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1. Introduction

In this paper, a long-term contract is modeled in a form of
option : the buyer can obtain goods from the seller through
two purchasing channels. The first channel is the long-tern
contract of option. Given option price and contract price
{called as strike price) provided by the seller, the buyer buys
Q number of options and then on the day when the option
is expired the buyer has right to purchase Q number of goods
at the strike price even if the price in the market is higher
that strike price. We call this market on the day as spot mar-
ket and the price in the spot market as spot price. Applications
where such a setting is typical are markets for freight trans-
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portation services, in which carriers (seller) and customers
{(buyers) can enter into long-term contracts that specify prices
before the exact demand for the freight transportation is
known, and in which customers (buyers) can also purchase
transportation services when the exact demand for freight
transportation is known. Typically, it is assumed that the
transactions of option does not affect the price of the under-
lying products. However, in this paper, we consider the mod-
el where option contract do affect the price of the product.
We call this as endogenous property and it can be explained
in the following sense : the spot price on the day depends
on the number of options sold to the buyer, that is, the pricing
decision of the seller is affected by the purchasing decision
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of the buyer. Moreover, to decide how many options to pur-
chase, the buyer needs to estimate the spot price on the ex-
piration day of option. In most literatures, the price in the
future market is assumed to follow a known exogenously
given probability distribution and the buyer assumes to know
its distribution. However, the former assumption is imaginary
and the latter one overestimates the buyer. So, we need more
reasonable and practical assumption for the buyer’s price-es-
timating method for the spot price.

A classical model in economic literatures where prices
might be subject to periodic fluctuations is Cobweb Model.
[11] describes it as cyclical supply and demand in a market
where the amount of production must be chosen before prices
are observed. Producer’s expectations about prices are as-
sumed to be based on observations of previous prices. The
main outcome from Cobweb model is that price converges
to the equilibrium price if the slope of supply curve is greater
than the slope of demand curve. It does not address any con-
tract between buyer and seller before the market opens but
gives a very simple model regarding price learning process
from previous market.

To see what kind of information the buyer obtains and
how the buyer processes the information in order to estimate
the spot price, the following assumption is made on the buy-
er’s estimating behavior : There are multiple periods in each
of which there are two purchasing channels for buyers, the
option type long-term contract and spot market. In each peri-
od, the buyer has seen and learned the spot prices in the
previous spot market (information), and then forecasts the
spot price in the next spot market with an estimate which
is an average of the spot prices observed in the past spot
market (process of the information). So, the buyer’s purchas-
ing decision is made based on an estimate averaged by the
previous spot prices. Moreover, since the seller should decide
the spot price on the expiration day after seeing the buyer’s
purchasing decision on the option, the spot price, which is
the seller’s decision, is affected by the buyer’s option con-
tracting decision and thus depends on th previous spot prices.
This implies that the spot prices are not independent, and
moreover that the spot price is not exogenously but endoge-
nously decided. These findings raise interesting questions :
1. How would the seller’s spot pricing decision be affected

by the buyer’s contracting decision?

2. Do the sequence of the buyer’s contracting decisions and
learning estimates have a finite limit?
3. If so, how can they be characterized and related?

The impact of the buyer’s dynamically learning behavior
on the seller’s pricing decisions in multiple periods has not
been well studied in the existing literature.

2. Literature Review

In the operations research area, the application of quantita-
tive techniques or models have been used to improve profits
by controlling the prices and availabilities of products. In
almost every instance of published work, the starting point
of the analysis for quantitative techniques and models is
some set of assumptions regarding an underlying demand
process based on an estimate for price.

