of output

E The elasticity of the Market Demand Curve. That

is, E is equal to the percentage change in quantity
of output demanded due to a 1 per cent change in the

per unit price of output.

Sl = Market Share of the customer having the smallest

consumer surplus.

We shall now consider a modification of the example given
in Part I (A) which will demonstrate the merit of this rule.

Suppose that the two customers in the market described in
Part I have identical demand curves. At all prices the firm
charges per unit of its output each customer would be willing
to purchas= the same quantity of output as the othe;
customer.

Let us now compare the method of selecting per unit and
right to buy tariffs used in Part I, with the rule just
developed. Following the reasoning in Part I, the firm would

produce that quantity of output such that the marginal cost of

producing an additional unit of output is exactly equal to the
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marginal revenue which the firm would receive from its per unit
sales. The maximum uniform price which the firm could cﬁarge
per unit of output is then determined from the market demand
éurve. In addition to this per unit price, the firm also
charges each customer a right-to-buy tariff equal to the con-
sumer surplus enjoyed by each of the firm's identical customers
at the given per unit price.

If the toﬁal quantity that the firm chooses to sell is Q
units and the maximum uniform price the firm can charge for
those Q units is P, then the maximum right-to-buy tariff the
firm can charge is f; ¥(P)dP, the consumer surplus of one of
the firm's identical customers. Thus, the total profits the

firm would earn are given by the equation:

T =2 -f: ¥ (P)dP + P.Q - TC(Q)
The profit that the firm earns on each of its two customers
is'given in the following graph, in which the area shadeé by
positively sloped lines represents the firm's profits from
charging a right to buy tariff of f; Y(P)dP and the area
shaded by negatively sloped lines represent the profits due

to charging a price P per unit of output.
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Suppose now that the firm in our example were to follow
the rule presented above for determining the coptimal combina-
tion of per-unit and right-to-buy tariffs. If so, then the
firm will charge a right to buy tariff T* equal to f; ?(?) dp,
the smallest consumer surplus of any of the firm's customers
and a per unit price of p* = MC . Notice, however,
T

B

that since in our example all consumers demand exactly the

1 + |

same mount of output. Sl the market share demanded by the

customer with the smallest consumer surplus is equal to 1/N.
1-NS
( 5 .
optimal per-unit price P” 1s set equal to MC. the marginal cost

Hence, the term 1 ) becomes ecgual to zero and hence the

of producing one additional unit of output. By establishing a

. * ) . . ~
new price P’ equal to marginal cost, the firm in effect
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agrees to sell each unit of output for the amount it costs the
firm to make that unit. Hence, the firm will make no profit
on its per-unit sales to either customer.
| However, by lowering the per-unit price charged, the firm
has increased the maximum right-to-buy tariff the firm can
charge. When the per-unit price is set equal to marginal cost,
the maximum right to buy tariff the firm can charge is equal to
the consumer surplus enjoyed by either of the firm's customers
at a per unit price egual to marginal cost. The amount of

this consumer surplus is f ¥Y(P) dp or eguivalently the area

(e <]
MC
between each customer's demand curve and the firm's marginal
cost curve. Thus, the firm's total profits may be expressed

by the following equation:
Y *
mo=2 :f,o ¥(P)AP + PT.Q - TC(Q)

Or, since the firm's marginal costs are constant and since p*

is equal to the firm's marginal cost

=<}

=2.IMC

¥Y(P)dP + MC*Q - MC-Q

[+

2 fyo ¥(@ar

The profit that the firm earns on each of its two customers

is given in the following graph.
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Under a Uniform Two-Part Tariff.

As is apparent from this graph, the profits earned by

the firm increase when the firm follows the rule for selecting
the optimal combination of per unit and right-to-buy tariffs.
In a way, this result should not be surprising. At first,
we selected the optimal per-unit price P“to charge according to
the rule for maximizing profit under a non-discriminating one-
part pricing system. However, when the firm is permitted to.
charge in two parts for its output, there is no guarantee that
the optimal per-unit price under a two-part pricing system will

be the same as the per-unit price under a one-part system.
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Notice that in this example, the amount of profit earned
by the firm from its dealings with each customer is exactly
equal to the area between that customer's demand curve and the
firm's marginal cost curve. Thus, in this particular example,
the uniform two part pricing system was able to earn the same
amount of profit that the firm could earn by using.a discrim-
inating one-part tariff. This profit, as we have seen, is the
maximum profit that the firm could earn by operating in that

given market.

Rule 2: Selecting the Proper Customer Mix

The idea on which the rule for selecting the proper customer
mix is based is really very simple. The maximum right-to-buy
tariff that the firm can charge its customers is [; ¥(P)dpP, the
smaliest consumer surplus of any of the firm's customers.
If one customer or one group of customers have very small
consumer surpluses relative to those of the firm's other
customers, then the firm may earn higher total profits, by ignor-
ing those customers with small consumer surpluses. The firm

would do this by charging a right-to-buy tariff which exceeds

the smallest of its customers' consumer surpluses, thus
effectively driving the customer with the smallest consumer
surplus from the market. ;f such a strategy is to be profitable,
the amount of profit the firm foregoes by driving some of its cus-
tomers from the market must be more than made up by the increase
in profit the firm earns by charging the customers remaining

in the market a higher right-to-buy tariff.
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The rule for selecting the optimal customer mix involves
two steps.

First, the firm should assume that all customers are
to remain in the market. The firm will use the rule for determin-
ing an cptimal combination of per-unit and right-to-buy tariffs
to calculate the optimal prices to charge if all customers
remain in the market. Using these optimal prices, the firm
will ~calculate the profits it expects to earn, according to

the formula:

m(N) = N-TI +_P; - X - TC(XN}
Where
N = Number of customers
?I= Right-to-buy tariff
P;z Per-unit price
XN= Total Quantity Purchased by N Customers

TC(X,,)= Total cost of producing X units

Second, the firm should assume that the customer with the
smallest consumer surplus is to be driven from the market. Again
the firm will use the rule for determining an optimal combination
of per-unit and right-to-buv tariffs, this time however for a
market which excludes the customcr with the smallest consumer
surplus. Using the new optimal prices, the firm will again

calculate the profits it expects to earn:

T(N-1) = (N-1) T. + P. . X _1=TC (X,

If the profit earned is geater when the customer with the
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smallest consumer surplus remains in the market, then the optimal
number of customers for the firm to deal with is N. If the profit
earned is greater when the customer with the smallest consumer
surplus is excluded from the market, then the firm should consider
excluding the customer with the second smallest consumer surplus,
and so on. The optimal mix of customers for the firm to deal
with will be those customers remaining when total pfofits cannot be
increased by excluding customers from the market.

More succinctly put, the rule for selecting the optimal
customer mix is this:

Optimal Customer-Mix Rule.

Continue to exclude customers from the market, in the

order of which remaining customer has the smallest consumer

surplus, until anticipated profits begin to decline.

To see how this rule works, let us consider again the two
customer market of Part I of this chapter. We shall assume that
the‘firm has constant marginal costs, We shall also suppose
that Customer 1 is much more price sensitive than Customer 2,
althéugh when thé per-unit price is set equal to marginal cost,
both Customer 1 and Customer 2 will choose to purchase the same
gquantity of output. Specifically, we shall assume that when price
is set equal to marginal cost, the consumer surplus of Customer 2
is five times that of Customer 1. This market is depicted in the

following graph.
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If the firm were to sell its output to both Customer 1
and Customer 2, then it would set the riéht;to—buf tariff
equal to the consumer surplus of Customer 1, f;;wl(P)dP, and
charge the per-unit price P* calculated from the formula:

CP* = MC ‘
1-—-NSl
E

In our example, the P* which satisfies this formula is P*=MC, as

1+

can be easily verified by substituting 2 for N, the number of

customers and 1/2 for S the market share demanded by the cus-

ll
tomer with the smallest consumer surplus at a per-unit price of P¥*,
Thus, since P* is equal to marginal cost, and since marginal costs
are constant, the total profit of the firm is given by the follow-

ing equations:

1(2) = N-T¥ + P* . X=-TC(X)
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(!

N +T" +MC+ X-MC - X
=N . T*

=2 - &c ¥, (P)apP

Let us now consider how the firm's profits would change if
Customer 1, the customer with the smallest consumer surplus were
excluded from the market.

If the firm were to sell its output only to Customer 2, it
would again calculate the optimal per-unit price from the

formula:

MC

1+ 1788

E

P* =

But since, in this case both N, the number of customers, and

Sl' the market share demanded by the smallest customer are equal

to 1, the optimal price P* will again be equal.to marginal cost.

The total profit earned by the firm will then be derived entirely

from the right-to-buy tariff charged Customer 2:

m(1) &Z:?Z(P)dP + MC(X,) - MC(X,)

fn:c v, (P)dp

Or, since at a per-unit price equal to marginal cost the
consumer surplus cof Customer 2 was assumed to be five times
that of Customer 1l:

(1) = Sfmcwl(P)dP
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Thus, the profits earned by the firm when Customer 1 is
excluded frem the market are greater than when both customers
are allowed to remain in the market. In fact, the firm in our
example can increase its profits by 150% by driving Customer 1

from the market.

B. Uniform Two-Part Pricing Svstems for Linen Supplies

No customer of a linen supply ever sees an item on his
monthly bill:

Right to Buy Charge . . . . . . . $10

Yet, there are ways that linen supplies can and do charge their
customers under a uniform two-part pricing system. The trick, of
course, if to disguise the right-to-buy charge in.a form which
Seems fair or at least palatable to the customer.

One way in which linen supplies might implement a:uniform
two-part pricing system would be to charge its customers a
fixed delivery charge for each typé of linen they receive plus a
laundering fee for each piece of linen soiled. The delivery
charge for a particular type of linen would be charged monthly
and would be the same for all customers receiving that item
of linen. The laundering fee charged a customer would also be
different for each type of linen the customer uses, although
all customers would again ﬂe charged the same laundering fee
for the same type of lineﬁ.

This pricing system, which I shall call the Delivery

Charge Plus Laundering Fee system, is clearly a uniform



76
two-part pricing system. Since nearly all customers of a
linen supply receive their linen by way of the linen supply's
delivery system, the delivery charge corresponds to the right-
to-buy tariff of a uniform two-part pricing system: Customers
can use a linen supply's products, and hence pay a per-unit
charge for each piece of linen they soil only if they receive
clean linen to start with. But since the way customers
‘receive qlean linen is through the linen supply's delivery
system, customers can acquire the right to use a iinen supply's
products, and pay a per-unit charge for each piece soiled,
only if they pay tﬂe delivery charges for each type of linen
they use. Hence, the delivery charge associated with a given
product is, in effect, a charge for the right to rent that
product at a given per-unit charge. This per-unit charge is,
of course, the launaering fee charged by the linen suppl&.

The Delivery Charge Plus Laundering Fee pricing system,
to my knowledge, is not currently used by any linen supply
to price any of its products. However, as we shall see in
the following chapter, linen supplies operating in scme
markets would do well to adopt it.

One of the most common pricing éystems used<by linen
supply companies is the Piece-Rate With a Minimum system.
Uncor a Piece-Rate With a Minimum system, as you recall, the
customer is charged a per-unit price for each piece of linen
he soils subject to the reguirement that he must purchase a

minimum dollar volume from the linen supply per month. This
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pricing system was invented by the linen supply industry
as a sclution to the problem of critical customer size.
That is, since some customers may demand such small amounts
sf linen at given prices that it is not procfitable for the
linen supply to accept the business of such customers, linen
supplies needed a way to drive those customers from the market.
By establishing a monthly minimum for small customers, the
linen supply either forces its small customers to cover the
linen supply's cost of providing them linen service or drives
those customers fom the market.

Interestingly enough, the Piece-Rate with a Minimum pricing
system turns out to be a very subtle variety of uniform two-

pért pricing system. Although thé& correspondence is not exact,

we may think of the required monthly minimum as the right-to-
buy tariff and the linen supoly's various piece—raté charges

as the per-unit price charged under a two-part pricing system.
The minimum monthly charge is like a right~-to-buy tariff in that,
if a customer wishes to rent any amount of linen at all, he
must pay the monthly minimum. The monthly minimum charge, how-
ever, is different from the right-to-buy tariff of the uniform
two part pricing system we have been considering in two respects:
First, by paying the required minimum, a customer acguires the
right to receive not just one but all of the products a linen
supply provides. Second, by paying the fee, a customer is
entitled to receive linen, at no extra charge, up to the

value of the monthly minimum fee. Similarly, the piece-rate
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price under a Piece-Rate with a Minimum pricing system is
different from the per-unit price of a uniform two-part
tariff in that it becomes effective only after the customer
exceeds his monthly minimum. Until that point, piece rate
prices are used merely to calculate how much of his minimum
a customer has used.

To see more exactly how the Piece-Rate with a Minimum
pricing system might be construed as a sort of uniform two-
part tariff, let us consider a market of two customers who are
served by a monopolistic linen supply with zero marginal costs.
To simplify matters, we shall assume that the linen supply. does
npt grant volume discounts and that the linen supply provides
customers with only one type of linen. Thus, in our example,
we shall not bg concerned with the problem of minimum customer
size, nor witﬁ the prcblem of volume discounté, nor with the
problem of joint costs in linen supplies. Also, since the
linen supply provides only one type of product, we shall have
the a@vantage of being able to refer to the required minimum

in terms of dollars or in units of linen soiled per month.
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Suppose for a moment that the linen supply were to ignore
Customer 2 and concentrate its‘efforts on fully exploiting the
smaller customer, Customer 1. To do this, the linen supply might
use a uniform two-part tariff of the éort we have been discus-
sing. It would set the per-unit price it charges for linen
equal to zero and charge Customer 1 a right-to-buy tariff equal
to ihe area fz Wl(P)dP or, equivalehtly, the area 0-A-B in the
above graph. By following such a strategy, the linen supply
rents Customer 1 exactly as many units of linen as is profitable,
g min units in the above graph, and charges Customer 1 the
maximum amount he is willing to pay to receive those g min units.

The linen supply, however, could have accomplished the

same end by charging Customer 1 a simple piece-rate price of
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* PN ..
P*, where P = Is Wl(P)dP and requiring that he purchase a

9nin

nminimum of g units. Under these conditions, Customer 1

*min
would just be willing to purchase 9in units since the total

amount Customer 1 would have to pay to receive a total of Unin

units is exactly to Customer 1's consumer surplus:

* [2 v, (pyap
*9min o é . 9min

P

min
= [, ¥y (Prar

If the same price and minimum were quoted to Customér 2,
then one of two thihgs could happen.

First, if in the absence of a minimum at a price of P*,
Customer 2 would prefer to purchase less than nin units, then
Customer 2 would purchase only the minimum number of units
required. We know that he would purchase at least the minimum
since his demand curve lies everywhere above that of Customer 1,

and thus he would be willing to pay more for g units than

min
would Customer 1. How this would occur is depicted in the

following graph.
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A'

Demand Curve for
Customer 1

Demand Curve for
Customer 2

P

57 2 Times fZ&N\
7, / . / )

a_.
92 ~ “min

Profit EFarned Under a Pilece-Rate with a Minimum

Pricing System

.

If there were no minimum recuired and the piece-rate price

. * * © .,
charged by the linen supply were Pl where P = fo Y1{P)dp,
9min
then Customer 2 would choose to receive only d5 units of linen,
less than the propcosed minimum of s units. However, since
dtidla

a minimum of 9in units is required and since the amount it
costs to receive those units, P*, is less than the maximum
amount that Customer 2 is willing to pay to receive nin units,
he will choose to pay the minimum and recgive qin units. (The

maximum amount Customer 2 would b2 willing to pay to receive

nin units is given in the above gragh by the area O-B-B'-A'.)
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The linen supply's profits in this case are eqgual to twice

Fh

the piece-rate price times the monthly minimum; these profits

are represented by twice the shaded area in the above graph.

go}

Under this alternative, the pricing strategy we derived
for fully exploiting Custcmer 1, remains the best strategy the
linen supply could follow when dealing with both customers:

If the linen supply were to .increase the piece-rate price,
then it would have to decrease its minimum, or lose the busi-
ness of Customer 1. Yet, if it does decrease its minimum,
then both customers will demand less and the firm's profits will
fall. If the linen supply were to decrease its price, neither
customer would respond at least initially, by demanding more
linen and hence its profiﬁs would decline.

The second alternative which might occur is that at a

f

. . * -
piece-rate price of P = }:?l(P)aP ; Customer 2 would prefer

qmin

to purchase more than the required minimum of 9nin® This event

is depicted in the following graph.
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Demand Curve for
Customer 1

Demand Curve for
Customer 2

‘Profit Earned Under a Piece-Rate with a Minimum

Pricing System

In this case, at a piece-rate price of P* the amount that
Customer 2 would choose to purchase in the absence of a minimum
is equal to d, which 1s greater than the proposed minimum dnin®
In ‘effect, the minimum is not binding on Customer 2: at a price
of P*, Customer 2 will purchase q2 unitshindependently of

whether or not a minimum of I3 is enforced by the linen supply.
L

in
The profit earned by the liren supply in this case is given
by the shaded area in the above graph. Notice that the linen
supply derives profit from two sources: it receives profit

equal to twice the consumer surplus of Customer 1 by charging

: , * .. ;
both customers a picce-rate of P and requiring them to purchase
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at least g units at that price. Also, it receives profit

min
equal to the area qmin—q2~D—C from its sales to Customer 2
in excess of the reguired minimum.

