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Abstract

With the continuous development of project management practice, the project often suffers from

disturbance events in the actual execution activity, which leads to project delay and great economic

losses.Uncertainty project scheduling studies have also received attention.Repetitive project is a type of

project with its own characteristics in which the construction site can be divided into several

independent units and all activities are repetitive on multiple units, such as high-rise buildings,

highways, and pipeline works. The characteristics of repetitive project controlling paths and

controlling activities have their own advantages in responding to uncertain events. This paper takes

repetitive project scheduling as the object to sort out its uncertain scheduling research. Firstly, the

uncertain research based on probability random theory, fuzzy set theory and robustness theory is

summarized, and then the research on different scheduling strategies such as interruptions soft logic

and multi-mode in repetitive project scheduling is further summarized. Finally, the current research

status of uncertain reactive scheduling is summarized,and further research directions are pointed out.
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As the construction scale becomes larger and larger and the construction environment becomes more

and more complex, the repetitive project is very vulnerable to the impact of extreme weather

environment, adverse geological conditions, policy changes and other interference events, resulting in

project delay and significant economic losses. Kamrul Ahsan (2010) investigated 100 infrastructure

projects sponsored by Asian Development Bank. Due to the interference of uncertain factors such as

natural disasters and shortage of funds, 86% of the projects experienced construction delays of varying

degrees, with an average delay of two years and an average cost overrun of 73 million US dollars. In

China, most of the repetitive projects are infrastructure projects, so how to deal with the impact of
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uncertain events is a practical problem that needs to be solved urgently.

1. Research on Scheduling of Uncertain Repetitive projects

Research on repetitive project scheduling under uncertain environment can be divided into three

categories: random project scheduling, fuzzy project scheduling and robust project scheduling. Among

them, stochastic project scheduling and fuzzy project scheduling focus on using stochastic theory and

fuzzy theory to model and describe uncertain factors, while robust project scheduling refers to using the

concept of robustness in controlling theory to reflect the ability of the system to withstand the influence

of uncertain factors, and fully mining the internal structure characteristics of the project to develop a

schedule plan with strong anti-interference ability and flexible coping strategies. Although a lot of

progress has been made in the research of repetitive project scheduling under the deterministic

environment, the research of taking the uncertainty factor into the repetitive project scheduling is still

very limited. The existing researches are mainly carried out from the following three aspects:

1.1 Based on Probabilistic Stochastic Theory

Yang and Chang (2005) argued that repetitive projects usually have a long construction cycle, and it is

difficult for their resource supply to remain stable for a long time. Aiming at this problem, an

opportunity-constrained programming model constrained by probabilistic resource supply conditions

was established, and the optimal scheduling scheme was obtained by transforming the stochastic

programming model into a standard linear programming model. Tokdemir et al. (2018) designed a

stochastic risk assessment method that included duration and resource uncertainty, and used Monte

Carlo simulation to test the effectiveness of the method. The research results showed that the output of

this method could enable decision makers to estimate the delay risk under various circumstances.

Abbas et al. (2020) considered the uncertainty of execution rate, combined resource-driven technology

with Monte Carlo stochastic simulation technology, and obtained the optimal scheduling task force

allocation scheme by using genetic algorithm. The contribution of this research is to establish a new

multi-objective stochastic scheduling optimization model for sequential and non-sequential repeat

constructions.

1.2 Based on Fuzzy Set Theory

Maravas et al. (2011) believed that the differences among activity units, the performance of the task

force, the allocation and sharing of resources in the activity and other factors would lead to the difference

in the expected execution rate of the activity. Fuzzy set theory was introduced into RSM to construct the

uncertainty of the execution rate of repetitive projects and solve the uncertainty problem of repetitive

projects in practice. Moselhi et al. (2016) considered the uncertainty of rush cost, that is, the cost

required for each rush operation is unknown. Based on the fuzzy set theory, they established the

uncertain relationship between rush operation and rush cost, and introduced the risk identification

method based on the micro-risk decomposition structure and the risk responsibility matrix according to

the principle of cost priority and contractors' own preferences. Proposed a rush strategy for repetitive
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projects under the condition of rush cost uncertainty, and used fuzzy set and fuzzy probability theory to

evaluate each project qualitatively and quantitatively. Bakry et al. (2016) used fuzzy set theory to

model the time uncertainty in repetitive projects, converted the resulting fuzzy scheduling plan into an

executable definite schedule plan through de-fuzzification technology, and further introduced

satisfaction index to measure the confidence level of project managers on the risks of different

activities, so as to determine the buffer size of activities. Salama et al. (2017) proposed a scheduling

method that integrated LSM (Linear Scheduling Method) & CCPM (Critical Chain Project

Management) and introduced the concept of resource conflict buffer to protect the schedule plan from

the impact of resource fluctuations in view of the uncertainty of activity construction period. On the

basis of the above two literatures, Salama and Moselhi (2019) established a multi-objective scheduling

optimization model considering the uncertainties of activity schedule, and realized the optimization of

project duration, cost and discontinuity at the same time.