In the traditional operations research area, demand process
assumes that the demand at a particular point in time does
not depend on the prices or availabilities of products at other
points in time. Under this assumption, there are quite a large
literature on the interaction between long-term contract and
spot market. In [4], they present a static model where the
selection problem of the long-term vs. short-term contract
for a risk-averse buyer. Short-term contract in this model
means the purchase of parts/goods in the (spot) market which
should be immediately delivered to the buyer. The model
is used to analyze the tradeoff between benefit of price cer-
tainty, cost improvement and fixed expense offered by the
long-term contract and the flexibility and zero-fixed expense
offered by the short-term contract. It shows that long-term
contract may not always be optimal and introduce the con-
ditions under which the short-term contract may be better
off. {7] considers the impacts of a Internet-based secondary
market in a two-period model where resellers can buy and
sell excess inventories at the second period. However, the
resellers can not buy any additional product from the manu-
facturer (supplier) at the second period but only order the
products at the first period. Then it shows that the secondary
market always improves allocative efficiency but total sales
for the manufacturer at the first period may increase or
decrease. [10] studies the role and value of B2B exchanges
and their interaction with supply chain contracting. They con-
sider two-level but three-stage supply chain with multiple
sellers and buyers where forward-type contracting (first lev-
el) in the first stage, participants’ reception of private in-
formation in the second stage and a B2B exchange {(second
level) as a spot market in the third stage are considered.
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They derive the equilibrium on the clearing price, contracted
quantities and the traded quantities of product, and inves-
tigates the effect of B2B exchanges on the four factors such
as changes in industry structure, information effects in the
second stage, volatility induced by the multiple manu-
facturers and price flexibility. [6] address the integration of
option contract via spot market and survey the underlying
theory and practices using the option in support of emerging
business-to-business markets, It refers the option contract as
long-term contracting and spot market as Business-to-Busi-
ness exchanges and gives an excellent literature review on
this option contract market. [13, 14] models contract between
single seller and one or more buyers where the non-scalable
goods or services are sold. By assuming that the price in
the spot market is uncertain but its distribution function is
common knowledge to both buyer and seller, it shows that
the seller’s optimal pricing policy is to set the strike price
to the marginal cost and characterizes the condition for the
existence of positive option contract. It is also shown that
if the seller can sell all its residual goods in the spot market,
then the seller will not make any option contract with the
buyer. In its model, the price in the spot market assumed
to follow the given probability distribution but not to be de-
termined by the seller. This implies that the price in the spot
market is independent of the option contract. [12] models
the competition problem between procurement auction and
long-term contract. It considers a tow-layer supply chain
where muitiple suppliers of a “part” transact with a set of
manufacturers that utilize that part in the production of an
end-product. Then, an auction-based e-market is used for the
procurement of low quality parts and long-term relational
contracts are employed for the procurement of high quality
parts. (So, the manufacturer as a buyer purchases goods of
different quality in each market.} It shows conditions under
which each procurement mechanism will prevail and push
the other out of the market, as well as conditions under which
they coexist.

Models in above works somewhat underestimate the buy-
er’s sophistication when making contracting and purchasing
decision. However, recent works have developed models in
which buyer’s choice, that is demand process, depends on
the prices or availabilities of products at multiple points in
time. [1, 2, 5] consider the strategic buyer who takes into
account the given future path of prices when making pur-
chasing decisions and that the buyer make a purchase only

X1

if his/her current surplus is larger than the future expected
surplus. They assume that the buyer knows exactly the future
price path, which is the seller’s decision. [9] considers the
strategic buyer who is fully rational as commonly used as-
sumption in game theory and the seller who even know that
the buyer is strategic. They assume that the buyer knows
how to use stochastic dynamic programming to evaluate
his/her expected profit and to find optimal purchasing timing
and even that the buyer knows and soives the seller’s ob-
jective function to find seller’s optimal pricing decision.
Then, it shows the existence of a unique subgame-perfect
equilibrium pricing policy.

However, the above recent works overestimate the buyer’s
sophistication when estimating the seller decision which is
price. As shown above, much of the existing literature make
an underestimated or overestimated assumption on the buy-
er’s estimating strategy on the price, and those models are
somewhat restrictive and unrealistic. So, in this paper, we
want to make more practical and reasonable assumption on
the buyer’s price-estimating strategy.