Under this second alternative, it is m longer clear that
the pricing strategy we derived for fully exploiting Customer 1
remains the best strategy for the linen supply to follow. Since
the minimum requirement of 9nin pieces of linen 1is not binding
on Customer 2 at a piece-rate price of P*, the linen supply
might be able to increase the profit it earns from Customer 2
by adjusting the piece rate-price it charges. However, since
any change in the piece~rate price or the minimum will decrease
the profits earned from Customer 1, the linen supply must
balance the gains that may be had from Customer 2 through
changing the piece-rate, with the losses it will suffer from
Customer 1.

Thus, we might state the problem faced by the linen
sup,ly in our example as follows:(

Choose a piece-rate price P, and a monthly minimum M so

as to maximize total profit as given by the equation:

m= 2.P-H + Pe (5, (R))

(Where ¢2(P) is the quantity of linen demanded by the larger

customer in excess of the reguired minimum.)

Subject to:

(1) M < Urin The nmenthly minimum must
o be less than the maximum
amount custecmer 1 is willing
to purchase.
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(2) p < f:;l(P)dP The piece-rate price and the
- — monthly minimum must be set

s0 as to allow Customer 1
o remain in the market.

Having solved this constrained maximization problem, the
linen supply will then wish to compare the profit earned undef
this solutien with the profit that could be earned by excluding
the smaller customer from the market and using the Piece-Rate
with a Minimum Pricing System~to fully exploit the larger
customer.

The rather complex formulation of the linen supply's
profit maximization problem under a Piece-Rate With a Minimum
pricing system, even in such a simple situation as the one we
have been considering, is a hint of the complexities that would
ensue‘were we to extend the analyses to more realistic situa-
tioné. When a linen supply has more than two customers,- or
provides more than a single product, profit maximization under
the Piece-Rate with a Minimum bhecomes unfathomable. Fortunately,
as we shall see in the following chapter, other pricing systems
whose analyses are much easier, can be shown to produce profits
which are at least as great as those of éhe Fiece~Rate With

a Minimum system.

Part III. Variable Two-Part Pricing Svstens

Under a variable two-vart tariff, a firm charges its
customers two prices: Firsit, the firm charges its customers

a right-to-buy tariff which varies in size from customer to

@]
M
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customer. Second, the firm charges a per-unit price for gach
unit of its output the customer purchases,and this per-unit
price is the same for all of the firm's customers.
Nearly all variable two-part pricing systems have one
fatal flaw: they are not legal. Recall that Sections 1 and 3
of the Robinson-Patman Act provide:

That it shall be unlawful for any person engaged

in commerce, in the course of such commerce, either
directly or indirectly, to discriminate in

price between different purchasers of commodities
of like grade and guality, where either or any of
the purchases involved in such discrimination are

in commerce, where such commodities are sold for
use, consumption, or resale within the United
States or any Territory thereof or the District of
Columbia or any insular possession or other place
under the jurisdiction of the United States, and
where the effect of such discrimination may be sub-
stantially to lessen competition or tend to create

a monopoly in any line <& commerce, or to injure,
destroy, or prevent comnpetition with any person who
either grants or knowingly receives the benefit of
such discrimination, or with customers of either of
them: Provided, that nothing herein contained shall
prevent differentials which make only due allowance
for differences in the cost of manufacture, sale, or
delivery resulting from the differing methods for
quantities in which such commodities are to such
purchasers sold or delivered.

Although the avplication of the Robinson-Patman Act to
variable two-part tariffs has not been tested, it Qould seem
that, barring very special circumstances, variable two-part
tariffs will not be allowed by the courts. Firms would seem
to be required by the phra;e, "Provided that nothing herein
confained shall prevent differentials which make only allowance

for differences in . . . cost . . . " (emphasis added) to quote

its most costly customers a price equal to the price it
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cﬁarges its less costly customers plus the amount of the extra
cost the firm incurs in selling to its more costly customers.
When this restriction is applied, a variable two-part tariff
will not be significantly different from a uniform two-part
tariff, since the right to buy tariff charged different
customers can vary only slightly. Thus, the profits achieved
under a variable two-part system will be approximately equal
to the profits achieved under a uniform two-part system.

The linen supply industry, however, may provide an excep-
tion to this general proscription of variable two-part tariffs.
From the customer's point of view, the good which a linen
supply provides is clean linens delivered regularly to him.
Yet, arguably, a linen supply -is really providing two goods:
It is renting customers an inventory of 1linen, and it is wash-
ing those linens and returning them to customers. If linen
sﬁpplies only rented customers linen inventories, they would
be a very specialized sort of leasing company. If linen
supplies only washed and returned linens to its customers,
then they would not be linen supplies but laundries. Thus,

a linen supply would seem to have a right to charge customers
a price for each of the goods it provides. If so, then as
we shall see linen supplies can arrange the prices for the

two goods it provides in such a way as to establish a

variable two-part tariff.
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A, Inventofy Charge Plus Laundering Fee as a Variable

Two Part Tariff

Under the Inventory Charge Plus Laundering Fee pricing
system, the linén supply charges its customers in two parts.
first, the linen supply charges its customers a fee according
to the amount of linen inventory that the linen supply must
purchase and maintain in order to service each customer. The
amount of this monthly inventbry charge varies among customers
depending on the quantity and types of linen each customer
uses. Second, the linen supply charges customers a laundering
fee for each piece of linen that it picks up soiled from the
customer, Qashes and returns clean to the customer. This launder-
ing fee is, of course, the same for all customers although the
fee will differ depending on the type of linen involved.

The Inventory Charge Plus Laundering Fee pricing system
is a sort of variable two-part tariff. The laundering fee
charged for a particular type of linen corresponds to thé per-
unit of output price, and the inventory charge for a particular
customer corresponds to right-to-buy tariff of a variable two-
part pricing system. Since normally, a customer agrees that
only the linen supply will have the right to wash the linen
it delivers to the customer, by paying his monthly inventory
fee, the customer really only acquires the right to receive
clean linen in exchange for paying the appiopriate laundering
fee. Thus, the inventory fee is a right-to-buy tariff. Since

the inventory fce charged a particular cus:tomer depends on the
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amount of linen inventory the lincn supply maintains on his
behalf, and since different customers reguire different amounts
of inventory, the inventory fee charged customers will vary
from customer to customer. Thus, the inventory fee is a
variable right-to-buy tariff.

We may represent the profit that a linen supply would earn
on a given tvpe of linen under an Inventory Charge Plus Launder-

ing Fee pricing system by the following equation.
N

T =T “ii I (Xi) + P 'XN

T(XN)
- Where: ' .
T = Inventory fee per unit of inventory

N = Number of custoners

xi = Quantity of the given type of linen received

.th .
by the i customer

I(x.) Quantity of inventory the linen supply must hold

to provide the ith customer with Xi units of linen
P = Laundering fee
Xy = Total gquantity of the given tvpe of linen soiled
by N custocmers.
TC(XN) = Total cost of providing custo@ers with those Xn

units of linen.

What this eguation says 1is, in effect, that the profits of the

linen supply are egual to the revenues it receives from charging

in inventory fee plus the revenues it receives from charging

a laundering fee minus 1ts total costs. The profit maximization
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problem faced by a iinen supply wishing to use this system
is to select a laundering fee P, a per-unit of inventory éharge T,
and a mix of customers N so as to maximize the profits given in
the above equation.

We may simplify the profit maximization problem of the
linen supply by establishing two rules very similar to the
rules set out above for maximizing a firm's profit under a
uniform two-part pricing éystem._ That is, #ir-st we shall define
a rule to determine the optimal combination : inventory fee and
laundering fee, assuming a given number of customers are allowed
to remain in the market. Second, we shall define a rule for
the firm to follow in order to select an optimal mix of
cﬁstomers.

Rule 1: Defining the Optimal Ccmbination of Inventory

Fee and Launderina Fee

Following the analysis for profit maximization under a uni-
form two-part pricing system, I shall begin the analysis of the
optimal mix of inventory fee and laundering fees by considering
what tﬁe greatest right-to-buy tariff is that the linen supply
could charge'if the laundering fee is fixed and no customers
are to be driven from the market.

For a given laundering fee P, and a given number of customers
N, the maximum right—to—bué tariff the linen supply can chargs
is equal to the smallest consumer surplus of any of the linen
supply's customers. That is, since a customer's consumer

surplus is equal to the maximum amount that that custcmer would
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be willing to pay for the right to receive linen at a laundering
fee of P, the largest amount that the linen supply can charge
for that right, without driving customers from the market, is
the smallest consumer surplus that any customer would enjoy at
a laundering fee price of P. However, under an Inventory Charce
Plus Laundering Fee system, the right-to-buy tariff is the
inventory charge, and the inventory charge a customer is
reqguired to pay depends on the amount of inventory the linen
supply must hold to service that customer. Thus, the maximuﬁ
inventory fee the linen supply can charge per-unit of inventory
is the smailest amount per-unit of inventory that any customer
would be willing to pay for the right tc receive linen at a
laundering fee of P. Equivalently, the maximum inventory fee
?* the linen supply can charge is the smallest ratio of consumer
Surplus to inventory of all customers the linen supply serves:

[

o ¥y (P)ap fp ¥ (P)yap \

Tyl 07 I (xy) }

T* = Min

Or, in abbreviated form,

o

P
fp ¥, (P)ar

I(xi7

T* = Min
i=1l to N

Thus, if Customer J is the customer with the smallest ratio of
consumer surplus to inventery, Customer J will be reguired to

pay-a total inventory charge exactly equal to his consumer

Surplus:
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Inventory Charge T*-I(XJ)
for Customer J

fp Y (P)dP I(x,)

I(XJ)

i

jp ¥ (P)ap

Customer J need not always be the customer with the smallest
consumer surplus. In fact, a customer could have a very large
consumer surplus and still have the smallest ratio of consumer
surplus to inventory, if the inventory the linen supply held
on his behalf were very large.

When this expression for 7" is substituted into the eqﬁa—
tion describing a linen supply's profit under the Inventory
Charge Plus Laundering Fee pricing system, where the number
of customers N is assumed to be fixed, the linen supply's

profits are expressed as a function of one variable, the

laundering fee P.

N

-

] © N \

M V. (P)a X -

n = Min o fp ¥, (P)ap 7 TR EReR-TCX)
i=1 to N I{ Xi) i=1

Where the terms in this equation have the following inter-

pretations:
I” Y. (P)dp Largest per unit of inventory
Min p i - .
i=1 to N - = fee the linen supply can charge

I x: .
( l) without driving any of its

potential customers from the

market
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) I(x;) = Total inventory of linen (of the relevant
1= type) that the linen supply must hold to
‘ service all N customers
' xN = Total amount of 1linen soiled by customers
during one month
P = The laundering fee price
TC(XN) = Total cost of providing N customers with X

pieces of linen during the month

To find that value of P for which the linen supply's profits
are maximized, we take the derivative of this equation and

set it equal to zero.

N
a d¥Xn [5 vsprap d(.z I‘X.i))
€1 = ¢ = Xt Prgs + Min|—Bo . i=1
ap i=1 x4) dp

to N
o . N ‘
Y. (P)darp s \
+d Min Jp A 1! I(Xi)/‘ aze)
. d=l x5 i=1

to N

dp

fhe laundering fee price P which satisfies this equation,
-z us call it P*, is the optimal laundering fee price that the
. :nen supply can charge. Of course, without knowing more about
the demand curves of linen supply's customers and the nature
of the 1linen supply's inventory-stocking‘policy, we cannot
solve for P*. Let us therefore rely on current practice in
the linen supply industry and some common sehse about customer

behavior to supply this missing bit of information.
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Specifically, I propose to make the following two assumptions:

First; the inventory a linen supply holds to service
customers, is determined by multiplying some constant by the
amount of linen those customers are expected to soil per month.
Thus, for a given customer K, the amount of inventory the
linen supply will hold to service customer K is:

I(xK) =C . XK .

That this assumption is reasonable is evident from the fact
that Steiner Corporation, a company which owns several linen
supplies, recommends that the initial stocking of a customer's
inventory of flat linen be calculated in Jjust the fashion I
have described.4

Second, we shall alsq assume that customers respond to
relative changes in price rather than absolute changes in
price. Thus, when deciding on his response to a change in the
laundering fee price, a customer will consider the percentage
increase or decrease in price. A‘priée change from 25¢ to
50¢ (a doubling in price) will elicit the same percentage
decrease in the quantity of linén received as would a
price increase from $1.00 to $2.00 (also a doubling in price).
Econémists believe that, in general, this assumption better
describes people's behavior that the alternative assumption
that customers respond to ébsolute changes in price: an
increase in price from 25¢ to 50¢, (a doubling in price),

elicits the same response from customers as would an increase

from $2.00 to $2.25 (a 13% increase in price).
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In order to incorporate this ascsumption into the analysis,
we shall take the demand curve of Customer J, the customer

with the smallest consumer surplus per unit of inventory remain-

ing in the market, to be of the form:

X =
J aJ P

where X_ is the number of linen pieces Customer J soils per

J
month, ay is same constant, P is the laundering fee and bJ is
Customer J's constant price elasticity, and where bJ is assumed
5

to be less than negative one.
When these two assumptions hold, the optimal laundering

*
fee price P 1is given by the following equation:

P* - MC - E
i1+ E - (E+l )
bJ+1
Where:

MC = Marginal Cost

E = Elasticity of market demand curve

il

b, = Price elasticity of customer with the smallest

consumer surplus per unit of inventory.
(b<=~1).

(Calculations are included in Appendix II of this chapter).
Once the linen supply. has determined the optimal launder-

. . % . . LI .

ing fee price P°, it can substitute P into the eguation for

* . . . ~ s
T" to determine the optimal per-unit of inventory fee to charge:
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We may summarize these results by way of the following
rule fof the optimal combination of inventory fee and laundering
fee:

Optimal Price Combination Rule

In a market of N customers, who demand in aggregate
XN units of linen, and in which the following conditions
holad:

(1) The amount of inventory held on behalf
of a customer receiving delivery at a
given frequency, is determined by multiply-
ing a constant by the quantity of linen
the customer is expected to soil each month
(different constants may be used for differ-
ent delivery freguencies);

(2) The customer with the smallest consumer
surplus per unit of inventory has a demand
curve of the form

b

X = j < -
5 aJP , b 1
where X g is the quantity of linen received by
the customer, a. is a constant, P is the launder-

J

ing fee and b, is that customer's constant price

J
elasticity;

. *
then, the linen supply should charge an inventory fee T

equal to,
b
™ J
fp* a; P
I(XJ)

ap

-

and a laundering fee cqual to:

MC-E

1+E - E+1
b+l
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a_p = Demand curve of the customer with the
smallest consumer surplus per-unit of

inventory of any customer remaining in

the market
I(xJ)= Inven%ory held to service Customer J =
J
C-aJP
MC = Marginal Cost
B = Price elasticity of market demand curve
b = Price elasticity of Custcmer J '

Rule 2: Selecting the Optimal Customer Mix

Again following the analysis for profit maximization under:s
a uniform two-part pricing system, the linen supply will wish
to compare the preocfit it would earn by serving all customers
in the market with the profit it would earn by adjusting the
prices it charges so as to exclude the customer with the
smallest consumer surplus per-unit of inventory from the
market. The linen supply would thus 'use the above rule to
calculate the otpimal inventory fee and laundering fee when all
N customers remain in the market, and substitute those prices
intd the profit eguation for a linen supply using an Inventory

Charge Plus Laundering Fee system:
N

) *
7 =T% . Z I(xi)+{_p © X |- TC
i=1
Where:
N ) )
Z I(Xi) = Total quantity cf inventory the linen
i=1 supply must hold to provide service to

all N custoners.
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X Total quantity of linen soiled by N customers

N.
TC

Total Cost

The linen supply will then apply the above rule to determine the
profit it would earn by serving all customers but the customer
with the smallest consumer surplus per-unit of inventory.
Again, it will substitute those values into the profit equation:

. .
T = T y I(x;) + P+ X, 4 = 1TC

The linen supply would continue this application of the
optimal price combination rule for successively smaller
groups of customers. The optimal group of customers for the
linen supply to serve will be that group for which the linen
supply's expected profits are the greétesé.

Optimal Customer-Mix Rule:

Continue to exclude customers from the market in
the order of which remaining customer has the
smallest consumer surplus per-unit of inventory,
until anticipated profits begin to decline.

. The complexitv of these two rules definitely limits their
usefulness to a linen supply manager who prefers to set prices
by way of back-of-the envelope calculations. However, as we
shall see in Chapter V, if-the manager is willing to use a
computer program to assist him in sctting prices, these
rules for the optimal use of the Inventory Charge Plus

Laundering Fec pricing system may be guite useful. Computers
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after all, are much better suited to tediocus and complicated
calculations than are ordinarv mortals--especially time-pressed

linen supply managers.

B. The Flat Rate Pricing Svstem as a Variable Two-Part Tariff

Under the Flat Rate pricing system customers are charged
according to the amount of linen the customer is expected to
soil rather - than according to the amount he actually does soil
each month. Thus, for example, if a.particular customer is
expected to use 25 Turkish towels each month, theﬁ under the
Flat Rate system his monthly bill for Turkish towels will be
the same for mcnthé in which he actually uses 20 towels as
for months in which he uses 25 towels.

The Flat Rate pricing system may be seen as a very special
sort of variable two-part tariff. Recall that under a variable
two-part tariff, customers are charged two prices: a pef—unit
price charged customers for each unit of output they receive,
and a right-to-buy tariff charged for the right to purchase
output at the per-unit price. Under a variable two-part
tafiff, of course, different customers are charged different

right-to-buy tariffs, although all custome

N

s are charged the

same per-unit price. Under the special

Q

as

0

in which the per-
unit price is set equal to zero, a variable two-part tariff
collapses into a pricing system in which different customers

are charged different amounts for the right to receive units

at no cost to the customer per-unit. This special case of a
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variable two~§art pricing syétem, I believe, describes very
well the Flat Rate pricing system.

