-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by Tilburg University Repository

S

NS
ILBURG & 2z ¢ UNIVERSITY

Tilburg University

Equivalence of Auctions and Posted Prices
Kultti, K.K.

Publication date:
1997

Link to publication in Tilburg University Research Portal

Citation for published version (APA):
Kultti, K. K. (1997). Equivalence of Auctions and Posted Prices. (CentER Discussion Paper; Vol. 1997-57).
CentER, Center for Economic Research.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 12. May. 2021


https://core.ac.uk/display/420777704?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://research.tilburguniversity.edu/en/publications/fad8afd3-eb42-4a0d-8d60-8ec21401a444

EQUIVALENCE OF AUCTIONS AND POSTED PRICES

by

Klaus Kultti
Center for Economic Research, Tilburg University, P.O. Box 90153,
5000 LE Tilburg, The Netherlands (tel.:+31-13-4663077, fax.:+31-13-
4663066, e-mail: kultti@kub.nl)

Junel997

Abstract

We determinghe equilibrium intwo transactiormechanismsauctions and posted prices.
Agents choose whether to participate in markets where trades are consummated by
auctions or in markets where sellpisstprices. We show that trselling mechanisms are
practically equivalent. Previous studies have shown that auction markets emerge as a
unique evolutionary stablequilibrium whencompared tobargainingmarkets. Posted

price market dominatbargainingmarketssimilarly. Keywords: Auctions, postegrices,
random matchingJournal of Economic Literatur€lassification NumbersC78, C73,

D44.
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1.INTRODUCTION

There are three tradingechanisms omodes of trade that ammmmonlyencountered in
reality, namelyauctions, bargaining, and gted pricesAll of these have beemalysed in
economic literature auctioriseing perhaps the mosxtensivelystudied area. Mist of

auction analysisakesplace in a partiagéquilibriumframeworkwhile bargainingheory has
been applied to modellinthe wholeeconomy (Rubinstein and Wolinsk§985), too.

Postedprices are useextensively irthe literature. Searcmodels starting fronbiamond

(1971) constitute a major example.

The relative performance ardesirability of theseselling mechanismbéas been
studied from the sellers’ point of view mechanism desigliterature where the purpose is
to determinethe optimal selling mechanism. Ithis field it is usuallyassumed that the
seller can commit téthe mechnism.Moreover theanalysis is opartial equilibrium type,
and static.Recently Wang X993, 1995)has compared auctions to posted-pseding,
and bargaining tgosted-priceselling in dynamianodels. Inhis modelsthe seller has a
choice of theselling mechanismand the best one depends on the assocests. The
costs are exogenouand cannot be derived frothe basics ofthe model. Viing also
assumes thathere is only one seller who meetsbuyers with exogenoushgiven
probabilities. This isot satisfactory, as one would expect Haling mechanism to affect
the buyers’ willingness to participate in the markets.

The comparison of variouselling mechanismsvould benefit from adynamic
setting, where the costs, reservati@iues and meeting probabilitiese endogenously
determined. A recennodel by Lu and McAfe€1996) fulfills these requirement3hey
study therelative performance of auction markets, datgainingmarkets in a setting
where agents amandomly matched. Whethérades are consummated in an auction or
bargaining determinethe division of the surplusvhich determineshe desirability of the
markets for buyers and sellers. Lu avidAfee use evolutionargynamics to determine
stable markestructures oequilibria. The equilibrium market structure iaot necessarily
evident since buyetend to prefer markets where they receive a large shahne sdéirplus
while sellers donot find these markets attractive. Howevarhen buyers go to their
preferred market their number increaselsich makesthe markets moralesirable to
sellers. Roughly put, Lu and McAfee find that auction markets constitutenityee stable
equilibrium. In other words, of these two trading mechanisms auctions perform better.

