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On Price-Setting and Search Behavior of
Individuval Suppliers: A Suggested Approach

by

Dieter Spaetling,Konstanz

. Since the explicit introduction of imperfect infor-

mation into models of the explanation of price-for-
mation by STIGLER [25], 0ZGA [23] and others (e.g. CLOWER|
MILLS [19], R.R. NELSON [ZZD at the beginning of the
nineteen-sixtees many approaches have been proposed to
explain the wage-determination (ALCHIAN[1], HOLT[n], HOLT
and DAVID [12], LUCAS and RAPPING {17}, MORTENSEN [207],

PHELPS [24], STIGLER [26], McCALL [18]} and to analyze
the impact of the demand side on market prices (e.g.
Ph. NELSON [21] , XUHIMANN [14] ) by considering costs of
information. Yet an analysis of the problem of optimal
information and of information costs at the side of

suppliers is lacking.

If imperfect information is regarded and if thereby risk
and uncertainty is introduced into a theory of the expla-
nation of price formation it will be necessary to have
a new look et the problem of market structure or market

1).

behavior Such an analysis based on the concept of
imperfect information and the costs of searching for in-

fermetion will lead to a new basis for the explanation



of price formation processes under varying market con-

2

ditions )

This note attempts t0o outline a probabiligtic modsal
of the price-setting behavior of suprliiers in tie

case where by incurring information costs the degres
of being informed about market conditions is in-
creased and by this a rreferabls nosition is obtairned.
It is assumed that the quantity of goods suppliec

is fixed.

In the following sections II and IIT 2 simple model
of the process of searching for the highegst possiblie

asking price of a supplier is proposed. In secticnsz

1) The first approach in this divection has been
published by ALCHIAN and ALLEN [ 2, pp. 104 - 7%55].
It should be pointed out that in order to analyze
the whole problem of market-equilibrium undcr <o~
ditions of imperfect knowledge "the information
available to each decisionmaker' as well as "tk
possibilities they have for communicating with
each other" must be specified (RORCH [5 | p. 8827

2) If the possibility for changing market conditicus
by supplicrs cn the basgis of the available infor-
mation and the information costs are consideread
the existence of a price range for homogencus pr -
ducts cannot solely be based on statement like the
following: "Es ist allgemein bekann}, daB Preiss
fir homogene Giiter auf nahezu ailen Miarkten zwi-
schen einer oberen und einer unteran Grenze zu
schwanken pflegen, da auf unvollkommenen Markten,
wie sie in der Realitdt gegeben sind, Priaferenzen
bestehen und weder vollkommene Marktiranzparenz
noch unendliche Anpassunﬂsgeschwindigkeit der
Nachfrage herrschen, so dafi kein eimdeutiger Gleick
gewichtspreis zustande kommt". (KUHIMANN (14, p.2%:

A

i B
1A
31



IV and V the model is extended by censidering thz

effects of actions cf competitors on tne realizs-

tion of the maximum attainable asking price c¢f an
individual supplier. In section VI The role cf
inventories in the process of price-setting and
information gathering is emphasized. Section VIZ

~

summarizes some main conclusicns c¢f the analysis.

Assume for simplicity that a particular supnlier
wants to sell in period t a given quantity X of

good X already produced in pericd t-1. Tae decizicn
which this supplier has to nmake is vhat asking price
should he require, especially: shouidhe change ths
price he cherged in the preceding periocd t-1 whera
he also sold a guantity X of X ? Assume further *rat
the supplier behaves like a price searcherB) and
that he has some knowledge of some sort of demand
area. The price he could charge depends on the
distribution of the uncertain bidding prices tus
demanders are willing to pay and on the belravior
of the competitors. Consider that the supplier

knows the kind of density function of consunmers’

bidding prices.

