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+is paper considers the procurement mechanism with two supply channels, namely, an option contract purchase and a spot
market. For the mechanism, under the stochastic demand and the stochastic spot price, we consider the portfolio procurement
with the spot trading liquidity and the option speculation respectively. To maximize the buyer’s profit, we establish two optimal
portfolio procurement strategy models for those two scenarios. Based on the buyer’s cost-benefit analysis, we present a solution
method to each model and provide an optimal ordering policy to the buyer. By the obtained results, we analyze the role of the spot
trading liquidity and option speculation in a buyer’s expected profit. Some numerical experiments are presented to show the
validity of the formulated models.

1. Introduction

As an important supplement to the e-commerce, the spot
market with the stochastic spot price plays an important role
in commodity trading. For instance, in China, there are
more than 200 spot markets providing spot trading of bulk
commodities, and up to 60% of iron ore is purchased from
the spot market [1]. In the United States, about 30% of
memory chip and 60% of meat packing are purchased from
the spot market [2], see e.g., [3] for a comprehensive review
on spot market.

Although the spot market provides a flexible channel for
trading of commodities, the stochastic of spot price and the
liquidity of spot trading make the spot market unreliable.
Compared with the spot market, supply contract, i.e., long-
time contract or option contract, can guarantee the stability
of the supply to buyer. Nevertheless, the supply contract has
the risk caused by demand uncertainty. As a consequence,
the portfolio procurement strategy which combines the
supply contract and spot market is generated to cope with
the stochastic demand and the stochastic spot price. It is
reported that the Hewlett-Packard (HP) engaged the port-
folio procurement with the option contract and spot market

to meet the demand, and its portfolio procurement had
saved HP over $425 million from 2000 to 2006 [4].

As for the research of the portfolio procurement with
spot market, there are mainly two streams, one is on the
long-time contract with spot market and the other is on the
option contract with spot market. For the first stream, Peleg
and Lee [5] compared three procurement strategies based on
the buyer’s expected cost minimization: a long-term strat-
egy; a short-term strategy based on spot market; and a
portfolio procurement strategy of the both. Chen and Liu [6]
compared two procurement strategies: single long-term
contract and the portfolio procurement with the long-term
and the spot market and showed that the portfolio pro-
curement can generate a higher buyer’s profit than the single
long-term contract. Goel and Gutierrez [7] considered the
portfolio procurement and distribution policies for a firm
and indicated that the portfolio procurement leads to sig-
nificant reductions in inventory-related costs. Lee et al. [8]
considered the portfolio procurement with the significant
demand and spot price volatility and showed that the profit
is higher for the spot market than for the long-time contract.
Chen et al. [9] considered the portfolio procurement with a
stochastic inventory, wherein prices follow a Markov
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process. Adilov [10] considered the portfolio procurement
from the perspective of the supplier. Inderfurth et al. [11]
considered the multiperiod portfolio procurement with the
short-term procurement of the spot market and the capacity
reservation of the long-time contract, and so on [12–17].

For the second stream, Fu et al. [18] showed that the
portfolio procurement strategy is superior to the single
option contract or the spot market procurement strategy. Pei
et al. [19] considered the portfolio procurement with volume
discounts and volume premia and provided links between
production and spot market characteristics, contract design,
and efficiency. Zhao et al. [20] considered a two-stage
portfolio procurement with the demand information
updating. Merzifonluoglu [21, 22] studied the portfolio
procurement with a special case that the demand obeys
normal distribution. Luo and Chen [23] considered a single-
period supplier-manufacturer portfolio procurement where
the supplier is with a stochastic yield. Lee et al. [24] con-
sidered a multisupplier portfolio procurement with capacity
constraints. Wan and Chen [25] considered the multiperiod
and dual-sourcing replenishment portfolio procurement,
and so on [26–31].