Under the Flat Rate system, the amount billed a customer
each month remains constant, although the amount of linen he
actually receives may vary from month to month. Thus, since
the amount billed under the flat rate system is not directly tied
to the amount of linen a customer actually uses, it would not
be proper to regard the flat rate charged a customer as a
price charged per-unit of linen. Rather, it is more reasonable
to think of the f£flat rate charged a particular customer as a
right-to-buy tariff. By paying his monthly £flat rate, a
customer acqguries the right to receive linen at no additioﬁal
cost. In effect, a customer pays a lump sum each month for the
right to receive linen at a per-unit of linen cost equal to
zero. Furthermore, since the flat rate charged a customer
depends on the amount of linen he is expected to use each month,
and since different customers are expected to use different
amounts of linen per month, different customers will be diarged
different right-to-receive linen tariffs. Thus, the Flat Rate
pricing system is a sort of variable two-part tariff--albeit a
variable two-part tariff of a very special variety.

Under a Flat-Rate system, tnhe profits a-linen supply

e

t-h

earns are equal to the sum”of the right-to~buy tariffs, or flat

rates it charges customers, less the total cost of providing

ot

linen service to these custoners. Ve have seen that the maximum

right-teo~-buy tariff that can be charced a wparticuler customer

[
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is the amount of that customer's consumer surplus. Thus, when
the laundering fee price is set egual to zero, the largest

th customer is the

flat rate the linen supply can charge its i
amount of his consumer surplus, which when expressed mathematic-

ally is the following:
fo Ti(P)dP

Of course, if the linen supply is to steer clear.of
price-discrimination charges, then the flat rates it charges
each customer must be clearly explicable in terms of the quanti-
ties each customer is expected to receive each month. Specific-
ally, it would seem reasonable to require that the linen supply
charge customers the same flat rate par-unit of linen that the

customer is expected to use: ) :

Flat Rate Billed Flat Rate Billed

Customer I = Customer J
Quantity of Linen Quantity of Linen
Customer I Expects ‘ Customer J Expects
to Receive to Receive

There is, of course, no guarantee that when this this
restriction is imposed, the linen supply will be able to charge
both Customer I and Customer J the amount of their consumer
surpluses. In fact, both customers will be charged the maximum
amount they would be willing to pay for the right to receive

linen at a zero price per-unit only if,

(e

u 3 U
Jg ¥ (@rar [ yjerar
Quantity of Lincn B Quantity of Linen
Customer I Expects Customer J Lupects

. to Receive to Receive
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But this will be true only in very rare circumstances. More com-
mgnly the linen supply will not be able to charge both customers
the amount of their consurer surpluses. If not, and if the linen
supply does not drive either customer from the market, then the
best the linen supply can do is to charge one of its customers a
flat rate equal to his consumer surplus and all other customers a
flat rate less than their consumer surpluses. The customer who
will be charged a flat rate equal to his consumer surplus is the

customer for which j: ¥ (P)dP is the smallest. .For example,

Quanﬁify of Linen
that Customer Expects
to. Receive

in a market of two customers, if
[« o] [e+]
[, ¥ (P)apP ) [o ¥y(mrap
9 EY)

where d and g, are the guantities of linen that Customer 1
and Customer 2 are respectively expected to receive, then Cus-
tomer 1 would be charged a flat rate equal to his consumer surplus:

Flat Rate Billed _ o .
Customer 1 = fo Wl(P)aP

However, due to our requirement that the linen supply charge cus-
tomers the same flat rate per-unit of linen that the customer is

expected to use, it must be the case that:

Flat Rate Billed FFlat Rate Billed
Customer 2 Customoer 1
q - -
"1 = 93
= [o {@rap
93

Hence the flat rate billed Customer 2 is given by the following:
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Flat Rate Billed o n
Customer 2 _ fo 1 (P)ar .
9

The flat rate billed Customer 2 is, however, less than the

maximum amount he would be willing to pay for the right to

receive linen at a zero price percent:

Consumer Surplus o
of Customer 2 = Io 7, (pP)ap
[e0]
I~ w(p)ap
= _.9__._...__.__ 'y q
q, 2

And since by assumption

p
[Py, (p)ap

< o
9,5 d4
Consumer Surplus [ ¥, (P)ap
o
of Customer 2 > - 9,
91
Consumer Surplus > Flat Rate Billed Customer 2

of Customer 2

This method of setting flat rates provides the linen

supply with as much revenue as possible under a flat rate

system in which both custeomers are allowed to remain in the
Yy

market. The flat rate charged Customer 1 cannot be increased

without charging him more than his consumer survlus, more than

he would be willing to pvay for the richt to receive linen at a

zero price per-unit. Similarly, the flat rate billed Customer

cannot be increased without violating the condition that both

th

customers be chargoed the same flat rate per-unit o

the customer is expected to usec.

linen

that
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The profit the linen

supply would expect to earn

4

is equal

to the sum of the flat rates charged both customers less the

expected total cost of providing

linen to both customers:

E(m) = [ ¥ (p)dp+(g‘°° v, (P)@P
o ‘1 ‘o 1
3 © dp) = TClaptay)
11
IS weyap

Because the revenue the linen supply would receive when all

customers are allowed to remain

the procedure for setting flat

in the market is maximized by

rates, the only way that the

linen supply can affect the amcunt of profit it expects to

receive is by driving customers

example, the linen supply will w

from the market. Thus, in our

ish to calculate the expected

profit it would earn by driving Customer 1 from the market and

concentrating its efforts solely
Customer 2.

When generalized to a marke
the arguments of this.section yi

maximizing profit under a Flat

Rule for Mawinmizing Pro

on supplying linens to

t of more than two customers,

eld the following rule for

ate pricing systemnm.

1

bl
i

a Flat Rate Pric

- 4
g Svsten:

For a market of N customers

is constrained to set flat rates
customers, I and J:

Flat Rate Billed
Customer I

Quantity of Linen
Customer I
Lxpects to Soil

tor

, and a liner supply which

such that, for any two

Flat Rate Billed
Custermer J

Quantity of Linen
Customcr J

Expects to Soil
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the linen supply will maximize its profits by following two
steps:

First, the linen supply should identify which of its N
potential customers has the smallest consumer surplus per unit
of linen the customer is expected to soil per month. That is,
the linen supply should determine which of its customers is
the customer K such that:

f: ¥eo(P)ae f: ¥, (P)ap

= Min
dx i=1 to N q;

Where ag is the quantity of linen Customer K is expected to soil
each month and a5 is the guantity of linen the ith customer

is expected to soil each month. The Customér K will be charged a
flat rate equal to his consumer surplus, f: Y (P)dP. The flat
rates charged all other customeré are then determined by the

flat rate charged Customer K and the regquirement that for any

customer J:

Flat Rate Billed Flat Rate Billed
Customer K = Customer J
9k 95

The linen supply should then calculate the profit it would
expect to earn by dealing with all N custormers according to the

formula:

E(w) =

¢y (P)ap N N
I ¥k ) - TC ('Z - q;)

g,
1 . i=1

K i=

Second, the lincn supply should determine what expectad
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ﬁrofits would be if it excluded Customer K, the customer with
the smallest consumer surplus per unit of linen the customer
is expected to soil per month. The linen supply would do this
by identifving the customer that, next to Custcmer K, has the
smallest consumer surplus per unit of linen expected to be
soiled. This customer would be charged a flat rate equal to
his consumer surplus, and all other customers would be charged
flat rates consistent with the requirement that all customers
be charged the same flat rate per unit of linen expected
soiled. The flat rate calculated for Customer K will exceed
the amount of his consumer surplus, and thus drive him from the
market. The linen supplyv would then calculate the profit it
would expect to earn bv excluding Customer K. If the linen
suppiy's expected profits decline when Custorer K is excluded,
then expected profits are at a maximum when all N customers
remain in the market. If the linen supply's expected profits
increase when Custcmer K is excluded, then the linen supply
will wish to determine whether it can increase its expected
profits still more bv excluding other customers from the market.
The linen supply's expected profits are at a maximum when the
result of excluding one additional customer from the market is
to decrease rather than incrcase expected profits.

In the following chapter, Chapter IV, I shall discuss
which of the four pricing systems discussed in this chapter--
Delivery Charge Plus Laundering Fce, Piece-Rate With a Minimum,

Inventory Charge Plus Laundcring Pece, and Flat Rate—--would hke
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ﬁost profitable for linen supplies to use. The arguments of
that chapter will show that the linen supply industry could
make larger profits by abandoning its more traditional pricing
systems and adopting other systems which to date have not

received general acceptance in the industry.
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FOOTNOTES

CHAPTER THREE

lThe rule for maximizing profits under a discriminating
one-part pricing svstem would actuvally regquire the firm to
continue to sell ocutput to Customer 1 as long as the price
he is willing toc pay is greater than marginal cost. I have
altered the rule here only for the purpose of the argument
I*am constructing in order that Customer 1 will purchase only
9, units.

2The analysis I shall oresent is borrowed from an article
by Walter Y. 0i, "A Disneyland Dilemma: Two-Part Tariffs For
a Mickey Mouse Monopolv," Quarterlv Journal of Economics, Vol.
85, (Februwary 1971), 77.

3The price elasticity of a demand curve is defined as the
percentage change in quantity demanded that results from a one
percent change in price. Thus, if the per-unit price were
raised 1% and the guantity demanded declined by 1% in response,
the demand curve would have an elasticitv of -1. More precisely,
the price elasticity of a demand curve is:

_ P 4ax
E= 53

where X is the quantity of output demanded.

4 . . . -
Steiner Corporation's Standard Operating Procedures Manual
recommends:

In stocking flat work on the first delivery for a
new account, install 125% of their estimated usage,
based upon frecguency of delivery. This applies to
deliveries every 4 weeks, E.0.W., weekly, semiweekly,
or daily.

Thus, for flat work, inventory is determined by the equation:

Inventory = 1.25 . Amount Delivered
5 b
If a custormer has a demand curve of the form X = a P,
and if b is not less than negative one, then at anv finite

price, P,, that customor would have an infinitelyv large

consumer surplus. That is, if b = -1, then the consumer surplus
the customer would enjoy is the following:
(¢ o] N —l
Consumer Surplus = [ &P — ap

Py
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= un [X  ar"lap

X>o 1

= lim (alnX-a ln P

K>

1)

But since, as X takes on larger and larger values, the logarythm
of X increases indefinitely,

lim (a In X - a 1In P

X->c0

If b > -1, we encounter a similar oroblem.

Consumer Surplus = f: a p° ap
<1
_1im [T a PP ap
T g 1S
- . b+l
- iig a Xb+l _.a Py
b+1 b+1

But if b > -1, then b+l will be positive. Hence, as X takes

on larger and larger values, Xb+1 will increase indefinitely:
b+1
lim a Xb+l _ a by - »
x> b+1 b+l

Of course, the customer with smallest consurer surplus per unit

of inventory cannot have an infinitely large consumer surplus,
since that would imply his.consumer surplus permit of inventory is
alsé infinite. Thus, I have restricted the price elasticity of

the consumer with the smallest consumer surplus to be less than

negative one.
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and Per-Unit Prices Under a Uniform Two-Par

.+ The optimal combination cf prices rule was developed by
Walter Y. Oi in his article, "A Disnevyland Dilemma: Two-Part

Tariffs For a Mickey Mouse Monopoly" (Quarterly Journal of

Economics, Vol. 85, February 1971, pp. 77-94). His derivation

of the rule is the following:

Suppose initially that the monopoly establishes
a feasible tariff (consisting of a price P and ‘unp
sum tax T) that insures that all N consumers remain in
the market for his product. The profits from this
feasible tariff are given by

R —
(A1) T = XPANT-C(X) . %= L |
=1 Jj
Let ¥3j (P) describe the constant utilitv demand curve of
the jth consumer, Tj*, is a function of the price P

* fee]
(a.2)  T.= [ y.(P)ar.
J D J
For any price P, profits can be increased by setting
the lump-sum tax T egual to the smallest of the
consumer surpluses that is assigned to the first con-
3y

sumer; that js, Tszf. The denand for rides bv the smal-
lest consumer is this duuer“*?Lu o his constant |
utility demand, x1=uji§). Since the remaining N-1
consumers stzll 2770y sone ¢ nsumer gurvlius, their
demands for Gepeand on the price P and net

incomes (Mj—f

(A.3) xy=D (P,u.=T }  [§=2,3. . ., NI.

~-

[Ilt is assumed that all N consumers must be kept in the
market. Conscouently, ths ton T must be adiustcod wheneve
the price P is varied in order to Lcep the snallest
concnner in marnct,  The reaguisite adjusiment is
(dr/dap :"V; hig nannery, total prorfits, ecuation
(A1), cean od to a function of ounlv ono
parameter, ¢ rer ride P.o Sctting {(di/ul) egual
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to zero, we get the ecuilibrium condition for an
optimum price P given a market of N consumers:

(A.4)

c'=p Ll+\

where E is the "tot

demand for rides;
N
L.
jl‘

(A.5) E=

where sl
market demand, A

( 1-—1@5%) t
E

7

al"
(dx.
\dpP

=X1/X is the smallest consumer

=X.P/M,
J 3 / J

o

price elasticity of the market

N

)

j=2

N
E

j=2

J

At 543

AL) £+s,
l 4

1~

o

share of the

represents the budaget share

devoted to variable outlays for rides, and kj is the
income elasticity of demand for rides. The optimum price
per ride is thus set to satisfv ecguaticn (A.4); by sub-
stituting this optimum price in equation (A.2) for the
smallest Jconsumer {(i=1}, we cget the optimum lump sum
tax T=T This procedure could conceptually be repeated
for any number of consumers, n, tharecy chtaining an
optimum tariff and constrained maxinmum monopolv profits
m(n) for a market of n consumars.
£ . . . . . .
"In differentiating nrofits 7 with respect to P, it must
be remembered that the market demand X is a function of P and T
via equation (A.3). Hence, we have
"T
1* [avh lar! | [T\ [ ax rax\ fary
==X+ - t*-? ;1;\}§ +N§T’;:"‘C'! — [~ X tT____;)
40. Cl REE \cir j Ld‘ { dT’ ‘s\"P/ ’
L fl Al
Recall that (aT/dP)=-x, and that (dx./dT)=-{dx./dl.). Thus, w
get - J j 3
. N /dx. )\ . N “dx.
faxt o farhy _ v [T ax _ v 3,
dat,; ‘as; "1 .t tdam, i ap .1 \GP
VL j=2 g j=1 /
llecting terms, we obtain
Ny N 1
dw ) !QXj§ T (dx.g ‘
= = (X-x,N)+(P-c’ Lo 4y L 3
dp ( 1 ) ) J=1 \dP 1 =2 31d:./
| j v
The "total" price closticity ¢f the market demand I is defined

as follows:
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(Continuation of Footnote +

Ez(.p\)rz {dxj) o (dxjﬂ

\a~

The "total" price elasticity thus incorporates the induced
change in demand for rides resulting from the reguisite
adjustment in T when P is used. If we substitute, we get

dr X(l-SlN)+P-C') ?E]

Setting dn/dP equal to zero thus yvields equation (A.4). In
the expression for the "total" price elasticity, the term ¢

represents the price elasticity uradjusted for the induced
effect of changes in T. More precisely,

/dx.\
- (3) 13
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Appendix II:

Derivation of Optimal Price Combination Rule for the Inventory

Charge Plus Laundering Fee Systen

Profits from a particular product are given by the formula:
N
= T -.Z I(Xi)+P-X—TC
i=1
Where:

T=Inventory fee
Y

Z I(xi)=Total inventory held to service all customers
i=1

P=Laundering fee

X=Total quantity of linen soiled

TC=Total cost

These profitstill be maximized when:

25
a® iz T aeex _arro)

ap ap Tap

0=

To simplify the equation, we shall consider each of the three

component terms in this equation separately.
N
iy
LT (x.

(A) d(T i=1 (Xl)

ap

Suppose that the amcunt of inventory the linen supply
holds to service any customer is determined by multiplying
a constant by the quantity of linen that custcomer soils per
month. If that inventory multiple is C, then the total

inventory of the relevant typc of linen the linen supply holds
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to service all customers may be expressed as follows:

N

i§=1 I(x;) = C.X

where Xiis the total quantity of linen soiled by all customers.
Suppose that the customer with the smallest consumer

surplus per unit of inventory, Customer J, has the constant

elasticity demand curve:

P
xj = aj P
Where:
X, = Quantity of linen soiled at a laundering fee
] of p
aj = A constant
p = Laundering fee
bj = Price elasticity

Thus, the largest inventory fee T the linen supply can charge
without driving customers from the market is the consumer
surplus of Customer J divided by the inventory held on behalf

of Customer J.

(~ b.
T = a. J
e i’

I (X,

J
m.+n)c ' for b < -1. (See footnote 6)

J- - N

L ?\‘
Upon substituting these values in for T and ;;l(xi)

we find:



v a( )
.+
a(r 1 I(xi) _ b.+1)C
dpP - dp
_ -P ax _ 1 . X
- (bj+l) ar (b.+1)
d(pP-Xx)
(B) ap
The analysis of this term is relatively simple:
da(p-x)y _ . dap ax
as "% "3 *tP-ap
= X + P . g;
aP
(c) a(re)
arp

The analysis of this term is also relatively sirple:

d(Tc) _ a{Tc) . a(¥)

dp T ax ar
_ a{x)

Combining the analyzed forms of these three terms, we find that

profits will be meximized only if:

- P.. .