3. Notations and Assumptions

The following notations are used in this paper
(1) ¢= production cost
(2) K= strike price
(3) == option price
(4) Q,_ number of options in period n purchased by the
buyers
(5) q,, = number of options to exercise in period
n(g,, < @)
(6) g,, = number of goods purchased in period n through
the spot market
(7) g, = total number of goods purchased through both op-
tion contract and spot market, (g, = g,,+ g,,)

®) p,

spot price in period n

Assumption 1 : The buyer’s utility, denoted by Ulq), is a
quadratic function of his/her total demand,
denoted by q, and given by

U(Q)E_Qiqu"‘ %tz

where a and b are constant with a — be = 0.
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4. Model

In this paper, we consider the following model setting:
Multiple periods are considered and at each period there are
two stages of decisions between the seller and the buyer.
Suppose that we are in period n. In the first stage, the seller
offers an option price w and strike price K to the buyer.
However, the buyer does not know the spot price p,, in the
second stage yet. Thus, the buyer needs to forecast the spot
price p, and needs to use and estimate p,. Based on this
estimate, the buyer decides how many options to buy @,.
In the second stage when the option is expired, the seller
decides the spot price p, for each good, and then the buyer
decides how many options to exercise g,, € [0, Q,] and
how many additional non-contract goods to purchase through
the spot market ¢,, € [0,00). Now, we need an assumption
regarding what kind of estimating method a buyer would
use to forecast the spot price. Since we consider multiple
periods of two stage problems, we have a sequence of two
stage problems so that a buyer can observe the past spot
prices and keep learning one more spot price in each period.
Thus, we assume that a buyer uses an average of past spot
prices py, py +++, P, to estimate the next spot price p,, that

is, p,= ﬁzpl As seen above, this model setting is
a Stackelberg-type game continuously repeated between buy-
er and seller. Section 4.1 and 4.2 will introduce the buyer’s
and seller’s problem in each stage and give the buyer’s and
Seller’s optimal decision. In section 4.3, the convergence re-
sult is shown for the sequence of the solution from the
two-stage problems which are the buyer’s and seller’s de-

cision.
4.1 Buyer’s Problem in Period n

In period =, a buyer should make two stage decisions
the first of which is how many options to contract given
option price = and strike price K based on the estimate for
spot price, and the second of which is how many option
to exercise and how many additional non-contract goods to
purchase in the spot market based on the options contracted.
To make the first decision, the buyer should solve his profit
function given by;

max f(p,)(Q) (1)
Q=0

= max Ulg,) ~7Q — Kyq,,— ;)nQS,n
Q=0

where p, is an buyer’s estimate for the spot price p, on
the day when option is expired. As assumed above, an aver-

, . 1 S ,
aged estimate p, = ;_—121% is used as an estimate for
~

the next spot price which is a simple but very practical esti-
mating method. Now, let @, be an optimal number of op-
tions to contract in period . Thus, it is an optimal solution
to (1).

Now, to make the second decision, the buyer should solve
the following problem with given strike price K, spot price

p, and option contracted Q,;

max R(%,m qs,n)
Qorss.n

max U(qn) - qu,n - pnq&"
9o.n%s.n

= max U(qn)—an”‘ (K_pn)qs,n

Go,n:qs,n

where ¢, = q,, + g,, is total demand and ¢,,, < @,. The
following results show the buyer’s optimal exercising and
purchasing strategy in Theorem 1 and the buyer’s optimal
contracting strategy in Lemma 1. (See [8] for the proof.)