The asking price of the supplier then is a random

variable. Dencte the density function of the expacted
possible consunmers' btidding prices if no scarcl
activity is undertaken by f(p), the mean wvaluve of

3) Compare for the characteristics of a p
Cheﬁ ALCHIAN and ALLEN |3. pp. 104-122
315 )




this distribution by E(p) and the corresponding
variance by V(p). The function f(psfh) denotes

the density function of asking prices, pSJn, of

the supplier which he obtins if n searches concer-
ning the bidding prices of consumers are made by tho

4). This density function f(psgn) is a func-

supplier
tion of n with aE(ps}n)/an;>o and aV(pSJn)/an<(O,
where E(szn) is the mean value of f(psjn) and
V(ps¥n) the corresponding variance. It is assumed
further that the supplier is a rational decision

5)

maker who is risk-neutral. Since it is assumed th-*
the decision about the output to be sold is already
made the objective of the supplier is the maximizatiocr
of his utility function only with respect to n, the

number of searches for bidding prices of consumers in

4) There are in principle two ways of looking at searc:.
processes: On “he ont hand, a search problem con-
sists of a number of searches for the uncertain
items before any decision is made. In this case
initially the number of searches is determined
before the process of search begins. The searcher
then has some idea about a prior probability of,
for instance, finding the maximum attainable price.
This kind of analysis of a search process as it is
applied by STIGLER {25] is called a "prior theory
of search" (Ph. NELSON [21 , p.313]; for a some-
what similar approach compare LANZETTA and KANARDY
ps5 , p. 416]) In the present note mainly this pric.
theory of search is applied. The alternative apprzcii,
however, is to conceive the search process as & s: -
quential process. In this case a sequence of deci-
sions takes place where the experience from precs-
ding searches and decisions is an important basi:
for deciding about further searching activity. In
such a case we can speak of a "sequential theory .
search". An application of sequential search pro-
cesses to the analysis of consumer behavior is focu .
in Ph. NELSON's paper [21]

5) "Rational decision maker" here is taken in the sen: >
of HADLEY [3 , pp. 103 - 119]



order to charge an optimal asking price.

Since we assume a risk-neutral rational supplier

utility maximization is equivalent to profit

T -
maxization6). Thus, the utility function of tae

supplier is given by

(1) Uu(n) = (p |a)X - ns

(o

In equation (1) are: psin the asking price, n the
nunber of price searches, s the cost per search
and X the quantity produced which the supplier
wants to sell. U(n) is a random variable because

ptjn is a random variable. Therefore we have:
(2)  E[v'n)} =X E(p |a) - ns

where E[U(n)] is the expected utility or expected

profit - if n searches are undertaken.

By assumption, the supplier is able to raise

the expected maximum price by investing in infor-
mation about bidding prices of consumers. Thus,
the density function of his maximum prices with

respect to the number of searches, f(psfn), is

given by:

P _n-1
(3a)  £(p_|n) = n f(p){f £(p) dp
or A

6) For a prove of this statement compare HADLEY
[8, pp. 121 - 124] |
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(30)  f£(pg|n) = n £(p) [F(m)]™"

where F(p) is the cumulative density function of
f(p)7). The expected maximum price if n searches

are made is given by
foo

4 B |m) =n [ f(p)[\Ff<p) ap

- 20 R

in-1
dp

Substituting the R.H.S. of eq. (4) for E(pS}n) in
(2) yields:

+ o0

(5) E[U(n)}= n §~/pp f(p)Lf f(p) dp

- O

ITT. In order to specify the distribution function of

in-1
dp -~ 0s

consumers' bidding prices assume that these prices
are distributed uniformly between a lowest price,

a, and a highest :price, b.