0 = P aX X L a¥X _ .. dx

= T o = 7 TR Sl e

(bJ+L) ap (DJT ) ap ap

Multiplying through by P/X we cbtain:

- -P P aX P - P ax > 49:¢
0= BT ¢ % AT YT R o e - 5
J m £ GP UJ' J k GP P QP
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¥ %g is equal to E, the price elasticity of the

market demand curve:

Or, since

: -p E- P
= e . —_—— + - E - MC-E
0 (6 _+1) ®_+1) P

Rearranging terms, we find:

MC-E
1+E—(E+l
.bJ+l

P =

)



CHAPTER IV

WHICH SORT OF TWO-PART PRICING SYSTEM IS BEST?

We saw in Chapter III that so long as a firm has some
degree of monopcly power, it can earn greater profit under a
two-part pricing svstem than it can under a non-discriminatory
one-part tariff. In competitive markets, however, we saw
that no advantage can be gained from using a two-part rather
than a one-part pricing system. Also in Chapter III, we
noticed that there are four types of two-part tariffs that
linen supplies might use:

o Piece-Rate Vith a Mininun

o Flat-Rate

0 Delivery Charce Plus Laundering Fee

o _Inventory Charge Plus Laundering Fee

In this chapter, we shall ccompare these four types of
pricing systems to determine which will provide monopolistic
linen supplies with the gresatest vrofits. Since a linen

supply's profits are egual to the revenues it receives from
Py F |

customzers less its total costs of providing linen service
we shall first wish to investigate hew a linen supply's

system. Having undcrstood how total costs can be expected
to differ under different pricing systems, we shall then
be ablz to ceonpare the proficanility of the varicus pricing

systams.,
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(a) Total Costs Under Various Pricing Svstems

The total costs a linen supply incurs in providing its
customers with linen service are commonly divided into four
groups:

(1) Processing Costs. These costs include the

wages paid workers inside the plant, depreciation
of planf equipment, and the soap, detergent,
electricity, and fuel reguired to process linen.

(2) Inventory Costs. These are the costs of purchas-
ing and maintaining an inventory of linen adequate
to provide linen service to customers. '

(3) Delivery Costs. These include the wages cof
delivery drivers, fuel and maintenance of delivery
trucks. ‘

(4) General and Administrative Costs. These costs
include the wages of office workers, depreciation
of office machinery, depreciation of the linen
supply plant building, and general overhead.

Depending on the type of pricing system a linen supply uses,
there will be different pressures on each of these cost
categories. That is, barring some corrective action by the
linen supply, there will be a tendency for the linen supply's
total costs to vary depending on the typé of pricing system

selected.
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Many processing costs are fixed costs. Due to the.
great durability of the equipment used in linen supplies,
the depreciation of machinery is not closely tied to the
quantity of linen processed by those machines. Although a
plant manager is generally free to add or to lay-off workers
inside the plant, he generally has little control over the
hours worked by the plant workers. Most linen supplies do
not operate near capacity and hence are not likely to work
overtime. On the other hand, due to union contracts and
to standard practice in the industry, plant workers are in
general gﬁaranteed a minirum forty-hour week. Thus, the
processing costs that will vary with the quantity of linen
processéd are to some extent labor costs, and the relatively
insignificant costs of scap, detergent, electricity, fuel
and plastic wrap to package the linen bundles.

We may expect the gquantity of linen processed, and’
hence some part of processing costs, to vary under different
pricing systems, according to three factors: whether a
monthly minimum is required, the optimal laundering fee

charged, and the optimal richt to buy tariff charged.

[}
[N

When a monthly minimum is reguired under a Piece-Rate

L]

tomers are billed the

92}

With a Minimum pricing system, cu
. greater of the monthly minimum or what their 1linen bill
would be under a pure Piece-Ratc systen. At the piece-rate
prices the linen supply charges, some custcmers might

prefer to receive less than the reguircd minimum. However,



120
due to imposition of the minimum, these customers can expect
to be billed the amount of the minimum whether or not the
quantity of linen they actually use 1is large enough to
result in their being charged the minimum under a pure Piece-
Rate system. Since there is no difference in cost to these
customers between receiving the minimum amount ofhlinen and
the amount they would prefer to receive in absence of a
required minimum, +these small customers are likely to
increase the amount of linen they receive up to the required
monthly minimum. Thus, the effect of requiring a monthly
minimum is to increase the quantity of linen demanded by
small customers and hence to increase the linen supply's
procéssing costs.

'Similarly, the right-to-buy tariff charged under a two
part pricing system may also have an effect on the total
guantity of linen soiled and hence, on the processing costs
of a linen supply. The right-to-buy tariff requires customers
to'pay a part of their consumer surpluses for the right to
receive linen at a given laundering fee; Under different
pricing systems, this right-to-buy tariff may be set at dif-
ferent levels and hence different customors may be driven
from the market for the linen supply's products. Thus, the
total quantity of linen demarnded may vary under different
pricing systems if a different mix of customers is allowed to

remain in the market under different pricing systems.
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It is important to notice, however, that as long as the

linen suéply provides service to the same group of customers
under different pricing systcms, totel costs will not depend on
the right-to-buy tariff charged by different pricing systems.
Since a right-to-buy tariff charges customers part of their
consumer surplus--part of what they would be willing to pay for
the right to receive linen at a given laundering fee--the
right-to-buy tariff will affect only the mix of customers which
are to remain in the market, not the quantity of linen those
customers will soil.

Inventory costs are entirely variable costs, since they
will vary only according to the guantity of linen soiled. The
larger the quantity of linen soiled, the larger will be the inven-
tory ©f linen that the linén supply must hold to provide its
customers with linen service. Thus, if a monthly minimum is
required, the linesn supply can expect its inventery costs to be
greater than they otherwise would be. ' Similarly, the lower the
laundering fee, the greater will he the 1linen supply's inventory
costs. Again, if the linen supply deals with the same group

of customers, the ricght~to-buy tariff charged under different

0]

pricing systems will not afifiect tho cuantity of linen soiled

N

n

s 4

and hence will not affect the linen supply's inventory co

Inventory costs heowever, are affecteda by ovher factor

6]

than the guantity of liren scilcd. For example, scme customers
are very concerned that they might run out of linen before

their next delivery.
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Thus, these customers have a tendency to stockpile linen  in
amounts sufficient to allay their concerns. Of course, this
hoarding effect tends to increase the linen supply's inventory
costs: In addition to the appropriate amount of linen required
to provide a given customer with linen service, the linen
supply must also purchase a buffer supply of linen for the
customer to stockpile.

Under all pricing systems but the Inventory Charge Plus
Laundering Fee system, customers who do stockpile linen are
not charged any differently than customers who do not stock-
pile linen. Under the Inventory Charge Plus Laundering Fee
pricing system, customers must pay an inventory fee on all
linen the linen supply holds on their behalf whether they use
-that inventory fully or not. Under all other pricing systems,
it costs customers nothing to keep a larger than necessary
inventory of linen. Thus, all other things being equai,
the linen supply's inventory costs will be smaller under an
Inventory Charge Plus Laundering Fee system than under any
other pricing system.

Linen supply plant managers, however, are rarcly content
to allow all other things to remain egual. Plant managers
are aware of the effects_of custonrer stockpiling and when
they decide to use pricing systcems other than the Inventory
Charge Plus Laundering Fee system, they usually supplemant
these pricing systems with some sort of inventory control

program. Typically, under such programs, the dell = 7 drivers
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are required to observe the inventory of linen each custcmer
keeps and report any excessive inventories to the plant
manager. The plant manager will then discuss the problem
with the offending customers and in most cases, succeeds in
reducing that customer's inventory.

Although no data exists on the effectiveness of these
inventory control programs, the general feeling in the
industry is that when other pricing systems are supplemented
with an inventory control program, the inventory cost advan-
tage of the Inventory Charge Plus Laundering Fee pricing
system is not significant.

The Delivery Costs a linen supply incurs are fixed
costs. Most delivery drivers are not ?equired fo keep regular
hours and hence are not normally paid overtime wages. Within
a fairly broad range of the quantity of linen soiled and the
number of customers served, the linen supply will neither add
delivery drivers nor lay drivers off, This practise is due
not only to requirements of union contracts, but also because
the costs of adding or deleting a route are guite substantial:
When the decision is made to change the number of routes a
linen supply runs, normally the linen supply must replan its
entire delivery system. All stops of all routes for each day
of the five-day cvcle must be reallocated over the new number
of routes. This reallocation is usually done not by computer

but manually, and hence is a very time consuming and expensive
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undertaking.

Of all the costs included under general and administra-
tive costs, the only ccst which might conceivably vary among
pricing systems is bookkeeping cost. Some pricing systems
involve more detailed record-keeping and more complicated
calculations than other systems. Although for linen supplies
with manual billing systems these cost differences may be
considerable, most linen supplies do not have manual but
computerized billing systems. Hence for these linen supplies,
even the most complicated pricing system will increase general
and administrative costs by only a negligible amount.
| In sum, the major differences in cost among the four
types of two-part pricing systems are due to whether or not a
minimum is réquired by the pricing system and to differences
in the optimal laundering fees and right-to-buy charges under
the various pricing systems. The imposition of a monthly
minimum will tend to increase the guantity of linen soiled
by sﬁéll customers and hence will increase both processing
and inventory costs. Differences in the optimal laundering
fee and right~to-buy charcges undar various pricing systems will
also lead to differences in the c¢uantity of linen soiled and

thus to differences in processing costs and inventory costs.

B. Delivery Charg
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is a uniform two-part pricing system. Under the Delivery
Charge Plus Laundering Fee system, a linen supply chooses
a laundering fee to <charge for cach piece of each type of
linen the customer soils, and a delivery fee to charge cus-
tomers for each type of liren they receive. By its choice
of a laundering fee and delivery fee, a linen supply implicitly
chooses the number of customers it serves. According to the
analysis presented in Chapter III, the laundering fee corre-
sponds to the per-unit price and the delivery fee to the
right-to-buy tariff charged under a uniform two-part pricing
system,.

The Piece~Rate With a Minimum pricing system is a special
sort of uniform two—part'pricing system. Under the Piece-
Rate With a Minimum pricing system, the right-to-buy tariff
is the required ronthly minimum. The monthly minimum is
different from mcst right-to-buy tariffs in two respects.
First, by paying the minimum, a cusktomer acguires the richt
to receive not just one, but all of the vroducts of the linen
supply. Second, by paving the minimum, the customer is
entitled to receive a quantity of linen up to the amount of
the minimum at no additional charge. The piece-rate ¢
under the systenm corresponds to the per-unit of outout

1 .
OO
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charge of a two-part tariff. The pilece-rate is alsc =

O
{
=&
»
by
S
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different from most per-unit prices in that it beccomes

effective only after o custormer has soiled a guantity of
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iinen equal in value to the amount ¢f the minimum. Until that
point, piece-rate prices are merely used to calculate how
much of his minimum the customer has used.

I shall argue that, in practise, linen supplies will never
wish to use the Piece-Rate With a Minimum pricing system. My
argument will have two parts: First, I shall argue that, in
general, a linen supply will be better off charging a right-
to-buy tariff on a product by product basis, as under the
Delivery Charge Plus Laundering Fee system, rather than charg-
ing one right-to-buy tariff which applies to all products, as
under the Piece-Rate With a Minimum system. Second, I shall
argue that even when the monthly minimum is assumed to apply
to only one product, the Delivery Charée Pius Laﬁndering Fee
system can provide larger profits than the Piece-~Rate With a
Minimum system in all but the most rare circumstances.

- What is at stake in the guestion of whether a linen
supply should set one overall right-to-buy tarifif or a
different right-to-buy tariff for each of its products?

To answer this guestion, let us consider a linen supply which
serves N customers but which provides only two products,
towels and tablecloths, to those customers.

If the linen supply wcre to set its right-to-buy tariffs
on a product by product.basis, then the maximum right-to-
buy tariff it can charge for each product is the amount of
the smsllest consumer surplus belonging to any customsr in

the final market for each product.
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If linen supply were to set a right-to-buy tariff on an
overall basis, then it would charge a single fee in exchange
for the right to receive both of the linen supply's products.
The maximum right-to-buy tariff the linen supply could charge
would, of course, be the smallest amount that any of its
customers would be willing to pay for that right. This, in
turn, is equal to the smallest total amount any customer
would be willing to pay for the right to receive towels
plus what he would be willing to pay for the right to receive
tablecloths. Thus, the maximum overall right-to-buy tariff
the linen supply could charge is equal to the smallest sum
of consumer surpluses that any one customer woul@ enjoy from
purchasing both of the linen supply's products.

If the customer with the smallest consumer surplus for
towels wishes to receive only towels then the linen supply
can charge an overall right-to-buy tariff no larger than the
amount of consumer surplus of that customer, without driving
him from the market. If this customer were to receive only
towels, and if no customers are to be driven from the market,
then thcse customers who receive both teowels and tablecloths

4y
0]
Q
¢t

would pay an overall right-to-buy tariff zual to the righ
to-buy tariff for towels that they would pay if right-to-buy
tariffs were charged on a product by nroduct kasis. Thus,

by charging an overzll ricght-to-buy tariff, the linen supply

would forego the revenues it could receive from charging

customers who receive both towels and tablecloths a
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right—to—buy charge for tablecloths. Thus, the total revenues
the linen supply would collect from charging an overall right-
to-buy tariff will tend to be smaller than the total revenues
the linen supply would receive from charging a different right-
to-buy tariff for each product.

This example shows in the case of a two product linen
supply the problem that a full-service linen supply would
encounter by charging an overall right-to-buy tariff. A full-
service linen supply normally offers seventy-five to a hundred
different types of products, ranging from stove mitts and
kitchen aprons to barber towels and doctors' coats. No one
customer will ever wish to receive all the linen supply's
products. In fact, small customers usually receive only one
or two of the products available to them. Thus, the maximum
overall right-to-buy tariff the linen supply could charge
would be limited to what small customers would be willing to
pay for the one or twe products they are interested in
receiving. Aé in the case of the two-product linen supply, a
full-service linen surply would do better to divide its total
market into distinct »roduct markets snd set different right-
to-buy tariffs for each product market, rather than to set
a single overall right-to=buy tariff.

Let us now turn to the second part of my argument in
which I shall show that even if scparate minimums were
established for each ¢7 the linen supply's products, a linen

supply will normally yrefer to use a Delivery Charge Plus
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Laundering Fee system rather than a Piece-Rate With a
Minimum system. To make matters simple, we shall consider
an example in wﬁich a linen supply with constant marginal
costs offers one product to only two customers. Such a market

is depicted in the following graph.

Demand Curve for
Customer 1

Demand Curve for
Customer 2

Marginal Cost

d, guantity

Market of Two Customers

Suppose that the linen supply in this example were to set
prices under the Piece-Rate With a Minimum system.

In this market, the optimal minimum to reguire is

g min, the maximum number of uni

l.l.

s it

ot

s profitable to rent
to the smaller customer, Customer 1. The optimal total amount

to bill Customer 1 is the maxinum amount he would

ot
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to pay to receive those g min limits of linen, which in turn
is equal to the area under Customer 1l's demand curve between
the price axis and the gquantity ¢ min. Thus, the optimal
piece-rate to charge Customer 1 is the maximum amount he would
be willing to pay per-unit:l
©

*
p =/ ¥ (P)AP + MC -dnpin
MC

qmin

-

*
When a piece-rate price of P 1is charged, and a minimum of Dain

units of linen is reguired, the profits the linen supply:
earns from serving the smaller customer is equal to the maximum
total amount Customer 1 is willing to pay for g min units

less the total cost cof providir~ Customer 1 with those units:

.

Profit from . p*

Custorer 1 q .. — total cost

° “min

Or, since marginal cost is constant:

Profit from _ _ & ) .
Customer 1 ~ ¢ ° 9min = MC -Gmin

(P*-MC) g

It

min

> ) . * ) o~
Or, upon substituting in the above wvalue for P , we find:
0O

Profit from _ f’ Y (P)ap

Customer 1 me L

The largcr customer in this marxet will demand q, units

®

at a piecce-rate price of P . As I have depicted matters,

D

g, is greater than the reguired minimumn of g_ . units, and
2 ‘min !

%1
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hence, the imposition of a monthly minimum will not affect the
quantity of linen soiled by Customer 2.2 The profit the linen
supply earns from renting linen to Custcmer 2 is equal to the
total amount charged Customer 2 less the total cost of providing

linen services to Customer 2:

Profit from
Customer 2

P* - 9, - total cost

Py

= (p* - MC)GZ

I

* * N0 —
(P* = MC)q_ + (P*-MC) (g, - d_;_)

&K:wl(P)dP + (PFE-2 (q2 qmin>

i

The total profit the linen supply earns from serving both
customers is equal to the profit it earns from Customer 1 plus

the profit it earns from Customer 2:

Total Profit = (P*-MC) 9ain T {P*—MC)q2
= * 1
(P 1C) (q.ni,l + qz)
Or, since by ocur choice of a value for P* we have insured that,
roo
X e =
(P MC)qmin VC l( ) ap

we may write the total profit of the linen supply in the following

form:
,,CO
Total Profit = 2 .- ¥, (PYar+ (P -MC) (g, nin’
Each of these two ways of writing the total profit the
linen supply earns has a different graphic intervretation. It

will be important in the following analysis to recognize these

P

different graphic interprectaticns and to note that the profits

they express arcec identical.
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When the linen supply's total profits written in.the .

form,

*
mo= (PF-MC) ¢ (gt 9p)

then these profits correspond to the shaded area in the follow-

ing graph.

