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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Organizations in manufacturing industries, such as factories, salespersons and customers, have respective decision criteria to determine order 
quantities and production schedules in order planning. In our group, a production decision method that adjusts order quantities and decides the 
production schedule to maximize the overall profit of an organization in consideration of the customers’ credibility has been proposed. In this 
paper, the proposed method introduces the order aggregation period for arranging the customers’ inquiries to determine the order quantity and 
production schedule while reducing the tardiness of product delivery. A computational experiment is performed to evaluate and discuss the 
effectiveness of the proposed method. 
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1. Introduction 

In manufacturing industries, the majority production style 
has shifted from small-mix high-volume production to high-
mix low-volume production to respond more flexibly to 
consumers’ needs [1]. As a result, the market objective has 
changed to shortening due dates and product life cycles [2]. 
Also, due to the development of information and 
communications technology (ICT), the current status of the 
manufacturing equipment and production items embedded with 
smart sensing devices can be obtained using Internet of Things 
(IoT) technology [3]. By utilizing these technologies, 
customers can access information about the production 
condition easily. As a result of this situation, industries have to 
constantly release new products to the market and to deliver 
them with short period to customers. To realize the 

improvement of productivity, it is necessary to establish a 
decision-making mechanism that can respond to consumers’ 
needs quickly. The relevant issues are to match existing 
demands for reducing product inventory, shorten lead time, 
estimate due dates accurately, launch new products rapidly, and 
manage individual specifications flexibly through mass 
customization [4]. To solve these problems, it is necessary to 
improve production efficiency with rational production 
scheduling and to properly adjust the gap between customers’ 
needs and due date estimation by the sales department.  

In the relevant research, an order acceptance and scheduling 
problem has been proposed by Guerrero and Kern [5]. This is 
defined as the joint decision concerning which orders to accept 
for processing and how to schedule them. Various studies have 
been conducted to address this problem by focusing on the 
profit maximization, cost minimization and so on [6-8].  
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3.2 Introduction of order aggregation period to production 
decision method  
In this paper, the order aggregation period AP is introduced 

in our proposed method to avoid the situation which the orders 
requested by the customer early in the period are preferred to 
the orders later in the period and reduce the risk of tardiness of 
product delivery. In this order aggregation period AP, the 
customer’s order is not replied to as soon as the salespersons 
receive the orders, and the salespersons keep the orders 
throughout AP. At the end of the order aggregation period, the 
salespersons decide the quantities and due date of the order that 
has the highest priority. The larger AP is, the more high-priority 
orders can be received. The smaller AP is, the more rapidly the 
salespersons can communicate the order quantity and due date 
to the customers.  

The order adjustment introducing the order aggregation 
period is performed as follows: 
(i)  The unanswered order that has the highest priority of the 

orders in the aggregation period is selected. 
(ii) The salespersons obtain the quantity of the scheduled 

products up until the desired due date of the selected order. 
(iii) The maximum production quantity until the desired due 

date is estimated using the number of scheduled products. 
When the maximum production quantity exceeds the 
desired order quantity, the salesperson adjusts the desired 
order quantity to the customer. When the desired order 
quantity exceeds the possible production quantity, the 
salesperson adjusts the possible production quantity to the 
customer.  

(iv) If there is not any unanswered order, then finish. Otherwise, 
go to (i). 

 
In this paper, the possible production quantity is estimated 

by the number of scheduled products without considering the 
load status of the factory. It also does not take into 
consideration the setup time.  

 
3.3 Algorithm of the Production Decision Method Considering 

the Order Aggregation Period 
The algorithm of the proposed production decision method 

considering the order aggregation period is shown in Figure 2. 
As an initial setting, the period p is set to 0 and time t is set to 
1. 

 
STEP 1: Customers request an order with a desired due date 
and quantity to the salespersons. The desired order quantity is 
determined by the following equation (1), and the due date is 
determined by the following equation (2):  

Q𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 = 𝐵𝐵𝐵𝐵𝑄𝑄𝑄𝑄𝑐𝑐𝑐𝑐 × 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐                                                      (1) 
𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 = 𝑝𝑝𝑝𝑝 × 𝑇𝑇𝑇𝑇 + 𝑂𝑂𝑂𝑂𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 + 𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐                                    (2) 
 

STEP 2: If time counter t equals aggregation period AP, the 
salespersons communicate the order quantity and due date to 
the customers. The procedures for adjusting answered orders 
are described in section 3.2. 