7) Compare for an analogous distribution fun0ulon
of minimum prices faced by consumerc: STICLER [ 25
pp. 214 passim|. The derivation of eq. (3a) runs
as follows: In his searching for consumers' bid-

ding prices the supplier is interested in the attainab- =
maximum price. The assumption we make about the
effect of information thereby is "that informa-
tion has value to the extent that it increases the
probability of choosing the allternative which yields
the most favorable outcome f15 s P. 46QJ. Thus, if
the distribution of bidding prices f(p) is given,
the probability that an observed prlce, p, is grea-
ter than,or equal to the maximun price, pé,ls gi-

ven by vff"(p)dp F(p). If there are n observa*ticns
and if we assume that the observed prices are in-
dependent the probability that the maximum of n
observations is smaller than or equal to p is gi-

ven by EF(p)]n . The density function of maximum
prices which belongs to the cumulative density

functlon F(p)]n is obtained by differentiation of

{F p) with respect to p which yields: n [F(p)! n-4
: . See for a formal proof: HOGG and CRATG{? ,
410 172]



Eq. (5) then becomes:

- _ b 1 P 1 n-1
(62) E[U(n)] =nX ) p-———| S ———dy dpns
y a b-a |a b-=a ﬂ
or
] X b
(6b) EtU(n)]: N = h/ﬂ 1,3(1')—-:3,)1'1"1 dp-ns
(b-a)’ a

Solving the integral in eq. (6b) yields:

a + bn -
(1) E[u(n)]= X - ns
n + 1

_)(.
In order to obtain the number of searches, n , for
which the expected utility is at a maximum, we have

to calculate n. fromzéE[U(n)]/Bn = 0. This yiel®::

’3Eﬁﬂnﬂ (b - a) x
dn - (n% + 1)2

(8)

A

Soiving for n gives:

i

(9) n" = (b - a) - 1
S

From eq. {9) it is easily inferred that the higher
the cost of information and the smaller the antici-
pated range of possible bidding prices of consumers

the smaller is the number of searches.

Thus, the higher the cost of information the lower
will be the expected maximum asking price of a sunpiier.

This is an expected result.



——r

iV. Up to now, it has been assumed that cnliv the bid--
ding prices cf consuners are relevant for the
price-satiing decipgilon of the sunplier in guesticn.
Thue, the interdependence of the varicus sellers who
offer to sell their goods at the mariket has up tco
now bzen dis“:gﬁ:ded' . The distinguishing

as against the medel outlined in Section II is the

introduction of the selling prices of competitore
as anticipated by the supplier in question, as ids-
terminants of his attainable asking price. Lf Zom-

petition between various sellers is regarded the

sl

expected attainable asking price, P..Can no longer
be considered to be alone the expected value, E(psfn\
of the distribution of maximum prices in n searches
about consumers' bidding prices. Now, the attainable
price, and consequently also the expected profit,

is a function hnth of the wnrertain bidding pricos

of consumers aind o0l wLie wicertain sellin

]

e

8) Tt shculd be noted that in the contaxt of X
theory of search the consideration of what is
called "oligopolistic 1ndet¢rm;nacy" or "cluzo
polistic interdepzndence’ is nofrelevant. In
a pricr theory of search nc learning process
with regard to differﬂnhec in anticipated and ob-
served Ponootzbn"~‘ elling prices is regards
Such aspectis ars to bc anaiyzed in & szccusnt
theory of search.

a5}




prices of competitors anticipated

in question.

The vtility or profit function is agaia given by o4,
(1) as it is in the case of assuming only consumasr: '
bidding prices as determinants 0of the seller

price. But now the maximum attainable asking price,
%

s? is also a function of competitors' anticipated

p
selling prices. Assume that the supplier knows ths
distribution of the selling prices in the past perinds.
He then particularly knows the distribution of compe-
titors' prices in periocd (t-1). From these prices he
anticipates?) the distribution of his compebitors'
selling prices at the end of ths current psriod, de-
noted by g(pi), where the selling price of the j--th
competitors, pa., is a random variable. The mecn value

cJ
and the corresponding varisnce of this distributl:

are denoted by E(pg) and V(pi), respactively.

