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Abstract
[bookmark: _Hlk120883415][bookmark: _Hlk130133852]The accurate determination of work package size is crucial for cost reduction and achieving efficient mass production in modular construction (MC) projects. However, effectively balancing sizing and cost poses a significant challenge due to the absence of a precise trade-off method. This paper describes an automatic work package sizing (AWPS) method in MC production to optimize work package sizing while minimizing costs. First, the multi-stakeholders-oriented MC production process is modeled to identify the tasks in MC production. Second, critical factors affecting the size of work packages are identified and analyzed. Then, a dynamic programming algorithm is developed to merge the tasks to work packages at a minimal cost. The AWPS method is validated in a case study, and the results show that the AWPS can effectively package production tasks while reducing costs by 1.28%-16.25% compared with traditional task-organizing methods.
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1. Introduction
[bookmark: _Hlk120968586][bookmark: _Hlk130034680][bookmark: _Hlk122174925][bookmark: _Hlk135147742][bookmark: _Hlk135575378][bookmark: _Hlk134985179][bookmark: _Hlk135593009][bookmark: _Hlk135508346]The traditional construction industry is undergoing reform and innovation due to its over-reliance on the human experience, leading to cost overrun and decreased productivity [1]. Off-site production in modular construction (MC) projects offers a “smart” and “efficient” production strategy that meets the industry’s demands, which has attracted increasing interest from governments around the world [2]. Fig. 1 presents a real-world MC project of HKU Wong Chuk Hang student residence. MC is a modern technique where individual sections or modules are prefabricated off-site in a factory and then transported to the construction site for assembly. These modules are typically constructed using the same materials and standards as traditional buildings but are assembled more quickly and efficiently. MC can be used for various structures, including steel, concrete, wood, and hybrid [3]. The main difference between MC and traditional construction methods is twofold. First, MC produces modules in a controlled factory environment, but traditional construction relies on on-site tasks. Second, MC simplifies the process by assembling prefabricated modules on-site to form the permanent structure, but traditional construction builds a structure using a cast-in-situ manner with raw materials. Therefore, the MC has several advantages over traditional construction methods, including quality assurance in a standardized and controlled environment, reduced material waste and pollution, and the ability to improve construction efficiency and alleviate labor shortages in densely populated areas [4]. On-time delivery of prefabricated modules is the key to MC projects. To this end, module manufacturers are urged to increase manufacturing productivity by hiring professional workers and upgrading production equipment. However, these changes can result in a significant increase in the total cost for manufacturers.
[bookmark: _Hlk135593041][image: ]
[bookmark: _Hlk134985310]Fig. 1 MC project: HKU Wong Chuk Hang student residence
[bookmark: _Hlk135508206]Some efforts are dedicated to reducing MC production costs by minimizing the costs of storing prefabricated products. The “just in time” management strategy has been widely adopted to decrease the costs of the prefabricated products handover process [5]. Other studies focus on reducing total costs by optimizing flow shop scheduling and the production sequence and eliminating idle time [6-8]. Although optimizing the production process can lower costs, these studies fail to consider how design decisions made during project planning can affect the cost of execution.

[bookmark: _Hlk130216628][bookmark: _Hlk126604461]The work breakdown structure (WBS) is a valuable tool for project managers to plan project tasks and make delivery plans. The concept of WBS has been widely used in various fields of project management [9]. For instance, WBS is used to identify hazards and risks, develop safety plans, determine safety cost components, and calculate safety costs in prefabricated bridge engineering [10]. WBS has also been used to improve work interface management, which enhances information transparency and helps to avoid rework and delays [11]. Work packages serve as the fundamental decomposition level of WBS during the initial stages of project planning, each with a pre-defined deadline and budget. Examining the work package individually can provide a detailed understanding of work execution [12]. Li et al. [13] developed a mathematical model of work package sizing, which can change the size by re-planning work contents in a package based on minimum cost. It found that the total number of work packages and their size impact the total project costs. However, such a generalized model does not adequately consider the features of MC. For instance, the design and manufacturing of modular units require a high level of standardization and prefabrication [14]. Thus, MC manufacturers usually invest more in advanced technology and facilities. Without considering technology investment and mass production in the MC production model will lead to an imbalance in work package size and cost. In addition, MC needs to deal with quality and safety inspections by project stakeholders. Without inspection tasks may result in reworks and production delays and again affect the work package size. Thus, it is essential to incorporate inspection tasks into the model of MC manufacturing process.

[bookmark: _Hlk135334454][bookmark: _Hlk135334576]As such, this study proposes an automatic work package sizing (AWPS) method to reduce MC cost, which covers the above MC features and can bridge the work package theory and MC practice. The objectives include: (1) establishing a customized work package size model based on the MC characteristic; (2) developing an automatic work packages merging method using a dynamic programming algorithm; (3) analyzing the effect of model parameter values on the results of work package sizing.