 
STEP 3: The customers adjust the order quantity considering 
the communicated quantity and due date, and then they order. 

In this paper, the customers accept the answered order quantity 
and due date and change the desired order quantity and due date.  

 
STEP 4: The salespersons send the order information from the 
customers to the factory. If time t is the same as one ordering 
period T, proceed to STEP 5. Otherwise t: = t +1 and proceed 
to STEP 6. 

 
STEP 5: If time t equals one ordering period T, the production 
schedule is created. The factory divides the input orders from 
the salespersons into multiple jobs and formulates a multi-stage 
flow shop scheduling problem. The production scheduling 
problem is solved using optimization solver CPLEX 12.6.3 
(IBM) [11]. The formulation of multi-stage flow shop 
scheduling is shown in section 3.4. If the period p equals P, 
then finish. 

 
STEP 6: If the time t equals delivery date DDp,c, the factory 
delivers the finished products to the customer. 

 
STEP 7: The customer who receives the products changes the 
credibility 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝, in consideration with the tardiness of product 
delivery to the customer 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶. If tardiness 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 according to 

equation (3) occurs, the credibility 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝, decreases. Change in 

 
Figure 2: Algorithm of proposed production decision 

method. 
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In our group, an order planning method that determines the 
due date and production scheduling by considering the 
relationships among multiple groups such as customers, 
salespersons, and factories was proposed [9, 10]. This order 
planning method introduced a value of customers’ credibility 
to the salesperson. The salespersons determined the possible 
order quantity and due date estimated from the information of 
production schedule at the previous ordering period as soon as 
possible after receiving the orders from the customer [10]. The 
credibility changes according to the tardiness to customers and 
is used to adjust the order quantity. However, the orders 
requested by the customer early in the ordering period are 
preferred to the orders later in the period, and then the tardiness 
of the latter orders will gradually increase. In this paper, we 
introduce the order aggregation period, in which the 
salespersons collect the customers’ order before adjusting the 
order quantity and production scheduling to reduce the risk of 
tardiness of product delivery. The effectiveness of this 
aggregation period is evaluated by a computational experiment.  

2. Target Model 

 In this study, our target industry model has multiple 
customers, salespersons, and one factory, as shown in Figure 1. 
One ordering period is defined as the lead time from a 
customer’s inquiry to delivery. Each organization of this model 
is defined as follows.  

(a) Customer: Each customer orders the desired production 
items and the quantity of the items from the salesperson. 
Each customer has a degree of credibility to the 
salespersons, which affect and update the previous order 
conditions. The order quantity is determined by the degree 
of credibility and the answered due date from the 
salesperson. The degree of credibility varies depending on 
the occurrence situation of the tardiness from the due date 
of the products’ delivery. When the credibility reaches the 
lower limit, the customer temporarily stops to orders at the 
subsequent ordering period.  

(b) Salespersons: Salespersons estimate due dates in response 
to customers’ order inquiries and desired due dates. Based 
on the desired due date of the customer, order quantity, and 
the information on the production schedule at the previous 
ordering period, the answered due date and quantity for the 
customer is decided. When an increased order quantity per 

ordering period is estimated, the tardiness of the product 
delivery increases easily.  

(c) Factory: The factory creates a production schedule for the 
orders from salespersons per ordering period and 
manufactures products. This study targets multi-stage flow 
shops.  

3. Proposal of a Production Decision Method Considering 
Order Aggregation Period 

    In this section, the proposed production decision method 
introducing an order aggregation period is explained.  
 
3.1 Notation 

In this section, the notations used in this paper are shown as 
follows: 
• 𝑠𝑠𝑠𝑠∶ Salesperson (𝑠𝑠𝑠𝑠=1,…,𝑆𝑆𝑆𝑆) 
• 𝑐𝑐𝑐𝑐∶ Customer (𝑐𝑐𝑐𝑐=1,…,𝐶𝐶𝐶𝐶) 
• 𝑝𝑝𝑝𝑝∶ Order period (𝑝𝑝𝑝𝑝=1,…,𝑃𝑃𝑃𝑃) 
• T∶ The number of time slots in one ordering period [Time 