Thus, by assumption, the existence of competitors ard
their price-setting policies impose vestrictions or The

= e ey -y . e vy T ~ ~
e potential mazximun price, D{p_ |2/,

-

realizsation o

the supplier expects to charge iIrom the consumers. 11

9) This assumption imnlie that the cost of searching
for past ccmpetitors prlceu is nog’ig Dly small.
This is aedh cea from the cexlstencs of various maans
by which suppliers can inform bnewcel»vu about
competitors's prices without high informatica costs
like price-list, ctc.



he invests in informetion. One possible vay to axpress
s { R ’ = EN

this constraint is to weight the price b(pﬂil) ayale’

probability of its rcelization. Let us denote this

probability by 3q .

This probability of realization of E(p, ;a; dependi,

at the one hand, on the difference betwesn the arriage
level of competitors' anticipated selling prices. ani,
at the other hand, on the variability of these prices.
The level cf competitors' prices, characterized by
“’pc), is assumed to have an effect on the realization

of E(p fd) only, if E(p ) is smaller than E(p Ti)

The probability of realizing E(pctn) will be the greater
the smaller is the difference between the level of com-

petitors' prices and the maximum price chargable irom

" R . - ; —s_Aa

consumers. But not only this difference b(pc{n) - E{p)
w2 "t

is of inflvence on the exrvected —calization of ?(psjn}t

he variability of competitors' prices plays an essen-
tial role in determining BS. The greater the variabi-
lity of competitores’' prices the smaller is the likelli-
hood that the majority of the consumers meet those
suppliers with the lowest selling priczs. But the rmallier
the variabilitiy, provided the level of competitors'
prices is lower than E(psén), the greater will be the

likelihood that the majority of consumers will buy =t

10) Another way to pr“eoo the impact of ccmpnpi+0°s’
prices is to cTreat Esa° the prooaﬂll;cv of reali~
zing the sales revenue E(p_|n)¥X. The conclugions
then are the seme as beFor3.




the lower E(pi).

We can conclude our acsumption as follows: The pro-
bability B_ to realize the maximum price attainaiv. >
w2

from consumers, E(psgn), is a function

e ln), B, V(6]) ], if Eipg
s Lj, elsewhere

"\,.._

(10) 8

with 28 /Eh(p )> 0 and 98 /aV Do 2y »o0.

V. One possible function by which BS can be specified

is the exponential function

(1 - EXP{_—V(p )/qE(p la) - B2 ),%
(11) B, =1 if E(p, ]n)—E(p)w
}1, elsewhere
.

where EXP(-z) stands for e ?

By the specification of eq. (11) the expected utility

or the expected profit of the supplier is given by
(12) E[U(n)]=J

/
x E{p,
]

in) - E(p?)?>0

elsewhere

or

(12a) .

J— - 1 a | rs 51\» a
(Jx 1-EXP|-V(p® )/<E(pkfn) - L(pc)/ R (pJn) - ns

2

et
A%
o

if Lip {n) - E(p

W

C

X E(psfn) - ns, elsewhere
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If we again assume & rectangular distributiorn ol
consumers' bidding pirices between a and h The =i

pected utility or profit is

(1i) a+bn %ﬁ oy, AThn Y
P ——— - T LY A o — 4 y i [ T
X n+i L 1 EXE ( J(pc)/(n—i-‘] E(pC ))/}1‘ S
if E(p_tn) - E(p?) > 0
a+bn
- ns, elsewhere
n+1

The first order condition for maximizing eq.{14)

is given by:

(15)
4
JE U(n) o | V(a+bn) T
= x (b-a)y > EXP(=Z) + wmmm—— | 1=1000 -
dn L a+bn—(n+1)Ea n+ 1°
-3(n+1) = O
2 a (n+1)V
where: V = V(pc); E, = E(pC); 7z = e

a+bn-(n+1)E_

If the first order candition (15) is solved (which
seems to We technically very difficult) for n ws
obtain a function similar to eq. {(9) which deter-

mines the optimal n%.