Theorem 1 : Suppose that buyer’s utility function, U(g,),
is given as Assumption 1, the spot price is p,
in the spot market and the number of options
purchased by buyer is @,. Then, the optimal
number of goods to buy in the spot market,
g, > and the optimal number of options to ex-

ercise, ¢,,, are given by :

U= Qo T s =

0+0 if%Spnand%SKn

0+ (a—bp,) if pnﬁ%andpnék;l

a—
(a—bK) +0 if ,,bQ" < K < % and K, < p,
Q,+ (a—tp,— Q,)
ifK, <p, < an
a— @,
Q,+0 if K, < —"<p,

where g, is total optimal number of goods to purchase

though both option contract and spot market.
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Lemma 1 : Suppose that, in period n, p, is an estimate used
for the next spot price p,, and that the buyer does
not know the seller’s pricing policy. Then, the
first-order derivative function of f(p,)(Q) with
respect to @ denoted by Vf(p,)(Q) exists and
is given as follows : If a — bA < 0, then for all

Q=0
vip Q) =-n
Otherwise
Vip) (@)=
{-w(;}n—m*—(zn—?;bgw for Q= a—bK
- for a—bK < Q

Using Lemma 1, the buyer’s first decision can be made.
If a— bK <0, since, for all @ = 0, we have

Vip Q) =—=

, the contracted options in period n is 0. Otherwise, since
we have

Vi )(Q=
{—w+(§5n—m*—({)n—“—;g)+ for @< a—bK
-7 for a—bK< @

, the contracted options in period n is @, such that

~ 0@,

1t (5, = B (5, = S =0

4.2 Seller’s Problem in Period n

Given the number of contracted option @,, the seller in
the second stage should decide and offer the spot price in
the spot market. Let p, be the spot price in period . Then,
seller should solve her profit function,

pa(p) — eq(p)
subject to p < K
max plalp) — q,) + Kq, — cq(p)

subject to K < p
%< @

max

o H

where the first objective function does not have the revenue
from the exercised options Kg,, since the spot price, p, is
less than strike price A and thus buyer does not have to
exercise any option. Theorem 2 shows that the seller’s pric-
ing decision, which is the spot price, depends on the buyer’s
decision. (See [8] for the proof.)

Theorem 2 : In peried n, given the number of contracted
options ¢, the seller decides the optimal spot
price p, as follows

a ¢ ., a . c
24 = el TS
%32 ifptg =k

P [a.. "4 £ 4 otherwise
max T Ty

The spot price, p,, is a non-increasing function in the
number of options purchased by buyer, Q..

4.3 Convergence Result for Estimated Spot
Price p, and Actual Spot Price p,

In previous sections, we introduced a seller’s optimal pric-
ing strategy p, and a buyer’s optimal contracting strategy
@, which depends on an estimate p, for p,. Since buyer
makes a contracting decision ¢, based on Do Q, is a func-
tion of p,. Also, since seller makes a pricing decision based
on buyer’s contracting decision @),, actual spot price p,, is
a function of ¢),. This observation implies that three se-
quences (Q,, p,, p,) are related. Thus, in this section, we
will see if (Q,, p,, p,) converge. If so, we will see how
the limits are related and how they are characterized, Lemma
2 shows that if one of Q,, p, and p, converges, the others
also converges. Theorem 3 gives a sufficient condition for
which p_ converges and the characterize the relationship of

its limit with others.

Lemma 2 : Suppose that p,, converges to some finite limit
p*. Then, p, converges to p* and @, converges
¢* such that

V@@ = —m+ (- B — (pr— 2 )

=90
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Proof : If a—bK < 0, then Vf(p )(Q) = —nx for any
;5,;6[0,00) and all n>1 by Lemma 1. Thus, for

a

aln=1, @ =0and p,= %

+% by Theorem 2.

— n—1
Moreover, p, = ,p, = Zib+§ for all n = 1. Thus,
i=1

obviously, p,, @, and p, converge. Now, suppose

a—bK = 0. There are three cases we can consider:
p*> K, p*= K and p*< K. First, for each case, we
show that Vf (;z;,;)(Q) converges uniformly to

Vi@ in @=0.