Slot (TS)] 
• Qp,c: Desired order quantity of customer c in period p 
• Q’p,c: Answered order quantity of customer c in period p 
• 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Degree of credibility to salespersons by customer 𝑐𝑐𝑐𝑐 

in period 𝑝𝑝𝑝𝑝 
• 𝐵𝐵𝐵𝐵𝑄𝑄𝑄𝑄𝑐𝑐𝑐𝑐∶ Standard order quantity of customer 𝑐𝑐𝑐𝑐 
• OTp, c: Order inquiry time by customer c in period p 
• 𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Allowable time for order of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• 𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Desired due date of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• A𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Answered due date of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• DD𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Decided delivery date of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶: Tardiness of product delivery to customer c in period 
p 

In addition, the notations used in scheduling are shown in as 
follows: 
• 𝑗𝑗𝑗𝑗∶ Job number (𝑗𝑗𝑗𝑗=1,…,𝐽𝐽𝐽𝐽) 
• 𝑘𝑘𝑘𝑘∶ Stage number (𝑘𝑘𝑘𝑘=1,…,𝐾𝐾𝐾𝐾) 
• 𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗∶ Tardiness of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• 𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝∶ Makespan in period 𝑝𝑝𝑝𝑝 
• 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘∶ Processing time of stage 𝑘𝑘𝑘𝑘 of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝, 𝑗𝑗𝑗𝑗, 𝑗𝑗𝑗𝑗’, 𝑘𝑘𝑘𝑘∶ Setup time from job 𝑗𝑗𝑗𝑗 to job 𝑗𝑗𝑗𝑗’ at stage 𝑘𝑘𝑘𝑘 in period 
𝑝𝑝𝑝𝑝 

• 𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗∶ Due date of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘∶ Start time of stage 𝑘𝑘𝑘𝑘 of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝.This value is 

decision variable. 
• 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘∶ End time of stage 𝑘𝑘𝑘𝑘 of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• ITTp: Total tardiness acquired by solving the production 

scheduling for minimizing total tardiness in period p 
• IMSp: Makespan acquired by solving the production 

scheduling for minimizing makespan in period p 
• α∶ Weight factor of objective function 
• 𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗’,𝑘𝑘𝑘𝑘: The decision variable that is 1 if the process k of job 

j in period p is prior to the process k of job j’, and otherwise 
is 0  
 
 
 

 
 

Figure 1: Overview of relationships in the target industry 
model. In this model, there is one factory and multiple 

salespersons and customers. 
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3.2 Introduction of order aggregation period to production 
decision method  
In this paper, the order aggregation period AP is introduced 

in our proposed method to avoid the situation which the orders 
requested by the customer early in the period are preferred to 
the orders later in the period and reduce the risk of tardiness of 
product delivery. In this order aggregation period AP, the 
customer’s order is not replied to as soon as the salespersons 
receive the orders, and the salespersons keep the orders 
throughout AP. At the end of the order aggregation period, the 
salespersons decide the quantities and due date of the order that 
has the highest priority. The larger AP is, the more high-priority 
orders can be received. The smaller AP is, the more rapidly the 
salespersons can communicate the order quantity and due date 
to the customers.  

The order adjustment introducing the order aggregation 
period is performed as follows: 
(i)  The unanswered order that has the highest priority of the 

orders in the aggregation period is selected. 
(ii) The salespersons obtain the quantity of the scheduled 

products up until the desired due date of the selected order. 
(iii) The maximum production quantity until the desired due 

date is estimated using the number of scheduled products. 
When the maximum production quantity exceeds the 
desired order quantity, the salesperson adjusts the desired 
order quantity to the customer. When the desired order 
quantity exceeds the possible production quantity, the 
salesperson adjusts the possible production quantity to the 
customer.  

(iv) If there is not any unanswered order, then finish. Otherwise, 
go to (i). 

 
In this paper, the possible production quantity is estimated 

by the number of scheduled products without considering the 
load status of the factory. It also does not take into 
consideration the setup time.  

 
3.3 Algorithm of the Production Decision Method Considering 

the Order Aggregation Period 
The algorithm of the proposed production decision method 

considering the order aggregation period is shown in Figure 2. 
As an initial setting, the period p is set to 0 and time t is set to 
1. 

 
STEP 1: Customers request an order with a desired due date 
and quantity to the salespersons. The desired order quantity is 
determined by the following equation (1), and the due date is 
determined by the following equation (2):  

Q𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 = 𝐵𝐵𝐵𝐵𝑄𝑄𝑄𝑄𝑐𝑐𝑐𝑐 × 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐                                                      (1) 
𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 = 𝑝𝑝𝑝𝑝 × 𝑇𝑇𝑇𝑇 + 𝑂𝑂𝑂𝑂𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 + 𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐                                    (2) 
 

STEP 2: If time counter t equals aggregation period AP, the 
salespersons communicate the order quantity and due date to 
the customers. The procedures for adjusting answered orders 
are described in section 3.2. 