+e above research assumes that the spot market is only
used as a one-way trading channel for the buyer to buy
purchase. Nevertheless, in practice, the buyer’s exceeded
products can be sold in the spot market to make speculation
revenue. In addition, the spot market is imperfect because of
the spot trading liquidity. In this paper, under the stochastic
demand and the stochastic spot price, we, respectively,
consider the spot market with the spot trading liquidity and
with the option speculation. For this setting, to maximize the
buyer’s profit, we construct two optimal portfolio pro-
curement strategy models. By analyzing the buyer’s cost-
benefit, we obtain a solution method for each model and
provide an optimal ordering policy to the buyer. +e role of
the spot trading liquidity and option speculation in buyer’s
expected profit is analyzed, and the cost threshold and
option pricing formula are obtained, which provide a de-
cision basis for the buyer.

+e remainder of this paper is organized as follows. In
Sections 2 and 3, we, respectively, consider the portfolio
procurement strategy model with the spot trading liquidity,
and the portfolio procurement strategy model with the
option speculation. Numerical experiments are presented in
Section 4 to illustrate the validity of our research. Some
conclusions are drawn in the last section.

2. The Portfolio Procurement with the Spot
Trading Liquidity

In this section, under the stochastic demand and the sto-
chastic spot price, we consider the portfolio procurement
with the spot trading liquidity, that is, the buyer orders by
the option contract and the spot market with the spot
trading liquidity. For the concerned procurement system, we
present the running pattern of it: before the selling season
arrives, the buyer signs an option ordering quantity q units
with the supplier by prepaying an option purchase price b for
each unit based on the estimated stochastic demand during

the selling season, and when the selling season comes, we
assume that the realized demand and spot price can be
determined. +en, the buyer can purchase any units up to
the option level q by paying an option execution price e for
each unit. In this sense, if the spot price in the spot market is
higher than the option execution price, then the buyer will
execute the options, and if the realized demand exceeds the
option level q, the buyer will purchase the products from the
spot market and vice versa. It is supposed that the spot
capacity is Qs. Besides, there is a spot trading liquidity
c ∈ [0, 1], which defines the percentage of the products that
can be traded for all the products in the spot market, i.e., the
buyer can purchase the products no more than cQs from the
spot market. If the realized market demand exceeds the sum
of the option level and spot capacity, there will be a shortage
penalty s for each lost sale. For this system, to maximize the
buyer’s profit, the buyer should make an optimal portfolio
procurement strategy. To this end, we need some notations
which are listed in Table 1.

+e assumptions on the concerned model are as follows.

Assumption 1
(a) +e sum of the option purchase price and option

execution price is lower than the sum of the retail
price and shortage price, i.e., b + e≤ r + s

(b) +e spot price is lower than the sum of the retail
price and shortage price, i.e., p≤ r + s

(c) +e demand of the items during the selling season
obeys the distribution with probability density
function f1(x) and distribution function F1(x)

(d) +e spot price of the items during the selling season
obeys the distribution with probability density
function f2(y) and distribution function F2(y), and
its expected value is p

For convenience, we use Πo
1(q, D) to denote the profit

from the option contract, and Πs
1(q, D, p) to denote the

profit from the spot market and the shortage penalty for lost
sales. According to the assumptions and the principle of the
buyer’s profit maximization, we can formulate the optimal
portfolio procurement strategy model as the following op-
timization problem:

max
q
Π1 � Πo

1 (q, D) + Πs
1 (q, D, p). (1)

For the concerned model, if the buyer does not execute
the options during the selling season, he/she will lose the
option purchase price per unit, and when the selling season
comes, the stochastic demand and the stochastic spot price
can be determined. So, one of the following three cases will
happen:

Case 1. 0≤D< q + cQs and p> e. In this case, the buyer
will first execute the options of min(q, D) units by
paying an option execution price e for each unit,
and then the exceeded demand (D − q)+ will be pur-
chased at the spot price p for each unit from the
spot market. Under this case, we have
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Πo
1(q, D) � −bq + (r − e)min(q, D), and Πs

1(q, D, p) �

(r − p)(D − q)+.

Case 2. 0≤D< q + cQs and p≤ e. In this case, the buyer
will first purchase min(cQs, D) units from the spot
market, and then the exceeded demand (D − cQs)+ will
be satisfied through options. Under this case, we have
Πo

1(q, D) � −bq + (r − e)(D − cQs)+, and Πs
1(q, D, p)

� (r − p)min(cQs, D).
Case 3. D≥ q + cQs. In this case, regardless of p> e or
p≤ e, the buyer will execute the options of q units and
purchase cQs units from the spot market and pay the
shortage penalty s for each lost sale. Under this case, we
have Πo

1(q, D) � (r − e − b)q, and
Πs

1(q, D, p) � (r − p)cQs −s(D − q − cQs).

