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Spulber. Danie! F.--

sfficiency in sargaining

Bargaining is examined for the situation in wiich each party has
private informacion regacding their valuation of the good as well as tne
value of the cooa to the ocher party. The k--double auction ana the virst-
and-final offer nargaining game are shown not to be ex ante incentcive
efficient. This resuit contrasts with the independent private vaiues case.
A trading process pased on priority pricing is shown to implement the ex

ante incentive efficient mechanism.

Journai of Economic Literature classification numbers C7. 132.




i, introquciion

Bargaining is generally scuclicea using the assumpuion ol inaependent

i

private values.’ However, in manv {rading situations., vboth parties mav
possess private inforantion regarding both thelir owh vailue of the good and

. . . 2 s . ;
the value of the vood to tne otner party. M1s paper snows rna

—

information externaiities then resuit that can cause sitangarad pargaining
procedures to be ineficient. in particular, it is shown that the k-douvle
auction, and the ifirst-ana-tinal offer barcaining game nave inefficient
outcomes. A traaing process based on priority pricing is presencea and
shown to be etficient.

It is easy to imagine situations where both the buyer anu the seller
have privacve 1nloraation regarding the vaiue ol a good to ve tracea--—-iuiat
is, each party's information is reauired to correctly value the oocod. A
manufacturer mav have information about the characteristic of a yooa, wihiie
a retalier seeking to purciase the good may have information regarding the
market or resale value oi the good. Consider a partner is a business
seekKing to buy out another partner's share. Both partners may possess
private information regarding the value of the business. 1In forming a

principal-agent reiationship, both the principal and the agent may have

‘See Myerson and Satterthwaite (1983), Chatterjee and Samueison (1983),
and Linhart, Raaner and Sattertnwaite (1989).

See Myerson (1985b) for a general presentation of Bayesian games that
allows for such general information structures. This is referred to by
Johnson, Pratt and Zeckhauser (1990) as "Mutually Payoff Relevant i’rivate
Information.” Bilaterai asymmetric information about a common value is not
generally examinea. |t only one of the parties has information about the
common value, the "lemons" problem is obtained. 7This would correspond in
the present model to a commonly observed value of either x or y, with the
other parameter privately observable. General valuation markets are studied
by Cremer and Mclean {1985, 1988}, and Gresik (1991).



prorpacion cecaraing the votential benerits for the principal ana the
potentiai costs for the agent. in out-~of-court settiement of a tort case,
witi ch represents the sale of the potencial plaintiff's damage claim to the
defendant, the plaintiff may nave information on the size of the danages
whhile the defendant mav have intformation on the 1ikelihood ot -n ::wm‘ci.3

The K-double auction is examined in the indevenaent values case bv
Chatterjee and Samuelson (1983) and is shown to be ex ante incentive
efficient by satterthwaite and Williams (1989) (see also Mverson (iuY33a) ana
Williams (1987)). In the presence of intormnation externaliities, it is shown
here that the k-double auction aoes not make sufficient use of availavple
informatien to achieve an efficient outcome. and thus fails to achieve gains
{rom traae.

The first-and-final offer bargaining game is shown by Mverson (1985a)
to be interim incentive efficient in the independent values case where it is
a speciai case ot the k-double auction.4 With intformation externaiities,
the first-and-final offer bargaining game invoives signaling by the party
making the offer, and a random ocutcome since the party receiving the offer
also has private information. The outcome of the game is shown not to
achieve ex ante incentive efficiency. The first-ana-finai oifer bargaining
pame is extended by aliowing the buyer or seller to offer a noniinear

priority price schedule such that the party receiving the offer chooses the

3 . . . . . - )
See, tor exampie. P'ng (1983) and Bebechuk (1984) for models with one-

sidea asvmmetric information.

*samueison {1984) shows that the ex ante efficient outcome cannot be
achieved by anv simple mechanism, such as a first and {inai offer, due ito
the presence of a common vaiue in a one-sided asymmetric information
proviem. 1This differs from the present analvsis which involves bilateral
asymmetric information.




iikelibood of frade. Al fie gsegquential equilibrium ol tnis ouiac
parties reveas their private information and the ouicoemne is ¢x ance
incentive efficient.