(i) Suppose that p*> K. Then, take any >0 such that

p*—e>K. Since p, converges to some finite limit
p*> K, there exists a finite integer N(e) < oo such that
for all n > N(e)

Ip,—p* <e
Now, by Lemma 1, for all Q< [a— bK, x),

IV HQ —VIp)(Q)] = -7+l
=90
< €

For all Q€ [max[a— bp*,a— b;;)n],a— bK] ,

IV(3.)(Q —vip)(Q)

—l—r+ (p,— B = (5,~ LD+

b
+m=(p*— K)"+ (p* - a—me
—l= 7+ (5~ K= (5, 259
+w—(p*—m+(p*—¥)l
<ol
<e€

For all Q& [min [a—bp*, a—bf?n], max [a — bp*, a —

bf[;n]], consider p, < p* which is o — bp* <a—bp.

V(3. )(Q) - viE)(Q)
——nt (- B — (5, — 2= @)t

+r—(p*— B+ (pr— 2= )7

a—@Q
)

= |-t (= B om0t = ) + (-

- a—Q
Pn b

< |pn— ¥
< €

Consider p, > p* which is a— bp* >a—bp.

IV (p.)(Q) -V ip*)(Q)

=t (- K (5= 25

+r—(p*— K"+ (p*“g-—b—Q)ﬂ

= |7+ G- 00— 5~ 25D 4= 7 - B

< |p*—p,|
< €

For all Q€ [0, min [a—bp*, a_bI;nH’

V()@ - Vip*)(Q)

et (- B (= 22D
+r—(p*— K)"+ (p*—LbQ)*l

= |-+ (p,— KB+ 7~ (p* — K)|

=|p,— p*

<€

So, if p*> K, Vf(p,)(Q) converges uniformly to
VF(p*)(Q) for all @ = 0.

(i) Suppose that p* = K. Then, take any € > 0. Since p,,
converges to p* = K, there exists a finite integer
N(e) < oo such that for all n > Me)

Ip, — p*| < € equivalently |p, — K| <e

First, consider n = MN(e) with p, < p*. Then, by Lemma
1, for all Q= 0, if Q= a—bK, thenVf(p,)(Q) = —m.

Otherwise Vf(p)(@Q =—7+(p,—K) " —(p,— a_b Q)+

= —r since p, < p* = K. So, forany n > 1 with p, <
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P*,

V(. )(Q - vip(Q) = l-r+xl
=90
< €

Second, consider all n > Me) such that p* < p,_ < p*+e.
For all Q€ [a— bK, »),

Vip ) (@~ Vi) Q)| =I—n+nl
=0

< €
For all @& [a— bz;ﬁ,'a—bld, where a— bK = a— bp*,

v G.)(@ - )
=l-7+ (= B (- 29
7= = B+ (pr — 222

|-t - B = (= 252 4] -

fe-

52K

(since p* = K)
< |p,— p* (since @ > a—bp, andp, > p*)
<e€

For all Q€ [0,a-bp,],

Vi p Q- vipH(Q)

=l=n+ (5= B = (5, 22D

+a—(p*— K)"+ (p*“%-g)*l

=]—7r+ (]N)n—]()'i'ﬂ)t
=|p,~ &

=|p,—p¥ (since p* = K)
< €

So, if p* = K, a fanction Vf(p,)(Q) converges uniformly
to Vf(p*)(Q) for all Q= 0.

(iii) Suppose that p* < K. Then, take any ¢ > 0 such that
p* + e < K. Since p, converges to some finite limit

p* < K, there exists a finite integer Me) < oo such that
for all n = M)

b, —p* <e

which implies that, for all n > Me), p,< K. Then, by
Lemma 1, for all @ = 0 and all n = Me),

vip)(Q
= vip*)NQ)
-7 if@=a—~bK
— = +__ (= a— @
B —:ijrpn_m ~lns b " otherwise

since p, < p* = K. Thus, for all Q > 0, trivially we have

IV (p Q= VI NQ) = |—m+n]

= {)