From the analysis above, we can see that the buyer’s
profit for option ordering quantity q is

Π1(q) � −bq +

(r − e)min(q, D) +(r − p)(D − q)+, 0≤D< q + cQs, p> e,

(r − e) D − cQs( + +(r − p)min cQs, D( , 0≤D< q + cQs, p≤ e,

(r − e)q +(r − p)cQs − s D − q − cQs( , D≥ q + cQs.

⎧⎪⎪⎨

⎪⎪⎩
(2)

Considering the stochastic of the demand and the spot
price, to solve problem (1), we compute the expectation of

the buyer’s profit. From this, the buyer’s expected profit for
ordering quantity q in the option contract is

E Π1(q)  � −bq

+ 
r+s

e
(r − e)f2(y)dy 

q

0
xf1(x)dx + 

r+s

e
(r − e)f2(y)dy 

q+cQs

q
qf1(x)dx

+ 
r+s

e
(r − y)f2(y)dy 

q+cQs

q
(x − q)f1(x)dx

+ 
e

0
(r − y)f2(y)dy 

cQs

0
xf1(x)dx + 

e

0
(r − y)f2(y)dy 

q+cQs

cQs

cQsf1(x)dx

+ 
e

0
(r − e)f2(y)dy 

q+cQs

cQs

x − cQs( f1(x)dx

+(r − e) 
∞

q+cQs

qf1(x)dx +(r − p) 
∞

q+cQs

cQsf1(x)dx − s 
∞

q+cQs

x − q − cQs( f1(x)dx.

(3)

+e first term in the right-hand side is the cost of
purchasing the options of q units before the selling season,
the second to the fourth items represent the retail revenue of
the buyer for the case that 0≤D< q + cQs and p> e, the fifth
to the seventh items represent the retail revenue of the buyer

for the case that 0≤D< q + cQs and p≤ e, and the last three
items represent the retail revenue and shortage cost of the
buyer for the case that D≥ q + cQs.

By maximizing the buyer’s profit, we can obtain the
optimal ordering policy.

Table 1: Notations.

Notation Description
r Retail price
b Option purchase price
e Option execution price
s Shortage cost
Qs +e maximum capacity of the spot market
c +e spot trading liquidity
D +e stochastic demand
p +e stochastic spot price
q Option ordering quantity
E[Π1(·)] Expected profit with the spot trading liquidity
E[Π2(·)] Expected profit with the option speculation
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Theorem 1. #e optimal option ordering quantity q∗1 to
maximize the buyer’s expected profit E[Π1(q)] satisfies

r − e − b + s − F1 q
∗
1 + cQs(  − F1 q

∗
1(   

r+s

e
F2(y)dy

− F1 q
∗
1( (r + s − e) � 0.

(4)

Proof. For (3), it can be readily computed that

zE Π1(q) 

zq
� r − e − b + s − F1 q + cQs(  − F1(q)  

r+s

e
F2(y)dy − F1(q)(r + s − e),

z
2
E Π1(q) 

zq
2 � − f1 q + cQs(  − f1(q)  

r+s

e
F2(y)dy − f1(q)(r + s − e)≤ 0,

(5)

which implies E[Π1(q)] is concave in q. From the first-order
optimality condition, we conclude that E[Π1(q)] achieves its
maximum when q∗1 satisfies

r − e − b + s − F1 q
∗
1 + cQs(  − F1 q

∗
1(   

r+s

e
F2(y)dy

− F1 q
∗
1( (r + s − e) � 0.

(6)
□

For the optimal option ordering quantity given in the
above conclusion, we have the following properties.

Corollary 1. #e buyer’s optimal option ordering quantity q∗1
is increasing w.r.t. the retail price r and the shortage cost s.