If we look at the effect of V(pg) on n  we Tind
that as V(pi) approaches infinity, » approachers
that value given by eq. (9); whereas as V(pf)

s



DIVLIVLZK des 1nsumurs

ﬁhiﬂbhmﬁﬂxduﬁtKﬁﬂ
...1‘5_

.
R

approaches zero, n approaches =1; that iz, no sezioh

activity shovld be undertaken. Similer conmcideratnionn

can be made concerning the effect of E(pg) o0 n

In the preceding section it has bteenn shown now tho
optimal length of the search processg for Tz asgil. -
price af a supplier depends on several determinansc:,
Especially, the assumed range betwern a maximum and

a minimum price and the search cost ner search are
of importance. It could alsn he seen rto wnat dizvec-
tion the optimal number of searches will change i7
anticipations of the supplier in question concerning
the prices of his competitors and the whole price-

structure are taken into consideration.

By considering the effect of competitors' prices oun
the probability of realizing the maximum price attainable
from consumers only the exnacted maximum asking priuve of
the supplier is given by

(15)  pg = B, B(p, |n)

ch the

[

This price p_ is that asking price at wh
0

expects to sell all his X. If, however, in the curren”
period t he cannot s5ell) all his %, his inventories =
x will increase. If we asgume thet the suppliier aln~

1)

at a "desired" level of inventories1 s & Change i~

11) For a distinction between "dasivad" and ‘Yeoctuali”
inventories see COURCHENE L7 , p. 317]. Compars

.
L
1.

also: LIU {16, pp. 311-317
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inventories only changes his actual inventories. If the
"degired" inventories, i.e. the demand of the suppiier
for inventories, are determined by the demand conditions
as ccenjectured by the supplier in such a way that if tlc
demand is supposed to rise for a longer period then thae
desired inventories are raised, continuously diminiching
inventories (caused by the fact that at the price se=
more than the actual X is sold in every period) are talon
as an indicator of persisting changes in demand. In this

case where further increases in demand are expected the

desired inventories will increase.

On the other hand an increasing or a decreasing difference
between desired and actual inventoeories are taken as an

indicator of not finding the optimal asking price.

The previous reflections lead to the following main con-
clusions: The asking price of a supplier will be the
higher, the more searches for the bidding prices & con-
sumers he realizes. If resources for information gathering
are limited it follows that the higher the costs of infor-
mation, or the higher the cost per search, the lower wilil
be the expected optimal asking price. The asking prics =2t
by a supplier will be the lower the lower is the level ¢F

competitors' prices and the smaller the variance of thore

prices around the mean value of the distribution.

If we consider that at the time the supplier is planning
what asking price to set for the following period he

knows his asking price of the preceding period, his de-



-A

7
i

cision problem can be described as follows: The guestion
the supplier has to answer is whether to maintain the
price of thes previous period or to change his price, pra-

ferably to raise the price.

The cuestion whether the -asking price is changed and if
so into what cdirection can be answered, with respect tc

infocrmation costs, in the fcllowing way:

If we assume - as has been done in the preceding secticns -
that the Costs of information in searching for consumers’
bidding prices are relatively much higher than the costs

of information about competitors' vrices, then the asking
price of an individual seller will be altered the less
frequently the higher are the costs of information for
consumers' bidding prices. The higher are the costs ¢f in-~
formation the more stable will be the asking .prices if
transient, temporary fluctuations in demand occur. This

. . , o . . 12
will be the casz2 even if no inventories sre held ' )

If the anticipations about competitors' prices of all
suppliers change in such a way that a rise in prices is
expected all asking prices of competitors will increase &a*
the same time without conspiracy or something like that.
In the long run, if a persisting change in demand occurs
and if no change in information costs is to be expected

the esking prices oI suppliers will change but not at

the same time and in the same direction.

12) For a similar statement in the case where jnvertor*as
neld are understood as means of econocmizing on infoz-
mation COSts .- - compare: ALCHIAN and ALLEN(2 , p.i55.

& -
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