Demand Curve for
Customer 1

Demand Curve for
Customer 2

p* 2 ¢ ~.

K ‘,,.
"»,/ ///// "///,.

time 7

LINCS‘ ~*g L
’// ek L

MC A AR s
o é < itarginal Cost
I !
i !
! b
. aguantit
9min 92 ) Y

Profit Under a Pliece-Rafi

Systeil
L (co ' N me
Alternatively, sincec. (P¥-2C)la_. = ./ vy (PICP, the
*Tnil \"C

total prcfits may be expressed in the follow-—

linen supply's

ing form:



In this form,

represented by

the total profits of the liren
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supply are

the shaded arca in the following graph.

Demand Curve fo
Customer 1
Demand Curve
Customer 2
~<¢ Marginal C
guanticy
Profit Undasx a Picce-Rote With a Minimum
Pricina Svgoem
The only diffezrence betican these two graphs is that in
the former, the linen supply's profics inciude the triancle
. . N S . hy - .
B-C-D, while in the latier c¢raph, the triangle P -3-2 1is
substituted for triangic B-C-D. Since, hovever, we cHpRress
profits the total amount of profit ust Lo the ame, the
P u¥_n ST ~ e PR - : -~ - + -
triangle P -B-A must bz eoxaculy equcl in area Lo the triancio

3
S

for
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Let us now consider the profit that the linen supply
could-earn ﬁnder a Delivery Charge Plus Laundering Fee
system. In particular, we shall consider the version of the
Delivery Charge Plus Laundering Fee system in which the deliv-

ery fee and launcdering fee are given the following assignments:
g g g ot

Delivery Charge D = fm Y, (P)ap
p*
Laundering Fee P = p*

Thus, the laundering fee charged will be equal to the optimal
*
Piece~-rate price P , and the delivery fee charged both cus-

tomers will be the consumer surplus that the smaller customer

. . ~ *
would enjoy at a laundering fee of P’.

Suppose that in absence of a reguired minimum, the
g

smaller customer would prefer to receive a; units at a

laundering fee of p*. Clearly, ay will be less than %in

since the smaller customer wcould be willing to receive in
FRE N

units of linen in aksence of a reguired minimum only at a

per-unit price egual to marginal cost. The profits the linen

supply earns from serving the smaller custeomer, Customer 1,

are equal to the revenues it receives from charging Customer 1

a delivery fee plus the revenues the linen supplv receives
from charging a laundering fee ninus the total cost of pro-

.viuing Customer 1 with a; units of linen:

I
(w}
+
e
Q

{
=3
o}
ct
Q2
'_J
(@]
(0}
n
rt

Profits from - -dy
Customer 1

= fp*Vl(P)d? + P g, - MC - g
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At a laundering fee of P*, Customer 2 will be willing to
receive q, units of linen. Thus, the profits the linen supply
earns from serving Customer 2 are equal to the revenue it
receives from charging Customer 2 a delivery fee plus the
revenue the linen supply receives from charging a laundering
fee minus the total cost of providing Customer 2 with d, units
of linen:

D + p* . g, - Total Cost

Profits from
Customer 2

1l

® 3 * ., \ovie .
fp*vz(P)aP +[p a-HC - g,

The total profit the linen supply would earn from serving
both customers is equal to the profit it earns from Customer 1

plus the profit it earns from Customer 2:

(o]

fit = 2 [ ¥ 1P oy .
Total Profit 2 Lo l(P)a + (P .C)(ql+q2)

In graphic form, these profits are egual to the shaded area

N

in the following diagram.

(44
-
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We shall now ccmpare the profits earned under both systems.
To do so, it will be most convenient to consider the following
graph which eliminates the profits earned under both systems
and thus only depicts profits which are earned by one

system but not the other.

£
o
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Demand Curve for
Customer 1

A

p* Ei//éf?/é’é/}\;’
I>
7
}ZLD”j/)

MC l/'//’ 7 7 ///f’})‘“-

Demand Curve for
Customer 2

~_ larginal
Cost

=
v}
R PR ——— g |

N
[\

Imin quantity

Differences in Profits Betwacen the Picce-B=z2+ts With a

Minimum and the Deliverv Charge Plus Laund<rina Fee
r

In this graph, the area labzled DC represents profits

earned by the Delivery Chirge Plus Laundering Fcoe system

«©

which are not earned by the Pilzce-Rate Wich a Minimum systen.
The area lakeled PM are thxosz profiis earnced bv the Piece
Rate With a Minimum system but not carned by the Delivery
Charge Plus Laundering Fec System. Thus, the guestion of
which pricing system will prodace larger prefits can b2

S T Ty e s vy ey U R S S - s
answered by determining whethoes the arca DC is greater or loeus
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than the area PM.

Notice that the area DC is identical to the triangle
P*-B~A. In discussing the Piece Rate With a Minimum system,
we observed that the triangle P*-B-A was egqual in area to the
triangle B-C-D. Therefore, if the smaller customer, Customer
1, had a straight line demand curve, then the areé B-C-D
would be equal to the area PM since both would be equal to
half the area of the rectangle, B~C-D-E. Hence, the area
DC would be equal to the area PM and thus, the Delivery Charge
Plus Laundering Fee system would earn profits exactly eugal
to the maximum profits achievable under a Piece Rate ¥With a
Minimum pricing system.

As we have seen, however, it is rather unlikely that a

emznd curve. In the much

(@1

customer will have a straicght line
more common circumstance, customers demand curves will be

concave (like the inside of a bowl), reflecting the fact that
customers will be willing to pav more for an additional piece
of linen when'they currently receive few pieces of linen than

when they currently reccive a large guantity of linen and hence

the denand curve of Customer 1 is

Hhy

are nearly satiated. I
concave, then the area P¥ will be less than the triangulaxr:
arna B-C-D. Thus, since the arca DC is equal to B-C-D, the
area DC will be greater thon the area PM. The Delivery

Charge Plus Laundering Fee svstem, therefore, will provide

the linen supply with greocter profits than tic maximuar
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profits achievable under a Piece Rate With a Minimum system.

When this argument is generalized to a market of more
than two customers, the complexity of the argument increases
substantially, but the basic result of the argument does not
change: As long as at least half of the linen supply's cus-
tomers would be willing to receive more than the required
minimum number of linen pieces at the given piece-rate price,
the Delivery Charge Plus Laundering Fee system will always
be able to produce prcfits at least equal to the maximum
profits achievable under the Piece-Rate With a Minimum
system.3

It is quite reasonable to expect this condition ta be
satisfied in nearly all markets in which linen supplies
operate. Recall that the optimal minimum to reguire can be no
greater than the maximum amcunt the customer with the smallest
consumer surplus would receive at a piece-rate egqual to nmarginal
cost. Of course, for custcmers with identical »>rice elastici-
ties, the smaller a custoner's consumer surplus, the smaller

will be the quantity he demands at all piece-rate prices,

o

picce~-rate ecual to marginal cost. Therefore,

[0}

including th

since different price clasticities seem to be randomly

the customer with the smallest consumer surplus to be a
fairly small custcmar. Hence, the optimal minimum to recuire

5 - 3 ~rpee ) 7 e o4 Y ~ 4 A - Fag 1 5 . - -
will nearly always be less ihan what half the linen sunpiv's

=]
[
e
(

custowlyrs wou willing to receive at the optimzl piece-~

rate price.
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In sum, there are two reasons to helieve that linen

i supplies will prefer to use the Delivery Charge Plus Launder-

' ing Fee pricing system rather than the Piece-Rate With a
Minimum system. First, the Piece-Rate With a Minimum System
‘'charges an overall right—-to-buy tariff rather than different
right-to-buy tariffs for each product. In general, since
most customeré receive only a few of the linen supply's
products, the maximum overall right-to-buy tariff the linen
supply can charge will be less than the sum of the right-to-
buy tariffs it charges on a prcduct-by-product basis. Thus,
the linen supply's profits will tend to be smaller-undgg the
?ieceaRate With a Minimum system than under a system such
as the Delivery Charge Plus Laundering Fee system, which

‘charges different right-to-buy tariffs for eéch product.

Second, even if separate minimums were established for each

of the linen supply's products, the Delivery Charge Plus
Laundering Fee system will earn greater profits than the

Piece Rate With a Minimum in nearly all cases.

C. Inventory Charge Plus Laundering Fee vs. Flat Rate

The Flat Rate pricing system is a special sort of vari-
able two-part pricing system in which the per-unit of output
‘pPrice is set equal to zero. The Inventor& Charge Plus

Laundering Fee pricing system is also a sort of variable

two-part tariff, but under this system the per-unit of output

price need not be set equal to zero. Thus, it is not
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éurprising that in nearly all cases the Inventory Charge
Plus Laundering Fee system will provide a linen supply with
~greater profit than it would earn under a Flat Rate system.
In fact, only in the very special case in which the optimal
per-unit price (laundering fee) of an Inventory Charge Plus
Laundering Fee system is exactly equal to zero will the pro-
fits under a Fla£ Rate system be as large as those a linen
supply would earn under an Inventory Charge Plus Laundering
Pee 3ystem.

As you recall, under the Flat Rate system, the only
variable of choice open to the linen supply is N, the number
of customers it chooses to serve. Once the linen supply has
determined the opfimal number pf custdmeré to serve, N*, the
gsetting of flat rates for its customers is an entirely mechan-
lcal procedure. The linen supply musé first identify which
‘of its N* customers has the smallest consumer surplus per
unit of linen the customer is expected to so0il each month.
That is, the linen supply should determine which of its

customers is the Customer K such that:

Io WK(PYd - Min (fo Wi(P)dP) )

S i=1l to N q;

where dg is the quantity of linen Customer K is expected to

soil each month and 943 is the quantity of linen the ith

\J

customer is expected to.soil each month.

The customer K'is charged a flat rate equal to his
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~ consumer surplus, f: Y (P1dP . 'The flat rates charged
g
Customer K and the reguirement imposed in order to insure

compliance with the Robinson-Patman Act, that for any

customer j:

Flat Rate Billed Flat Rate Billed
Customer K . Customer j
Ak . qj

The linen supply would then expect to earn the profits given

in the following eguation:

N*.
m= [o v Pap  J 93 - T
Li=1 .
9k ' “
NA .
where [ ay is the total guantity of linen expected to be
i=1

soiled and TC, are the linen supply's total costs under the

F
-flat rate system.

As you recall, under the Iﬁventory Charge Plus Launder-
ing system, a linen supply chooses a laundering fee to charge
customers for each unit of linen the customer soils and an
inventory fee to charge for each unit of linen the linen
suﬁply must purchase and maintain to service the customer.
By its choice of a laundering fee and inventory fee, a
linen supply i@plicitly chooses the number of customers it
 serves. According to the analysis‘presented in Chapter IiI,
the laundering fee:corFe3ponds to tﬁe per-unit price, and the

inventory fee to the right-to-buy tariff charged under a
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two-part pricing system.

In order to show that an Inventory Charge Plus Laundering
Fee pricing system is better for a linen supply to use than a
Flat Rate system, it is sufficient to show that there is some,
not necessarily optimal, assignment of values to the inventory
price T and the laundering fee P which will produce profit
equal to the profit that a linen suéply would expect to earn
from the optimal uselof the Flat Rate system. If there is
gome such assignment, then when the Inventory Charge Plus
Laundering Fee system is used to its best advantage, it can
be relied on to produce préfits at least as large as those
produced under a Flat Rate system. The p;ofit that a linen
supply earns under an Inﬁentory Charge Plus Laundering Fee

pricing system generally is given by the following equation:

N
T=T.}) I(X.)+P.X-=TC
i-1 3 R
where;
T = Inventory fee per-unit of linen

N = Number of customers

I(Xi) = Amount of inveritory the linen supply must hold to

service the ith customer assuming weekly delivery.
N ' .
. Thus, } I(Xi) is the total inventory held by
i=1

the. linen supply.

T

4]
|

Laundering fee per-unit of linen

Total qﬁantity of linen soiled per month

. <
1
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TCI = Total «cst under the Inventory Charge Plus
Laundering Fee svstem.
Consider now the following assignment for the inventory fee

and laundering fee under an Inventory Charge Plus Laundering

Fee pricing system.

Laundering Fee P = 0

-]
Inventory Fee T = [o ¥g(P)apP
Per-Unit of Inventory T g
K

where C is the inventory multiple the linen supply uses to
calculate the optimal amount of inventory to hold, given‘
the quantity of linen a customer soils per-month.

'Upon substituting these values in for T and P in the
equation for the linen supply's expected profit, we find:

N
oo
m o= [ ¥g®)ar . I I(x;) +0 - X - TC
C - ag i=1

I

'0{, since the inventory a linen supply holds to service a
given customer is determined by multiplying an inventory
multiple C by the guantity of iinen: a customer is expected
to soil each month, we may write the linen suppl&'s profit

in the following form: ' T .

A
|

. w N - . N
= [, ¥®a [ ¢ g -1C -
c - dx .

[, ¥g(Prap
9k
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Thus, this assignment of values to the prices charged
under an Inventory Charge Plus Laundering Fee system
iesults in each customer beiﬁg charged the 'same right-to-buy
tariff and the same per-unit price that they would be charged
under a Flat-Rate system: Each customer is charged a launder-

ing fee equal to zero and each customer ends up paying a
[o ¥g(P)ap
9k

right-to~buy tariff equal to times the amount of

linen he expects to soil each mcnth. Hence, this version
of the inventory Charge Plus Laundering Fee system will
drive no customers from the market, and will generate revenues
identical to those under the Flat-Rate system. Furthermore,
Since for systems not requiring a monthly minimum, the only
‘difference in total costs will be due to different right-to-
buy and per—ugit prices, the linen suppiy’s total costs should
bg the same under this version of the Inventory Charge Plus‘
Laundering Fee system as under the Flat Rate system. Thus,
this version of the Inventory Charge Plus Launde}ing Fee
system wiil produce expected profits exactly equal to the
maximum profits the linen supply could expect to earn under an
optimal use of the flat Rate system. K

Since the assignment of values to the inventory fee
and laundering fee under this version yill be an optimal
selection of values for the inventory fee and laundering fee

only in very special circumstances, we may expect that in

most situations an Inventory Charge Plus Laundering Fee
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pricing system will produce profits not just equal to, but
greater than the linen supply would earn under the Flat-Rate

system.

D. Inventory Charge Plus Laundering Fee vs. Delivery Charge

Plus Laundering Fee

Neither the Inventory Charge Plus Laundering Fee pricing
system nor the Delivery Charge Plus Laundering Fee pricing
system is best under all circumstances. In some‘markets,
it will be more profitable to charge customers a variable
right-to-buy tariff in the form of an inventory price per-
unit of inventory. In other markets, it will be better for a
linen supply to charge customers a uniform right-to-buy
tariff by charging the same delivery fee to all customers for
the right to receive a given product.

An example of a market in which a linen supply would do
better to use an Inventory Charge Plus Laundering Fee system
rather than a-Delivery Charge Plus Laundering Fee system is
given in the following graph. .This market has the spe
cial feature that of the two customers on the market, Customer
2 demands twice as much linen as Cusiomer 1 at all laundering

fees the linen supply might set.
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Demand Curve
For Customer 1

Demand Curve
For Customer 2

\ Marginal Cost

quantity

Demand and Marginal Cost Curves for a Market

of Two Customers

7. If we represent the demand curve of Cuspomer 1l as wl(P),
then since Customer 2 demands twice as much as Customer 1 at
any laundering fee price, we may write thg demand curve of
Customer 2 as either wz(P) or 2 wl(P).

Let us ‘suppose that the optimal prices for the linen supply‘
to charge under a Delivery Charge Plus Laundering Fee system are

the following:

P*

Optimal Laundering Fee

Optimal Delivery Fee D* = L;;Wl(P)dP

The profit that a monopolistic linen supply earns by
using a Delivery Charge Plus Laundering Fee pricing system is

given by the following eguation:
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T=N-+-D+P - X~-TC

D
where
| N = Number of customers
D = Delivery charge
P = Laundering fee -
X = Total quantity of linen soiled
TCD = Total cost of providing linen under a Delivery

Charge Plus Laundering Fee system.

Thus, the maximum profit that the linen supply in our example
could earn under the Delivery Charge Plus Laundering Fee system
is given by substituting these values for D and P into the egqua-

>

tion for the linen supply's profits.

- T =2 - j;*?l(P)dP +p* . x- TC,,
We shall now consider what profit the linen supply would
earn in this market under an Inventoryicharge Plus Laundering
Fee'systeﬁ. Let us suppose that the linen supply sets.the
laundering fee under an Inventory Charge Plus Laundering Fee
system equal to P*, the optimal laundering fee under the Delivery
Charge Plus Laundering Fee system. If the laundering fee
charged by the linen supply is P*, then the maximum inventory

fee T* that the linen supply can charge is equal to the smallest

consumer surplus per-unit of inventory of either customer:
o - oo .
Tk = Min [p*wl(p)dp’ foxty (RYEP

c - X

cC * X

1 2

However, since at all laundering fee prices Customer 2 demands

twice the amount of linen demanded by Customer 1, the consumer
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surplus of Customer 2 will be twice that of Customer 1.

Consumer Surplus fm*Wz(P)dP
of Customer 2 = P

- fp*zwl(P)dP
[+ o}
Also, Customer 2 will regquire twice the amount of inventory
that Customer 1 requires:
C © Xy = 2 C - Xy
Thus, both customers will have the same consumer surplus per

unit of inventory:

T* = [La¥ (P)aP = 2 [T ¥ (P)ap
C - x 2Cx
I
c - x,

The profit that a linen supply earns from using an
Inventory Charge Plus Laundering Fee system is given by the

following equation.