The paper is organized as follows: Section 2 introduces the production process of MC with multi-stakeholders while summarizing the advantages of optimizing work package size for MC production. Section 3 reviews studies on MC, work packaging, and dynamic programming. Section 4 identifies critical factors affecting the size of work packages. Section 5 delineates the research method, including the work package sizing model for improving cost performance, the identification process of serial tasks, and the work package merging method based on dynamic programming. Section 6 validates the proposed method in a case study, which compares the cost between the proposed and traditional methods, and analyzes the impact of changing work package size on the project costs. Section 7 discusses the proposed method’s novelty and limitations. Section 8 concludes the paper and provides recommendations for future work.
2. Problem statement
This section introduces a framework for off-site modular construction production (OMCP) in factories, as shown in Fig. 2. The framework has three OMCP stages: project preparation, production, and inspection. The scope of OMCP generally contains 1) The project begins when the manufacturer’s manager signs the contract to confirm the production; 2) the designer, the contractor, and the manufacturer agree on the production plan and design drawings as input; 3) The process flow is module production and component assembly; 4) The production ends when the client confirms the delivery order; 5) A qualified modular housing unit is regarded as the output.


Fig. 2. Production process of modular construction with multi-stakeholders (Adapted from Li et al. [15](a) Production preparation; (b) Modular room and bathroom production and inspection.
[bookmark: _Hlk135508165]In the production preparation stage, contractors and designers collaboratively create an initial product design and production plan, considering project requirements and constraints. Once the owner approves the plan and places an order, the manufacturer’s production department creates detailed shop drawings [16,17]. The contractor and owner review these drawings, after which the production department formulates a production master plan and execution plan. The procurement department uses the execution plan to compile a list of required materials, including 2D panels, rebar, and other items sent to suppliers. Upon arrival, the inspection department inspects the materials, and qualified materials are delivered to the factory. Finally, the production department can start to produce MC units.  

The production process for a standard modular room is divided into several sub-processes, including the structure, door/window, wall, print, electrical & mechanic service, and test & commission. If the room being produced is a bathroom with a toilet, the wet trade procedure must be completed before the print procedure. To meet clients’ needs, managers can create work packages based on the production sub-processes outlined above as the deliverables [18]. These production sub-processes can be further broken down into more detailed work contents. For example, the structure production process may contain 2D panel assembly, 3D assembly, rebar fixing, pouring concrete, etc. The manufacturer assigns professional teams and technicians to oversee quality control and quality assurance at each stage of the production process. 

Additionally, client supervisors implement hold points at significant production steps to ensure quality [19,20]. The hold point test normally contains a dimension check, visual inspection, and water test for the chassis enclosure, and clients must keep records of the results. Fine granularity task planning is essential for product quality control. However, packaging each task independently and delivering it as a staged production result can lead to high costs due to frequent inspection and work progress reporting. Tasks can be packaged based on the deliverables, such as structure, door, and wall, to minimize this cost. However, this kind of packaging method results in irregular work package sizes, which leads to extra costs in estimating schedules and increases the risk of overlooking critical hold points.

Optimizing work package size has several advantages in reducing the cost of OMCP. Firstly, project managers often need to pay more attention to the impact of work package size on total costs. Optimizing work package size helps managers specify work contents to balance the trade-off between larger/fewer work packages and smaller/more work packages. Secondly, the optimization process considers the client’s or supervisors’ hold point as a single work package, which avoids the cost of re-inspection and repeated information collection when the hold point is contained in the work package.
3. Literature review
3.1. Modular construction 
The modular construction mode offers several advantages over conventional on-site construction, including enhanced efficiency, improved worker safety, and reduced total cost. However, MC projects also face challenges due to their fragmented, discontinuous, and poorly interoperable nature, leading to difficulties in project planning and the increased cost of additional design and consulting services [21]. For instance, suppliers, manufacturers, and clients are typically in different regions. Time and space differences result in asymmetry information exchange. In the production process, frequent progress reviews incur an additional cost, and fewer progress reviews lead to progress disorder. To mitigate these issues, managers often assign responsible personnel for each step in the production process to ensure information synchronization between a construction site and a factory, but this strategy increases the management cost.