The paper 1s organizea as follows. Section 2 zives the basic
framework. Section 3 characterizes efficient mechanisms. Section i

examines the etficiency of the k-double auction, and Section 5 examines (he

firgt-and-final offer vargaining game. Section & vresents the rrading
process based on priorityv pricing. Section 7 concluues.
2. The Basic rFrameworx

Consider a vargaining probiem in which a seller ana buyer possess
putuaily pavoll-reievant initormation. Biidaterali asvamecric intormation
exists., The selier’s beliefs about the puver's private information v are

represented by tne cumulavive distribution function G{y) on {0,1] with
density g(v) positive on (0.1). The buyver's beiiefs about the seller's
private information X are represented by ¥(x) defined on [0,1] with density
f{x) positive on (0,1}. Let I' and G be commen knowiedge,

The seller's value of the good is Xy and tne buver's valiue of the good
is w + xy, where w > (0 represents potential gains from trade. The
interaction term xy allows x and y to represent, for example, the
probabiiity x of obtaining a pavoff of v, «o that xy can be an expectod
value. The muitiplicative form can be used to represent a wide variety of
situations and piavs 4 role in the analysis ot the information externality.

; . S 5 . _ . .
By the revelation principle,” without loss of generality, any Bavesian

3 . . e . .
See Myerson (1979), Dasgupta, Hammond and Maskin (1979}, Gibbarad
{1973), and iarris and Townsend (1981).



Ui cibrinm ol Chae seliicaent pargaining game may ve represented 4s o aiee

revelacion bargaining gane. A direct mechanism ltor the bargaining came

consists of an expectea covaenl 3{X,y) anu a orobapiiliy of trade (x4,

¢

1

ror convenience, define tne {interim) functions Sv(x) = jp S{x,y)dG(y), ana
Sy(y) = IS Slxoviatr(x). fne expected returns to che sorler and buver ‘rom
rEROrTing X, respeciiveily v, are:

(1 S SN

(1) U{x.x) S (%) ‘g X, v)xvaG(v),

(2} Viv.y) = J 0 Tx. vy w + xy)dl(x) - Syt
Let U(x) = U{x,x) and V(y) = V(y,y). Incentive compatipility of tne direct

mechantsm (S.01) requires U(x) > U(x,x) for aii x,x in (0.1 iy

VIy) 2 Viviy) for all vy dn 70,17, ‘ndividual rationaiity reonirves
U{x) 2 0 anu V(y} 2 0. A mecnanism (S.[I) is feasible if it 1s noth
incentive compatible and individuaily rationai.

Attention is restricted to mechanisms (S,[I) that are integrabie

functions. This is without loss of generaiity since sufficient conditions

are stated such that the efficient mechanism is a step function. 3y

. : . . e e L 5
stanaara arguments, incentive compatibility implies that

.

(3y I

o Gix,v)(x' - x)vdGlv) > Ulx) -~ U(x'y >

TNyl ixt - xvdG(y) .

Taking limits on both sides of (3) it foliows that for aimosc aii

By equatjon (3}, fl Dix.ylyaG(y) is nonincreasing in x ana,
analogously, j& I(x,y)xafF(x) is nondecreasing in y. Further, U(x) is
monotone decreasing in x ana V(y) is monotone increasing in v on {e.11.
Thus, by Royden (1968, Thm. 2. p. 96), U{(e) and V(e) are differentiabic
almost everywiere and the uverivatives diU/dx and dV/dy are measurable.



o7

Tx.ylyvat(yv) ana aV{v),dy = ;. JIx.vixdb(x;. cneegrating

Ui x) /ux -t
() /ax 0 0

over x and y implies that

. 1oL~ o~
() U(x) = u(1) + i 5 d(x.vivaG(y)dx.
o= v B S

Viy)l = V{0) 0 Yo X vIixdF{x)av,

rxpected wains from troade, viven the mechanism o5 00, are

1

{3} BI(ID LUx) - VIv)yialPix)dG(y) = w j6 ji X,y aFix)aG vy .

