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Abstract
In this paper, we study a firm serving two kinds of 
products (services) which are fast lead time service and 
slow lead time service. The products (services) differ only 
in their delivery times and prices. We assume that there 
are two types of customers which are time-sensitive and 
price-sensitive customers in the market. We find that the 
optimal proportion of capacity allocation is influenced by 
the proportion of lead time sensitive customers, capacity 
and the total size of the market. An increase in the optimal 
proportion of capacity allocation can increase the capacity 
and the proportion of lead time sensitive customers, but 
decreases the total size of the market.
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INTRODUCTION
Since Stalk introducing “time-based competitor” concept 
in the late 80, the “lead time” not only becomes the focus 
of scholars, but also becomes an important factor affecting 
competitiveness (Stalk, 1988). For the past few decades, 
with the emphasis on lead-time competition of enterprises, 
more and more enterprises start to provide two kinds of 
products (services) (fast lead time service and slow lead 
time service), such as UPS, Fedex and so on. Based on 

this, how to allocate the limited capacity for different 
kinds of products (services) have already become the 
challenges which this kind of company is facing.

Lead-time competition has become the focus of 
research, in particular taking into account capacity 
constraints. Palaka et al. (1998) take into account the 
capacity constraints and study lead time and price decision 
under the assumption that the demands are sensitive to 
lead time. Based on the service level constraint, So and 
Song (1998) provide the optimal values of price and lead 
time through modelling a firm as model a firm as a single 
server queue. So (2000) extends So and Song (1998) to 
introduce competition mechanism. Ray and Jwekes (2004) 
assume that increased investment can reduce lead times 
and increase capacity, and build a model to study lead-
time decision, where price itself is sensitive to lead time. 
Based on M/M/1 queuing systems, Teimoury et al. (2011) 
study the lead time, price and capacity optimization issues 
of MTO (make to order) company, and taking into account 
the time-sensitive and price-sensitive customers. Zhu 
(2015) consider a decentralized supply chain consisting 
of a supplier and a retailer and study lead time, price and 
capacity decisions when the demand is sensitive to price 
and lead time.

However, there are two deficiencies among the above 
papers. First, they consider capacity, but do not take into 
account capacity allocation, and the impact of lead time for 
capacity allocation. Second, they did not take into account 
heterogeneity of the customer, in fact, heterogeneous 
customer has become one of the most important factor 
that affect capacity allocation decision. When more time-
sensitive consumers, companies which provide fast and 
slow lead time service allocate more capacity for the fast 
lead time service, such as SF- Express. When more price-
sensitive consumers, companies which provide fast and 
slow lead time services allocate more capacity for the fast 
lead time service, such as YT- Express. This paper considers 
a company which provides fast and slow lead time service, 
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and analyzes the optimal proportion of capacity allocation 
through modelling.

1. MODEL
In this paper, we consider a company which provides 
two kinds of products (services). One is faster, and the 
other is slower. Capacity and Total demand is assumed to 
be constant. The company pursue to maximize its profit 
through making capacity allocation decisions. And we 
classify customers into two groups: lead time sensitive 
(LS) customer and price sensitive (PS) customer. Let θ 
denote the proportion of lead time sensitive customers, 
and the proportion (1-θ) are price sensitive customers. Let 
λ denote the arrival rate of customers, so θλ are the rate 
of lead time sensitive customers and (1-θ)λ are the rate of 
price sensitive customers. Note that is 0< θ <1. It has been 
shown in the literature that customer arrivals are modeled 
as a Poisson process (So & Song, 1998, 2000). 

Whether an arrived customer places an order depends 
on price and lead time. To model the expected demand 
rate, we use a linear function 

 
for each customer segment, where f represent the faster 
case and s represent the slower case. And the parameter ω 
represents maximum attainable demand (market potential) 
corresponding to zero price and zero lead time. The lead 
time sensitivity β measures the urgency degree that the 
customer wants to complete the product or service. With 
one unit time delay, the demand will reduce β units. The 
parameter pi represents the price of product or service and 
Li denote the lead time. Our objective is to maximize the 
expected net profit through capacity allocation between 
the two kinds of products (services). Note that is the 
demand must be positive. This means that ω-pi-βLi>0.