Proof. From (4), we can obtain that
zq
∗
1

zr
�

1 − F1 q
∗
1 + cQs( 

f1 q
∗
1 + cQs(  − f1 q

∗
1(   

r+s

e
F2(y)dy + f1 q

∗
1( (r + s − e)

≥ 0,

zq
∗
1

zs
�

1 − F1 q
∗
1 + cQs( 

f1 q
∗
1 + cQs(  − f1 q

∗
1(   

r+s

e
F2(y)dy + f1 q

∗
1( (r + s − e)

≥ 0,

(7)

which implies q∗1 is increasing w.r.t. the retail price and
shortage cost. □

From the conclusion, when retail price r increases, the
buyer will have a larger retail revenue and underpurchasing
loss; when the shortage cost s increases, the buyer will have a
larger underpurchasing loss. From this, to reduce the
underpurchasing loss, the buyer will order more options. In
addition, when the retail price r or shortage cost s increases,
the option purchase price b is relatively low. At this time, the
buyer will order more options, and when the selling season
comes, the buyer will choose a favorable purchase channel

according to the spot price and option execution price. +is
increases the advantages of the option contract. So, when the
retail price r or shortage cost s increases, the buyer should
order more options.

Corollary 2. #e buyer’s optimal option ordering quantity q∗1
is decreasing w.r.t. the option purchase price b, the option
execution price e, and the spot trading liquidity c.

Proof. From (4), we can obtain that

zq
∗
1

zb
�

−1
f1 q
∗
1 + cQs(  − f1 q

∗
1(   

r+s

e
F2(y)dy + f1 q

∗
1( (r + s − e)

≤ 0,

zq
∗
1

ze
�

−1 + F1 q
∗
1 + cQs(  − F1 q

∗
1(  F2(e) + F1 q

∗
1( 

f1 q
∗
1 + cQs(  − f1 q

∗
1(   

r+s

e
F2(y)dy + f1 q

∗
1( (r + s − e)

,

≤
F1 q
∗
1 + cQs(  − 1

f1 q
∗
1 + cQs(  − f1 q

∗
1(   

r+s

e
F2(y)dy + f1 q

∗
1( (r + s − e)

≤ 0,

zq
∗
1

zc
�

−Qsf1 q
∗
1 + cQs(  

r+s

e
F2(y)dy

f1 q
∗
1 + cQs(  − f1 q

∗
1(   

r+s

e
F2(y)dy + f1 q

∗
1( (r + s − e)

≤ 0,

(8)

which implies the assertion holds. □

From the conclusion, we can see that when the option
purchase price b or option execution price e increases, the
buyer will have a larger overpurchasing loss and a lower
retail revenue. From this, to reduce the overpurchasing loss,
the buyer will order fewer options. When the spot trading
liquidity c increases, the buyer will purchase more products
from the spot market and order fewer options to reduce the
over-ordering cost.
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To gain more insights, we study the effect of the spot
trading liquidity c on the buyer’s maximum expected profit
E[Π1(q∗1 )].

Corollary 3. #e buyer’s maximum expected profit
E[Π1(q∗1 )] is increasing w.r.t. the spot trading liquidity c.

Proof. From (3) and (4), we can obtain that

zE Π1 q
∗
1(  

zc
� Qs F1 q

∗
1 + cQs(  − F1 cQs(   

e

0
(e − y)f2(y)dy +(r − p + s)Qs 1 − F1 q

∗
1 + cQs(  ≥ 0, (9)

which implies the assertion holds.
From the conclusion, we can see that if there is a larger spot

trading liquidity, the buyer can purchase more products from
the spot market. In addition, the buyer’s optimal option or-
dering quantity q∗1 is decreasing w.r.t. the spot trading liquidity
c. +at is to say, the increase of c helps the buyer increase the
retail revenue and reduce the over-ordering loss. So, the buyer’s
maximum expected profit E[Π1(q∗1 )] is increasing w.r.t. the
spot trading liquidity.