S
U J”
Clearly, expected gains (rom trade are lowered by asymmetric information,
S5(I1) £ w.

The expected returns trom trade ftor each of tie narties inciude

information rents, which are the paymencs required o imduce truth-teliing

. .. . . . . . U .

itn the direct revelation game and are defined by R ([I)} - Jé Uix)yar(x) - Uf{1}
N 1, o o L . ‘ . ) _

and r (i) = U VI{y)laG(y) - V(0). Taking expectations in equation (4) and

appiying integration by parts vields

) U, -1 - . ;
(6) RO = g g VT ) (F(5)/E(Gx) ) dF (3)d6(y)
R - ) I iy (01 - Gy Ze(v) ) dE(xan(y)

Let the inverse hazara rate for the seller, I'(x)/f(x), be continuously
ditfferentiablie and increasing in x. Let the inverse nazard rate ior ihe
buyer, (1 - G{y})/gly), be continuously differentiable and decreasing in y.
These assumptions are satislied by the uniform distribution and the

-AX
L

exponential distribution ['(x} = (1 - )/ (1 - u—x) for oA > 0.



The foliowing characcerization result extends Mverson and Satiertiwalco
{1983) to allow [or external erffects of information. The proof is siven .n

the Appenaix.

Proposition .: The mecnanism (S,[]) is feasible if and only if
-1 . . . . . 1 . . ) .
) XL, y)yvaGiv) is nonincreasing in X, P il{x,yixaF(x) is nondecreasing in v
. N
and
- . U v
(7) BIIIY > RY(IN) - R (D).
Given fuil inrormation, it is aiways optimal to trade since w > 0. o

attaln e Lutl--i1nlormacion optimum by a feasible mecnanism undelr asymmeoric
informatien would require TI(x,y) = 1 for all x and v. Proposition | “hon

implies ithe ioriowing.

Corojijary i: fie full intormation outcome is feasibie If ana oniy it

-1
w2 N vaGly).

For exampie, if y is uniformliy distributed on {0,1], the full
information outcome is {easibie for all w 2 1/2. Alternatively, trade

B ) L . -1
atways nccurs with a suosidy equal to nax{0, w - |

0 vdGly) ).

3. rfficient Mechanisms

The ex ante expected utility of the buyer and seller are

(8) (s, = J'S Uix: 8. THdF(x)



(4) VI{S.i1) - ‘6 VIS, a6y .

!

A feasible mechanism {(S%,]

—

aliocation mechanism {S,i1) exists such that U{S,[1) > U(S%, %)Y ana

VIS, IT) > V(S7.I*) with a strict irequality for the buver opr the selier.
following characterizes all ex ante i{ncentive efficient aiiocacion
mecnanisms ., hereafter referred to as etfficient mechanisms.

Preoposition 2: A (easible allocation mechanism (8% ,[{*) is efficient if

oniy if

Y
(10) BITT) — RUGITF) - ' (%)

i
2

i1 w > aviF(x)/I(x) = Bx(1 - Gy}l uly),
(11) *(x,y) =4
i 0 otherwise.

peline the trading bounadry as foilows:

Hx.y,a.8) ~ w - ayr(x)/t(x) - 3x(t - Glvhirgly

-
N ance ineencive HIIJCJUHCy is dellned DY polmstrom and MYUFSUH
(1983).

. . . . C s R ! - . Lo
Y 13 ex ante incentive elficient 10 no ifeasibie

ine

and



v, note foat [ols o aonoronie oo

GIix. v, x.5):8x - —av (S{T(x)/I(x))/3x) - 8] Glyy)y-orsr o O,

0

. N . b
‘easing In X by assumption.’

