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Improved genetic algorithm for 3D printing multiobjective optimization task scheduling
Haobin Zhao1,*, and Hongbin Yu1
1

Tinangong University, Tianjin 300387, China
Abstract. For the 3D printing multi-objective optimization task scheduling
problem, the problem model is established from the three aspects of related
problem definition, constraint conditions, and objective function, which lays
the foundation for subsequent research and solution.

1. Introduction
In order to better study the 3D printing multi-objective optimization task scheduling
problem, this paper takes the shortest printing time and the lowest printing cost as the
optimization goals, and establishes the 3D printing multi-objective optimization task
scheduling problem model based on the 0-1 planning model. The task scheduling problem
model in this paper is established on the basis of ignoring manual time, known printer printing
speed and cost.

2. Definition of related issues
Suppose there are a total of 𝑀𝑀𝑀𝑀 printer and 𝑁𝑁𝑁𝑁 print tasks. The print speed of the 𝑖𝑖𝑖𝑖 printer
is 𝑣𝑣𝑣𝑣𝑖𝑖𝑖𝑖 , the print cost is 𝑝𝑝𝑝𝑝𝑖𝑖𝑖𝑖 , and the task volume of the 𝑗𝑗𝑗𝑗 print task is 𝑙𝑙𝑙𝑙𝑗𝑗𝑗𝑗 , so the time for the 𝑖𝑖𝑖𝑖
printer to print the 𝑗𝑗𝑗𝑗 subtask is for:
𝑡𝑡𝑡𝑡(1,1)
𝑡𝑡𝑡𝑡(2,1)
𝑇𝑇𝑇𝑇 = � ⋮
𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,1)

𝑡𝑡𝑡𝑡(1,2) ⋯ 𝑡𝑡𝑡𝑡(1,𝑁𝑁𝑁𝑁)
𝑙𝑙𝑙𝑙1 ⁄𝑣𝑣𝑣𝑣1
𝑡𝑡𝑡𝑡(2,2) ⋯ 𝑡𝑡𝑡𝑡(2,𝑁𝑁𝑁𝑁)
𝑙𝑙𝑙𝑙1 ⁄𝑣𝑣𝑣𝑣2
⋮
⋱
⋮ �=� ⋮
𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,2) ⋯ 𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,𝑁𝑁𝑁𝑁)
𝑙𝑙𝑙𝑙1 ⁄𝑣𝑣𝑣𝑣𝑀𝑀𝑀𝑀

𝑙𝑙𝑙𝑙2 ⁄𝑣𝑣𝑣𝑣1
𝑙𝑙𝑙𝑙2 ⁄𝑣𝑣𝑣𝑣2
⋮
𝑙𝑙𝑙𝑙2 ⁄𝑣𝑣𝑣𝑣𝑀𝑀𝑀𝑀

⋯ 𝑙𝑙𝑙𝑙𝑁𝑁𝑁𝑁 ⁄𝑣𝑣𝑣𝑣1
⋯ 𝑙𝑙𝑙𝑙𝑁𝑁𝑁𝑁 ⁄𝑣𝑣𝑣𝑣2
�
⋱
⋮
⋯ 𝑙𝑙𝑙𝑙𝑁𝑁𝑁𝑁 ⁄𝑣𝑣𝑣𝑣𝑀𝑀𝑀𝑀

𝑐𝑐𝑐𝑐(1,1)
𝑐𝑐𝑐𝑐(2,1)
𝐶𝐶𝐶𝐶 = � ⋮
𝑐𝑐𝑐𝑐(𝑀𝑀𝑀𝑀,1)

𝑐𝑐𝑐𝑐(1,2) ⋯ 𝑐𝑐𝑐𝑐(1,𝑁𝑁𝑁𝑁)
𝑝𝑝𝑝𝑝1 ⁄𝑙𝑙𝑙𝑙1
𝑐𝑐𝑐𝑐(2,2) ⋯ 𝑐𝑐𝑐𝑐(2,𝑁𝑁𝑁𝑁)
𝑝𝑝𝑝𝑝1 ⁄𝑙𝑙𝑙𝑙2
⋮
⋱
⋮ �=� ⋮
𝑐𝑐𝑐𝑐(𝑀𝑀𝑀𝑀,2) ⋯ 𝑐𝑐𝑐𝑐(𝑀𝑀𝑀𝑀,𝑁𝑁𝑁𝑁)
𝑝𝑝𝑝𝑝1 ⁄𝑙𝑙𝑙𝑙𝑀𝑀𝑀𝑀