Some researchers [22,23] studied the cost risk evolution in MC projects to find ways of reducing total costs. Nasirian et al. [24] found that managers often make design decisions in project planning based on personnel experience and actual production conditions, which leads to total cost overrun and progress delay. To address these issues, Zhong et al. [25] have developed an information management platform that combines the Internet of Things (IoT) with Building Information Modeling (BIM) technology. This platform enhances production process visibility and traceability, streamlining logistics and on-site assembly services to achieve just-in-time coordination. Moreover, optimizing the production process is necessary to reduce costs and to ensure schedule. Some researchers [26-28] have developed intelligent algorithms to optimize production scheduling. These methods found the optimal cost solution within a specified time frame, which reduces the cost by compressing waiting time. However, the uneven distribution of management and production resources remains a major contributing factor to increased costs, especially in planning execution costs. This disparity can lead to inefficiencies and delays, increasing the project's cost. Therefore, addressing the issue of resource distribution is crucial to optimizing costs and improving overall performance in MC.
[bookmark: _Hlk135507961][bookmark: _Hlk127042379][bookmark: _Hlk129621790]3.2. Work packaging
[bookmark: _Hlk120894461][bookmark: _Hlk135508093][bookmark: _Hlk135508073]The concept of Work Breakdown Structure (WBS) originated from the Program Evaluation and Review Technique (PERT), a method for monitoring and controlling project development progress [29]. WBS decomposes tasks into smaller, more detailed parts based on the project’s content [30]. Recognized as a powerful project-organizing tool, WBS has been widely adopted, even in the construction industry [31,32]. The work package is defined as the lowest level of WBS, providing a logical basis for defining activities or assigning responsibilities to specific people or organizations [33]. Li et al. [34,35] developed an information integration method for Smart Work Packages (SWP), which combined basic work packages with advanced technology for adaptivity, sociability, and autonomy. These studies have demonstrated that work packages contain crucial information in the decision-making process and can independently complete the contents in each package. However, the expansion of the work package concept in construction management has ignored the impact of its size on project cost. Bredael et al. [36] studied a project scheduling problem that involves balancing time and cost, where each work package has a specified due date and budget. The size of the work package reflects the length of the due date, and the results indicate that the due date of a work package affects the overall cost. However, they ignored the influence of other factors besides the due time on the size of the work package. Some researchers [37] have outlined various factors influencing work package size. Li [13] developed a method for merging tasks to adjust the size of work packages and evaluated its impact on project costs. However, an efficient packing approach enables more effective design decisions among MC project stakeholders for cost-saving still needs to be improved.
3.3. Dynamic programming algorithm
The above studies demonstrate that the work package size can impact the project’s total cost. In the MC project, a work package can contain one or multiple tasks in the production network, and executing a work package means executing the tasks within it [38]. However, with the increasing number and content of tasks, organizing several tasks into work packages with the optimal sizing by personnel experiences is challenging. In order to improve the performance of a project, it is necessary to find an efficient algorithm that organizes tasks into work packages of optimal size. The greedy algorithm (GA) is an algorithmic strategy that makes locally optimal choices at each step. GA does not backtrack, making them faster than other algorithms for specific problems. Despite its advantages, genetic algorithms (GAs) are limited in their ability to continuously find the globally optimal solution. In some cases, GAs can become trapped in local minima or maxima, which may result in suboptimal solutions. Dynamic programming [39,40] uses a table or matrix to store the solutions of subproblems and uses those solutions to solve larger problems. Dynamic programming has several advantages when used to find the optimal solution in a graph or network: 1) Dynamic programming can efficiently compute the shortest path between two points in a graph or network by breaking down the problem into smaller subproblems and solving each subproblem only once. This method avoids redundant computations and reduces the overall time complexity of the algorithm. 2) Dynamic programming is a memory-efficient algorithm that requires only a tiny amount of additional memory to store intermediate solutions to subproblems. This feature makes it ideal for efficiently finding the shortest path in large graphs or networks, unlike other methods that may require excessive memory usage. 3) Dynamic programming is a highly efficient approach that meets the requirements of rapid computation, global optimum solutions, and comprehensible formulas. Therefore, this study uses a dynamic programming algorithm that organizes active tasks into work packages with the objective of minimal total cost.
3.4. Research gaps
In summary, the above literature review focuses on optimal production scheduling and the definition of a generalized model of work package sizing. However, some limitations have been identified in previous studies: a lack of a universal and effective work package sizing model for MC production considering resource distribution, mass production equipment, advanced technology, and the granularity of inspection tasks. Additionally, most researchers focus on schedule sequences of machines, workers, and products by heuristic algorithms to reduce total costs. However, they ignored the impact of a design decision on execution cost. In this study, we develop a work package size optimization model considering the critical features in the MC production process to organize a project’s tasks into work packages more accurately.
4. [bookmark: _Hlk130150436][bookmark: _Hlk134995069][bookmark: _Hlk135499936][bookmark: _Hlk124265620][bookmark: _Hlk135253390][bookmark: _Hlk135337142][bookmark: _Hlk135505419]Critical factors affecting work package size in MC
[bookmark: _Hlk135507924][bookmark: _Hlk135253312][bookmark: _Hlk135226135][bookmark: _Hlk135496778][bookmark: _Hlk134994998]For forming work packages, most established guidelines are based on experiences from project management practices. Some project managers favor the design of smaller work packages, aiming to delegate tasks as specifically as possible to individual workers or teams. Conversely, other managers advocate for larger work packages, aiming to streamline management structures and ensure better control over the content of each work package. However, there appears to be a lack of research specifically addressing the customization of work package sizes for individual projects. Raz and Globerson [37] highlight several essential factors and associated costs that project managers should consider when determining the sizes of their work packages. Based on their discourse and the fundamental principles of risk pooling, Li [13] discussed how to model the nine factors (See Table 1) that affect work package sizing decisions. However, the above factors cannot adequately reflect the features of MC production. In the following contents, critical factors (See Table 2) affecting the MC project's work package sizing are identified and discussed by the related academic literature and project management practice.
Table 1 Factors affecting work package size in the previous study [13] 
	Factors
	Signal
	The definition of WPs size 