“
=)
-
82
@1

Since ¢

Coroliary 1: fne erticicncy eriterion tor any weivhts ¢ and & carresponoas
to a4 traaine boundiry x o ¥S{v.ox.g) that soives [x¥ v, &) (0. Then, e

efficient mecnanism is given by

-
1 X € XF(y.x,B)
(1l IR }
] otherwise
L

[

The K-doubie Auction is Not Efficient

I'he k-doubie auction is a Bayes-Nash game in oftfers. he setiler ana

buyer submit seaied bids to an arbitrator. Trade occurs if and oniy if the

selier's request r = r{x) is less than or equal to the buver's offer
coocly). I r(x) = cly), trade occurs at ihe price given by the weighited
average s = kc + (1 -~ k)r, where k takes values between zero and one and tne

vanle ot kK is cammon knowledge. The K-doubie auvction thus corresponus Lo il

direct mechanism for any vaiue of K: S{x,v) = Ke(y) - (1 - KJrix) it cly) =
F{x), and S{x,y) - 0 otherwise; and II{x.v} = 1 if c(v) Z r(x), and

[i{x.y) = U otnerwise. ine seotler and buver net benetfits ace ueiinea as

3 . . Co : . . .

I(x,v.c.8) is differentiabie in x and y. Given that [*(x,v) is a
step-tunction as detined in equation {(12), TI¥(x,y) 18 plecewise continuously
ditfferentiabie ana is iherefore integrable,




Jcliows.

i3) COxtrLel o= F 0 o ike(y) s (L =) - o xy G (v
Sy o y J 2D f

(1) Viy,r.c) - plw Foxy) - (ke ¢ D - Kdrex)) fai (s,
VLo (xieEr(x)) V) < . ()]
The strategies (%) and c{y) are equilibrium pest responses, given the

npjective functions U and V. incentive compatibility ol the strategies

impiies

J{y:c(y)Er(x)} (x7 o xdvacly) = J{y:c(y)Zr(x‘)} (x' - x)yaGlyl,
[ S wINdE(x) 2 ) (v' - vivdbIxy,
J{x:c(y)zr(x:} y VixdE(x) 2 J{:{:c(y’)Zr(:{); A vivakixy

Given x' » x. rix'} 2 r({x) so zhat r{x) is nongecreasing in x. Similarly,
cly) is nonaecreasing in y. inaividual racionaliity hoids for all k if

r > xY{r{x)) and ¢ £ w + X{cl{y}ly, wnere

Vir) = § G . -
(1= Ly iaqyyzey YAOW) I{y:C(.v)Zr} aG(y) .
X(el) = Jix:czr(x}} wdbf(x)y Csiezring ) dF (x).
Note that {v: c{v) > r} = 0 i r > (i) ana {x: ¢ > ri{x)} - ¢ If ¢ < r{o}).

Attention is restricted to regular sitrategies. The folliowing

restrictions extend the anaiysis of equitribrium strategies in Chatterjee anu



)
o e . - —_— . g .

Sumueldson {(1983) and Sociercawalte anda Wiltiiams (17089) . SO strateorey
r{x),cly}) are said to be sooular il they are continuous and strictly

increasing, r o is U0 oon oG.oetide, e s € oonoact0), Tl - 1) - DL, and ione

following hold:

{15) xY(r(x))) = «ix: < i ftor ail x € (0,11,

,-\
—
fop
=
Y
A
+

xivy)e for all v

i

Also, the tirst inequaiity in (15) is binding it x¥Y{(r(x))} z c(l} ana tne
second inequality in (i6) is binding if w + X{c(y))y 2 r(0}. ne
maxinlzZation prociens ol ohe seller and buyer, given their onjective
functions (13 and (14}, visld the following:

Proposition 3: If r(x),cly) arc regular equilibrium stratevies in the

k-doubie auction with k € [0,1], then in the range definea by (15}-{16}, tne

strategies satisfy the differential eguations

(17) f(x) = xv - (1 - k{c'(y)[(L = Gly))/gly)i,
(181 clv) = w - xv - Rr'()IF{x)/0(x) ),
where y = VIX) ana X - x{y) are on ihe trading vounaary, rix) - civl.

the efficiency of the equilibrium of the k-aouble auction is now

C
The k-doubie auction mayv have multipie equiilibria.  See Satterthwaite

and Wiliiams (1989) and leininger, Linhart and Radner (1989).



examined.