3. The Portfolio Procurement with the
Option Speculation

For the portfolio procurement with the option speculation,
when the demand is satisfied, the buyer’s exceeded options
can be sold in the spot market to make speculation revenue.
+erefore, in this section, we incorporate the option spec-
ulation into the portfolio procurement in Section 2 under
the stochastic demand and the stochastic spot price. We
suppose that the option ordering quantity with option
speculation is q2. For convenience, we use Πo

2(q2, D) to
denote the profit from the option contract, and Πs

2(q2, D, p)

to denote the profit from the spot market and the shortage
penalty for lost sales. Under the option speculation,
according to the principle of the buyer’s profit

maximization, we can formulate the optimal portfolio
procurement strategy model as the following optimization
problem:

max
q2
Π2 � Πo

2 q2, D(  + Πs
2 q2, D, p( . (10)

For the concernedmodel, when the selling season comes,
the stochastic demand and the stochastic spot price can be
determined. So, one of the following three cases will happen:

Case 1. 0≤D< q2 + cQs, and p> e. In this case, the
buyer will first execute the options of q2 units. If the
demand cannot be met, namely, q2 ≤D< q2 + cQs, the
exceeded demand D − q2 will be satisfied through the
spot market, and if the demand is met, namely,
0≤D< q2, the exceeded options of q2 − D units will be
sold in the spot market at the spot price p for each unit.
+at is to say, only when 0≤D< q2 and p> e, the
option speculation will occur and make speculation
revenue. Under this case, we have Πo

2(q2, D) � −bq2 +

(r − e)min(q2, D) + (p − e)(q2 − D)+ and Πs
2(q2,

D, p) � (r − p)(D − q2)+. +e other two cases are the
same as those in Section 2, which are omitted.

From the analysis above, we can see that the buyer’s
profit for option ordering quantity q2 is

Π2 q2(  � −bq2 +

(r − e)min q2, D(  +(p − e) q2 − D( + +(r − p) D − q2( +, D< q2 + cQs, p> e,

(r − e) D − cQs,( + +(r − p)min cQs, D( , D< q2 + cQs, p≤ e,

(r − e)q2 +(r − p)cQs − s D − q2 − cQs( , D≥ q2 + cQs.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(11)

Since the demand and the spot price are stochastic, to
solve problem (10), we compute the expectation of the buy’s

profit. From this, the buyer’s expected profit for ordering
quantity q2 in the option contract is given as
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E Π2 q2(   � −bq2

+ 
r+s

e
(r − e)f2(y)dy 

q2

0
xf1(x)dx + 

r+s

e
(r − e)f2(y)dy 

q2+cQs

q2

q2f1(x)dx

+ 
r+s

e
(r − y)f2(y)dy 

q2+cQs

q2

x − q2( f1(x)dx

+ 
r+s

e
(y − e)f2(y)dy 

q2

0
q2 − x( f1(x)dx

+ 
e

0
(r − y)f2(y)dy 

cQs

0
xf1(x)dx + 

e

0
(r − y)f2(y)dy 

q2+cQs

cQs

cQsf1(x)dx

+ 
e

0
(r − e)f2(y)dy 

q2+cQs

cQs

x − cQs( f1(x)dx

+(r − e) 
∞

q2+cQs

q2f1(x)dx +(r − p) 
∞

q2+cQs

cQsf1(x)dx − s 
∞

q2+cQs

x − q2 − cQs( f1(x)dx.

(12)

+e first term in the right-hand side is the cost of
purchasing the options of q2 units before the selling season,
the second to the fourth items represent retail revenue of the
buyer for the case that 0≤D< q2 + cQs and p> e, the fifth
item is the speculation revenue from the exceeded options,
the sixth to the eighth items represent the retail revenue of
the buyer for the case that 0≤D< q2 + cQs and p≤ e, and the
last three items represent the retail revenue and shortage cost
of the buyer for the case that D≥ q2 + cQs.

By maximizing the buyer’s profit, we can obtain an
optimal ordering policy to the buyer.