The purpose ofhis article is to study mbtedprice markets in @imilar setting as
Lu and McAfee(1996). It turnsout that pstedprice markets arequivalent to auction
marketswhich issomewhat surprising singbe divison of surplus seems much different.
In Lu and McAfee(1996) theseller is driven to hiseservationutility if only one buyer



appearsvhile if manybuyers appeathe price is such that tHaiyersare driven to their
reservationutility in auction markets. In the postedice markets there is faxed price,
and thus the sellers surplus is the same regardless of the number of buyers.

The rest of the article is organised as follows: In section 2 we presembtied,
and study the auction markets andsted price markets separately. In section 3 we
determine the equilibria of the model. In section 4 we present conclusions.

2. THE MODEL
Let usconsider markets witB buyers and sellers wheréhese numberare large. Each
seller has a unit ahdivisible goodfor sale, and each buyer desiessictlyone unit ofthis
good. All sellers valughe good at zercand all buyers valughe good atunity. These
valuations can be regarded as reservation valuesstatia one period setting. In our
dynamic setting the actual reservation values are determined endogenously.

We study two markets thatay exist simultaneously. lhoth marketsellersare in
fixed locations, and buyerare distributed othem randomly. Irone market trades are
consummated in an auctiavhich means thabefore trading sellers commit gell their
goods in an auctioregardless of thaumber of bidders. lthe other markesellerspost
prices to which they commiBoth buyers and sellers can decide whiohrkets to enter.
Agents that manage toade exit the marketsnd are replaced bglenticalagents that on
entrance decide which markets they go to.

Time is discrete, and thagents have a common discodgattor & [1(0,1) . The
events within aperiod proceed in &ixed sequence: Nevsellers and buyersnter the
markets,sellerspostprices in the pstedprice market, buyers obsertige pricespuyers
are distributed omsellers inboth markets, trading takes places, and those traue exit

: B .
the markets. Let us denote the ratiobalers to sellers b = 3 which staysconstant

overtime, the proportion obuyers inthe postegrice markets by, and that of sellers by
y. Then the proportion of buyers in the auction marketsxsand that of sellers-y.

The number of buyersseller meets ibinomially distributed. Consider egosted
price markets. There areB buyers andyS sellers. Asthe buyersare, inequilibrium,
distributed on thesellers independently with identical probabilitibe probability that a
fixed seller meets any particular buyer ig/ Thus thenumber of buyers a seller meets is
distributed according t®in(xB, 1. Analogouslythe number of buyers that a seller
meets in an auction market is distributed accordingin@(1-x)B, 1/(1-y)S. We adopt the

following notation:a = i_—xe andf} = % since binomial distributionsre awkward to
-y y



deal with we approximate them with Poisson distributionghénauction market we use a

. . : 1-x . .
Poisson distribution witlrate a :1—6, and in the psted price market we use a
-y

Poisson distribution with ratp = 59 .
y

2.1.Auction markets

We study firsthe auction marketsince theyare abit simpler. When buyerare matched

to a seller they submit bider the object for sale. We dwot modelthe auctiorexplicitly

as a gaméut wethink thatthe bidders engage in a Bertrand-competition type situation
where the price is such thidey aredriven to their reservatioutility levels. Unlesshere
happens to be onlgne bidder invhich case it is theseller that receivelis reservation
utility.

A seller meets no buyers with probabiligy” , exactlyone buyer with probability
ae™, andtwo or more buyers withprobability 1-e™ —ae™ . In thefirst two cases he
getshis reservatiorutility which isthe same as his exgtedutility in the end of a period.
Let us denoté¢his byU? where, as in the sequel, thebindex refers tthe type of agent
(seller or buyer), anthe superindex tahe type of market (auction or posted price). A
buyer always meets exacthne seller, and sincéhere are larg@umbers of buyers the
probability that the buyer is the only buyer in a match iséme ashe probabilitythat no
otherbuyersare matched to theeller, i.e.e™ . With probability 2-e™ there arégwo or
more buyers in a match. In this case the buyers receive their reseutditiowhich is the
same as their expectedility in the end of a period.et us denotehis by U2. The

formulae for the expected utilities of sellers and buyers are respectively

us :6[(e"’ rae?)Ue +(1- 6° —a 6 )(1- Lg‘)] @)
uz :6[e"’ (L-uz)+(1- e"’)Uj‘] @)