𝑝𝑝𝑝𝑝2 ⁄𝑙𝑙𝑙𝑙1
𝑝𝑝𝑝𝑝2 ⁄𝑙𝑙𝑙𝑙2
⋮
𝑝𝑝𝑝𝑝2 ⁄𝑙𝑙𝑙𝑙𝑀𝑀𝑀𝑀

⋯ 𝑝𝑝𝑝𝑝𝑁𝑁𝑁𝑁 ⁄𝑙𝑙𝑙𝑙1
⋯ 𝑝𝑝𝑝𝑝𝑁𝑁𝑁𝑁 ⁄𝑙𝑙𝑙𝑙2
�
⋱
⋮
⋯ 𝑝𝑝𝑝𝑝𝑁𝑁𝑁𝑁 ⁄𝑙𝑙𝑙𝑙𝑀𝑀𝑀𝑀

The cost of printing the 𝑗𝑗𝑗𝑗 print task by the 𝑖𝑖𝑖𝑖 printer is expressed as:

Task scheduling scheme matrix is expressed as:
*
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𝑥𝑥𝑥𝑥(1,1)
𝑥𝑥𝑥𝑥(2,1)
𝑋𝑋𝑋𝑋 = � ⋮
𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,1)

𝑥𝑥𝑥𝑥(1,2) ⋯ 𝑥𝑥𝑥𝑥(1,𝑁𝑁𝑁𝑁)
𝑥𝑥𝑥𝑥(2,2) ⋯ 𝑥𝑥𝑥𝑥(2,𝑁𝑁𝑁𝑁)
⋮
⋱
⋮ �
𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,2) ⋯ 𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,𝑁𝑁𝑁𝑁)

Among them, 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) is a 0-1 decision variable, when 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) = 1 it means that the 𝑗𝑗𝑗𝑗 print
task is printed on the 𝑖𝑖𝑖𝑖 printer, and when 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) = 0 it means the 𝑗𝑗𝑗𝑗 print task is not printed
on the 𝑖𝑖𝑖𝑖 printer.
In this paper, the first task scheduling of the system is called primary scheduling, and
each subsequent scheduling is called secondary scheduling. If it is a one-time scheduling, the
setting time and warm-up time of each printer are different. If it is a second scheduling, the
remaining tasks of each printer in the previous several task scheduling are different. As a
result, after the task scheduling is completed, the time at which each printer can start printing
is different. The time from the start of task scheduling to when the 𝑖𝑖𝑖𝑖 printer can print a new
task is called the printer's initial time 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼 , the initial time matrix can be expressed as:
𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆1
𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆
𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠 = � 2 �
⋮
𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑀𝑀𝑀𝑀

The time from when the 𝑗𝑗𝑗𝑗 print task is scheduled to be ready for printing is called the
initial time of the 𝑗𝑗𝑗𝑗 print task, which can be expressed as:
𝑀𝑀𝑀𝑀

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑗𝑗𝑗𝑗 =

𝑀𝑀𝑀𝑀

𝑀𝑀𝑀𝑀 𝑖𝑖𝑖𝑖−1

𝑗𝑗𝑗𝑗

⎧
⎪� 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) + � � 𝑡𝑡𝑡𝑡(𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘) 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘) 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) � � 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘) 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) > 1
⎨
⎪
⎩

𝑖𝑖𝑖𝑖=1

𝑀𝑀𝑀𝑀

𝑖𝑖𝑖𝑖=1 𝑘𝑘𝑘𝑘=1
𝑀𝑀𝑀𝑀 𝑗𝑗𝑗𝑗

𝑖𝑖𝑖𝑖=1 𝑘𝑘𝑘𝑘=1

� 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗)

� � 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑘𝑘𝑘𝑘) 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) = 1
𝑖𝑖𝑖𝑖=1 𝑘𝑘𝑘𝑘=1

𝑖𝑖𝑖𝑖=1

The printing time 𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡𝑗𝑗𝑗𝑗 of the 𝑗𝑗𝑗𝑗 print task is mainly divided into the initial time 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑗𝑗𝑗𝑗
and the processing time 𝑡𝑡𝑡𝑡(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) of the 𝑗𝑗𝑗𝑗 print task on the 𝑖𝑖𝑖𝑖 printer, which can be expressed
as:
𝑡𝑡𝑡𝑡𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡𝑗𝑗𝑗𝑗 = 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑗𝑗𝑗𝑗 + 𝑡𝑡𝑡𝑡(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗)