 
STEP 3: The customers adjust the order quantity considering 
the communicated quantity and due date, and then they order. 

In this paper, the customers accept the answered order quantity 
and due date and change the desired order quantity and due date.  

 
STEP 4: The salespersons send the order information from the 
customers to the factory. If time t is the same as one ordering 
period T, proceed to STEP 5. Otherwise t: = t +1 and proceed 
to STEP 6. 

 
STEP 5: If time t equals one ordering period T, the production 
schedule is created. The factory divides the input orders from 
the salespersons into multiple jobs and formulates a multi-stage 
flow shop scheduling problem. The production scheduling 
problem is solved using optimization solver CPLEX 12.6.3 
(IBM) [11]. The formulation of multi-stage flow shop 
scheduling is shown in section 3.4. If the period p equals P, 
then finish. 

 
STEP 6: If the time t equals delivery date DDp,c, the factory 
delivers the finished products to the customer. 

 
STEP 7: The customer who receives the products changes the 
credibility 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝, in consideration with the tardiness of product 
delivery to the customer 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶. If tardiness 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 according to 

equation (3) occurs, the credibility 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝, decreases. Change in 

 
Figure 2: Algorithm of proposed production decision 

method. 
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In our group, an order planning method that determines the 
due date and production scheduling by considering the 
relationships among multiple groups such as customers, 
salespersons, and factories was proposed [9, 10]. This order 
planning method introduced a value of customers’ credibility 
to the salesperson. The salespersons determined the possible 
order quantity and due date estimated from the information of 
production schedule at the previous ordering period as soon as 
possible after receiving the orders from the customer [10]. The 
credibility changes according to the tardiness to customers and 
is used to adjust the order quantity. However, the orders 
requested by the customer early in the ordering period are 
preferred to the orders later in the period, and then the tardiness 
of the latter orders will gradually increase. In this paper, we 
introduce the order aggregation period, in which the 
salespersons collect the customers’ order before adjusting the 
order quantity and production scheduling to reduce the risk of 
tardiness of product delivery. The effectiveness of this 
aggregation period is evaluated by a computational experiment.  

2. Target Model 

 In this study, our target industry model has multiple 
customers, salespersons, and one factory, as shown in Figure 1. 
One ordering period is defined as the lead time from a 
customer’s inquiry to delivery. Each organization of this model 
is defined as follows.  

(a) Customer: Each customer orders the desired production 
items and the quantity of the items from the salesperson. 
Each customer has a degree of credibility to the 
salespersons, which affect and update the previous order 
conditions. The order quantity is determined by the degree 
of credibility and the answered due date from the 
salesperson. The degree of credibility varies depending on 
the occurrence situation of the tardiness from the due date 
of the products’ delivery. When the credibility reaches the 
lower limit, the customer temporarily stops to orders at the 
subsequent ordering period.  

(b) Salespersons: Salespersons estimate due dates in response 
to customers’ order inquiries and desired due dates. Based 
on the desired due date of the customer, order quantity, and 
the information on the production schedule at the previous 
ordering period, the answered due date and quantity for the 
customer is decided. When an increased order quantity per 

ordering period is estimated, the tardiness of the product 
delivery increases easily.  

(c) Factory: The factory creates a production schedule for the 
orders from salespersons per ordering period and 
manufactures products. This study targets multi-stage flow 
shops.  

3. Proposal of a Production Decision Method Considering 
Order Aggregation Period 

    In this section, the proposed production decision method 
introducing an order aggregation period is explained.  
 
3.1 Notation 

In this section, the notations used in this paper are shown as 
follows: 
• 𝑠𝑠𝑠𝑠∶ Salesperson (𝑠𝑠𝑠𝑠=1,…,𝑆𝑆𝑆𝑆) 
• 𝑐𝑐𝑐𝑐∶ Customer (𝑐𝑐𝑐𝑐=1,…,𝐶𝐶𝐶𝐶) 
• 𝑝𝑝𝑝𝑝∶ Order period (𝑝𝑝𝑝𝑝=1,…,𝑃𝑃𝑃𝑃) 
• T∶ The number of time slots in one ordering period [Time 