In (1) the LHS is the expectedility of a seller evaluated alie end of a period. The RHS
is discountedince everything happenstime next period. Thérst term isthe utility from
meeting no buyers amebuyer in whichcase theseller is driven to hiseservatiorutility.
The second term is thaility of meetingtwo or more buyers inhich case théduyers are
driven to their reservation utility, arttle seller receiveghe rest. The interpretation of (2)
is analogous thérst term onthe RHSbeingthe utility from beingthe only buyer in a
match, and the second term thidity if there are more than one buyer. Notice thahis



case it does not matter who receives the good since the price is such that all buyers receive
their reservation utility. The expected utilities are easily solved

. _6(1—e'“ —ae“’) @)
s 1-dae™
6e—(]
Ul=—— 4
® 1-30e™ )

2.2.Posted price markets

In these markets thsellerspost prices that buyersake asgiven. Thiscreatessome
problems if nothing more ipostulatedsince clearlythe optimal pricing rule from the
sellers’point of view is topostprice equal to unity. Given thatfixed number of buyers
are in the markets and they are randomly distributed osellers itdoes nopay to lower
the price.This is ahighly unsatisfactory way to think of gtedprice markets. One would
like to introduce some elements of competitoynfor instance, letting thbuyers choose
which sellers they go tafter they have received some informatadout pricesThis is a
bit tricky, and we discusthe details atthe end ofthis section.For themoment let us
denote the market price lpy We focus on situations iwhich every selleposts thesame
price.

The seller meets no buyer with probabilig® and one or moréuyers with
probability 1-e™® . The buyer ighe only buyer to reet theseller he is matched to with
probability e® and with probability + e there are othebuyers, too. We assuntieat
in this case all buyers have an equal probability of trading. Thus, adpetgeto tradevith

B
probability e'B[l+ B+ B 1p° E_l ;

3 2 43 O

. The expectedtilities of sellers and

buyers are respectively

ug=ak*u5+@—éﬂd (5)

przagwuwl Be (1—p)§ 6)

From (5) and (6) we can solve the expected utilities
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Next we address the question abptute determination. We try to capture the
idea thatthere is competition in the markets, and consequently paftes the number of
buyers a seller meets. To this end we assume that buyers observe all prices and then decide
independently which sellers they do. If all sellerspost thesame price buyers are
indifferent, and irequilibrium theychoose amixedstrategy that putsqual weight to each
seller. If buyers observe non-uniform prices thehoose amixed strategy that puts
different weights to different sellers depending the price they post. Given the
distribution of prices thduyerschoose therobabilities so that thegonstitute a Nash-
equilibrium. We aim atletermining a pricg such that it constitutes ldash-equilibrium
for sellers given buyers’ behaviour. dther wordsp should be such that no seller has an
incentive to changénis price if all others announc@. There may exist asymmetric
equilibria in which sellers post different prices but our focus is on symmetric equilibria. We
determinep by consideringone time deviations.Notice that onetime deviations are
sufficient since athe end ofevery periodthe agentdeave theircurrent partners, and by
assumption they do not recognise agents whom they have previously met.

Assumefor a moment that ther@eB’ buyers ands’ sellers inthe market so that

B’ . : :
B :E, and that proportioz of the sellers deviate oare forced to deviatéogether.

That more than onseller deviates simultaneously is justnadellingtrick since it makes
analysis easier, but it turesit thatz can bethought to indicate the degree of competition,
too.