3. Restrictions
Since 3D printing has the characteristics of one-time molding, in general, each printing task
can only be assigned to one printer, namely:
𝑀𝑀𝑀𝑀

∀𝑗𝑗𝑗𝑗 ∈ [1, 𝑁𝑁𝑁𝑁], � 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) = 1
𝑖𝑖𝑖𝑖=1

Due to the limitations of printing materials, printing methods, printing accuracy, and size
of space, only when the printing task is completely matched with the printer, the printing task
can be printed on this printer. The matching value of the 𝑗𝑗𝑗𝑗 print task and the print material
of the 𝑖𝑖𝑖𝑖 printer is 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) , The value is the matching value of printing mode 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) , the
matching value of printing precision 𝑑𝑑𝑑𝑑𝑗𝑗𝑗𝑗(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) , the matching value of space size 𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) , and the
total matching value 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗), namely:
2
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∀𝑖𝑖𝑖𝑖 ∈ [1, 𝑀𝑀𝑀𝑀], 𝑗𝑗𝑗𝑗 ∈ [1, 𝑁𝑁𝑁𝑁], 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) = 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) × 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) × 𝑑𝑑𝑑𝑑𝑗𝑗𝑗𝑗(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) × 𝑑𝑑𝑑𝑑𝑡𝑡𝑡𝑡(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) = 1

4. Objective function
After completing a task scheduling, the printing time matrix for each printer to complete the
printing task assigned to the printer is expressed as:
𝑥𝑥𝑥𝑥(1,1)
𝑥𝑥𝑥𝑥(2,1)
𝑇𝑇𝑇𝑇1 = � ⋮
𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,1)

𝑥𝑥𝑥𝑥(1,2) ⋯ 𝑥𝑥𝑥𝑥(1,𝑁𝑁𝑁𝑁)
𝑡𝑡𝑡𝑡(1,1)
𝑥𝑥𝑥𝑥(2,2) ⋯ 𝑥𝑥𝑥𝑥(2,𝑁𝑁𝑁𝑁)
𝑡𝑡𝑡𝑡(2,1)
⋱
⋮
⋮ �� ⋮
𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,2) ⋯ 𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,𝑁𝑁𝑁𝑁)
𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,1)

𝑡𝑡𝑡𝑡(1,2) ⋯ 𝑡𝑡𝑡𝑡(1,𝑁𝑁𝑁𝑁)
1 0 ⋯ 0
𝑡𝑡𝑡𝑡(2,2) ⋯ 𝑡𝑡𝑡𝑡(2,𝑁𝑁𝑁𝑁)
⋯
� �0 1 ⋱ 0�
⋱
⋮
⋮
⋮ ⋮
⋮
𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,2) ⋯ 𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,𝑁𝑁𝑁𝑁)
0 0 ⋯ 1

The completion time of a printer refers to the time from the start of task scheduling to the
end of the last printing task of the printer, including the initial time and printing time, so the
completion time matrix of each printer is expressed as:
� 𝑡𝑡𝑡𝑡(1,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(1,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆1
⎛ 𝑗𝑗𝑗𝑗
⎞
⎜
⎟
⎜ � 𝑡𝑡𝑡𝑡(2,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(2,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆2 ⎟
𝑇𝑇𝑇𝑇2 = 𝑇𝑇𝑇𝑇1 + 𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠 = ⎜ 𝑗𝑗𝑗𝑗
⎟
⎜
⎟
⋮
⎜
⎟
� 𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑀𝑀𝑀𝑀
⎝ 𝑗𝑗𝑗𝑗
⎠

The total printing time of the print task is the maximum of the completion time of all
printers, so the total printing time of the completed print task is expressed as:
� 𝑡𝑡𝑡𝑡(1,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(1,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆1
⎛ 𝑗𝑗𝑗𝑗
⎞
⎜
⎟
⎜ � 𝑡𝑡𝑡𝑡(2,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(2,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆2 ⎟
𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇 (𝑋𝑋𝑋𝑋) = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥(𝑇𝑇𝑇𝑇2 ) = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥 ⎜ 𝑗𝑗𝑗𝑗
⎟
⎜
⎟
⋮
⎜
⎟
� 𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑀𝑀𝑀𝑀
⎝ 𝑗𝑗𝑗𝑗
⎠