Sroposition - Jue Baves--dash eguilibriuam of fhe XK-douole auction 1ov atl

% € {0,1; is not interim incentive erficient.

Proot: Trom Proposition 3. tne trading boundary for tne x—douvbie aquctior

(19) wo- K (X)) G AR - it - ke (yy [l - GlyY eyl L.

Compare equation (19} with the interim incentive efficient trading vpounuarv

oo v Ny o W eyl i) LN - sxGE - udye ) ) ety - 0L buppose Ll oope
trading boundaries are equal.  Then, combining (19} and (20) implies that
ay — Kr'ix) 1 - 6(v) 1
{290) = —.
ay(l - Kjc'(y) - BxKr'(x) gly) W
Note that r'(x) » 0, c'{y) > 0. The equation implies that the left siae
does not depend on x, which is a contradiction. Q.E.D.

The etficient trading boundary invoives multiplicative iInteraction
terms involiving x and y while in the Bayes-Nash equilibrium of the x-doubie
auction. the trading boundary is additiveiyv separable in x ana v. This
suggests that the k-double auction does not amake efticient use or the

information possessed by the selier and buver.



3. The Virst and-vinai Offer daveaining Game 13 Not silicient

This sectlon examines tne senuentlal egquilibrium of a tirst-and-finag
offer baceaining came. Jhe ame i3 studied for the case in which e ouver
makes an offer, ana tihe serler then decides whether to accept or reject the
offer. Ail of :he conclusions appiy equaily to the case n wnich Lhe selier
makes an offer ana Che buver pakes a decision whether or not to meet ihe
offer. This svametrv occurs since noth parties nave orivate o:ormation
about the common virne,  This diffors from the stanagard approsen faonany
bargaining games in which oniy one partv has private information apout the
common value. There, the party making the first-and-finai offer is either
the "informed” or "uninrformed” purty.lu

Jor ease ol presentation, set the distribution of the setier ' s
intformation, {(x). be uniform on (0,11, The buver makes a1 seiticprent offor
clv). the seiicr onserves ¢f(y) and forms expectations aboul the ouver's
type y. Since the seller is risk-neutrai, it is sufficient to represent the
selier’s peliefs by the estimate of tne expected vaiue ol vy, ; = Y{e). The
seller accepts the settlement offer, ¢ = c(y), if and oniy il 1t exceeas the
value xv, that is., ¢ > x¥{(c). Thus, the seliler accepts oly) if and oniy if
the seller's information X is below a c¢ritical value: x < x{c¢) = ¢/ ¥(c).

The expected net benefit to a buver of type y obtained by offering ¢ is Utihen

The seqgquential equilibrium for the settlement bargaining pame consists

10, . . \ . . . \ L . . . .
I'nis 1s the case, [or example, in the models examinea bv Bebehuk

.
(1984), P'ng (1983), Reinganum and wWilde (1983), and Nalebur! (1987). See
Spuiber {(1985) for rurther discussion.



i soratesies oy oand X (e), ang berdels YUle) suecn enat:

{4)Y  The ouver cnooses ¢®{y)} Lo aaximize cxuociza net 2enelits,

; e NX{C} . Co -
V{ic.x™ ., %% v) = UN (w = xv - clax for alil v in [0,
A
{3} “the seller chooses the critical acceprance vaiue x%(c) = ¢/7F{cC)

that naximizes expectea net benetits: ana
(CY The selier's peliefs. ¥*(c), on the eguilibrium natn,
NEEE ) . . ] . . ‘
e Tley o= 0, are consistent with Baves' rure and oe buyer s

eguiiibrium strategy c*(v).