<e
Therefor, for any p* € R, a function Vf(p,,)(@) converges
uniformly to V£(p, Q) for all Q@ > 0. Now, we need to
show that ¢,, which is a solution to V£(p,)(Q) = 0, con-
verges to some finite limit, *, which is a solution to
Vf{p*)(Q) = 0. Due to the uniform convergence of Vf
(p.)(Q), there exist ¢, and a finite integer MV, (¢) such that
for all n > N(e)

VN @*) - vi(p)(@%)] < ¢
Equivalently,
Vi )(@)] < ¢

Moreover, for any @ > 0 such that V(p ){(Q) is strictly
decreasing, its slope is -%. Now, for all n = N, {(e), con-

sider @, such that Vf(p )(Q,)=0 and @, = @*. Then

‘a‘“IVf(I;n)(Qk) - Vi) (@)
bl Q.- ¢
V(@) — v i) (@) ._=a

- 1Q, — & 1Q, — &

So, for all n > A, (e) and all @, such that Vf(p, ) (@) =0
and @, = ¢,
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*Qn_ Qk‘ < %61

Therefore, @, converges to @*. Since

a ¢ a , ¢

g e Ty
b= 2% 2 g ty=k
n " -

max [a sz" + —;l,](] otherwise

is a continuous function of ¢, p, converges to

a (& a C
— = if —+ — <
o = % ' 2 Hpty=X
a— C .
ma.x[ QbQ‘: -+ -5,4 otherwise
Thus, p, = 7., p, converges to p. as P, CONVerges to pa.

Due to the assumption that p, converges to p*, p« should
be equal to p*. Thus the result holds: If p, converges to

some finite limit, p*, then ¢, and p, converge.
0.E.D.

Now, Theorem 3 shows that there exists a sufficient con-
dition for which the buyer's estimate p, for the spot price
converges. Also, Theorem 3 characterizes a relationship be-

tween limits of Z;; and @Q,.

Theorem 3 : Suppose that for @* is the unique solution to
following equation

— 7+ (p* —K)*'—(p* = "_Q)ﬂk =0

b
where
a [+ a [+
— 4+ = iF — <
w2 oty =k
a— g ¢ .
max [ % + 5,4 otherwise

Then, as n goes to co, p, converges to p*.

Proof  Let T,= p,—p* and Z =|T,f.

2
Zn+

i

~ 9 |~ 1 .
:] Tn+lI2= ‘pn+1_p*l = pn + E(pﬂ—pn) —p*

2 2

1 —
=|p—p*+t—(p,—p)| =

1 —
T +=(p —
wt o (pa =)

1 ~ 1 ~
=Z,+2— Tn(pn _pn) + —E}pn _pn1
n n
where the third equality holds since

~ 1 &
Pp+1™ 'T'l"}:lpz
i

- i o
=p,+ ;(pn—pn)

Let F,, be the o-field generated by {p,_1, p,_o > p}. Then,

E[Z71+1,Fn]

|7, ]

n

2 T
=E[Zn+ng(pn_pn)+ E\pn—pn

2 ~
F ]+ BT, (0, —p,)IF,]
1 ~ 2
+E{?lpn —pn'{ iFn]
2 ~ 1 ~ 9
:Zn_’_;Tn(E[pniFn]_pn)+_7?|E[pniFn]_pn|
Now, we need to show that the second term is strictly

negative for all n > 1 if p, = p*. WLOG, suppose that

p, < p*, (The other direction can be shown in the same

way.) Then
Vip Q)
=—n+ (}En— K- (;l;n— a—bQ)+
< -7+ (pr— KT (p* - E_TQ-V
= vi{p*)(Q)

Also, since Vf(p*){@) =0 has a unique sclution by as-
sumption, @ < . Thus, we have

Elp,|F,]
a ¢
—max{%Jr;,KT
a ¢
max[a-b—+5,li’]
= p* if gt < K
EW[I)'HJF;?/J
-Q, ¢
=max| % +EQK]
—¢ ¢
> max| % + 2J(]
* otherwise
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and