1.3 Based on the Robustness Theory

Ja kowski (2020) considered the uncertainty of the operation period and was umpire to improve the

completion probability of the schedule plan. Zhang et al. (2020) introduced the robust scheduling

theory into repetitive project scheduling, studied the uncertainties of work continuity unique to

repetitive projects, and established a resource-robustness trade-off optimization model by taking

advantage of the ability of the time difference between the inverse controlling activity and the start-point

controlling activity to absorb the uncertainty disturbance. Volk (2017) divides the research on project

scheduling under uncertain environment into three categories: stochastic project scheduling, fuzzy

project scheduling and robust project scheduling. It is clear that stochastic project scheduling and fuzzy

project scheduling focus on using stochastic theory and fuzzy theory to model and describe uncertain

factors, while robust project scheduling refers to using the concept of robustness in controlling theory to

reflect the ability of the system to withstand the influence of uncertain factors, and fully mining the

internal structure characteristics of the project to develop a schedule plan with strong anti-interference

ability and flexible coping strategies. Slawomir et al. (2017) also used LSM to speed up construction by

working overtime and adding additional resources, and to establish a reactivity linear planning model

with minimum cost. Hegazy (2022) uses soft logic and multi-modal approaches to change scheduling

plans, developing an algorithm with four optimization modules to fix scheduling plans through soft logic

and changing execution modes, aiming to meet project deadlines with minimal cost.

2. Research on Common Scheduling Strategies for Repetitive Projects

2.1 Research on Interruptions Strategy

Li and He (2015) built a multi-modal reactive scheduling optimization model with the goal of

minimizing the cost caused by resource discontinuity. Zou X et al. (2019) Altuwaim et al. (2018)

developed a multi-objective optimization model to minimize the reduction of project interruptions,

interruption time and interruption cost, and considered the possibility of assigning the task force with

https://www.webofscience.com/wos/author/record/37406449
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interruption to other projects. In this way, the hiatus cost will include not only the idle cost of resources,

but also the cost of resource movement caused by the allocation of resources to another project. Salamah

& Moselhi first studied the impact of discontinuities on schedule under uncertain environment. They

used fuzzy set theory to express the execution rate, workload and resource availability of a task force,

and proposed a scheduling optimization method for repetitive project time, cost (including interruptions

cost) and work interruptions (total interruptions time). Liu, Yuan et al. (2019) studied the interruptions

project scheduling problem of a class of tasks with multi-skill resources and time window constraints

and established the corresponding integer programming model. Elloumi et al. (2020) studied the pattern

change discontinuity in the Multi-Mode Resource-Constrained Project Scheduling Problem

(MRCPSP). In fact, during the execution of a project, some unexpected events may occur, causing the

schedule to deteriorate or even become unfeasible, and a reactive mathematical model is proposed. The

floating-point based robustness metric proposed by Zhang & Dai can measure the ability of scheduling

to absorb unpredictable and harmful discontinuity, and propose a method of uncertain scheduling.

Roghabadi and Moselh (2020) further proposes a scheduling model that can seek optimal task force

composition for repetitive projects. Hegazy et al. (2021), in order to generate a more compact schedule

for repetitive projects, relaxed the constraints on work continuity and achieved better results.

Chakrabortty et al. (2021) evaluated the performance of their proposed reactive scheduling method

based on disturbance events in response to resource discontinuity, and showed that the method

generated a higher quality solution for RCPSP in an average time of less than 5 seconds than the most

advanced heuristic algorithm. As a continuation of the above research, Wang and He (2023)

demonstrate that emergency rescue is highly uncertain and dynamic. They apply the theory and

technology of project scheduling under uncertain environment to deal with emergencies under random

resource discontinuity through collaboration and cooperation between proactive and reactive

scheduling methods. Proactive scheduling and reactive scheduling methods adopt appropriate disposal

strategies at any time in response to environmental changes to make rapid and effective emergency

responses; Mostafa et al. (2023) improved Dai Guyu et al. (2023) introduce discontinuities into the

traditional resource equalization problem for the first Zhiyuan Hu et al. (2023) studied Wang and Zhang

(2023) designed a heuristic algorithm for project scheduling problems with preemptive resource

constraints that allow activities to be interrupted at any unit time node.

2.2 Research on Soft Logic

Zhang et al. (2013) Huang et al. (2016) Scheduling with variable work sequence is called the soft logic

method, and a model considering soft logic is established to solve the DTCTP problem in repetitive

construction projects. Wang et al. (2017) introduced the soft logic relation, analyzed the influence of

the soft logic relation on the scheduling scheme of repetitive projects from the perspective of

maximization of scheduling duration-cost utility for repetitive projects, and built the scheduling

time-cost optimization model for repetitive projects. Zou X et al. (2020) developed a flexible repeatable

scheduling model by integrating soft logic into time-cost tradeoff. Xin Zou et al. (2021) studied the

https://www.webofscience.com/wos/author/record/33176210
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three-objective tradeoff optimization problem considering the construction period, cost and interruption

time of soft logic, and proposed a mixed integer linear model of the problem and its exact

algorithm to solve it. ε-constraint Monghasemi et al. (2021) proposed a linear

optimization model in LSM that could identify the optimal unit construction sequence to minimize the