Theorem 2. #e optimal option ordering quantity q∗2 with
the option speculation to maximize the buyer’s expected profit
E[Π2(q2)] satisfies

r − e − b + s − F1 q
∗
2 + cQs(  

r+s

e
F2(y)dy � 0. (13)

Proof. For (12), it can be readily computed that

zE Π2 q2(  

zq2
� r − e − b + s − F1 q2 + cQs(  

r+s

e
F2(y)dy,

z
2
E Π2 q2(  

zq
2
2

� −f1 q2 + cQs(  
r+s

e
F2(y)dy≤ 0,

(14)

which implies E[Π2(q2)] is concave in q2. From the first-
order optimality condition, we conclude that E[Π2(q2)]

achieves its maximum when q∗2 satisfies

r − e − b + s − F1 q
∗
2 + cQs(  

r+s

e
F2(y)dy � 0. (15)

□

+eorems 1 and 2 give the optimal option ordering
quantity without and with the option speculation when the
spot trading liquidity c is considered, respectively. If we let
c � 0, the optimal option ordering quantity without the
option speculation, i.e., the optimal option ordering quantity
with the spot trading liquidity, reduces to the optimal option
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ordering quantity in the traditional newsvendor problem.
Similar to Corollaries 1 and 2, we have the same results on
the optimal option ordering quantity q∗2 w.r.t. the retail price
r, the shortage cost s, the option purchase price b, the option
execution price e, and the spot trading liquidity c, which are
omitted herein. Similar to Corollary 3, we have the buyer’s
maximum expected profit E[Π2(q∗2 )] with option specula-
tion is increasing w.r.t. the spot trading liquidity c, which is
omitted herein.

Theorem 3. #e optimal option ordering quantity with the
option speculation is larger than that with the spot trading
liquidity, i.e., q∗2 ≥ q∗1 .

Proof. From 
r+s

e
(y − e)dF2(y) � r + s − e − 

r+s

e
F2(y)dy

and (4), we can obtain that

F1 q
∗
1 + cQs(  

r+s

e
F2(y)dy + F1 q

∗
1(  

r+s

e
(y − e)dF2(y) � r − e − b + s. (16)

From (13), we can obtain that

F1 q
∗
2 + cQs(  

r+s

e
F2(y)dy � r − e − b + s, (17)

and then

F1 q
∗
1 + cQs(  

r+s

e
F2(y)dy + F1 q

∗
1(  

r+s

e
(y − e)dF2(y) � F1 q

∗
2 + cQs(  

r+s

e
F2(y)dy. (18)

Since F1(q∗1 ) 
r+s

e
(y − e)dF2(y)≥ 0, we have

F1(q∗2 + cQs)≥F1(q∗1 + cQs). Besides, the distribution
function of the demand F1(·) is an increasing function, and
then it is obvious that q∗2 ≥ q∗1 .

Since the optimal option ordering quantity with the
option speculation is larger than that with the spot trading
liquidity, a question then is how the option speculation can
influence the expected profit of the buyer. We have the
following result to address this issue.

Theorem 4. Define

Z � 
r+s

e
(y − e)dF2(y) 

q∗1

0
F(x)dx1

− 
r+s

e
(r + s − y)dF2(y) 

q∗2+cQs

q∗1+cQs

F1(x)dx

− 
e

0
(r + s − e)dF2(y) 

q∗2+cQs

q∗1+cQs

F(x)dx1

(19)

when e + b< r + s + (Z/(q∗2 − q∗1 )), and the buyer’s maxi-
mum expected profit with the spot trading liquidity is lower
than that with the option speculation, i.e.,
E[Π1(q∗1 )]<E[Π2(q∗2 )].

When e + b> r + s + (Z/(q∗2 − q∗1 )), the buyer’s maxi-
mum expected profit with the spot trading liquidity is larger
than that with the option speculation, i.e.,
E[Π1(q∗1 )]>E[Π2(q∗2 )].

Proof. For (3) and (12), it can be readily computed that

E Π2 q
∗
2(   − E Π1 q

∗
1(  

� (r − e − b + s) q
∗
2 − q
∗
1(  + 

r+s

e
(y − e)dF2(y) 

q∗1

0
F1(x)dx

− 
r+s

e
(r + s − y)dF2(y) 

q∗2 +cQs

q∗1 +cQs

F1(x)dx − 
e

0
(r + s − e)dF2(y) 

q∗2 +cQs

q∗1 +cQs

F1(x)dx.