Slot (TS)] 
• Qp,c: Desired order quantity of customer c in period p 
• Q’p,c: Answered order quantity of customer c in period p 
• 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Degree of credibility to salespersons by customer 𝑐𝑐𝑐𝑐 

in period 𝑝𝑝𝑝𝑝 
• 𝐵𝐵𝐵𝐵𝑄𝑄𝑄𝑄𝑐𝑐𝑐𝑐∶ Standard order quantity of customer 𝑐𝑐𝑐𝑐 
• OTp, c: Order inquiry time by customer c in period p 
• 𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Allowable time for order of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• 𝑃𝑃𝑃𝑃𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Desired due date of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• A𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Answered due date of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• DD𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐∶ Decided delivery date of customer 𝑐𝑐𝑐𝑐 in period 𝑝𝑝𝑝𝑝 
• 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶: Tardiness of product delivery to customer c in period 
p 

In addition, the notations used in scheduling are shown in as 
follows: 
• 𝑗𝑗𝑗𝑗∶ Job number (𝑗𝑗𝑗𝑗=1,…,𝐽𝐽𝐽𝐽) 
• 𝑘𝑘𝑘𝑘∶ Stage number (𝑘𝑘𝑘𝑘=1,…,𝐾𝐾𝐾𝐾) 
• 𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗∶ Tardiness of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• 𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝∶ Makespan in period 𝑝𝑝𝑝𝑝 
• 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘∶ Processing time of stage 𝑘𝑘𝑘𝑘 of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝, 𝑗𝑗𝑗𝑗, 𝑗𝑗𝑗𝑗’, 𝑘𝑘𝑘𝑘∶ Setup time from job 𝑗𝑗𝑗𝑗 to job 𝑗𝑗𝑗𝑗’ at stage 𝑘𝑘𝑘𝑘 in period 
𝑝𝑝𝑝𝑝 

• 𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗∶ Due date of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘∶ Start time of stage 𝑘𝑘𝑘𝑘 of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝.This value is 

decision variable. 
• 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘∶ End time of stage 𝑘𝑘𝑘𝑘 of job 𝑗𝑗𝑗𝑗 in period 𝑝𝑝𝑝𝑝 
• ITTp: Total tardiness acquired by solving the production 

scheduling for minimizing total tardiness in period p 
• IMSp: Makespan acquired by solving the production 

scheduling for minimizing makespan in period p 
• α∶ Weight factor of objective function 
• 𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗’,𝑘𝑘𝑘𝑘: The decision variable that is 1 if the process k of job 

j in period p is prior to the process k of job j’, and otherwise 
is 0  
 
 
 

 
 

Figure 1: Overview of relationships in the target industry 
model. In this model, there is one factory and multiple 

salespersons and customers. 
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Figure 3: Results of several criteria with different AP. (a) Total order quantity (TO), (b) Average tardiness per order (DL), 
(c) Average final credibility and (d) Average lead time from customers’ inquiry to salespersons’ reply (AL). The error bars 

denote the standard deviation. (*): The level of significance is p < 0.05. 

 
Figure 4: Results of average total order quantity with high-

priority and normal orders. The error bars denote the 
standard deviation. (*): The level of significance is p < 0.05. 
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the credibility 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝, of customer c in period p is expressed by 
equation (4).  
𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = max (0,𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 − 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐)                                      (3) 

     𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 = �
𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 + 𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶                                 (𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ≤ 0)
max (0,𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 − 𝑟𝑟𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 × 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 > 0)

     (4) 

 
3.4 Formulation of K-stage flow shop scheduling 

To solve the K-stage flow shop scheduling problem in STEP 
5, the optimization problem is formulated as follows: 

min        𝛼𝛼𝛼𝛼
∑ 𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗∀𝑗𝑗𝑗𝑗

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝+1
+ (1 − 𝛼𝛼𝛼𝛼) 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑝𝑝𝑝𝑝

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝+1
                                   (5) 

where       𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗 = max (0, 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝐾𝐾𝐾𝐾 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝐾𝐾𝐾𝐾 − 𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗)                (6) 
                  𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝 = max( 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 − 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑘𝑘𝑘𝑘)  (∀𝑗𝑗𝑗𝑗,∀𝑘𝑘𝑘𝑘)  (7) 

 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑘𝑘𝑘𝑘 = max�𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘�  (∀𝑗𝑗𝑗𝑗)                      (8) 
s. t.      𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘+1 ≥ 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘                                       (9)  

𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 ≥ 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘   
     (∀𝑗𝑗𝑗𝑗,∀𝑗𝑗𝑗𝑗′(≠ 𝑗𝑗𝑗𝑗),∀𝑘𝑘𝑘𝑘)  �𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 = 1�   (10) 

𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 ≥ 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑘𝑘𝑘𝑘 (∀𝑗𝑗𝑗𝑗,∀𝑘𝑘𝑘𝑘)                                        (11) 
𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 ≥ 0                                                             (12) 
𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 + 𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗′,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 = 1  (∀𝑗𝑗𝑗𝑗,∀𝑗𝑗𝑗𝑗′(≠ 𝑗𝑗𝑗𝑗),∀𝑘𝑘𝑘𝑘)          (13) 
x𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 ∈ {0,1} (∀𝑗𝑗𝑗𝑗,∀𝑗𝑗𝑗𝑗′(≠ 𝑗𝑗𝑗𝑗),∀𝑘𝑘𝑘𝑘)                     (14) 

x𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 is the decision variable, and when this value is 1, job j 
at stage k in period p precedes the job j’. When this value is 0, 
job j’ at stage k in period p precedes job j. 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 is the integer 
decision variable which shows the processing start time of job 
j at stage k in period p. Objective function (5) is minimization 
of a weighted sum of total tardiness at period p as shown in 
equation (6) and total makespan at period p as shown in 
equation (7). Equation (8) is the finish time of each job j. 
Equations (9) ~ (12) are constraints. Constraint (9) guarantees 
that the finish time of job j at stage k is earlier than the start 
time of job j at stage k+1. Constraint (10) limits the number of 
jobs that can be processed at one time. Constraints (11) and (12) 
represent that start time is after the end time of the previous 
period. Constraint (13) ensures that the precedence relation of 
jobs is selected by either of two.  

4. Computational Experiment and Discussion 

To evaluate the influence of the order collection term of 
the proposed order adjustment technique, we performed a 
computational experiment. In this experiment, a sensitive 
analysis for order collection terms was performed.  
 
4.1 Experimental conditions and evaluation criteria 

The experiment was performed with the following 
conditions:  
 The number of customers (𝐶𝐶𝐶𝐶)∶ 10 

Of the customers, 5 were higher-priority than the other 5.  
 The number of salesperson (𝑆𝑆𝑆𝑆)∶ 10 
 The number of ordering period (𝑃𝑃𝑃𝑃)∶ 10 
 The number of time slots in each ordering period (T)∶ 100 

[TS] 
 The number of job stages (𝐾𝐾𝐾𝐾)∶ 2 
 The number of product types ∶ 5  
 Setup time due to change of product type (𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘): 2 
 Standard order quantity of customers (𝐵𝐵𝐵𝐵𝑄𝑄𝑄𝑄𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): 20 
 Order inquiry time (𝑂𝑂𝑂𝑂𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): [1, 100] [TS]  

 Customer allowable time (𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): [0, 20] [TS] 
 Initial credibility of customer (𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅0,𝑐𝑐𝑐𝑐): 1.0 
 Range of customer credibility (𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): 0.0 ≤ 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 ≤ 1.0 
 Rate of decrease in order quantity (𝑟𝑟𝑟𝑟𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶): 0.04 
 Amount of customer’s credibility increase when the order’s 

products can be delivered within the answered due date 
(𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶): 0.2 
 Reduction rate of credibility at the time of tardiness 

occurrence (𝑟𝑟𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶): 0.02 
 The number of trials: 5 each AP  
Each product is ordered for two in ten customers. To set the 
priority of orders, the orders that are ordered from high-priority 
five customers are set to be higher-priority orders. In these high 
priority orders, the quantity and due date of the orders is 
decided prior to other orders. 

The evaluation criteria were as follows: 
 𝑇𝑇𝑇𝑇𝑂𝑂𝑂𝑂: Total order quantity 
 𝐷𝐷𝐷𝐷𝐿𝐿𝐿𝐿: Average tardiness per order [TS] 
 𝐴𝐴𝐴𝐴𝐶𝐶𝐶𝐶: Average final credibility 
 AL: Average lead time from customers’ inquiry to 

salespersons’ reply [TS] 
 

4.2 Evaluation result of proposed method with different 
aggregation period 

Figure 3 shows the values of the valuation criteria for each 
answered period AP. Figure 4 shows the average of total 
quantity with priority and normal orders. The ratio of AL to AP 
(except for AP = 0) is around 0.40. 