In equilibrium allsellerspostprice p. Consider proportioaz of sellerswho deviate
for one period angost price p’. The buyers observihe prices and choose maixed
strategy ¢ 1-o )that determines whether they go to sellers with poicer p. The

mixed strategy is such that the buyers are indifferent between the sellers

1-e® N B -1+e® 1-e? B-1+e
1- —_— = 1- ——Uy 9
o (1-p)+ B 5 (1-p)+ 5 (9)




where 3’ - o8 an dB 1-0)B
zS 1-2S

goes to aseller with pricep’. If he manages ttrade he getsitility 1-p’ . If not things
return to normal next period ahegs expected utility is given by (8)he RHS is theutility
of a buyemwho goes to aeller with pricep. Notice that theneeting probabilities change
as a result of the deviation. Equati(®) determineghe equilibrium value ofthe mixed
strategy ¢ 1-0 )

Deviabrs maximisee ™ UP + (1— e‘B') B . From(9) wecan solvep’ as a function

. In (9) the LHS is the expectedility of a buyerthat

of o which yields the following objective function for the deviators

Ul +1- S I S
0op B

[

Lg’—%(l— &)= p (10)

Instead of choosing@’ we can think that deviating sellergaximise(10) by choosingao.
The first order condition for the maximum is

—€

_B'U_sp+e—s'}+( —e‘ﬁ) [3pr~ b B'pr~ _e_B,U_bij
4 21-2B>  (1-2)B z
(11)
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In equilibriumthe deviating sellersmaximisingchoice of price i$, which means that the
deviators are irexactly the same situation athe non-deviatorsThis means that in
equilibrium o has to be such tha’' =3 =3. Inserting this into(11) gives us the

equilibriump as a function ot

_ (1—6e"3)(1— el —Be‘B)
(1-e*)(1-3pe*)- ze (B(1-3) +3(1-3 &)

(12)

From (12) we see that is increasing ire. We letz approach zeravhich means thap
attains its lowest valudhis can banterpreted as a competitive environment. Shkers
have to price in such a way thadt even asmall number of sellers find iprofitable to
deviate. Positivez would mean that deviation is possible only nfany sellers do it
simultaneously. In this case a deviating sedtleows that he iadversely affectedince



othersellers deviate, too, anthus thesellers can sustain a highegquilibrium price as the

costs ofdeviationare partlyinternalised. Letting go to zeraesembleshe test forfNash-

equilibrium where one deviating agent is considered. Alternatively, we could postalate

a proportion ofbuyers are able to observe priceswhile the rest of thebuyers are

distributed on the sellers randomly. This does not change the above analysis; dhefirst

condition (11) is the same as long as the proportion of informed buyers is strictly positive.
In the limit whenz approaches zero the equilibrium price becomes

(-3 *)1-e"-pe’)
P e Y- ape”)

(13)

Notice that whenhere arevery few buyergbeta is close taero)and demand is low, the

price goesowards zeroand wherthere aremanybuyers(beta grows withoulimit) the

price tends to unity. The price also behawed in asense that it is alwaysetween zero

and one. It is not, howevanecessarily increasing beta if the discount factor is close to
unity. This may appear somewhat odd since the message of models with perfect markets is
that price should increase with demdnd thelogic does notapply to imperfecmarkets.

In perfect markets increase in demand raises prices and makes suppliers better-off. The
postedprice markets araot anomalous since increasing demand makes sekgtsr-off
eventhough because of theatching ‘technology’ thisloes nomnecessarilyranslate into

higher equilibrium price.

3. THE EQUILIBRIUM

As the purpose is to compare auctions and posted price markets wéhalloovexistance
of both types of markets. In theeginning of aperiod the agents decidehich markets
they goto. Sellers inthe postegrice markets announce prices, and bugeigpt amixed
strategy that determines wehich sellers thego. Inequilibriumnone of the agenthould
be able to do better by changing lisategy. There are thrgaossible equilibrium
configurations in the economy: i)ny auction markets exisi) only postedprice markets
exist, andii) auction markets and ptedprice markets co-exist. Thest forequilibrium
is of Nash-type, and wenmediatelysee that cases i) amyl constitute arequilibrium. If
there isonly one market theanydeviator goes to the otharactivemarket, andsince he
is there alone he cannot do better than in the active market.