(20)
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To simplify, define

Z � 
r+s

e
(y − e)dF2(y) 

q∗1

0
F1(x)dx

− 
r+s

e
(r + s − y)dF2(y) 

q∗2+cQs

q∗1+cQs

F1(x)dx

− 
e

0
(r + s − e)dF2(y) 

q∗2+cQs

q∗1+cQs

F(x)dx1,

(21)

and then

E Π2 q
∗
2(   − E Π1 q

∗
1(   � (r − e − b + s) q

∗
2 − q
∗
1(  + Z.

(22)

When e + b< r + s + (Z/(q∗2 − q∗1 )), it follows
E[Π1(q∗1 )]<E[Π2(q∗2 )].

When e + b> r + s + (Z/(q∗2 − q∗1 )), it follows
E[Π1(q∗1 )]>E[Π2(q∗2 )].

When e + b � r + s + (Z/(q∗2 − q∗1 )), it follows
E[Π1(q∗1 )] � E[Π2(q∗2 )].

From the conclusion, we can see that option speculation
is unreliable, and the buyer cannot rely excessively on option

speculation. When e + b> r + s + (Z/(q∗2 − q∗1 )), the sum of
the option purchase price and option execution price is too
high, and the buyer is unlikely to profit from the option
speculation. Hence, the buyer should order options without
considering the option speculation. To sum up, if
0< e + b< r + s + (Z/(q∗2 − q∗1 )), the buyer should consider
option speculation to maximize the expected profit. If
r + s + (Z/(q∗2 − q∗1 ))< e + b≤ r + s, the buyer should not
consider the option speculation, namely, only consider the
spot trading liquidity to maximize the expected profit. If
e + b � r + s + (Z/(q∗2 − q∗1 )), the buyer will have the same
maximum expected profit no matter whether the option
speculation is considered or not, i.e.,
E[Π1(q∗1 )] � E[Π2(q∗2 )].

Corollary 4. If the buyer and the supplier sign the option
purchase price b � p − E[min(e, p)], the buyer’s maximum
expected profit with the spot trading liquidity is lower than
that with the option speculation, i.e.,E[Π1(q∗1 )]≤E[Π2(q∗2 )].

Proof. For (3) and (12), it can be readily computed that

E Π2 q
∗
2(   − E Π1 q

∗
1(   � (r − e − b + s) q

∗
2 − q
∗
1(  + 

r+s

e
(y − e)dF2(y) 

q∗1

0
F1(x)dx

− 
r+s

e
(r + s − y)dF2(y) 

q∗2+cQs

q∗1+cQs

F1(x)dx − 
e

0
(r + s − e)dF2(y) 

q∗2+cQs

q∗1+cQs

F1(x)dx

≥ (r − e − b + s) q
∗
2 − q
∗
1(  + 

r+s

e
(y − e)dF2(y) 

q∗1

0
F1(x)dx

− 
r+s

e
(r + s − y)dF2(y) 

q∗2+cQs

q∗1+cQs

dx − 
e

0
(r + s − e)dF2(y) 

q∗2 +cQs

q∗1 +cQs

dx

� 
r+s

e
(y − e)dF2(y) − b  q

∗
2 − q
∗
1(  + 

r+s

e
(y − e)dF2(y) 

q∗1

0
F1(x)dx.

(23)

From b � p − E[min(e, p)] � 
r+s

e
(y − e)dF2(y), we can

obtain that

E Π2 q
∗
2(   − E Π1 q

∗
1(  ≥ 

r+s

e
(y − e)dF2(y) 

q∗1

0
F1(x)dx≥ 0.

(24)

From the conclusion, we can see that if the buyer and the
supplier sign the option purchase price
b � p − E[min(e, p)], the buyer should consider the option
speculation to maximize the expected profit. +e option
pricing formula b � p − E[min(e, p)] ensures that the op-
tion purchase price is neither too high nor too low, which is a
fair price for both the buyer and the supplier [32, 33]. □

4. Numerical Results

In this section, we provide some numerical examples to
illustrate the validity of our research.

Example 1. Suppose that the demand D subjects to the
uniform distribution U[0, 1000], and the spot price p

subjects to the uniform distribution U[6, r + s]. For the
given parameters, we solve the optimal option purchase
quantities q∗1 and q∗2 and give sensitivity analysis on different
parameters.