	Workload
	ω
	large

	Cost and schedule estimation
	f (·)
	large

	Monitoring and control
	g (·)
	small

	Economies of scale
	h (·)
	large

	Cash flow
	
	small

	Responsibility Assignment
	R1
	Inactive package

	Internal cohesion
	R2
	Inactive package

	Risk management
	R3
	Inactive package


[bookmark: _Hlk126675444]Table 2 Factors affecting work package size in this study
	Factors
	Signal
	The definition of WPs size 

	Organization unit
	ω
	large

	Cost and schedule estimation
	f (·)
	large

	Production supervision
	g (·)
	small

	Production scale
	h (·)
	large

	Advanced Information technology
	y (·)
	small

	Cash flow
	
	small

	Hold point
	R
	Inactive package



(1) Organization unit: 
An organization unit represents a department or a group of staff who execute tasks in a work package. Breaking a project into more but smaller work packages increases the number of organization units, which causes the increased cost of managing work packages.
(2) Cost and schedule estimation:
In the planning stage, managers need to estimate the costs and schedules of MC production tasks. Inherent uncertainties in the production process can cause random errors in the estimations. When these estimation inaccuracies are either independent or weakly correlated, increasing the work package size can reduce the adverse impact of errors on estimation accuracy.
(3) Production supervision:
One of the MC’s features is shifting tasks from construction sites into factories, improving production quality. On the other hand, supervising partially completed work packages is more challenging than overseeing the completion of fully completed work packages [41]. The efficiency of supervision could be improved by dividing the work packages into smaller sizes.
(4) Production scale:
MC is an efficient industrialized production mode in the factory, which invests in the fixed production infrastructure and has the potential for mass production (high turnover rate in using molds). As the production scale increases, a work package can generate more output using the same fixed resources.
(5) Advanced information technology: 
To effectively finish an MC project, the project manager must tackle the issues of information fragmentation and complex collaborations. These problems can result in delayed and ineffective delivery of work packages. Introducing advanced information technology in the MC production process can improve the manager’s information collection and communication. As Li et al. [42] stated, “Information technologies can transform prefabricated products into smart objects (SOs) with the ability for awareness, autonomy, and communicativeness. The smart work packaging (SWP) with adaptivity, sociability, and autonomy seems to be a viable solution to manage the massive constraints that exist by processing information from SOs.” For smaller work packages, the improvement capabilities of advanced information technology are more precise and significant.
(6) Cash flow:
When a group of tasks forms a work package, managers have to consider the financial position of cash flow, which can be defined as payment planning in the order completion process [43,44]. Generally, construction projects have huge carrying costs and extended holding times, inevitably making construction projects suffer more risks of market changes. Therefore, making smaller and more work packages helps release costs more quickly and reduces the market risk [45,46].
(7) Inactive tasks:
In an MC project, setting hold points can promote the construction progress and ensure quality. The hold point is a mandatory verification point beyond which the project cannot proceed without approval from the professional supervisor. The hold point meets three requirements of independent tasks, 1) independent distribution of personnel, 2) high risk, and 3) low relevance to the main content [13]. First, the hold points require stakeholders to send professionals to inspect products. These inspectors are employed by customers or regulatory authorities, which are different from manufacture’s inspectors. Next, the project reports issued by inspectors need the permission and approval of various departments and participants, a typical high-risk activity. The risk sources vary according to the type of license or approval [37]. Finally, stakeholders need different equipment and personnel in the testing process, which have little correlation with the main steps in the manufacturing process.
5. [bookmark: _Hlk114172084][bookmark: _Hlk126317096]Research method
[bookmark: _Hlk135335683][bookmark: _Hlk134993604][bookmark: _Hlk134994024][bookmark: _Hlk122981061][bookmark: _Hlk129611990][bookmark: _Hlk135596760]This section introduces the AWPS method to reduce MC production costs by optimizing work package sizes. The method is demonstrated in Fig. 3 and consists of three steps: 1) To establish a work package sizing model considering cost performance. 2) To identify the serials tasks in task networks considering the MC production task dependencies. 3) To develop the dynamic programming approach for merging tasks into work packages with minimum cost. 