Attention is restricted to eguilibria that are separauving across seiler
types. Characterization of the set of separating eaquilibria aoes not
vequlre appilceation ol retinements o determine wnetner ©nere is oo dnlgue
equiiibria since the result holds for all equilibria of The seauentini
cauilibria game That are separating across selier tybes,

[t can be shown by incentive compatibility that c®(y) is nonaecreasing

in yv. The buyer's strategy satisties the first oraer condition

At a fully separaling equilibrium, the seller is able to invert the buver's
equiiibrium strategy c*(y) and correctly infer y, v = Y*¥{c*fv)). Thus. Uor

vaiues of ¢ on the cquiliibrium path, the criticai value x*(c) is given by

x#{c) = cs/y. Solve ifor v and substitute into (21} to obtain

—_—
ne
ne
~—
“
e
“
—

SW.



This aitterenyica coauation vields the seiler’'s equiiinrim sioraeoy

xF{c) = Ke” U, gnere f is o constant of intecracion.  Yote that xFU{e) -

CoW

(R/w)e Substitute for o) and SFU(e) in o the buver s Dirsc oarder

condition to obvain an impiicit solution of the buyer's equiliorium_sgratesy

c®(yv),

(23) cireyeget IR
The trading vpoundary 1s simpiyv X XE(eF(y)) or v o= yR(X), wnich soives
(24) CELYF(X)) — y¥F(x)x = 0.

Assume that the buver's strateey satistfies the second order condition for non

interior solurtion, v {c) < O, wnere

Vife) = (w +~ X¥(c)y - e)x¥"(y) - (x$'(c})$y
Note that x*"(¢) = x*'{c)/w. x¥'(c) = x*{c)/w, and ¢ = x*{cly so that tine
. 2 e
second corder sutfficient condition is V"(¢c) = (x*(c)/w Mx®(c)y - w} > O,

Proposition 5: The scquential equilibeium of tone Uirst-and-final otffer

barguining zame is not ex ante incentive efficient.

Proof: Since the settlement boundary in the sequentiaf equilibrium game 1is
invariant with respect to the distribution, G, we need only consider the

efficient soiutions that ¢o not depend on G. [n particular, let g Q.



sitnce F{x) 1s uniform, tne etfiicienc traging bounddry expressed as a

function of vy o is sinply w - ax(yv)v U. Compare with the trading boundary
in the sequential equilibrium, c*{yv) - <*(v)y = 0. These are not sguivalent
since c@(y) is decredasing in v. 5o, coie sedquentiail equilibrium (o vy
i3 not ex ante etficient. ANNOND

ine Mecharism

-

Ix oante efficient necnanisms can be impiemented DY o craaing process
pased on priority pricing. fhe vuver ana seliler tace payment scheduies
based on their announcements of the likelihood of trade. The announcements
are then used to determine wneiier or not traace takes piace. Ihe
announcemenis ol e (ixeciiooe of trade are consistent witn the bixedoiiiooa
ot trade in equilibrium.

We restrict attention o regular mechaniswms.  This is a restriclion ou
the ratio ol the scalar weights a and 8.
Definition: An efficient mechanism ([1%,5%) is said to be reguiar Iif ana

only ift

for ali x ana vy.

Suppose., for exampie, that the distributions ¥ ana G are uniform.
Then, the reguiarity condition requires g > «.

For reguiar mechanisms, the interim expected propvability of trade can

he written as follows,



it

{23) o) - gy TERaGly) b - Gy TN )
M
(26) 0oy ;; Flx,v)ab(x) - o d{xF(v) )
¥ )
where x -« x7{v) i3 I[pe Lrading poundary and v = vF{x) is ne averse

function.

Proposition &: vor regular mechanisms, the probabitity of trade. I"(x.v).

B "
is such that [i (x) is decreasing in x and Hy(y) is increasineg in v,

Proor: SVoregutarcity,

INFy) -iV(X“,y,GVBJ
SRR >0,
cv Py, 0. B)
since EV > 0 by regularity ana 1¥ < 0. So, aﬁg(x)/ax = oYX} )EVFI(xR)/OX
&
< 0 and Bﬁvky)/éy = f(xE(y))oxF(y) /3y > 0. O.E.D.
The trading boundary y = y¥{x) for a reguiar mechanism lIs increasing in

X by Proposition 6. This impiies that the unit square can be bvartitioned
into regions wnere the prebabiiity of trade equals one or zero Loc a
particular mechanism., The probability of irade equals one avove The |ine
y*{x) and zero below it. 7Two cases are {llustrated in Figures la and !b.
In Figure ia, for example, for y » y", bargaining will aiways succeed.
Figure 1b. in contrast, shows that with x > x', bargaining will not result

in crade for any v. in both cises, {rade requires y > y' for the buyer.