For s � 2, c � 0.5, Qs � 400, e � 9, and b � 1.5, we
compute the optimal option purchase quantities q∗1 and q∗2
with different retail price r ∈ [11, 13] in Figure 1, which
shows that both the optimal option ordering quantities q∗1
and q∗2 are increasing w.r.t. the retail price r. It is also verified
that the optimal option ordering quantity q∗2 is larger than q∗1
under different retail price r.

For r � 12, c � 0.5, Qs � 400, e � 9, and b � 1.5, we
compute the optimal option ordering quantities q∗1 and q∗2
with different shortage cost s ∈ [1, 3] in Figure 2. Figure 2
shows that both the optimal option ordering quantities q∗1
and q∗2 are increasing w.r.t. the shortage cost s. It is also

8 Mathematical Problems in Engineering



verified that the optimal option ordering quantity q∗2 is larger
than q∗1 under different shortage cost.

For r � 12, c � 0.5, Qs � 400, e � 9, and s � 2, we com-
pute the optimal option ordering quantities q∗1 and q∗2 with
different option purchase price b ∈ [0.5, 2.5] in Figure 3.
Figure 3 shows that both the optimal option ordering
quantities q∗1 and q∗2 are decreasing w.r.t. the option pur-
chase price b. It is also verified that the optimal option
ordering quantity q∗2 is larger than q∗1 under different option
purchase price b.

For r � 12, c � 0.5, Qs � 400, b � 1.5, and s � 2, we
compute the optimal option ordering quantities q∗1 and q∗2
with different option execution price e ∈ [8, 10] in Figure 4.
Figure 4 shows that both the optimal option ordering
quantities q∗1 and q∗2 are decreasing w.r.t. the option exe-
cution price e. It is also verified that the optimal option

ordering quantity q∗2 is larger than q∗1 under different option
execution price e.

For r � 12, e � 9, Qs � 400, b � 1.5, and s � 2, we com-
pute the optimal option ordering quantities q∗1 and q∗2 with
different spot trading liquidity c ∈ [0, 1] in Figure 5. Figure 5
shows that both the optimal option ordering quantities q∗1
and q∗2 are decreasing w.r.t. the spot trading liquidity c. It is
also verified that the optimal option ordering quantity q∗2 is
larger than q∗1 under different spot trading liquidity c. +e
red line indicates the optimal option ordering quantity in the
traditional newsvendor problem, where c � 0.

For r � 12, e � 9, Qs � 400, b � 1.5, and s � 2, we com-
pute the expected profit utilities E[1(q∗1 )] and E[2(q∗2 )]

with different spot trading liquidity c ∈ [0, 1] in Figure 6.
Figure 6 shows that both the expected profit utilities
E[Π1(q∗1 )] and E[Π2(q∗2 )] are increasing w.r.t. the spot
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Figure 1: Optimal option ordering quantities q∗1 and q∗2 with different retail price r.
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Figure 2: Optimal option ordering quantities q∗1 and q∗2 with different shortage cost s.
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trading liquidity c. It is also verified that when
e + b< r + s + (Z/(q∗2 − q∗1 )), the maximum expected profit
without the option speculation is lower than that with the
option speculation under different spot trading liquidity c.

5. Conclusions

+is paper investigated the portfolio procurement with the
spot trading liquidity or the option speculation under the
stochastic demand and the stochastic spot price. For these
scenarios, two optimal portfolio procurement strategy
models were established to maximize the buyer’s profit,
respectively. Based on the buyer’s cost-benefit analysis, a
global optimizing solution method for each model was
obtained. +en, the role of the spot trading liquidity and
option speculation in buyer’s expected profit was analyzed.
Furthermore, the cost threshold and option pricing formula
were obtained, which provided a decision basis for the buyer.
Numerical experiments were carried out to illustrate the
validity of our research.

By using themathematical foundation of probability, our
research is quite generic and is essentially applicable to other
industrial sectors with multiple sourcing and perishable
products. In that sense, our research enriches the portfolio
procurement literature in a broader context. Some exten-
sions of our research are as follows. One possible extension is
to consider the portfolio of a long-term contract and an
option contract under a spot market. Another possible
extension is to incorporate risk preference of the buyer into
this study, which is a more interesting issue.
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