The longer APs are, the smaller the total order quantity TO 
and the average tardiness per order DL are, and the bigger the 
average final credibility AC is, as shown in Figure 3 (a-c). The 
reason for a decrease in TO is that the quantity of normal orders 
is reduced with an increase of AP, as shown in Figure 4. Also, 
it will be easy to deliver the products before the due date as the 
AP increases. As a result, the average final credibility AC 
increases. The average lead time from customers’ inquiry to 
salespersons’ reply, AL, increases as the AP increases. This 
result has a close correlation with the increase of AP within an 
expected result. The results of Figure 3 (d) indicate that it is 
possible to provide a rapid reply to the customer when the AP 
is reduced.  

5. Conclusion 

In this paper, a production decision method considering the 
order aggregation period is proposed. By introducing the order 
aggregation period AP, salespersons can select higher-priority 
orders. The results of the computational experiment show that 
it is possible to communicate order quantity and due date to 
customers rapidly as the AP is reduced. Also, in the case that 
the AP is longer, the number of high-priority orders increases, 
and then the credibility also increases. As a future task, the 
scheduling periods for collecting the orders in the factory will 
be introduced into the proposed method.  
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Figure 3: Results of several criteria with different AP. (a) Total order quantity (TO), (b) Average tardiness per order (DL), 
(c) Average final credibility and (d) Average lead time from customers’ inquiry to salespersons’ reply (AL). The error bars 

denote the standard deviation. (*): The level of significance is p < 0.05. 

 
Figure 4: Results of average total order quantity with high-

priority and normal orders. The error bars denote the 
standard deviation. (*): The level of significance is p < 0.05. 
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the credibility 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝, of customer c in period p is expressed by 
equation (4).  
𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = max (0,𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 − 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐)                                      (3) 

     𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 = �
𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 + 𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶                                 (𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 ≤ 0)
max (0,𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 − 𝑟𝑟𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 × 𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝑑𝑑𝑑𝑑𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 > 0)

     (4) 

 
3.4 Formulation of K-stage flow shop scheduling 

To solve the K-stage flow shop scheduling problem in STEP 
5, the optimization problem is formulated as follows: 

min        𝛼𝛼𝛼𝛼
∑ 𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗∀𝑗𝑗𝑗𝑗

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝+1
+ (1 − 𝛼𝛼𝛼𝛼) 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑝𝑝𝑝𝑝

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝+1
                                   (5) 

where       𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗 = max (0, 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝐾𝐾𝐾𝐾 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝐾𝐾𝐾𝐾 − 𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗)                (6) 
                  𝑀𝑀𝑀𝑀𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝 = max( 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 − 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑘𝑘𝑘𝑘)  (∀𝑗𝑗𝑗𝑗,∀𝑘𝑘𝑘𝑘)  (7) 

 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑘𝑘𝑘𝑘 = max�𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘�  (∀𝑗𝑗𝑗𝑗)                      (8) 
s. t.      𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘+1 ≥ 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘                                       (9)  

𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 ≥ 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 + 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘   
     (∀𝑗𝑗𝑗𝑗,∀𝑗𝑗𝑗𝑗′(≠ 𝑗𝑗𝑗𝑗),∀𝑘𝑘𝑘𝑘)  �𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 = 1�   (10) 

𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 ≥ 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑘𝑘𝑘𝑘 (∀𝑗𝑗𝑗𝑗,∀𝑘𝑘𝑘𝑘)                                        (11) 
𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 ≥ 0                                                             (12) 
𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 + 𝑥𝑥𝑥𝑥𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗′,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 = 1  (∀𝑗𝑗𝑗𝑗,∀𝑗𝑗𝑗𝑗′(≠ 𝑗𝑗𝑗𝑗),∀𝑘𝑘𝑘𝑘)          (13) 
x𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 ∈ {0,1} (∀𝑗𝑗𝑗𝑗,∀𝑗𝑗𝑗𝑗′(≠ 𝑗𝑗𝑗𝑗),∀𝑘𝑘𝑘𝑘)                     (14) 

x𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘 is the decision variable, and when this value is 1, job j 
at stage k in period p precedes the job j’. When this value is 0, 
job j’ at stage k in period p precedes job j. 𝑠𝑠𝑠𝑠𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑘𝑘𝑘𝑘 is the integer 
decision variable which shows the processing start time of job 
j at stage k in period p. Objective function (5) is minimization 
of a weighted sum of total tardiness at period p as shown in 
equation (6) and total makespan at period p as shown in 
equation (7). Equation (8) is the finish time of each job j. 
Equations (9) ~ (12) are constraints. Constraint (9) guarantees 
that the finish time of job j at stage k is earlier than the start 
time of job j at stage k+1. Constraint (10) limits the number of 
jobs that can be processed at one time. Constraints (11) and (12) 
represent that start time is after the end time of the previous 
period. Constraint (13) ensures that the precedence relation of 
jobs is selected by either of two.  