To simplify, we use the following notation through the 
text:

Parameters:
M: Capacity cost parameter 
μ:  Service rate of a production queue serving 
     customers
γ: Proportion of the capacity which used to provide the 
    faster
θ: Proportion of lead time sensitive customers among 
    all arrived customers
λ: Customer mean arrival rate
d: Expected demand generated by the quoted price and 
    quoted lead time 
pi: Price in the option intended for type products
Li: Lead time in the option intended for type products
ω: Maximum attainable demand (market potential) 
     corresponding to zero price and zero lead time
α: Desired lead time reliability predetermined by 
     managers 
β: Lead time sensitivity of demand

In addition, In this paper, similar to So and Song(1998), 
we have the following lead time reliability(service level) 
constraint:

  ,
where denotes the desired lead t ime rel iabi l i ty 
predetermined by managers. And here this paper assumes 
that the company has a same standard of the desired lead 
time reliability (α) no matter of what kinds of products. 
In addition, in order to facilitate the writing, we use 
superscripts to denote the product strategy. For example, pf  

denotes the price of the product adopting fast lead time, ps 

denotes the price of the product adopting slow lead time.

2. CAPACITY ALLOCATION
In this section, We study a company which provides 
slow lead time service and fast lead time at the same 
time. Hence, the LS customer will choose to buy the fast 
lead time service products. The PS customer will make 
a choice to buy the slow lead time service products. So 
the expected demand rate can be written as df=ω-pf - βLf , 
ds=ω-ps-βLs for each queue. The marketing and production 
decisions are considered simultaneously. And the firm 
seeks to maximize profit. Its goal can be written as:

max π=(pf-cf )θλ+(ps-cs )(1-θ)λ-M(γμ)-M(1-γ)μ .
Subject to

, (1)
, (2)

, (3)
 , (4)

� � �� � ��� � � �� � ��   .   (5)
Constraint (1) are the lead time reliability constraints 

for the lead time sensitive customers and the price 
sensitive customers, respectively. Constraint (2) is the 
stability condition that the ability must be more than the 
demand. Constraint (3) denote that the mean demand rate 
served by the firm does not exceed the demand generated 
by the quoted price and lead time. Constraint (4) ensure 
that the price must be higher than the variable cost. 
Constraint (5) require that the lead time is shorter and thus 
the price is higher in the express service option than in the 
regular service option. 

As the previous studies (So & Song, 1998; Zhao et 
al., 2012), the lead time reliability constraint in the each 
model should be binding at optimality. So the optimal lead 
time for each queue is

  . (6)

From the constraint (3), we can see that the optimal 
price for each queue is

. (7)
Combining (6) and (7) we can express the price again 

as: 
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   . (8)

Since,   ,  so  

.  Thus, we can a range about capacity allocation coefficient as follows: 

Proposition 1. 

i. When , . 

ii.      When , . 

This implies that need to satisfy this range, like the 
proposition 1, otherwise the company will use a single 
lead time model. And then substituting the optimal price 

and the optimal lead time into the profit function, we can 
get the optimal profit.

  . (9)

First-Order Conditions (FOC) provide Equation (9) for γ. To show uniqueness, note that 

    . (10)

And concavity of π* for can be shown from the second-order conditions: 

    .

So, accord to the optimization theory, we can see that 
there are at least one γ, which can make π* achieve the 
maximize value. Therefore, we can make the Equation 
(10) equal to 0. Hence, the optimal capacity allocation 
coefficient γ is 

, (11)

. (12)

According to the proposition 1 and combining (11) and 

(12), we can see, when 
1
2 � � � 1 , γ2

* is in the feasible 

scale of γ but γ1
* is not. At the same time, γ2

* and γ1
* is not 

in the feasible scale of γ when � � � � 1
2 . Thus, we can 

reach the theory 1 as below.
Theory 1 If and only if more than half of the customers 

in the market prefer to choose the fastest lead time 

service (
1
2 � � � 1 ), the company, which pursues 

maximize the profits, will have a chance to provide Mix-
lead time strategy. And when the company takes Mix-
lead time strategy (using fast lead time service and slow 
lead time service), the optimal percentage of capacity 

.