One of the goals of task scheduling is to make the total printing time the shortest, so the
objective function of time optimization can be expressed as:
� 𝑡𝑡𝑡𝑡(1,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(1,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆1 ⎫
⎧
⎛ 𝑗𝑗𝑗𝑗
⎞⎪
⎪
⎪
⎪
⎜
⎟⎪
⎪
⎜ � 𝑡𝑡𝑡𝑡(2,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(2,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆2 ⎟
𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇 = 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚�𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇 (𝑋𝑋𝑋𝑋)� = 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥 ⎜ 𝑗𝑗𝑗𝑗
⎟⎬
⎨
⎜
⎟
⋮
⎪
⎜
⎟⎪
⎪
⎪
� 𝑡𝑡𝑡𝑡(𝑀𝑀𝑀𝑀,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,𝑗𝑗𝑗𝑗) + 𝑇𝑇𝑇𝑇𝑆𝑆𝑆𝑆𝑀𝑀𝑀𝑀 ⎪
⎪
⎩
⎝ 𝑗𝑗𝑗𝑗
⎠⎭

The total printing cost is the sum of the printing costs of all printing tasks on the
corresponding printer, so the total printing cost can be expressed as:
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𝑥𝑥𝑥𝑥(1,1)
⎛ 𝑥𝑥𝑥𝑥(2,1)
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶 (𝑋𝑋𝑋𝑋) = � 𝑋𝑋𝑋𝑋𝐶𝐶𝐶𝐶 = � ⎜� ⋮
𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,1)
⎝

𝑥𝑥𝑥𝑥(1,2)
𝑥𝑥𝑥𝑥(2,2)
⋮
𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,2)
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𝑐𝑐𝑐𝑐(1,1)
⋯ 𝑥𝑥𝑥𝑥(1,𝑁𝑁𝑁𝑁)
𝑐𝑐𝑐𝑐(2,1)
⋯ 𝑥𝑥𝑥𝑥(2,𝑁𝑁𝑁𝑁)
⋱
⋮ �� ⋮
⋯ 𝑥𝑥𝑥𝑥(𝑀𝑀𝑀𝑀,𝑁𝑁𝑁𝑁)
𝑐𝑐𝑐𝑐(𝑀𝑀𝑀𝑀,1)

𝑐𝑐𝑐𝑐(1,2)
𝑐𝑐𝑐𝑐(2,2)
⋮
𝑐𝑐𝑐𝑐(𝑀𝑀𝑀𝑀,2)

⋯ 𝑐𝑐𝑐𝑐(1,𝑁𝑁𝑁𝑁)
⋯ 𝑐𝑐𝑐𝑐(2,𝑁𝑁𝑁𝑁) ⎞
⋱
⋮ �⎟
⋯ 𝑐𝑐𝑐𝑐(𝑀𝑀𝑀𝑀,𝑁𝑁𝑁𝑁)
⎠

One of the goals of task scheduling is to minimize the total printing cost, so the objective
function of cost optimization can be expressed as:
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶 = 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚�𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶 (𝑋𝑋𝑋𝑋)� = 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚 �� � 𝑐𝑐𝑐𝑐(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) 𝑥𝑥𝑥𝑥(𝑖𝑖𝑖𝑖,𝑗𝑗𝑗𝑗) �
𝑖𝑖𝑖𝑖

𝑗𝑗𝑗𝑗

When completing the printing task, in order to meet the two optimization goals of time
and cost at the same time, the n-norm weighting method is used to assign corresponding
weights to the printing time optimization goals and the printing cost optimization goals, and
the design based on the printing time and printing cost The objective function of the
combined objective optimization mode can be expressed as:
𝐻𝐻𝐻𝐻 = 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚�𝐻𝐻𝐻𝐻(𝑋𝑋𝑋𝑋)� = 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑚𝑚𝑚𝑚 ��𝜔𝜔𝜔𝜔1 �

𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶 (𝑋𝑋𝑋𝑋) − 𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶
𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇 (𝑋𝑋𝑋𝑋) − 𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇
� + 𝜔𝜔𝜔𝜔2 �
��
𝑑𝑑𝑑𝑑𝐶𝐶𝐶𝐶
𝑑𝑑𝑑𝑑𝑇𝑇𝑇𝑇

Among them, is the comprehensive evaluation index value of printing time and printing
cost, and the weights of printing time and printing cost are 𝜔𝜔𝜔𝜔1 and 𝜔𝜔𝜔𝜔2 respectively, among
them 𝜔𝜔𝜔𝜔1 + 𝜔𝜔𝜔𝜔2 = 1.

5. Conclusion

The 3D printing multi-objective optimization task scheduling problem model established in
this paper describes the problem in mathematical language, which facilitates subsequent
research and solution.
This work was financially supported by National Key R&D Project (2017YFB1104202).
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