[bookmark: _Hlk127451227]Fig. 3. Overall design of the AWPS approach
[bookmark: _Hlk135255282][bookmark: _Hlk135505209][bookmark: _Hlk135337172]5.1. Work package sizing model with cost performance in MC 
[bookmark: _Hlk135507400][bookmark: _Hlk135255180][bookmark: _Hlk135253912][bookmark: _Hlk135557502]This section introduces a work package sizing model considering the cost performance of the MC project. The input data for the model consists of a set of primary tasks  and their respective precedence constraints. Each task  has a predefined duration ≥ 0 and work content ≥ 0. We define a work package , formed by organizing a set of tasks . The work content of a work package is , including the work contents of all tasks in the package. The duration of a work package is denoted by , which equals the difference between the finish time of the last task and the start time of the first task in the work package. We let  denote the completion time of the work package, which equals the sum of the completion time of the last work package and the duration time of the current work package. Then, each of the work package sizing factors identified in Section 4 (see Table 2) is formulated below:
(1) Organization unit: 
Each work package has a fixed cost , which represents the cost of administering and maintaining a work package, and is independent of the work package's content. This factor encourages managers to make larger and fewer work packages.
(2) Cost and schedule estimation:
The MC production procedures are intricately interlinked. Each succeeding step relies on the completion of products in the preceding step. Thus, any errors in estimating the time or cost of a task can impact the project’s overall schedule and cost. Therefore, managers must hedge inaccurate estimates by allocating additional resources and budgets in advance. The costs of additional resources and budgets depend on the content of the work package. In AWPS, the cost and schedule estimation is modeled as a function , which is concave and non-decreasing, and it encourages larger and fewer work packages.
(3) Production supervision:
The cost of production supervision, modeled as a function , is related to the content of the work package. This function is convex and non-decreasing because this factor encourages having more but smaller work packages.
(4) Production scale:
The production scale is modeled as a function , which encourages managers to make larger and fewer work packages. The  is a concave non-decreasing function.
(5) Advanced information technology: 
The cost of advanced information technology for MC projects can be modeled as a function . This function is concave and non-decreasing, as it encourages having smaller and more work packages. 
(6) Cash flow:
The work package’s duration significantly impacts the project’s cash flow, which is a function related to the work package’s completion time and work content. The total discounted cash flow cost of the work package is , where  denotes the cost per unit of work content,  denotes the work package content,  denotes the discounted rate,  denotes the completion time of a work package.
(7) Inactive tasks:
[bookmark: _Hlk135304990][bookmark: _Hlk135337447]Two types of tasks are inactive. The first type of task is the marking task at the start and end of the project, which is described as a dummy task with no work content. Another type refers to hold-point tasks. A hold point task forms a work package independently and cannot be merged. A group of tasks  denotes inactive tasks.
[bookmark: _Hlk135591966][bookmark: _Hlk121475207][bookmark: _Hlk121600415][bookmark: _Hlk135587393]We assume that  =  =  =  = 0 and that the functions , ,  , and  can be evaluated in constant time. Let 
               (1)
For  is a non-decreasing function. The cost associated with a work package  is
                    (2)
[bookmark: _Hlk135587603]Let  denote all the subsets of tasks that are required to form their own work packages as a result of hold point, where for any . The two dummy tasks in the problem are considered inactive tasks, and each of them must independently form a work package.
In this model,  is defined as a decision variable representing the number of work packages for the active task in the project. The number of non-dummy tasks is . The model aims to divide active tasks into work packages  to minimize the total cost.
                      (3)
Subject to the constraints that the precedence network of the work packages  is acyclic, and a given deadline  must complete the project.
5.2. Identification of serial tasks
[bookmark: _Hlk128751863][bookmark: _Hlk135225481][bookmark: _Hlk129868741]Task dependencies can be classified into serial, parallel, and coupled relations [13,47]. Fig. 4 clearly shows different relations of nodes between serial and non-serial tasks. Only Task 1 and Task 2 in Fig. 4 (a) are serial. 




             
(a)               (b)            (c)               (d)
[bookmark: _Hlk127451770]Fig. 4. Task dependencies
[bookmark: _Hlk130223247][bookmark: _Hlk129338495]The MC production task involves a strong precedence relationship, similar to job shop scheduling [48] and the assembly of mechanical products [49]. This shared feature highlights the importance of effectively managing task dependencies to optimize production efficiency. Recognizing an active serial network is the first step in organizing tasks into work packages. It is crucial to define the active serial network accurately, as it determines the boundary of active tasks belonging to the serial network. Let  = and  = . We refer to the tasks in  as inactive tasks and the tasks in  as active tasks. A group of tasks is described as serial tasks if (i) ; (ii)  is the only immediate predecessor of , and is the only immediate successor of , for , as shown in Fig. 5. An active serial network is a collection of active serial tasks. The search is halted if a non-serial or inactive task is encountered during a search.


