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1 Introduction

To model arbitration, it is assumed that each dis-
putant has an estimate about the fair settlement of
the arbitrator. Disputants may have a common esti-
mate, as discussed in (2], or different estimates, as dis-
cussed in [1]. [2] presents a new arbitration mechanism
double-offer arbitration (DOA) and analyzes DOA un-
der the assumption that disputants hold the common
estimate. The results show that DOA may lead to a
convergence of offers. [1] gives an analysis of FOA un-
der the assumption that disputants may have different
estimates but the estimates are common knowledge.
The main result shows that FOA is impossible to in-
duce the convergence of offers. This paper intends to
investigate DOA under a similar assumption of {1]. We
introduce a fuzzy variable which describes the word
“close”, and show that it is possible that DOA induces
the convergence of offers.

For notational convenience, in this paper, a dispute
is described as to determine a price z for a transaction
between a seller s and a buyer b. Of course, s hopes
a high z and b hopes a low z. The arbitrator’s fair
settlement is denoted by z4, which is not completely
known by s and b. However, s (b) estimates z4 as a
random variable with probability density function f,(-)
(fs(-)) on (—oo0,00). Their distribution functions are
Fy(-) and Fy(-) respectively. This paper supposes that

fs(') # fb()

2 FOA under Different Infor-

mation

At first, as in [1], we introduce an auxiliary function
¢(z) = Fo(z)(1— Fs(z)). This paper assumes that ¢ is
differentiable and it is maximized at a unique point my.
Therefore, ¢'(mp) = 0, hence (1 — Fy(mq))/fs(mo) =
Fy(mo)/ fo(mo).

If two offers do not converge, then under FOA the
expected payoffs to two disputants s and b are
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Theorem 2.1 [1] Suppose that f,(-) and fy(-) are dif-
ferentiable at mg, then

1) if

{ 2f(mg) > Fy(myg) f3(ma) (2.1)
2£2(mg) > —(1 — Fy(mo)) £ (mo), ’
then
{ zh = mqg + 1770
Fy(mo
Ty = Mo — fs(mo)

are local Nash equilibrium offers under FOA;
2) the above local Nash equilibrium is global if and only
if

I Fol@)da 2 281~ Fy(mo)) for t >z}

f,:zo fo(z)dz < ‘j%f(Fb(mo)) for t < zl.

Corollary 2.1 The convergence of offers under FOA
is impossible.

3 DOA under Different Infor-

-mation

3.1 An Introduction of DOA

DOA separates disputants’ estimates from their de-
mands and let both disputants give double offers. In
other words, two disputants s and b are required to give
double offers (z5,y5) and (xs,s), respectively, where
z, and z; are called the primary offers while y, and
y» are called the secondary offers. Based on these, the
arbitrator, with fair settlement 24, determines his set-
tlement as described in the flowchart of Figure 1, where

Cs(xsa yslza) = alys - msl + (1 - a)(ys - za)
Ch(xb,Yb]2a) = alys — o] + (1 — @)(2a — ¥s)
are called the arbitrator’s criterion functions for s and -
b respectively. Note that in the criterion functions, a
parameter @ expresses a weight on two terms, which is
announced by the arbitrator before arbitration.
Let (z.v;,z;,y;) be possible Nash equilibrium of-
fers of s and b under DOA.
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Figure 1: Flowchart of DOA

Lemma 3.1 z; > y; > y; 2z and ) -z} 2 zg—zg.

In DOA of Figure 1, the word “close” is described
by a fuzzy variable. In other words, distance ¢ € [0, C]
is thought to be “close” with probability h(t); where
h(t) € [0,1] for all t € [0,C]. For convenience, we
assume that
1= Fy(mg) | Fy(mo) _ o — o

fs(mo) folmo) — 77 ¥
which says that the offers under FOA are not close.
Furthermore, h'(t) < 0, since a shorter distance means
closer. We also suppose that h'(t) always exists.

Let

C<

(1= 20)(ys + 3) + @(z5 + 2s)

2(1-a) |
By Lemma 3.1, the expected payoffs to players s and
b are as follows:

A= A(:l;a, Ys1Tby yb) =

v = (B - m) M- w)

+(~7".s - 171,3)(1 - h('ys - yb))

+($b - zs)Fa(A(zayys, Tp, yb))(l - h(ya - yb))
Uy = (7774» - %ﬂ) h(ys = ¥»)

+(mp = ) (1 = h(ys — 1))
+(zs — 25) Fo(A(Zs, Yoo To, ¥5) ) (1 — h(ys — ¥5))

3.2 Nash Equilibrium Offers

Checking the first order conditions, we know that
the primary offers are:

T, =1mgz+
Ty =mg —

where m, satisfies

1-F,(mg) 1-a
fi(mo) «
Fy(mo) 1—-a

fo(me) o

(3.1)

(1 = 20)(ys + 35) + 20m,
mo = .
2(1-a)

On the other hand, if fs(mg) = fo(mo), then the
first order conditions with respect to y require that the -
secondary offers are y; = my + u, y; = my — u, where

My = mg = my,

and u satisfies

Lh(2u) - 1522 (1 ~ F,(mo))(1 — h(2u))

+(2F4(mo) — 1) 152 LoFemal pr(2y) = 0.

(3.2)

By further checking the second order conditions, we
have

Theorem 3.1 If h,"‘(t) > 0, fs(mg) = fo(me) and
(2.1) holds then (z},y;,zy,y;) satisfying (3.1) and
(3.2) form a local Nash equilibrium.

Example 1: F,(z) and Fy(z) are uniform distribu-
tions on [0,1] and [~1/2,1/2] respectively, @ = 1/3.
Then m, =m, =mg =1/4, 2} =7/4, z; = -5/4. If

. e ot 1 H
_ =3 =3 ift e o, 1]
me) = { 0 otherwise,

then h"(t) > 0. Furthermore, the solution of (3.2) is
u = 0.235 therefore y; = 0.485, y; = 0.015. Since
ys — y; = 0.47, this distance is thought to be close
with probability h(0.47) =0.4 > 0.

In the above example, = 1/3. If a — 0, then
the probability that secondary offers are thought to be
close becomes high. However, according to (3.1), two
primary offers are more divergent.
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