Wi Lionar cases are nossibie 3P vH{N) intersecis (e jower poundary.

A trading process can be designea basea on hirioriity nricing. Srloriey

nricing is a nricing system for allocating ranaomiyv Aval tabloe capaciiy {(see
Harris and Raviv (1981)). onder priority pricing, counsumers cnoose d £ank
order of service. paving more for a higher rank. After the avaliable

capacity has been voserved, the capacity is allocated to consumers 1n rang

order. his can be shown to be equivalent to a svsiem in which consumers
rhoose a probability of ebtaining a unit of che cooa, coederred o oas
reliabiiity, anu pay more tor greater reliability.

A trading process based on priority pricing can be constructed as
follows. Let . and T, renresent the likelibood of trage f{rom the point of
view oi ine selier and opuver, respecltively. The selier and buver tace
fnonlinear) nriority nrice schedules P () and P {w}. A tradine ruje

RS

delermines woether or not trade occurs, .Jifm .7 ) € (0.1, tiven the nrice

schedutes and the trading ruie, the selier and buver announce tneir

x H
estimates of the likelinooa ot traae, WoT The following is proved in tne
- J

Appendix.

Proposition 7: A regular efficient mechanism (IT¥,S%}) is implemented by a

trading process consisting ol priority price schedutes

., , _ L1 ey T 1 . ,_* D Y (e ) i

{27) }K(WK) ij(i) vaGiy) U{1) }X(W“) x(unxlx)/ox)g (2 )dx
\. ( i ) B

(28) Pt ) - wF(X*(Y(WY)) SERAL BN oM, (y)/3y)x*(y)dy

and the trading ruite hH,



e . R y
(29) U 1O B
T [ viherwise
where X(T ) is the inverse of w -~ [ {x) and Yir } is the inverse ot
he X X Y
k
s r
Moo Ly {y)

it can ve vemonstratea thac, ~iven the traaing rute i, a aigher s or

e

v

TTY ralses ine equitlibrium rikeiibwod ol trade. [t aiso can be veritica wnat
both priority price schedules are increasing in the announcements of the
likelihood oi trade. Therefore, the buyer pays more to obtaliln a nhicher
likelihood of rrade in eauilibrium, “he seller receives a Dicher —ovenue nw

increasing the equilibrium likelihood of trade. Thus, the priority pricing

trading mechanism provides incentives 1or ex ance etfficlent iciae.

7. Conciusion

The bargaining problem has been examined in the presence of information
externalities. Efficiency results obtained with independent private values
were shiown not to carry over Lo more general settings. The k-double auction
does not make full use of available information. Sequential signaling in
the f{irst-and-finui offcer barvaining game ailows the party making tihe ofler
to communicate intformation. iHowever, the decision to accept or reject tne
offer by the party receiving the offer does not adjust the irikelibood of
trade 1n a manner that rellects the information aboutr the wood's vaiue.

The equilibrium of the nriority pricing game addresses these problems.
The priority price schedules induce the sellcr and buver to reveal theic

types throueh their choices of the expected likelihood of t(raae. The
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Lransfer payment and trading Sue el depend on the private sndornation of

che seller ana buver in an eificient way. This suggests that more gencral

information struccures, sucn as Che one consiadered here, @aay reqguire sore

complex bargaining procedures.
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Appendix

Prooi o croposition 1: Let (8,]1) be a feasibie mechanlism.  Jien, ineencive

compatibtiity implies that ‘o {x,v)vaG{y) is nonincreasing in x and

-

Y

JO

ix v )xNdBF{x) is nonaecreasing in y by eqg. (3). indiviauar rationality

requires {i1) > 0 and V{0)} = 0. From eq. (1),

(A1) DETY - w0y - [1) To FUGR) Vv AT (x)dG )
1{‘] ‘) [(J THX. y)ydx) = (jf; TS, VIXAvY lar (5 pdG iy .