N
= o v . e X -
m=T. JC-.x, +P - X-TC
. i=1 .
where
T = Inventory Fee
N o
E C.X = Total inventory the linen supply holds to service
i=1
all customers
P = Laundering fee’
X = Total quantity of linen soiled
TCI = Total cost under an Inventory Charge Plus

Laundering Fee system

Substituting in values for T, P and

C ¢« x., we obtain:
i i

1t

1
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-} " {w
T = _fp*af (P)@p C -« x, + ,p*wqu)dp -

s L o X

2

C . xi cC - x2

co w * _
fp*‘Pl(P)dP + fp*i’z(P)dP + P X - TC;

Or since the consumer surplus of Customer 2 is twice that of
Customer 1,

@ *
= 3_fp*‘£’l(P)dP +P° . X - TC;

We have seen that the major differences in cost that arise
between two different pricing systems is due to the difference
in the quéntity of linen soiled under the two systems. This
difference in the quantity of linen soiled will arise either
because one system requires a minimum, or because one system
.selects a laundering fee less than the other, or because one
system sets its right-to-buy tariff higherthan the other and
hence drives more customers from the market. In the present
case, no difference in total cost can be expected to arise
from any of these sources: No minimums are required by either
system. We have not allowed the Inventory Charge Plus Laundering
Fee system to drive either customer from the market. Also, we
have seé the laundering fee under the Inventory Charge Plus
Laundering Fee system equal to P*, the cptimal laundering fee
under the Delivery Charge Plus Laundering Fee system and
thereby insured that the quantity of linen soiled will be the
same under both systems. Hence, the linen supply's total

costs will be the same under both systemns.
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If so, then it is apparent that in this market, the
Inventory Charge Plus Laundering Fee system will earn larger
profits than the Delivery Charge Plus Laundering Fee system.

Both pricing systems secured revenues egqual to P* -« X from
the charge of a laundering fee. The Delivery Charge Plus
Laundering Fee s&gtem secured 2 - f;;?l(P)dP from its charge
"of a right-to-buy tariff. Yet, the revenues received under

the Inventory Charge Plus Laundering Fee system from its charge
of a right-to~buy tariff were 3 - f;* ¥, (P)dP. Thus, in this
market, the profits earned under the Inventory Charge Plus
Laundering Fee system exceed those that the linen supply would
earn under the Delivery Charge Plus Laundering Fee system.

- The derivation of this result depended on the rather strong
assumption that at each laundering fee price, both customers
differed in the quantity of linen demanded by a certaig constant
multiple. However, in «oder for the Inventory Charge Plus
Laundering Fee pricing system to be superior to the Delivery
Charge Plus Laundering Fee system, this particular assumption
need not hold. 1In fact, it is not difficult to show that a
monopolistic linen supply will ﬁrefe; to use the Inventory Charge
Plus Laundering Fee system so long as the amount\of inventory
the linen supply holds to service the customer with the sm;llest
consumer surplus per-unit”of inventory, is less than the average
amount of inventory held per customer. That is, in a monopolistic

market of N customers, where wi(P) is the ith customer's demand

curve, I(Xi) is the amount of inventory held for the ith customer
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and where P* is the optimal laundering fee under the Delivery
Charge Plus Laundering Fee system, if Customer J is the customer
such that,

x© M2 o
[p*WJ(P)dP Min fp*Wi(P)dP
= i=1 to N
I(X;) I(x;)

and if
?
I(X.) < IYX.)
N

then the linen supply will earn greater profit under an
Inventory Charge Plus Laundering Fee system than it would earn
under a Delivery Charge Plus Laundering Fee system.6

As we shall now see, however, in scme markets a linen
suppl? would do better to use a Delivery Charge Plus Laundering
Fee ;ystem rather than an Inventory Charge Plus Laundering Fee
system.

Consider the market of two customers given in the follow-
ing graph. This market has two special features: First, the
area between the demand curve of Customer 2 and the price
line P* is exactly equal to the corresponding area for
Customer.l, and thus at a laundering fee price of P* Customer
1 and Cuétomer 2 have identical consumer surpluses. Second
at a laundering fee price of P*, Customer 2 will choose to
receive exactly twice the amount of linen that Customer 1

receives.
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$
Demand Curve
For Customer 1
Demand Curve
///,/’//f For Customer 2
P*
i\
MC Marginal
! \ COSt

2% :x2

X 1 gquantity

Demand and Marginal Cost Curves For a Market of

Two Customers

To make things simole, let us suppose that under an
Inventory Charge Plus Laundering Fee pricing system, the
optimal laundering fee price to charge is P* The optimal
inventofy price to charge per unit of inventory is then the
smallest consumer surplus per-unit of inventory that either
customer would enjoy at a laundering fee price of P*:

2 v, (P)ap [oo¥y(Ryap

T* = Min p - ® .
. C « X C e Xz

(where the numerator in each fraction is the consumer surplus

of each customer and the denominator is the amount of inventory
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that the linen supply must hold to service each customer).
Since by assumption, both customers have the same consumer
éurplus at a laundering fee price of P*, then

,fp""* Y (Prer = [Py, (prap
Furthermore, we have assumed that at a laundering fee price
6f P*, Customer 2 will demand twice the amount of linen that
Customer 1 demands. Hence, since the amount of .inventory
the linen supply holds for a aiven customer is
determined by multiplying the quantity of linen demanded yy
that customer by some constant, the amount of linen the linen

supply holds for Customer 2 must be twice that it holds for
Customer 1.

- Thus, we find that Customer 2 has smaller -

per unit of inventory than does Customer 1l:

¥y (PYaP 1 f;*qfl(p)dp
C . '2 -2 C - 1
The optimal ihventory price to charge per unit of inventory is
therefore Customer 2's consumer ,surplus per-unit of inventory
or, equiQalently half Customer 1l's consumer surplus per-unit of
inventory.
The maximum profit that a linen supply could earn in this

market by using the Inventory Charge Plus Laundering Fee

pricing system is given in the following equation:



and, since

e 1 [° v (p)ap
™ = 4, @)dp =3 lpet1(P)

c X c - Xx

2

: - . J
T = [p*‘i'l(P)dP + j’p*\yz(p)dp +P* . X - TC;

And since the consumer surplus of Customer 1 at a laundering

fee price of P* is equal to that of Customer 2:

@ *
m = 1.5 fp*wl(P)ap + P° + X = TC;

Let us now consider the profit that this same linen
supply would earn under a Delivery Charge Plus Laundering
Fee Pricing system. Again it will be reasonable to expect
that the linen supply's total cost will not vary‘substantially
between the two systems. We shall not allow the Delivery
Charge Plus Laundering Fee system to set a right-to-buy
tariff thatwill drive either customer from the market. Also,

we shall set the laundering fee under the Delivery Charge
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Plus Laundering Fee pricing system egual to P*, the optimal
laundering fee under the Inventory Charge Plus Laundering
Fee system, and thereby insufe that the quantity of linen
soiled will be the same under both systems. Hence, the linen
supply's total costs as well ds the revenues the linen supply
receives from its charge of a laundering fee will be the same
under both systems. The ohly difference in profit that will
result under the two systems will be due to differences in the
right-to~buy tariffs charged.

If the laundering fee charged by the linen supply is P%*,
then the maximum delivery fee that the linen supply can dharge,
without driving either custcmer from the market, is the amount
'of the smallest consumer surplus of any customer. However,

" since we have assumed that at a laundering fse price of P*,
Customer 1 and Customer 2 have the same amount of consumer
surplus, the maximum delivery fee D* that the linen suéply
can charge will be equal to the consumer surpluses of both
customers:

« oS
D* = [L.¥) (P)aP = jp*w?_ (p)ar

The profit the linen supply would earn under a Delivery
Charge Plus Laundering Fee pricing system 1is given by the

following equation:

’ = - D -+ P . -
m N X TCD

When, N the number of customers is replaced by 2, the number

of customers in our example; D, the delivery charge is
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replaced by [;*?l(P)dP, the consumer surplus of Customer 1;
and P is replaced by p* the given laundering fee price, this

equation becomes the following:

T =2 . [;*‘Pl(P)dP + P* + X - TC,(X]

Comparing these profits with the profit the. linen supply
would earn under an Inventory Charge Plus Laundering Fee
Pricing system, we find that in this special sort of market,
the Delivery Charge Plus Laundering Fee will provide
greater profits than the Inventory Charge Plus Laundering Fee
system. This result, of course, contrasts with the results of
our earlier example in which we found the Inventory Charge
Plus Laundering Fee system to be more profitable than
therDelivery Charge Plus Laundering Fee systgm. Thus, the
question of whether it is more profitable to use a variable
two-part tariff, such as the Inventory Charge Plus Laundering
Fee system, or a uniform two-part tariff such as the Delivery
Eharge Plus Laundering Fee system, cannot be'decided a priori:
whether one system is better than the other depends on the
market in which the linen supply is operating.

Thé example I used to demonstfate that under certain
circumstances a linen supply would prefer to use a Delivery

Charge Plus Laundering Fee system, relied of course on some

rather far-fetched assumptions. We assumed that at

a laundering fee price of. I¥
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both customers had identical consumer surpluses, and that at
a laundering fee price of P* one customer would choose to
soil twice the amount soiled.by the other. Of course, these
particular assumptions need not hold in order‘for a Delivery
Charge Plus Laundering Fee pricing system to produce greater
profits than‘an Inventory Charge Plus Laundering Fee system.
In fact, it can be shown tﬁat a monopolistic 1linen supply
will prefer to use a Delivery Charge Plus Laundering Fee
pricing system so long as the amount of inventory the linen
Supply must hold to service the customer with the smallest
consumer surplus is greater than the average inventory of
linen it holds per customer. That is,in a monopolistic market

th customer's demand’

th

'of N customers, where Yp(®) is the i
" curve, I(X;) is the amount of inventory held for the i
customer, and where P* is the optimal laundering fee price under
the Inveotory Charge Plus Laundering Fee system, if Customer K

is the customer such that,
e -
4 l‘f’ \p P dP
[pr¥g B1EP =3 Yin,  ([px?,(P1AR)

and if

N .
, pooIlx;)
R U S T

then the linen supply will earn greater Qrofit under a
Delivery Charge Plus Laundering Fee pricing system than it would
under an Inventory Charge Plus Laundering Fee system.7

We have seen in this section two sufficient conditions
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for determining whether the Inventory Charge Plus Laundering

Fee system is more profitable than the Delivery Charge Plus

Laundering Fee system:

(1)

2}

If Customer J is the customer with the smallest
consumer surplus per unit of iaventory and if
the linen supply holds 1less than the average
amount of inventory for Customer J, then the
Inventory Charge Plus Laundering Fee system is
more profitable,

If Customer K is the customer with the smallest
consumer surplus and if the linen supply holds
more than the average quantity of }inen to
service-Custoﬁer K, then the Delivery Fee plus

Laundering. Charge svstem will bhe more profitable.

.If neither of these sufficient conditions is fulfilled, then

to my knowledge, there is no. wéy to determina which of these

two pricing systems is preferable without performing the

computations required to calculate the maximum profit achiev-

able under an Inventory Charge Plus Laundering Fee system and

the maximum profit achievable under a Delivery Charge Plus

Laundering Fee system and comparing the two.
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FOOTNOT

CHAPTER IV

l’I‘his formula is somewhat different from the formula for
the optimal piece—rate nrice presented in Chapter III. This
difference is due to the fact that in Chapter III, we assumed
for simplicity that the linen supply had constant marginal
costs which were alwavs egual to zero. However in both cases
the basic idea behind the formula is the same: Charge the
smaller customer the maximum amount he would be willing to pay
for the maximum number =»f units it is profitable to rent to him.
In both cases, tne forrmulae give that amcunt in terms of the
area under the customer'’'s demand curve, between the price axis

and tne minimum regquired guantity of linen.

21 have chosen tc consider this tvpe of market, rather
than the market in which Customer 2 would prefer to receive
less than the reguired minimunm of d.;, units, because in this
latter case, it is trivially easv t€ show that the Delivery
Charge Plus Laundering Tee system can exactly duplicate the
profits earned under th=z Piece-Rate "ith a Minimum system:

If Customer 2 would preier to receive less than the reguired
Omin Units at a piece-rate of P™ in the absence of a minimum,
then when a minimum of Smin units is enforced, Customer 2
will choose to receive nomore than Uqu and will thus pav a
total amount egual to FT-Qpin- We know that Custommr 2
would be willing t paw this amount because 27 -Omin exhausts
the consumer surplus of Customer 1 and the consumer surplus
of Customer 2 is always larger than that of Customer 1.)
Thus, the total profit that the linen supply would earn in this
case, would be egual to the profit it earns from serving
Customer 1 plus the profit it earns from serving Customer 2:

Total Profit

1l

P*-MC) (qmin + 9min)
= 2(P* - MC) - gnin
Or substituting for P* the appropriate value:

Total Profit = 2. {(P)dr

J'O:)
MCT1
Consider now the Delivery Charge Plus Laundering Fee system
in which:

t

Delivery Fee = ? o ¥y (Prap

Laundering Fee = MC
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Since marginal costs are constant, .the revenues the linen
supply receives from charging a laundering fee egual tomarginal
cost will exactly equal the linen supply's cost of providing

of linen rented. All profits will be derived from
charging delivery fees to both customers, and thus, total
profits will be exactly egqual to the maximum profits that

each unit

could be earned by the Piece-Rate With a

system:

Total Profits=2 f

3

et (P)APy

Minimum pricing

The Piece-Rate With a Minimum' earns greater profit than

the Delivery Charge Plus Laundering Fee system on each
customer who would prefer to receive less than the required

minimum at the optimal piece-rate price.

The Delivery Charge

Plus Laundering Fee svstem earns greater profit than the
Piece-Rate With a Minimum system on each customer who prefers
to receive more than the required minimum at the given piece

rate. Thus,
receive more than
number of customers who would prefer to receive less

required minimum, the Delivery Charge Plus Laundering Fee

so long as the number of custcocmers who prefer to
the required minimum is greater than the

than the

system will be better than the Piece Rate With a Minimum.

4

A further observatlon will amplifv this point.

Typic-

ally, there is much more variety in size among a linen suoply s
smaller customers than among its larger customers.
the frequency distribution of the size of a linen supply's

customers

Number
of

Customers

is most commonly skewed to the right:

That is,

Mean Median

Frequency Distribution of Customers

quantity of
linen
received
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Thus, a linen supplv's smallest customers are normally
much smaller than the madian customer size. Thus, since one is
most likely to find the customer with the smallest consumer
surplus among the linen supplyv's smallest customers, it is
extremely unlikely that less than half of the linen supply's
customers will choose to receive more than the required minimum.

5To show that, under these circumstances, the Inventory
Charge Plus Laundering Fee systam is preferable to the Delivery
Charge Plus Laundering Fee system, it is sufficient to show
that the Inventory Charze Plus Laundering Fee system can pro-
duce profits greater than the profits aghieved under an optimal
choice of number of customers served, N , laundering fee P
and delivery fee D* of a Delivery Charge Plus Laundering Fee
system.

To show this, we shall reguire the Inventory Charge Plus
Laundering Fee to serve the same group of N* customers and to
charge the same laundering fee price P*. Thus, since neither
system regquires a minimum we shall expect total costs under
both systems to be the same. Also, since the laundering fee
charged is the same under both svstems, the revenues received
from charging the same group of customers the same laundering
fee will be the same. Thus, any difference in profits between
the two systems will occur as a result of the right to buy
tariffs charged. )

If Customer K is the customer with the smallest consumer
surplus of any customer remaining in the market, then the
Delivery Charge Plus Laundering Fee pricing system will charge
a right-to-buy tariff egqual to his consumer surplus-

f;,,, v, (P)aP

Total revenues from charging this delivery fee to all customers
will be the delivery fee times the number of customers.

.

RD = N*D* .

Suppose that of the N* customers in the market Customer
J is the customer with the smallest consumer surplus per-unit
of inventory, and that the inventory the linen supplv holds
to service Customer J is less than the average amount of
inventory held per customer:
N*
I(X.} < I(X,)
J iz-:l 1

N*
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where I(X.) is the amount of inventory held on behalf of the
ith custofer. Thus, the inventory <fee charged by an Inventory
Charge Plus Laundering Fee system will be the consumer surplus
of Customer J divided by the inventory held for Customer J:

T* = j;* vy (P)dP

I(XK).

The revenues received will be equal to the inventory fee T*
times the total amount of inventory the linen supply holds to
service all customers: .

N

R, = T* I(X.),
I igl 1
Clearly, since Customer K is the customer with the

smallest consumer surplus, his consumer surplus will be less
or equal to that of Customer J:

f;*‘FK(P)dp < [oa¥g(Prap

T J
N*
Multiplying through by 7} I(X;)/T(X;) B
i=1
we obtain:
N* N*
<« . rm 1
izl I(x;) [« ¥g(P)aP iizl T(Xy) [o« ¥y(P)ap
I(XJ) I(X])
N*
But since by assumption, I(XJ) <y I(xi) ,
' ‘ i=1
N*
% - ~
}zl I(X,) [T,¥, (P)ap bg* ) [Py (2yap
i=1 1P . i i’ Jpx gt
< i=1
N* - I(X7)
 I(Xy) o
=1
N*

Simplifying, we obtain:
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N

N*j;;wK(P)dP 5_21 1(x,) j;;wJ(p)dp
l:

I(XJ)

N*
N* . D* < T* . Z I(xi)
i=1

Thus, the revenues produced by an Inventory Charge Plus Laun-
dering Fee system's charge of a right-to-buy tariff are greater
than or equal to those of a Delivery Charge Plus Laundering
Fee system. Since differences in profits were shown to rely
only on differences in the revenues from right-to-buy tariffs
charged, the Inventory Charge Plus Laundering Fee system will
provide profits at least as great as the maximum profits
achievable under a Delivery Charge Plus Laundering Fee system
in this market.

