SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

pDESy: A Python package for discrete time-event
simulation to engineering project

Mitsuyuki, Taiga

Faculty of Engineering, Yokohama National University

Okubo, VYui

Graduate School of Engineering Science, Yokohama National University

https://hdl.handle. net/2324/7399674

HERIESR : Software Impacts. 19, pp.100621-, 2024-03. Elsevier
N—o30:
YEFIRS(R : © 2024 The Author(s).

%, KYUSHU UNIVERSITY




Software Impacts 19 (2024) 100621

journal homepage: www.journals.elsevier.com/software-impacts

Contents lists available at ScienceDirect

Software Impacts

Original software publication

pDESy: A Python package for discrete time-event simulation to engineering M)

project @
Taiga Mitsuyuki ®*, Yui Okubo "

2 Faculty of Engineering, Yokohama National University, Kanagawa, Japan

b Graduate School of Engineering Science, Yokohama National University, Kanagawa, Japan

Check for
updates

ARTICLE INFO ABSTRACT

Keywords:

Discrete simulation
System modeling
Engineering project
Priority rule

This paper presents pDESy, an open-source Python package for modeling and discrete time-event simulation
of the general engineering project. It aims to be the fundamental high-level building block for doing practical,
real-world engineering project management by project modeling and simulation. The simulation model consists
of four models: Product, Workflow, Workplace, and Team. By using these four models, we can perform an
discrete time-event simulation using several types of priority rule. The package can be used to evaluate and

design various engineering projects and develop detailed execution plans.
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1. Background and motivation

There are many tools for modeling and simulating engineering
projects in the manufacturing industry. However, most of them are
for flow-shop manufacturing lanes, and there are only a few modeling
and simulation tools for job-shop projects where workers and com-
ponents move in complex ways. In addition, there are no tools for
describing job-shop projects in a generic model that is not specific to
a particular process, nor are there any modules that can describe them
programmatically.

This paper presents pDESy, an open-source Python package for
modeling and discrete time-event simulation of the general engineering
project. It aims to be the fundamental high-level building block for
doing practical, real-world engineering project management by project
modeling and simulation.

2. Modeling and simulation

In the pDESy package, the simulation model consists of four models:
Product, Workflow, Workplace, and Team. This paper describes only
the critical attributes of each model.

The product model represents the target product to be manufactured
or developed. This model defines parts and intermediate components
up to the final target product in a tree structure. The workflow model is
composed of the tasks to generate a target product. Each task node has
“task name”, “planned workload”, and “dependency between tasks” as
attributes. The “dependency between tasks” is expressed by joining task
nodes with directed links in the direction of execution. The team model
consists of the workers who can perform each task in the workflow
model. Each worker has the main attributes of “name”, “skill”, and
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“available facilities”. The attribute of skill is defined by each task in the
workflow model. For example, a skill value of 1.0 means it takes 1.0
[time] to complete a target task with a workload of 1.0 [worker - time].
We can consider skill differences between workers by using skill values.
The “available facilities” is defined as which facilities are available
to this worker. The workplace model defines facilities and size. Each
facility has main attributes of “name” and “skill”. These attributes have
the same meaning as those of the same name in workers.

By using these four models, we can perform an discrete time-event
simulation. The task execution is represented by reducing the remain-
ing workload and updating the state based on the assigned facilities
and the skill values of the workers. The developed process simulation
repeats the following operation until the all tasks are ended;

« Extract of tasks in READY or WORKING state;

» Place the products depending on the extracted tasks and work-
place priority rule;

» Extract available workers and facilities;

« Allocate workers and facilities based on the resource priority rule;

 Execute the task based on the task priority rule;

One of the features of this simulation is the use of three priority
rules: Task priority rules are generally referred to as dispatching rules.
This package provides multiple task priority rules, such as TSLACK [1]
which prioritizes tasks close to the critical path, FIFO (first in, first out)
and others. Multiple options are also provided for resource priority rule
and workplace priority rule. Setting appropriate priority rules during
simulation makes it possible to reproduce the actual allocation and
behavior in the target project.

3. Impact on real engineering projects

The old version of this package was developed as an engineering
project design tool with the interface of defining project architecture
and the function of discrete event simulation. This package focuses
only on the function of discrete time-event simulation, which has
been reconstructed as a Python package. Therefore, it can be linked
to various corporate project design and production planning tools.
The package can be used to evaluate and design various engineering
projects and develop detailed execution plans. In Ref. [2], this package
was applied to evaluating project architecture in software development
mixing waterfall and agile. In Ref. [1], this package applied to design-
ing production strategy considering the cutting peak electricity demand
in the shipbuilding process. In Ref. [3], this package evaluated the
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installation of new production facilities. Recently, we have applied this
package to create a detailed production plan for shipbuilding assembly
processes [4,5].

4. Conclusions and further development

In this paper, we developed a Python package for discrete time-
event simulation. This package enables us to simulate engineering
projects by defining Product, Workflow, Team and Workplace models.
We can apply this package to evaluate and design various engineering
projects and develop detailed execution plans. However, as the size
and complexity of the target project increase, ensuring the integrity
of the simulation model becomes more problematic. In the future, it
will be necessary to develop a function to propose model modifications
to ensure consistency and a function to automatically generate the
structure of the Workflow model from the Product model.
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