teesration oy parts ana the aefinition of U ana V vielas
" - . - i .
(A.2) S01) o N(0)Y = B - ROJD) - RO

so that eq. (7) holds.
S SO A G . . N . o
Converseiy, suppose that Jo II(x,y)vdG(y) is nonincreasing in x and
-1 . Cpe ) ) - - - .
5o THx,y)xdP(x) is nondecreasing in y, and that eq. (7) holds. let the

expecled payment S{X,y) nave tihe folliowing form:

) L1 -
(A.3) Six.y) = I T, v)dG(y)
- ja {jf vII(x. yvidxdGly)
i THNL Y w - Xy )R (x)

0



Voo
J() ] |E) SR

Taxineg the expectacion of ={x.v

{ACT)

~ |

fo 12

e

Sy(yl -8 ()

N — '
Thel‘efo[‘e )

(A.6) Ui{x.

vidyjafi(xy.

} o oover v

Gl over

THx L v IRydGiv)

vil(x, vy dx fdGly),

vi{w

Ny dE(x)

I(x, y)dy Tdi (x) .

Tix, v ixvdGiy)

[ix,y)xyaG(y)

S Gy Y)Y ey ) iar N as vy

Norields
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Rearranging rerms and apwiving the definition of integration gZives

" -

i{x.v)y - T vy an gy Gy

Since ja vil(x,y1dG(y) is nonincreasing in X, reversing the order of
integration in equation (A.7) implies U(x,x) - Ulx,x} 2 0 for alj
X,X € [0,1], which establishes incentive compatibility ol [T in X. simiiar

APFgUments nold or

it remains to be siown that (S.[1) is Individuaily rationai for both
parties since {(S.[1) is incentive compatible, U(x) Is nonincreasing in X and

V{y) is nondecreasing in y. So, it is sutficient te show that U(1) 2 0 and

V{0) > 0. rrom equations (A.4) and (1) and the definition of U,

- i _
1) o= S (x) - il Tix.v iy
Ull) sx(\) iy F{X,v)IxyaGiy}
4o ~ . ~
i, 1, T y)ydGly) fdx = 0.

From equations {(A.3) and (1), and the definition of V,

\7(0) = -5 (y) + Jpl

v 0 Ix.y)(w + xy)db{x}

- !y Lja H(x,?)xdF(x)]d?



&)
[

So. vi0d o= AUD - &0 - XD Jhs, oy oeg. (7). A0 oz 0. Thercrtorre,

che nechanism {S.[1) is individually cacional and (ncentive compatible.

Proof of Proposition 7:  Given tne irading precess {0 P ), laoc

—_— N 41

N

(X)), T _(v) reonresent o Paves-Nash cowldibrium, the erquilibrium stratecies

for the seller and buver naximize the followingg onjective tunctions.

1 X

Gl oLx) s P (T ) - (T T (v dGy)
KO NN 8] v
VT e () BT )T dE (0

Using integration by parts, it cian be shown that

1 1 . 1
, . R ) A6 v < - X aG{y
l\(“x) Cli1) JX(ﬂ“) J - vaG(yldx Jy4(x(ﬂ”;) \(ﬂx;xu (v
x Y (\) -~
X*(Y{m_}) Yim ) P
] T L o 1 RPN
Py(ﬂy) = J, (W af(hy))ui(h) i Jo XAl (x ) dy V{0) .

It can then be shown that the expected efficient probabilities ol trade,

* * ® iz
(HK(X).Hy(y)) dare Nash equilibrium sirategies. Turthermore, H{HK(X)'“y(y))
= [1*(x,v). Px(ﬁ;(x)} = S;(x) and PV(H;(y)) = S?(y). By the revelation

A . A \ l,' ;\,'
principle. the trading process implements the efficient mechanism (2%, S%) .

...
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