Fig. 5. Multi-serial paths in a network
[bookmark: _Hlk121488420]The method for searching serial tasks is shown in algorithm 1. The  is denoted as an integer, and =1 represents task  has been scanned, and task  is considered as a leading task of any group of serial tasks. Searching serial tasks always starts with a task  that has not been scanned. The task , where n represents the total number of tasks in the network since the starting and ending tasks in the network are merely dummy tasks. When the =0, the  records the task  as a serial task. The program evaluates the relationship between the task pointed to by the pointer and the task immediately following it. If the relationship meets the requirements, as shown in algorithm 1, the pointer is updated to point to the subsequent task. The number of serial tasks, tasks recorded by the serial task, and the scanned result of task  are all updated. This looping process continues until a non-serial or inactive task is encountered. The entire process is then repeated until all tasks have been scanned.
	[bookmark: _Hlk129359387]Algorithm 1 The process of searching serial tasks

	Input: Task relationships network

	Output: Subsets of serial tasks 

	for i=2,3···n-1 do

	if scanned(i)=0 Then
// Look for an unscanned elemental task.
pointer←i;
// The pointer points to i th element.
Number of serial tasks←1;

	      SerialTask(Number of serial tasks)←pointer;
// Mapping task numbers in the serial task with task numbers in all tasks.
scanned(pointer)←1;
while the number of successor tasks of the pointed task is 1,
the number of predecessors of the pointed task’s successor task is 1, 
and the successor tasks of the pointed task are active tasks do
pointer←Successor(pointer, 1);
// Advance pointer to the successor of the currently pointed elemental task.
    Number of serial tasks←Number of serial tasks+1 ;
    SerialTask(Number of serial tasks) ← pointer;
    scanned(pointer)←1;
loop
if the number of serial tasks>1, Then
  Call Algorithm 2
end  
  end
return subsets of serial tasks


[bookmark: _Hlk121662663][bookmark: _Hlk129253979][bookmark: _Hlk118546638][bookmark: _Hlk118549064]5.3. Organizing tasks into work packages based on dynamic programming
A set of serial tasks can be generated from the above computational processes. The decision to organize serial tasks with minimum cost into work packages will be made using a dynamic programming algorithm. This algorithm is used to solve the shortest-path problem for acyclic networks. The Equation (4)-(5) shows detailed preprocessing steps, where  denotes the duration of the task ,  denotes the work content of the task , and  denotes the completion time of the task , which is the accumulation of the duration of all tasks before .  is the total cost of tasks {, , …, } when they are grouped into a work package.
[bookmark: _Hlk135586738]Preprocessing:
                      (4)
        (5)
Unlike the information regarding the content and duration of individual tasks, which is stored in nodes, the information about total cost is attached in the arc, as shown in Fig.6. This is because the cost calculation considers both the content of individual tasks and task completion time, which is influenced by preceding tasks. 


Fig. 6. Preprocessing and searching process for minimal costs
Equation (6-8) shows the application of a dynamic programming algorithm to find the shortest path in a directed acyclic graph, where  is the value of the minimal cost from the taskto . 
Recurrence relation:
    (6)
Boundary condition:
 (7)
Optimal solution value:
                                (8)
Algorithm 2 shows the critical steps for calculating the minimum cost of serial tasks by dynamic programming and the policy of organizing serial tasks into work packages. The  represents the optimal strategy function, determining the optimal number of tasks to be organized in the work package. Once the optimal policy is determined, the information regarding the work package is updated. The change of elements in the work package is recorded in five aspects, the number of work packages,  , , and . After organizing the serial tasks into work packages, the task network consists of work packages generated by serial tasks and inactive tasks that form independent work packages. Finally, the total cost of the optimized task network is calculated using Equation (3).
	Algorithm 2 Cost calculation and work packages merging

	Input: Number of serial tasks, SerialTask (·). 

	Output: Number of work packages, The updated serial work packages lead (·), cardinality (·), content (·), and duration (·). 
Initial: S (0) ← 0, BestValueFound ← infinity. 

	for ii=1, 2, ···, Number of serial tasks do

	for jj=ii, ii+1, ···, Number of serial tasks do 
WorkContent (ii, jj) ← 0; 
Duration (ii, jj) ← 0;
for ll=ii, ii+1, ···, jj do
  WorkContent (ii, jj) ← WorkContent (ii, jj) + x (SerialTask (ll));
  Duration (ii, jj) ← Duration (ii, jj) + t (SerialTask (ll));
Calculate the c (ii, jj) by Equation (1); 
// c (ii, jj), which is equal to c (i, j) in Equation (3);
for jj=1, 2, ···, Number of serial tasks do
for ii=1, 2, ···, jj do
    temp ← c (ii, jj) + S (ii-1);
    if temp < BestValueFound then
      BestValueFound ← temp; 
      Policy(jj) ← ii;
    end if
  S (jj) ← BestValueFound
jj ← NumSerialTasks
while jj > 0 do
update NumWPs, SerialWPLead (·), SerialWPCardinality (·), SerialWPContent (·), SerialWPDuration (·);
  for ii = Policy(jj), ···, jj do
    update SerialWPLead (·);
  jj ← Policy(jj) - 1
wend


6. [bookmark: _Hlk124265840]Experiments
[bookmark: _Hlk135507244][bookmark: _Hlk129968888]The proposed AWPS method is validated in an actual MC case project. The key project data that serve as inputs of the model in Fig. 2 are listed in Table 3.
[bookmark: _Hlk128491130]Table 3 Production data in the MC project
	[bookmark: _Hlk120550023]Item
	work
	Description
	Working Day
	Client’s REP

	
	
	Steel material in the factory
	Day
	
	