Both markets exist simultaneously if buyers and sellarg indifferent between
which markets to participaten. Equating sellers’ expected utiliti€8) and (7) in both



markets produces a condition that we dallowing Lu and McAfee(1996) sellers’
equilibrium curve (SE). Analogously equality of4) and(8) gives us buyerséquilibrium
curve (BE).

1-e? -Be? _1-e“ -ae”

= 14
1-5pe® 1-de™ (14)

—Q

e? e

= 15
1-5pe™® 1-d0e™ (19)

Both (14)and(15) hold only ifa = B which is equivalent tei:—§e = ge . From this we

see that irequilibrium the agents enter either market in equalportions, i.ex=y. We
state these observations as

Proposition 1. Either market by itself constitutes an equilibrium. For @tlyere exist a set
of equilibria{(x, y):0< x= y< 1} with two active markets.

Lu and McAfee(1996) conductsimilar analysiswith bargainingmarkets and
auction markets. They also stutle stability of equilibria in evolutionary dynamics. Same
kind of analysisvith auctions and Eiedprice markets isot particularly interestingince
the two modes of trade argractically equivalent. In evolutionary seraeequilibria are
unstable which isiot surprising sincehe agents armdifferentbetweenall equilibria with
two active markets.

The equivalence of auction andsped price markets is an interesting result but
one should remeber that it is based orather restrictive assumptions. First, we study
situations inwhich all the buyersare identical, andall the sellersare identical. It is not
clear that the result hold§ say, sellers’ valuationare random drawfom a known
distribution like in auction theory. Secondlyhile the modelling of auctions is
straightforward therenay beotherreasonable ways to determitiee posted prices. We
deal with a simplgorocedurewhich still requires us to introduce more structure into our
framework than there is in a typical random matching model.

4. CONCLUSION
In this article we studyhe viability of two modes of trade; postegrice markets and
auction markets. We use a tractable aetl specifiedrandom matching model developed
by Lu and McAfeg(1996) who study theiability of auctions and bargaining. Thépnd
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that when agentareallowed to choosehich markets to participate in auctions dominate
bargaining in a sense that in evolutiondgnamicsauction markets are thenly stable
equilibrium. Weshow that auctions and gted price markets ar@ractically equivalent,
and it is eally seen that pstedprice markets dominatleargainingmarkets exactly the
same way as auction markets dominate bargaining markets.

To render the study of various trading institutionsamngfulone must introduce
some frictions that make markets non-Walrasian or imperfect. We have used a model in
which agents areandomly matched. This allows us to determivigch institutions are
likely to emerge in equilibrium. In reality one rarely sees auction markets like in this article
while posted price markets seem to exist in abundan@karkets where trades are
consummated by bargainirgre often characterised by posted prices, todanaliar
example beinghe market for cars. Arucial assumption ithe article and relatedork is
that theseller is able anavilling to commit to the trading rechanism. This aot an
uncontroversial assumption in markets wittany buyers and sellers. In waork under
progress wessume that sellers announce a tradmeghanism to which thegre able to
commit if they meet exactlpne buyer. If they meet motauyersthere is competition
which means that the object is sold in an auction.

REFERENCES
Diamond P. A. (1971). “A Model of Price Adjustemenldurnal of Economic Theo#;
156-168.

Lu X. and McAfee R. P. (1996). “The Evolutionary Stability of Auctions Over

Bargaining,”"Games and Economic Behavis, 228-254.

Rubinstein, A., and Wolinsky, A. (1985). “Equilibrium in a Market with Sequential
Bargaining,”"Econometriceb3, 1133-1150.

Wang R. (1993). “Auctions Versus Posted-Price SelliAggierican Economic Revied3,
4, 838-851.

Wang R. (1995). “Bargaining Versus Posted-Price SelliBgropean Economic Review
39, 1747-1764.



11