total project cost and the number of work team interruptions. Hegazy (2022) uses soft logic and

multi-modal means to manually change scheduling plans, aiming to meet project deadlines with

minimal cost. Zou et al. (2022) discrete time cost trade-off problem for repetitive projects considering

soft logic aims to determine the execution mode of each activity, the assignment plan of the work team

and the construction sequence among units, minimize the total cost of the project under the conditions

of meeting the given deadline, and further improve the solution efficiency. Zhang and Li etstudied the

robust project scheduling optimization problem considering soft logic to further improve the ability of

project scheduling schemes to cope with the interference of uncertain factors. The above studies all

consider soft logic to make the project benchmark schedule under certain conditions, and no studies

have been found to consider the task variability of the task force alone. Zhang Lihui's research team

continued to optimize the above model in 2016, 2020 and 2021, respectively, by taking into account

factors such as resource transfer cost, reducing the number of construction teams, and maximizing

work continuity, and proved that the choice of their construction sequence has a greater impact in

RSM(Repetitive Scheduling Method). Zou et al. (2023) proposed a soft logic relationship model that

comprehensively considered variable construction sequence and allowed multiple construction groups

to be constructed at the same time. At the same time, resource transfer was introduced to restrict the

selection of logical relationships, and a CSLSPRPRT model was constructed with the goal of balancing

the dual objectives of construction period and cost.

2.3 Research on Multi-Mode Scheduling Strategy

Chakrabortty et al. terms of MRCPSP, Mario Gnagi et al. (2019) Reza et al. (2020) Yisong et al. (2021)

Fernandes et al. (2021) Peng and Lin (2022) Cao, He, Wang et al. (2022) Li, He, Wang et al. (2022)

When an activity has multiple execution modes, the robust value of the satisfactory solution is higher

than that of the single mode. Wang and He (2023) Emergency rescue is highly uncertain and dynamic.

By applying project scheduling theory and technology under uncertain environment to optimize

multi-mode project scheduling for emergency rescue under random resource discontinuity, the research

results show that through the collaboration and cooperation of proactive and reactive scheduling

methods, The project losses can be reduced to a greater extent through collaboration and cooperation of

proactive and reactive scheduling methods. Ramos Alfredo S et al. (2023) Xianghua C (2023) et al.

2.4 Literature Review and Summary

To sum up, the research on uncertain repetitive project scheduling is mainly based on probabilistic

random theory, fuzzy theory, robustness theory and other theories, and adopts scheduling strategies such

as discontinuity, soft logic and multi-mode to study. Based on the above literature summary, the status

quo and trends of related research can be summarized as follows:

https://myvpn.ncepu.edu.cn/https/77726476706e69737468656265737421e3f449932b317a1e7d0682a5d65b2621/home/search?sw=6&amp;sw-input=Reza%20Nemati%20Lafmejani
https://myvpn.ncepu.edu.cn/https/77726476706e69737468656265737421e3f449932b317a1e7d0682a5d65b2621/home/search?sw=6&amp;sw-input=Reza%20Nemati%20Lafmejani
https://myvpn.ncepu.edu.cn/https/77726476706e69737468656265737421e3f449932b317a1e7d0682a5d65b2621/home/search?sw=6&amp;sw-input=Fernandes%20Gustavo%20Alves
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At present, there are few studies on reactive scheduling of repetitive projects in the uncertainty research

of repetitive projects, and no one has carried out research on reactive scheduling quick repair strategy.

For the research on reactive scheduling of general projects, only a few adopt a single multi-mode strategy

and activities interruption strategy to adjust the unexecuted activities. Under the condition that the original

resources remain unchanged, there are almost no research results on the application of multiple

strategies such as soft logic, discontinuity, multi-task force and multi-mode for reactive scheduling

optimization.

Robust project scheduling has more potential because of its fundamental strategies to deal with

uncertainty disturbance, and has become the latest hot research direction in the field of uncertain project

scheduling. Recently, proactive scheduling and reactive scheduling have been combined. From the

existing literature, it can be seen that robust scheduling focuses on the treatment strategy of uncertain

factors, but ignores the fundamental characteristics of the controlling activity. Compared with fuzzy

scheduling and random scheduling, the characteristics of repetitive project controlling activities are

highly consistent with the robust scheduling theory, and the combination of the two is likely to open up

a new world for the research of repetitive project scheduling under uncertain environment.

In the Interruption and soft logic strategies studies,Previous studies mainly focused on the relationship

between the total duration and total cost of repetitive projects caused by resource discontinuity. From

the construction and design of single-objective to multi-objective modeling algorithms, optimization

problems such as minimizing project duration, balance between cost, work discontinuity and resource

continuity were discussed. However, few studies combined with soft logic were found. In the research

field of soft logic, scholars mainly focus on the adjustment of the logical sequence of the activity and

the optimization of the logical sequence of the unit, and devote themselves to establishing the model of

multi-objective problems such as duration and cost, and designing the corresponding algorithm.

However, there is no research on the application of soft logic to project scheduling problems in

uncertain environments. Therefore, the Interruption and soft logic to reactive scheduling has great

research potential.
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