4. Computational Experiment and Discussion 

To evaluate the influence of the order collection term of 
the proposed order adjustment technique, we performed a 
computational experiment. In this experiment, a sensitive 
analysis for order collection terms was performed.  
 
4.1 Experimental conditions and evaluation criteria 

The experiment was performed with the following 
conditions:  
 The number of customers (𝐶𝐶𝐶𝐶)∶ 10 

Of the customers, 5 were higher-priority than the other 5.  
 The number of salesperson (𝑆𝑆𝑆𝑆)∶ 10 
 The number of ordering period (𝑃𝑃𝑃𝑃)∶ 10 
 The number of time slots in each ordering period (T)∶ 100 

[TS] 
 The number of job stages (𝐾𝐾𝐾𝐾)∶ 2 
 The number of product types ∶ 5  
 Setup time due to change of product type (𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑗𝑗𝑗𝑗,𝑗𝑗𝑗𝑗′,𝑘𝑘𝑘𝑘): 2 
 Standard order quantity of customers (𝐵𝐵𝐵𝐵𝑄𝑄𝑄𝑄𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): 20 
 Order inquiry time (𝑂𝑂𝑂𝑂𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): [1, 100] [TS]  

 Customer allowable time (𝐴𝐴𝐴𝐴𝑇𝑇𝑇𝑇𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): [0, 20] [TS] 
 Initial credibility of customer (𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅0,𝑐𝑐𝑐𝑐): 1.0 
 Range of customer credibility (𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐): 0.0 ≤ 𝐶𝐶𝐶𝐶𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝,𝑐𝑐𝑐𝑐 ≤ 1.0 
 Rate of decrease in order quantity (𝑟𝑟𝑟𝑟𝑄𝑄𝑄𝑄𝐶𝐶𝐶𝐶): 0.04 
 Amount of customer’s credibility increase when the order’s 

products can be delivered within the answered due date 
(𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶): 0.2 
 Reduction rate of credibility at the time of tardiness 

occurrence (𝑟𝑟𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶): 0.02 
 The number of trials: 5 each AP  
Each product is ordered for two in ten customers. To set the 
priority of orders, the orders that are ordered from high-priority 
five customers are set to be higher-priority orders. In these high 
priority orders, the quantity and due date of the orders is 
decided prior to other orders. 

The evaluation criteria were as follows: 
 𝑇𝑇𝑇𝑇𝑂𝑂𝑂𝑂: Total order quantity 
 𝐷𝐷𝐷𝐷𝐿𝐿𝐿𝐿: Average tardiness per order [TS] 
 𝐴𝐴𝐴𝐴𝐶𝐶𝐶𝐶: Average final credibility 
 AL: Average lead time from customers’ inquiry to 

salespersons’ reply [TS] 
 

4.2 Evaluation result of proposed method with different 
aggregation period 

Figure 3 shows the values of the valuation criteria for each 
answered period AP. Figure 4 shows the average of total 
quantity with priority and normal orders. The ratio of AL to AP 
(except for AP = 0) is around 0.40. 

The longer APs are, the smaller the total order quantity TO 
and the average tardiness per order DL are, and the bigger the 
average final credibility AC is, as shown in Figure 3 (a-c). The 
reason for a decrease in TO is that the quantity of normal orders 
is reduced with an increase of AP, as shown in Figure 4. Also, 
it will be easy to deliver the products before the due date as the 
AP increases. As a result, the average final credibility AC 
increases. The average lead time from customers’ inquiry to 
salespersons’ reply, AL, increases as the AP increases. This 
result has a close correlation with the increase of AP within an 
expected result. The results of Figure 3 (d) indicate that it is 
possible to provide a rapid reply to the customer when the AP 
is reduced.  

5. Conclusion 

In this paper, a production decision method considering the 
order aggregation period is proposed. By introducing the order 
aggregation period AP, salespersons can select higher-priority 
orders. The results of the computational experiment show that 
it is possible to communicate order quantity and due date to 
customers rapidly as the AP is reduced. Also, in the case that 
the AP is longer, the number of high-priority orders increases, 
and then the credibility also increases. As a future task, the 
scheduling periods for collecting the orders in the factory will 
be introduced into the proposed method.  