Theory 1 states when the number of customers, which 
prefer to choose the fastest lead time service, is more than 
half the total market share, enterprises will have a chance 
to provide two kinds of products (services), which is that 
the company provide fast lead time service and slow lead 
time service. And then the optimal proportion of capacity 

allocation γ is  . 

First-Order Conditions (FOC) provide Equation (12) 
for. To show uniqueness, note that

  ����
�� � ������ � ���� � ����� � ����� � �� � 2����� � �� � 2���2� � ��

2�� � 2������ � ����  . (13)

Second-order condtitions for θ provided by Equation (12) can be shown:

   �����

��� �
��� � 4��� � ��� ��� � 4����� � ����� �� � ��

4����� � ����� �⁄ ��� � �����   . (14)
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And because ���12 � 1� , we can see   and 

  easily. Therefore, as θ increases, the optimal 

capacity allocation will also increase. This states the 

number of the customer who chooses the faster lead time 
service in the market can influence the optimal capacity 
allocation. The more this kind of customer, enterprises 
will allocate more ability in the fastest lead time service.

Accord to the same way, we can see the first-order 
conditions provide Equation (12) for μ and λ.

  
����

�� � ���� � ��� � ��� � �����
��� � ���� , ����

�� � ���� � ��� � ��� � ���
��� � ���    . (15)

And because���12 � 1� , it is clear that   and 

 . So the theory 2 can be concluded as follows:

Theory 2 When the company provide two kinds of 
products (services) ( fast lead time service and slow 
lead time service), the optimal proportion of capacity 
allocation has the following properties:

i.  An increase in the proportion of lead time 
sensitive customers θ can results in an increase 
in γ.

ii.  An increase in the capacity μ can results in an 
increase in γ.

iii.  An increase in the total size of the market λ can 
results in a decrease in γ.

Hence, Theory 2 states when the number of lead time 
sensitive customers (LSC) more than half of the total 
market share, enterprises will have a chance to adopt the 
fast lead time service. Otherwise, the enterprises will 
not adopt fast lead time service. With the increase in the 
proportion of lead time sensitive customers θ, the ability 
assigned to the fast lead time service will be higher. With 
the enhancement of enterprise capabilities, the ability 
assigned to the fast lead time service will be higher. With 
the increase in the total size of the market, the ability 
assigned to the fast lead time service will be less. This 
shows that when the market is not yet fully developed, 
companies will adopt the slow lead time service. This 
corresponds to the reality. The 80’s of the last century in 
China, because the market is not fully covered, enterprises 
mainly adopt slow lead time service. And with the 
development of the market in China, today’s enterprises 
begin to adopt the fast lead time service. 

CONCLUSION AND FUTURE WORK
In this paper, we study a firm with providing two kinds 
of products (services), the one is faster, and the other is 
slower. We provide analytical models and give the optimal 
capacity allocation. We consider heterogeneous customer. 
And we also find that when the proportion of lead time 
sensitive customers was more than half of the customers 
in the total market the company would have a chance to 
provide two kinds of products (services). Otherwise, the 
company will provide single product (service). 

By building a model, we give the optimal capacity 
allocation. After analysis, we find that the optimal 
allocation of capacity under the influence of the proportion 
of lead time sensitive customers, enterprise capabilities 
and the total size of the market. The optimal capacity 
allocation is increasing in the proportion of lead time 
sensitive customers and capabilities, but decreasing in 
the total size of the market . And we give a formula about 
the optimal capacity allocation based on capacity, market 
share and the proportion of lead time sensitive customers, 
in order to give company inspiration which provides two 
kinds of products (services).

Our model has some limitations that can suggest future 
research. First, object of this paper is a company which 
provides two kinds of products (services). And then we 
can continue to study a company’s product decisions, 
which is how to make the choice between single lead time 
strategy and mix-lead time strategy. Then, we can also 
consider the competitive scenario.
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