T.(Ep,F,] - p,)

=(p,—p*)(Elp,JF,] - p,)

=(p,— p*)(Elp,|F,] - p*+p* ~p,)
=(p,—p*)(Ep,F)-p*)+(p,—p*) p*~p,)
< —(p*-p,)

<0

where the first ineuglaity holds since p,<p* and Elp,|F,]
> p*. Now, take any € > 0 such that —|7.*= (p, — p*)(p*

—p,) < —e. Then, we have

T,(Elp,|F,) — p,) < — (p*~p,)} Q)
< —e¢
Therefore,
E[Zn+1|Fn]

2 ~ 1 ~
=Zn+_Tn(E[pn|Fn]_pn)+ —2|E[pn|Fn]—pnlz
n n
2 2 ~
< 1+ 2, + T, (Elp,|F,] - p,)

1 -
+ 2|E[pn|Fn]_pn|2
n

We know that 2010%< oo and Eoloiz< . So, by
n

Super-Martingale Type Lemma (See [3]),
Z—~>Z<oo and — ¥, %TH(E[pn|Fn]-1~)n) < oo
n=1

Suppose that Z = 0. Then, there exists € > 0 and NV < oo,
such that for all n > N, we have |7}|> e and liminf—T,

(ElpJF.]—p,) = €> 0 by (2). So, we have
co 2 -
n=1

But, this contradicts to

- g}%Tn(E[E[pann] —ZanFnD <

Therefore, Z,— 0 which is |p, — p*['— 0.

Therefore, p, — p* . Q.E.D.

By Lemma 2 and Theorem 3, we find a sufficient con-
dition for which buyer’s estimate p,, actual spot price p,

and the contracted option ), converge.

Corollary 1 : Suppose that for @* is the unique solution to
following equation

b
where
a c a c
4 = =4+ = <
p* = % 2 Mg ty=X
a— @ ¢ .
max % + 5 K| otherwise

Then, as n goes to oo,(p,,p,, Q,), converge to {p*, p*,

).

Proof : By Lemma 2 and Theorem 3, (p,,, p,, @,)converge
to (p*,p*, @°). Q.E.D.

5. Conclusion

A buyer’s behavior responding to a price of good has been
an important issue, which actually influences on the contract-
ing or purchasing decision. In this paper, we consider a mod-
el using option-type contract in which there are two purchas-
ing channels for buyer: The first channel is an option con-
tract before knowing the actual spot price on the day when
the contracted option will be expired. The second channel
is the spot market which is open when the option contract
is expired, the seller decides the spot price for the good and
offer it to the buyer. Moreover, we consider a case where
this two stage of purchasing channels repeats in many periods
so that we will see the sequence of option contract and spot
market. Thus, there is a chance the buyer can learn the spot
price from the past spot markets. We assume that, as an
estimate for the spot price in the future spot market, the buyer
use average of the past observed spot prices. So, we analyze
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a model in which the buyer makes option-contracting deci-
sion based on an estimate for the spot price in the future
market and the seller makes pricing decision based on the
buyer’s option-contracting decision. Consequently, we have
answered the following questions :

1. Long-run behavior of buyer’s estimate I,);: Zpi
i=1
2. Long-run effect of the buyer’s contracting decision @,
on the seller’s pricing decision p,

3. Sufficient condition for which the sequence of buyer’s
price estimate to converge.

The second result above implies that more options are con-
tracted by the buyer, the lower spot price will be made by
the seller. More option contract will cause the seller to lower
the spot price in the spot market so that the buyer would
be enticed to buy additional product from the spot market.
In the third result, the sufficient condition for convergence
means that there is an unique equilibrium between the seller’s
pricing policy and buyer’s contracting policy so that the buy-
er’s estimate for price will finally approach the market
equilibrium. Moreover, we have shown the long-run relation-
ship among the buyer’s estimate, buyer’s contracting deci-
sion and the seller’s pricing decision.
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