6To,show that, under these circumstances, the Delivery
Charge Plus Laundering Fee system is preferable to the Inven-
tory Charge Plus Laundering Fee svstem, it is sufficient to
show that the Delivery Charge Plus Launuering Fee system can
produce profits greater than the DrO*l;S achieved under an_
optimal choice of nymber of customers N*, laundering fee P*
‘and inventory fee T of an Inventory Charge Plus Laundering
_Fee system.

To show this, we shall require the Delivery Charge Plus
Laundering Fee system to serve the same group of N customers
and to charge the same laundering fee P* as the Inventory
Charge Plus Laundering Fee system. Thus, since neither system
requires a minimum, we shall expect both total costs under
both systems to be the same. Also, since the laundering fee
is the same under both systems, the revenues received from
charging the same group of customers the same laundering fee
will be the same. Thus, any difference in profits between the
two systems will occur as a result of the right to buy tariff
charged.

If Customer J is the customer with the smallest consumer
surplus per-unit of inventory of any customer remaining in the
market, then the Inventory Charge Plus Laundering Fee system
will charge a right-to-buy price egual to Customer J's consumer
surplus divided bj the amount of inventpry required to service
Customer J:

*x = [®
T fp*WJ(P)dP

I(XJ)
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Total revenues from charging this inventory fee to all cus-
tomers will be equal to the inventory fee T* times the total
amount of inventory the linen supply holds to service all

customers: ®

. N
R, =T* . ] I(X,)
Suppose that of the N* customers in the market, Customer
K is the customer with the smallest consumer surplus, and that
the inventory the linen supply holds to service Customer K is
greater than the average amount of inventory held per-customer:

'N*
I(Xp) <] IX)
i=1

N*

The optimal delivery fee to charge will be the consumer sur-
plus of Customer XK: ’

D* = f;;WK(P)dP

~a

Revenues received from charging all customers this delivery
charge will be equal to the delivery fee D* times the number
of customers:

"

R, = N* . D*

D
Clearly, since Customer J is the customer with the
smallest consumer surplus per-unit of inventory, the consumer
surplus peér-unit of inventory for Customer K will be greater

than or equal to that of Customer J: .

" «© o
fp*WK(P)dP N [p*WJ(P)dP

I(x,) I(X;)
N* .
Multiplying through by I(X;) we obtain:
i=1
N*
] 1) fov (myde T [2 v_(p)ap W 1x
i=1 i";p* K > p*J ) i)
T i1
T(Xg) I(X;)
N*
But since by assumption, I(X.) > ] I(X,)
i=1

N*
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N
© © N*
JoI(x,)[ ¥ (p)ap [ «¥- (P)AP
121 i’ 'px *K > p* 'J R 169
N* T OI(Xy) i=1
IooI(X))
i=1
N* ,
Simplifying, we obtain:
. .
[+ <« "
N* fp*“’K‘P’dP 3fp,,vJ(p)ap I o1(xy)
i=1
I(X])
N*
N* . D* > T* ] I(X;)
i=1

A

Thus, the revenues received from charging a delivery fee
under the Delivery Charge Plus Laundering Fee system are
greater than or equal to the revenues received from charging
-an inventory fee under the Inventory Charge Plus Laundering
Fee system. Since differences in profits were shown to rely
only on differences in the revenues received from right-to-
buy tariffs charged, the Delivery Charge Plus Laundering Fee
system will provide profits at least as large as the maximum
profits achievable in this market under an Inventory Charge
Plus Laundering Fee system.



CHAPTER V

APPLICATIONS

In the last chapter we saw that the two most preferable
pricing systems for a linen supply to use are the Inventory
Charge Plus Laundering Fee system and the Delivery Charge
Plus Leaundering Fee system; Which of these two systems is
most preferzble depends on the particular markets in which
the linen supply operates. In some markets, a linen supply
will earn greater profits under a Delivery Charge Plus
Laundering Fee system than under an Inventory Charge Plué
Laundering Fee system. In other markets an Inventory Chérge
Plus Laundering Fee system will produce larger profits than
@ Delivery Charge Plus Laundering Fee system. - .

In Chapter III, we developed rules for the optimal use
of both of these pricing systemé. .As you recall, however, in
order to make optimal use of either the Delivery Charge Plus
Laundering Fee system or the Inventory Charge Plus Laundering
Fee system, a linen supply manager must know a tremendous
amount about the customers his plant serves. In particular,
the optimal use of both these pricing systems reguires that
the plant manager know the demand curve of each of its
potential customers. Linen supply plaﬁtamanagers are, how-
ever, not omniscient. Even the most informed plant manager
would never know the demand curves of each of his potential

167
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customers, and thus unless a way can be found £o simplify.the
information requirements of two-part pricing systems, the
theoretical groundwork we have laid thus far will be of little
practical use in the linen supply industry.
Consequently, in this chapter I plan to develop in rough
outline a computer program to help plant managers decide which
pricing system to use and at what level to set prices. Basic~
ally the idea will be to treat the market for a particular
item of linen as being composed of a relatively small number of
customer types. The program will require managers to estimate
the demand curve of each customer type and to estimate what
percent of the total marke; for that item of linen is best
described by that customer type. The manager will also be
reduired to estimate his plant's marginal cost of providing
that item of linen. Given this estimate of the marginal cost
function and the simplified description.of the market for that
item of linen, the program wiil calculate the following for
both the Inventory Charge Plus Laundering Fee system and the
Delivery Charge Plus Laundering Fee system:
(1) whether it ié worthwhile to deal with all
customer types;

(2} the optimal right-to-buy tariff to charge
(invéntory fee or delivery charge);

(3) the optimal per-unit of output price (laundering

fee) to charge;
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(4) the profit the linen supply would expect to
earn from dealing with the optimal mix of
customer types and charging the optimal right-
to-buy tariffs and laundering fees.
By comparing the expected profit under both systems, the
~manager can determine whether an Inventory Charge Plus Launder-
ing Fee system is preferable to a Deiivery Charge Plus Launder-
ing Fee system, or viée—vgrsa. Furthermore, by altering the
estimates he inputs to the program, the manager will be akble
to determine whether the dominance of one pricing system over
the other is sensitive to the accuracy of his estimates.
The computer program I' envision to accomplish this
task can best be explainéd in four parts:
(a) Estimating the marginal cost function:;
(b) Analysis of the market; -
(c) Calculations by the prbgram;'
(d) Possible extensions of the program.

We shall now consider each of these four parts.

A, Estimating the Linen Supply's Marginal Cost Function

A firm's marginal cost is the increase in the firm's total
costs that would result from producing one more unit of output.
A marginal cost function depicts how total costs will change
as volume changes. A linen supply,  however, provides ité
customers with ményﬁdiifeient types of products, and many of

[y

the costs a linen supply incurs in providing those products

-
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are joint costs, that is, costs such as general overhead or
the cost of operating a piece of equipment which process
several products, which cannot be assigned with certainty
to any particular product.

Typically, cost accountants will allocate joint costs
to a particular product on the basis of what percent that
product constituted of the total prodﬁcts which together were
responsible for incurring the joint cost. That is, cost
accountants will generally'allocate joint‘costs in three
steps:

First, the total amount of joint costs are determined.

Second, the percent_of‘ all joint-cost products which
a particular type of prodﬁct constituted is determined.
This is simply done by dividing the number of products
of the particular type by the total number of products
which were together respdnsible;for‘incurring the

joint costs..

Third, the joint costs allocated to products of a
particular type is calculated by multiplying the
total amount of joint costs by the percent of all
joint-cost products that the particular type of

product constituted-

. 1
Thus, for example, if 5% .0of the total pounds of linen washed

were Turkish towels, 'a linen supply's cost accountant might
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aésign 5% of the total cost of washing all products to Turkish
towels.

This procedure seems reasonable enough for allocating
a linen supply's joint costs to the products it provides and
hence, I shall propose a method for estimating the marginal
cost of a particular item of linen which incorporates this
' procedure. More exactly, the method I propose will require
the computer program to make an assumption about how the mix
of pronducts provided by a linen supply will change as total
plant volume changes. The program will then ask the plant
manager to estimate how his plant's total costs will change as
total plant volume changes. Finally, the program will use the
cost accountants' procedure to allocate the change in total
coét to the changes in volume of particular products, and from
this derive the marginal cost functions for particular products.

To see how this method for estimating the marginal cost
functions of particular producés will work, we shall consider
an example. Let us suppose that a linen supply currently
provides N Turkish towels per month. If the linen supply
knew how its mix of proaucts would change as the ;otal volume
of linen rented changes, then the linen supply could determine
what level of total volume_ it would have to reach in order for
one additional furkish towel to be rented. Let us denote the
linen supply's cgr:ent total volume 'as Vo and the total

volume it would havé‘tofreach in order to rent an additional



172 ‘
Tﬁrkish towel Vl’ If the linen supply also knew how its
total costs would change as total volume changes, then it
would be able to determine the total costs it would incur if
its volume were to increase to Vl‘ We shall call the linen
supply's current total costs TCO and denote by TCl the linen
supply's total costs at a volume of Vl' Following the proced-

ure for allocating joint costs, we find that the linen supply's

current cost of providing N Turkish towels is the following:

Current Cost
of N Turkish = % . Tco
Towels o
Again, following the procedure '‘for allocating joint costs, we

find that the cost of providing N+1 Turkish towels would be:

oot L . e

Towels 1
Subtracting the linen supply's cost of Qroviding N Turkish
towels from the cost of providing‘N+l Turkish towels we get
the increase in total cost associated with renting one addi-

tional Turkish towel, or equivalently the marginal cost of

Turkish towels:

Marginal Cost
of Turkish = e e o)
Towels o 1

This method for estimating the marginal cost of a
particular item qf'linen‘requires that we know both how the

mix of products provided by a linen supply will change as
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t&tal volume changes, and how total costs will change as total
plant volume changes. We may, I believe, rely on plant
managers to provide this latter sort of information. That is,
the computer program could ask managers to estimate how total
costs would change as total plant volume changes, by asking the
plant manager such questions as the following:

If the total poundage washed pressed and

delivered by your plant were to increase 10%

by what percent would total costs increase?

Once the plant manager has answered such questions for a number
of different percentage changes in plant volume, the program
would be able to estimate the general trend of how total costs
will change as volume changes and use that general trend to
estiméte, for any particular level of volume, what total -costs
are likely to be.

The second type of informatioﬁ iny method for estimating
marginal costs will require is more elusive. There is,
after all, no causal relation running from changes in plant
volume to changes in product mix,_as thefé is running-from
changes in total cost. Rather, an increase in plant volume
could resuit in any of an infinite number of different product
mixes, :

In this situation, the best that can be done is to make
some fairly plausible assumption about how a linen supply's

product mix.will change as total plant volume changes. Two
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alternatives seem reasonable:

First, we might assume that a linen supply will always
érovide the optimal, that is, the most profitable, mix of
products possible for a given market of customers. To incor-
porate this assumption into the computer program would require
that the program be designed to solve for the optimal mix of
products for the linen supply to rent at all levels of total
volume at which the plant might operate. Basically, such a
program would collect data on the current capacity of each
department in the plant and the costs of changing the capacity
of each deﬁartment. For each level of total volume at which
the plant might operate, the progrém would then allocate each
unit of capacity in each department to that product whose
marginal revenue is the greatest. The resulting mix of products
will be the optimal mix of products the linen supply could
provide. .

This version ¢f our computer program has two disadvan-
tages. First, the complexityv of éesigning such a program is
overwhelming. It would take years longer and thousgnds of
dollars more to build than any linen supply company would be
willing‘to devote to building it. Second, under a program of
this type, the prices of all products would be set simultan-
eously. Thus, a manager could not effectively use the program
to ?econsider his pricing of a particular item of linen. Also,
the manager would not be effectively able to test the sensi-

tivity of this program's results to the descriptions of the
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he provides.

Second, we might assume that the product mix a linen
supply currently provides will remain constant as total
volume changes. That is, according to this assumption, if the
total volume of the 1linen supply were to increase 10%, then
the quantity of Turkish towels would also increase 10% as
would the quantity of tablecloths, uniforms and so on.

There ére two factors which recommend the second assump-
tion. First, a computer program making this assumption will
be relatively easy and inexpensive to build. Second, although
the mix of products may vary widely among different linen
supplies, the mix of products provided by a single linen
supplf will normally change rather slowly over time. Since
the ﬁix of products for a given linen supply does not seem to
be very volatile, it is reascnable to expect that, at differ-
ent levels of total volume the resulting mix of products will
not be far different from the current mix of products.

When this assumption is incorporated into the computer
program, we may summarize the prqcedureé the program will
follow td estimate the marginal cost of a particular item of
linen by %ay of the follcowing four steps.

First, the program will ask the plant manager to specify
his current total volume and current total costs, and to
estimate how total costs will change as total volume changes.

Sdcond, the program will ask the plant manager to specify
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his current product mix. That is, the manager will be asked
what percent of his plant's current total volume is accounted
for by the product he is atteﬁpting to price.

Third, the program will solve for that level of total
plant volume which would result in one additional unit of the
relevant type of linen being rented. The program will then
estimate the total costs the 1linen supply would incur at that
level of total volume,

Finally, the program will calculate what part of total
costs shou}d be assigned to the product for both the current
level of total volume, and that volume at which one additional
unit is rented. The difference between these two shares of
total costs is the marginal cost of the product he is attempt-

-ing to price.

B. Analjsis of the Market

One fundamental difficulty that a linen supply manager
would have in using the theoretical analyses of t&o—part
pricing sfstems presented in Chapter III, is that the optimal
use of these pricing systems require that the manager know the
demand curves of each of his potential customers. In this
section I shall present a method for simplifying the informa-
tional requirements of the;e systems. gasically, the idea
will be to treat the market for a particular item of linen

as being composed of a relatively small number of customer

types. The program will require plant managers to estimate
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the size of the total market, the demand curve of each customer
type, and the percent of the total market for that item of
linen best described by each customer type.

All simplifications pay a price in the accuracy of the
information they convey. To aYoid any confusion, I would like
now to state explicitly what price my system of customer types
pays in terms of the accurac§ of the results the program will
generate: My analysis of the market into customer types
assumes that all customers have constant elasticity @emand
curves éf the form,

X = an
where x is the quantity of the relevant type of linen received
per month, a is some parameter varying from customer to cus-
‘tomer, P is the laundering fee charged and b is the cusﬁomer’s
price elastiéity. We have seen this form of~demand curve
before, in Chapter III, where I presented a few reasons why it
is reasonable to believe that demand curves may take this
shape. Yet, although it is reasonable to believé that
customers do have this sort of constant elasticity demand
curves, in fact their demand curves may be somewhat different.
Thus, the descriptions of the market provided by ﬁy system
cannot be expected to be entirely accurate.

If we do make these éssumptions, then it will be possible
for plant managers to define the demand curves the program will

require in terms of two fairly simple concepts: customer size
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and price sensitivity.1 Customer size is determined by the
quantity of the relevant item of linen a customer receives
per month at the current laundering fee per unit. Price
sensitivity is simply the customer's price elasticity or the
percentage change in guantity which would result from a one
percent change in the laundering fee.

The procedure the program will follow to obtain a
description of the market in terms of customer types may be
divided into four steps.’

First, the program will reguire the plant manager to
estimate the size of the totallmarket. To do this, the man-
ager specifies the current lgundering fee charged and the
total qguantity of linen which is rented per month at that
ladndering fee. Also, the plant manager will be asked to
estimate the total number of customers in the market. Finally,
in order that the program will be able to calculate the revenue
received under an Inventory Chérge Plus Laundering Fee system,
the manager will be asked to specify the inventory multiple
to use in calculating the inventory the linen supply must
hold to service a custoﬁer receiving a given amount of 1linen
per month.

Second, the program will ask the plant manager toc define
three sizes oflcustomer;. To do this, the manager simply
specifies the gquantity of the relevant type of linen typic-

ally received by small medium and large customers. Ideally,
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the quantity of linen that the linen supply manager specifies
for the typical small customer will be the median quantity
of linen received by all customers the manager considers small,
and similarly for medium and large customers.

Third, the program will require the plant manager to
define three degrees of price sensitivity &mong
customers. That is, the manager will specify the median price
elasticity for customers he considers &ery price sensitive,
moderately price sensitive, and not-so price sensitive.

By following steps two and three, the plant manager will,
in effect,.have divided the total market for the item of linen
he is attempting to price into the nine customer types given

in the following table.

Types of Customers

Moderately Not Very Price
Nery Price Price~ Sensitive
Size of Sensitive Sensitive "E = ej3
Customer E = ey E = e,

Small
51

Medium
S,

Large !
S3
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In the final step, the plant ﬁanager will be asked to
decide what percent of the total market is best described by
each customer type. Thus, the managér will be required to
£ill in the above table by asking himself, "What percent of
my total potential custcomers are small and very price sensi-
tive?" "What percent are small and moderately price sensi-
tive?" and so on.