	1
	structure
	Board, profile pretreatment, and punching
	Day
	1
	

	
	
	
	Day
	2
	

	
	
	
	Day
	3
	

	2
	
	2D Panel Assembly (Butt weld and Fillet Weld included)
	Day
	4
	

	
	
	
	Day
	5
	

	
	
	
	Day
	6
	

	3
	
	2D Panel Weld Test
	Day
	7
	

	4
	
	2D Panel Hot Dip Galvanizing Treatment
	Day
	8
	

	
	
	
	Day
	9
	

	5
	
	3D assembly, including (welding work for bondek, Shear Stud, bracket wall & ceiling sheet)
	Day
	10
	

	
	
	
	Day
	11
	

	
	
	
	Day
	12
	

	
	
	
	Day
	13
	HP

	6
	
	6 Touch-up galvanized paint 
	Day
	14
	

	7
	
	Apply fire paint to the structural member
	Day
	14
	

	
	
	
	Day
	15
	

	
	
	
	Day
	16
	

	
	
	
	Day
	17
	

	
	
	
	Day
	18
	

	
	
	
	Day
	19
	

	
	
	
	Day
	20
	

	8
	
	Rebar Fixing and Pouring Concrete
	Day
	21
	

	9
	
	Concrete Curing
	Day
	22
	

	
	
	
	Day
	23
	

	10
	Door/window
	Door and window frame installation
	Day
	24
	

	11
	
	Water Spray Test
	Day
	24
	HP

	12
	Wall
	Ceiling stud, rockwool in-fill, and fire board installation at ceiling surface
	Day
	25
	HP

	
	
	
	Day
	26
	HP

	13
	
	Fireboard, Wall stud installation
	Day
	27
	HP

	
	
	
	Day
	28
	HP

	14
	
	Rockwool in-fill and the second layer of fire board installation at the wall surface
	Day
	29
	HP

	15
	
	Installation of MEP conduit inside hostel room at wall surface (at hostel room).
	Day
	30
	HP

	
	
	
	Day
	31
	HP

	16
	
	Installation of gypsum board at the wall surface
	Day
	32
	HP

	17
	Print
	Gypsum Plaster and Sanding (wall and ceiling)
	Day
	33
	

	
	
	
	Day
	34
	

	18
	
	First layer painting (hostel room and corridor)
	Day
	35
	

	19
	
	Second layer painting
	Day
	36
	

	20
	
	Top coat paint (ceiling)
	Day
	37
	

	21
	E&M
	Installation of MEP trunk at the ceiling (in the common area)
	Day
	38
	

	22
	
	installation of sprinkler pipes (in the hostel room)
	Day
	39
	

	23
	
	Apply paint for MEP Services
	Day
	40
	

	24
	
	Electrical Cable Wiring
	Day
	41
	

	25
	
	Window Type AC Installation
	Day
	42
	

	26
	
	Installation of lighting / MEP final fix
	Day
	42
	

	27
	T&C
	Cladding panel installation/ Top coat wall paint
	Day
	43
	

	
	
	
	Day
	43
	

	28
	
	Installation of Vinyl floor and skirting (Hostel room and corridor)
	Day
	44
	

	29
	
	Cabinets/ Wardrobe installation
	Day
	45
	

	30
	
	Door ironmongery and windows installation, water test on window
	Day
	46
	

	31
	
	General Cleaning and Floor Protection
	Day
	47
	

	32
	
	Packing & Protection of Furniture
	Day
	48
	

	33
	
	MEP Final Check (AC, FS, Electrical)
	Day
	49
	

	
	
	
	Day
	50
	

	34
	
	3D dimension check, Paint touch-up, and Final QC Inspection
	Day
	51
	HP

	35
	
	Labeling of MC module, packaging, and protection of MC module
	Day
	51
	HP

	
	
	Ready to transport from factory to HK
	Day
	52
	


[bookmark: _Hlk130060568][bookmark: _Hlk124252843][bookmark: _Hlk121475318][bookmark: _Hlk124507205]
6.1. Validity of AWPS
[bookmark: _Hlk135507198][bookmark: _Hlk129951938]The first experiment compared AWPS with the traditional work packing method, where each task is packaged independently, as depicted in Fig.7. Based on the case project, , task R1 = {1}, R2 = {7}, R3 = {13}, R4 = {14}, R5 = {15}, R6 = {16}, R7 = {18}, R8 = {19}, R9 = {37}, R10 = {38}, R11 = {39}, where R1 and R11 are dummy tasks. In our case, (xa1, xa2, …, xa39) = (ta1, ta2, ..., ta39) = (0, 24, 24, 8, 16, 24, 8, 4, 52, 8, 16, 4, 4, 16, 16, 8, 8, 8, 8, 16, 8, 8, 8, 8, 8, 8, 8, 4, 4, 8, 8, 8, 8, 8, 8, 16, 4, 4, 0), (Cw1, Cw2, …., CR11) = (24, 48, …,408). We define the value of the initial parameter based on the experiment [13]. , ,  50, 50, 0.00025. We set  to be , with  representing the project delivery time in units of hours and  representing the project makespan.


