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Abstract
08338189 Shotaro YOSHIDA
Department of Management and Information Systems Engineering

We propose a scheduling method using a Max-Plus Linear (MPL) system focusing on projects whose processing
times have high uncertainty. In order to take into account the uncertainty of task durations, we apply the
framework of Critical Chain Project Management (CCPM) to the MPL system.

Max-plus algebra can describe the behavior of a class of discrete event systems (DESS), such as manufacturing
systems, project management, and transportation systems, etc. A class of linear equations in max-plus algebra,
referred to as the MPL system, is known as an effective scheduling method for such DESs. Since the MPL systems
can describe no-concurrency in internal resources, it is suitable for treating manufacturing systems where
resources are repeatedly used. However, it is difficult to treat unpredictable delays influencing on the project's
completion time. This is because the MPL system approach plans an initial schedule using the processing times
notified from workers in advance.

On the other hand, there is an approach which considers uncertainty of the processing times. It is referred to as
the CCPM method, which is designed to reduce the project’s duration time and to protect the project from delay.
The basic policies in the CCPM method is summarized as the following four issues: 1. Shortening the project’s
duration time: the extra margin times included in the processing times are removed, 2. Protecting the project from
delay: the margin times called time buffer are inserted, 3. Removing the cause of delay: resource conflicts are
detected and resolved, and 4. Progress management: employment of the fever chart which presents the
consumption of time buffers.

In this thesis, we develop an application framework of the CCPM to an MPL representation. The previous
research proposed a method for inserting time buffers, which are handled as new virtual processes. After the
CCPM being applied, the number of processes was increased. Thus, the size of matrices for representing the
structure of the system was changed. This has resulted in a difficulty in understanding the relationship between the
original and modified structures. In addition, the previous work does not consider an effect of resource conflict for
simplicity. Moreover, if there are multiple outputs in a project, the previous research was not able to derive the
index used in fever chart. Therefore, we proposed a method for inserting time buffers without installing a new
virtual process. In addition, we proposed a method for resolving resource conflicts for a single project. We also
proposed a method for deriving the index used in fever charts focusing on a project with multiple outputs.

Through the proposed methods, we accomplished to shorten the project’s duration time and to protect the
project from delay, focusing on the projects with highly uncertain processing times.