Thus, at this stage of the program, the plant manager
will have completed the analysis of the market for a particu-
lar item of linen into nine customer types. The computer
program will then be able to use this description of the
market . to generate the dgmané curve of.each of the nine
customer types, and to weight each of those demand curves
by the estimated number of customers of that type. We might
represent what the computer "knows® from performing these
calculations by way of the folIowing equation:

b, b b

= i 2 a
X miaiP + m2q2P +..0+ mqaqP

Where:

X = Total quantity of linen soiled

m, = Estimated number of customers of the ith

customer type. -

Estimated total. number of customers, times
estimated percent of the market represented by

the ith,cuétoﬁef type
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by th
aiP = Demand curve of the 1 customer type

Calculations bv the Program

Up to this point, the computer program has merely accepted
input from the plant manager an@ performed calculations to
derive approximations of various demand curves. The program
must now use this data to decide which of the two most pre-
ferred pricing systems to use, and at what level to set prices.
More specifically, the prcgram must now calculate for both the
Inventofy Charge Plus Laundering Fee system and the Delivery
Charge Plus Laundering Fee system the following:

(1) whether it is worthwhile to deal with all

customer types;

(2) thehoptimal right-to-buy tariff to charge
(inventory fee or delivery charge);

(3} the optimal per-unit of output price (laundering
fee) to charge;

‘(4) the profit the linen supply would expec; to earn
from dealing with optimal mix of customer types
and charging the optimal right-to-buyv tafiffs
and laundering fees. )

The plant manager will then compare the expected profits
earned under both systems éhd select the most profitable.

To make the program perform these calculations, we need

only construct the program so that it will follow the rule for

maximizing profit under the Inventory Charge Plus Laundering
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Fee system and the rule for maximizing profit under the
Delivery Charge Plus Laundering Fee system. For each mixture
of customer types which the linen supply might choose to
serve, these rules generate the optimal right-to-buy tariffs
and laundering fees. Aalso, by calculating the estimated
profit for each mix of customer types, these rules will
allow the program to determine the 6ptimal mix of customer
types to serve under éach.pricing system and the level of
profits the linen supply can expect to earn from doing so.
Specifically, the calculations the program will perform

are the following.

Calculation of Profits under a Delivery Charge Plus

Laundering Fee Pricing System

Following the rules for maximizing profit u nder a uni-
form two-part tariff, the program will first assume that all
customers are to remain in the'ma£ket. It will then calculate
the optimal laundering fee, delivery charée and the profit the
linen supply could expect to earn from serving all customers.
Next, the program will assume that the type of customer with
the'smallest consumer surplus, the smallest, most‘price
sensitive type of customer will be excluded from the market.
The program will.then recaiculate the optimal laundering fee
and delivery charge and éompute the‘profit the linen supplf
could expect to éa;n from serving all but the smallest, most

price sensitive customers.
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The program will continue to exclude customer types and
calculate the linen supply's expected profits until the
expected profits begin to decline. The program will then
determine for what mix of customer types the linen supply's
expected profits are the greatest. Finally, the program will
report to the plant manager using the program the optimal
. customer mix, laundering fee, delivery charge and the profit
the linen supply could expect to earn by serving that optimal
mix of customers. These calculations will involve three sub-
routines.

First, the optimal laundgring fee P* will be calculated

from the formula: ~

* = l —n
p 1-Ws

N = Number of customers remaining in the market

s, = Market share demandea by customers of the
customer type with the smallest consumer surplus
of any customer type remaining in the market

E = Elasticity of the market demand curve, taking
account of the fact that some types of customers

may have been driven from the market. 2
MC= Margiﬁal cost.
Second, the optima; delivery charge D* is calculated from

\

the formula R



D* =[5, 3,P ko gf

b
where axP k is the demand curve of the customer type with the

smallest consumer surplus of any customer type in the market
at a laundering fee price of P*, and where bk is less than
negative one,

Finally, the profit the linen supply can expect to earn
by serving the customers remaining in the market is calculated.
To perform this calculation, the program substitutes the values
for P and D into the profit equation of the linen supply. The
~general form of the profit equation fﬁr a linen supply using
a Delivery Charge Plus Laundering Fee Pricing system is the
following:

T=D¢+*N+P .« X - TC
where:

N = Number of customers remaining in the market

X = Total quantity of linen soiled by customers
remaining in the market
TC = Total cost.

Calculation of Profits Under an Inventory Charge Plus

Laundering Fee Pricina Svstem
g d oY

Following the rules for maximizing p&éfit under an
Inventory Charge Plus Laundering Fee system, the program will
again at first assume that all customers are to remain in the

market. It will then calculate the optimal laundering fee and

r»itqw ,
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inventory fee and compute the profit the linen supply could
exXpect to earn from serving all customers. Next, the program
will assume that the type of customer with the smallest con-
sumer surplus per-unit of inventory will be excluded from
the market. The program will then recalculate the optimal
laundering fee and inventory fee, and compute the .profit the
linen supply could expect to earn from serving all customers
but that type with the smallest consumer surplus per unit of
inventory.

The program will continue to exelude customer types and
calculate the linen supply's expected profits until the exéected
Profits begin to decrease. The program will then determine
for what mix of customer types the linen supply's expected
Profits are greatest. Finally, the program will report Fo the
plant manager using the program the optimal customer mix,
inventory fee, laundering fee and the profit the linen supply
could expect to earn by serving that optimal mix of customers.

These calculations will again involve three subroutines.

First, the optimal laundering fee P* will be calculated

from the formula:
MC * E
1l + E + E+1
PJ+1

P* =

Whe:ia:

bj = Price elasticity of the customer type with

the smallest consumer surplus per unit of



186
inventory of any customer type ramaining in
the market (bJ< -1)

E = Elasticity of market demand curve, taking
account of the fact that some types of customers
may have been driven from the market.

MC = Marginal cost
The second subroutine calculates the optimal inventory

fee T* to charge per unit of inventory from the following

formula b
© 3
T = [p* ajP dap ~ px
c(a p*P) (by*1)C

where C is the inventory multiple and bJ is the price elgsti-
city of the customer type with the smallest consumer surplus
ﬁer unit of inventory of any customer type remaining in fhe
market. - .

Finally, the last subroutine calculates the profit the
1iﬁen suéply can expect to earn by serving all customers
remaining in the market. To perform this calculation, the
progrém sdbstitutes the optimal values for the laundering
fee P and inventory fee T into the profit equation‘of the
linen supply. For the Inventory Charge Plus Laundering Fee

this equation is the following:
T=T-:C-X+P.X-T1TC

where

C = Inventory multiple
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X = Total quantity of linen soiled by customers
remaining in the market at a laundering fee price
of P

TC = Total Cost

D, Possible Extensions of the Program

I would like now to discuss two ways in which the computer
program might be cﬁanged to provide more subtle determinations
of optimal customer mix, optimal prices and project profits.

The first change that might be made in the program is to
require the plant manager to provide a more detailed desc;ip—
tion of the potential market for the item of linen he is
attempting to price. One way in which a more detailed ’
.ﬁescription of the market might be obtained would be to ask
‘the plant maﬁaéer to define twelve, sixﬁeen or twenty customer.
types instead of only nine. For example, the plant manager
might be-asked to define the twenty customer types, and give
estimates of the population of each type in the féllowing

table:
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Price Sensitivity

Extremely Very loderately Not Very
Size of Price Price Price Price
Customer Sensitive Sensitive | Sensitive Sensitive

Very Large

Large

Medium

Small

Very
Small

Another way in which the description of the market
might be made more detailed is for the program to ask the
manager for a more detailed description of certain customer
types. For example, a first run through the program might
tell the manager not to deal with large, very priée sensitive
customers under an Inventory Charge Plus Laundering Fee
system. Howevet,'since noé all large very price sensitive
customers are equally lafge or equally price sensitive, in
reality it may be‘wéythwhile for the linen supply to provide

service to a few of those customers. Thus, the program could
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be constructed so as to ask the manager to describe the large,
very price sensitive customer type in more detail. This the
manager would do by means of the same mechanism he used to
describe the market as a whole: He would divide the lar-
very price sensitive customer type into sub-types, .specify
the customer size and price sensitivity of each sub-type and
estimate the population of each sub-type. The program would
then substitute these customer sub-types for the large, very
price-sensitive customer type and recalculate an optimal
customer mix, inventory fee, laundering fee and expected level
of profit.

We might represent this procedure by way of the follow-
ing two tables. If the program is designed to recognize only
nine customer types, then on the first run through the program,
the manager will be asked to define the customer types and

estimate the population of each type in the following table.
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Price Sensitivity

Very Moderately Not Very
Size of Price Price- Price-
Customer Sensitive Sensitive Sensitive
Small
Medium
Large

Upon finding that the program recommends that he not deal with
large, price sensitive customers, the manager then describes

the population of large, very price sensitive customers in

terms of nine sub-types of customers.
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Large, Very Price Sensitive Customers

Price Sensitivity

I (Relativelv) (Relatively)

(Relatively)] Moderately Not Very
Size of Very Price Price Price
Customer Sensitive Sensitive Sensitive
(Relatively)
Small
(Relatively)
Medium
(Relatively) .
Large

The program will then substitute this ﬁore detailed
description for the description of the large, price sensitive
customer type it used on its first run thfough the program.
After this substitution is made, the program will in effect
recognize seventeen customer types: nine sub-types of cus-
tomers and the eight customer types remaining from the first
run through the program. The program will then solve for the
optimal mix of. these seventeen customer types, the optiﬁal
inventory and léundering‘fees and the linen supply's expected

profits.

The difficuity:with implementing these two procedures




192
for improving the market descripticns provided by plant
managers is that they meay well ask the manager for informa-
tion he cannot provide. Managers, in my experience, can
distinguish nine types of customers. Beyond nine customer
types, however, managers' eyes tend to glaze and their
responses when forthcoming, are not uttered with much convic-
"tion. Thus, except for those few managers who know the
markets for their products very well, these options for
more detailed market descriptions might well go unused or,
worse yet, be misused. '

A second possible extension of the computer program
would be to build the program so that it will recognize
customer types having demand arves of a different from
than X = a Pb, the constant elasticity demand curve I have
required the program to use. For example, in addition to the
constant elasticity demand curve, x = a~Pb, the program might
also recognize demand curves which are linear: X. = mP + c.

If this were the case, then the manager would be asked to
estimate for each size and price sensitivity of customer type,
what percent of that cuétomer type has straight l;ne demand
curves and what percent has constant elasticity demand curves.
The program would then calculate for each customer type the
appropriate stréight line demand curve and constant elasticity
demand curve, assign the manager's population estimates to

each type of demand:cprvé for each customer type,3 The

LY
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program would then continue with its calculations to determine

the optimal customer mix, optimal right-to-buy tariffs and

laundering fees, and project the linen supply's profit under

both pricing systems.

In effect, the informatidn the plant manager would be

asked to provide is represented by the following table.

Tvpes

of Customers

. Moderately Not Very
Size of Very Price Price Price
Customer Sensitive Sensitive Sensitive
] % %
§mall ‘straight straight straight
line % line % line %
constant constant constant
elasticity elasticity elasticity
%, % %
Medium straight straight straight
line g line o line
% £
constant constant constant
elasticity elasticity elasticity
%, $
Large straight straight stra
line line line
% %
constant constant constant
elasticity elasticity elasticity

However theoretically more preferable this way of de-

scribing the market, it seems to me to be rather impractical.

Many plant managers would find it difficult to understand

the difference in customer behavior implied by a straight
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line rather than a constant elasticity demand curve. Nearly
all plant managers would find it difficult to say with any
degree of confidence what percent of customers of a given
customer type are likely to have straight line rather than
constant elasticity demand curves. Thus again, except for
those few managers who know the markets for their  -products
very well, this option for a more detailed market descrip-

tion might well go unused or be misused.



195

FOOTNOTES

CHAPTER FIVE

'lIf we assume that a customer has a demand curve of the
form X = aPP and we are given estimates of his price elasticity
of demand, b, and the guantity of linen X3 he receives at the
current laundering fee Pj, we may calculate the parameter a as
follows:

Xy = aPlb
a = X3
;;b
Thusf the customer's demand curve is given by:
g =§_L¥’b
Plb .

2If customers are driven from market, then the resulting

market demand curve need not retain the same elasticity as the
market demand curve when all customers are allowed to remain in
the market. If for example, all customers of the smallest most
price sensitive type were driven from the market, the resulting
demand curve would be:

3 bj bj

X=) ma,P "~ -ma, P
j=1 11 171

The price elasticity of this demand curve would be calculated
as follows:

Percentage change in quantity demanded

Elasticity = Percentage change in price
= AX AP
T X P
= A8X - P
AP X

i}

Or, when the change in price is very sméll:
ax P



9 b;-1 by-1
- 1 . . g
- ;ija m;b.a P - m;-byra; P 3
2 b
i . 1
= mibiaiP mlbl aP
J b b
} m.a.P 1 mapt
j=1 11 171

This quantity is the price elasticity of the market demand
curve when the smallest most price sensitive customers are
driven from the market. Obviously, this gquantity need not be
the same as the price elasticity of the market demand curve
when all customers are allowed to remain in the market.

In general, 1if s customer types are excluded from the
market, the resulting market demand curves will be:

9 b s b.
X=7 m;a;b.P - J m.a.b.P
i=1 1 j=1 7 33
This market demand curve will have an elasticity equal to
Q . . s - - . - . -
.2 m.a b.Pbi - .z m.a.b.Pbj
E =151 17173 i=1 3 3 3
9 fo S b
Ym.a.P T -} m,a,p
i=1 * * j=1 33

How an estimate of the appropriate straight line
demand curve could be made given only the size of customer
and the level of price sensitivity which define a customer
type may require scme explanation.

Customer size, as you recall, is the gquantity of linen
soiled by a customer type at the current piece-rate or laun-
dering fee. Thus, given a custoner size, we have one point
on the demand curve of that customer type. :

The index of price sensitivity is the estimated price
elasticity of the customer type. That is, the price sensi-
tivity of the customer typé is the percentage change in quan-
tity of linen received per month which would result from a
1% change in the laundering fee. For a straight line demand
curve the price elasticity will change as the quantity of
linen received changes. Nonetheless, at any given quantity
of linen received the price elasticity is fixed. Thus, if
the manager were to estimate the price elasticity at current
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prices, the program could calculate the gquantity of linen
that a customer with a straight line demand curve would
receive if prices were increased 1%. {That calculation
would simply be to multiply the customer's current quantity
received by his price elasticity at the current level of
prices of quantity received.) The program would then have
two points on the demand curve of the custcmer type. Of
course, since two points on a straight line define that line,
the program would be able to define the straight line demand
curve of that customer type.



CHAPTER VI

SUMMARY

A. One Part Pricing Systems

There are two types of one part pricing systems: dis-
criminating systems and non-discriminating systems. Under
a discriminating one part pricing system, each customer is
charged the maximum amount he is willing to pay_for each
unit of output he purchases. Thus, each customer will end
up paying a diffe;ent price for each unit of output he pur-
chases. A discriminating one part pricing system will
provide a given firm with the maximnum profit it can earn
by operating in a given market. Yet, because discriminat-
ing one part pricing systems are not legal, no linen supply
will wish to use one.

Under a non-discriminating cne-part pricing system,
all customers are charged the same price for all units of
output they purchase. The Piece Rate pricing system is a
sort of non-discriminating one-part pricing system, since
all customers are charged the séme piece rate for all
pieces of linen they choose to receive. Non-diécriminating
one part pricing systems, such as the Piece Rate system,
are in general, not the mgst profitable type of system.

As long .as a linen supply has some degree of monopoly power,
it will earn larger profits under a two part pricing system

198
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than it would under the piece rate system. However, in a
purely competitive market, the piece rate system will pro-
vide profits as large as those earned under any two part

pricing system.

B. Two Part Pricing Systems

A two part pricing system charges customers a per-unit
price for each unit of output they purchase and a price for
the right-to-buy output at that per-unit price. - We may
distinguish two types of two part pricing systems, according
to the form in which the richt-to-buy tariff is charged.

A uniform two part pricing system charges all customers
the same right-to-buy tariff. Examples of uniform two part
pricing systems that cculd be used by linen supplies are the
Piece-Rate With a Minimum system and the Delivery Charge
Plus Laundering Fee system. In all but the most unusual
circumstances, the Delivery Charge Plus Laundering Fee
system will provide larger profits than the Piece-Rate
With a Minimum system. Also, for monopolistic markets
which include a sizeable segment of large, very price sensi-
tive customers, the Delivery Charge Plus Laundering Fee
system ié the most profitable, legal pricing system a linen:
supply can use.

The second type cf two part pricing system charges
larger customers larger right-to-buy tariffs. Pricing
systems of this type are called variable two part pricing

systems. Two examples of variable two part pricing systems
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thch are used by linen supplies are the Flat Rate System
and the Inventory Charge Plus Laundering Fee system. 1In
'all cases, the Inventory Charge Plus Laundering Fee system,
will provide profits at least as large as those earned under
a Flat Rate system. PFurthermore, for monopolistic markets
in which large customers are not any more price sensitive
than smaller customers, thé Inventory Charge Plus Laundering
Fee system is the most profitable, legal pricing system a

linen supply can use. .

C. Applications

Deciding which type of pricing system is best is only
part of the problem facing a linen supply. The linen supply
must also determine at what level to set prices under the
optimal type 5f pricing system.

A.computer program can be designed to help plant
managers estimate the optimal level at which to set prices.
Such a program would ask plant managers to define several
types of customers and then to describe the market for an
item of linen in terms of those customer types. From this
data, and the rules for the optimal use of the various pric-
ing systems, the program will calculate whether the linen
supply should serve all customer types, the optimal level
at which to set prices under each pricing system, and the
profit the linen supply could expect to earn under each

system.