Fig. 7. Traditional work packaging method
[bookmark: _Hlk127437365][bookmark: _Hlk127436902][bookmark: _Hlk129953380][bookmark: _Hlk129953434][bookmark: _Hlk129953506][bookmark: _Hlk129953787][bookmark: _Hlk127195223][bookmark: _Hlk127195277][bookmark: _Hlk124954168][bookmark: _Hlk127195445]Next, the manager packages tasks based on the type of production task, forming seven work packages of active tasks, as depicted in Fig. 8. W1= {2, 3, 4, 5, 6}, W2= {8, 9, 10, 11}, W3= {12}, W4= {17}, W5= {20, 21, 22, 23}, W6= {24, 25, 26, 27, 28, 29}, W7= {30, 31, 32, 33, 34, 35, 36}. (xw1, xw2, xw3, xw4, xw5, xw6, xw7, xR1, xR2, xR3, xR4, xR5, xR6, xR7, xR8, xR9, xR10, xR11) = (tw1, tw2, tw3, tw4, tw5, tw6, tw7, tR1, tR2, tR3, tR4, tR5, tR6, tR7, tR8, tR9, tR10, tR11) = (96, 80, 4, 8, 40, 40, 64, 0, 8, 4, 16, 16, 8, 8, 8, 4, 4, 0), and (Cw1, Cw2, Cw3, Cw4, Cw5, Cw6, Cw7, CR2, CR3, CR4, CR5, CR6, CR7, CR8, CR9, CR10) = (96, 184, 188, 240, 296, 336, 400, 104, 192, 208, 224, 232, 248, 256, 404, 408).


Fig. 8. Forming work packages based on task types
[bookmark: _Hlk121488695][bookmark: _Hlk124899191][bookmark: _Hlk124899267][bookmark: _Hlk124885274][bookmark: _Hlk124946379][bookmark: _Hlk121302858]Finally, the optimal work package size generated using the proposed AWPS is shown in Fig. 9, where five work packages of active tasks are formed: W1= {2, 3, 4, 5, 6}, W2= {8, 9, 10, 11, 12}, W3= {17}, W4= {20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35}. In this solution, (xw1, xw2, xw3, xw4, xR1, xR2, xR3, xR4, xR5, xR6, xR7, xR8, xR9, xR10, xR11) = (tw1, tw2, tw3, tw4, tR1, tR2, tR3, tR4, tR5, tR6, tR7, tR8, tR9, tR10, tR11) = (96, 84, 8, 144, 0, 8, 4, 16, 16, 8, 8, 8, 4, 4, 0), and (Cw1, Cw2, Cw3, Cw4, CR2, CR3, CR4, CR5, CR6, CR7, CR8, CR9, CR10 = (96, 188, 240, 400, 104, 192, 208, 224, 232, 248, 256, 404, 408). 


[bookmark: _Hlk130233576]Fig. 9. Forming work packages using AWPS
Following Equations (1-8), it can be found that the optimal solution reaches a total cost of 4821, which is significantly less than both the traditional method (with a cost of 5756.28) and the task-type based packaging method (with a cost of 4883.54) by 935.28 and 62.54, respectively. The results highlight the impact of different work package sizes on MC production costs, which also demonstrates that appropriate planning of the work package size can reduce costs.
[bookmark: _Hlk130061114]6.2. Impact of parameter changes on work package size and cost
[bookmark: _Hlk135506883]The second experiment assessed the impact of parameter changes on work package size and cost. We let  =  = ,  =  =  The results in Fig. 10 (a)–(g) show that the change of parameters (), leads to different performance when applying the AWPS for optimizing MC production. Analyzing the impact of various parameters on optimization results can further assist managers in adjusting those parameters to meet actual production requirements. The left and right vertical axes in Fig. 10 represent the number of active work packages and a performance gap, respectively. The x-axis represents the change in the values of parameters, highlighting the impact of different parameters on work package sizing. 
[bookmark: _Hlk124434728][image: ][image: ]
[bookmark: _Hlk127278922](a)                                      (b)
[image: ][image: ]
[bookmark: _Hlk127279002](c)                                      (d)
[image: ][image: ]
[bookmark: _Hlk127279042](e)                                      (f)
[image: ]
(g)
[bookmark: _Hlk128503282]Fig. 10. Impact of parameters on the performance gap and number of active work packages
[bookmark: _Hlk127178969]We computed the AWPS method’s cost for every test and denoted it as . Additionally, we computed the cost of the independent task packaging by using Equation (5), and referred to it as . In Fig. 10, we evaluated the impact of factor changes on performance (i.e., performance gap) by calculating the sensitivity coefficient defined in Equation (9), which measures how much the dependent variable changes in response to a change in an independent variable. As the magnitude of  increases, the sensitivity of performance to factor i also increases
                          
Where  = the change rate of factor i
[bookmark: _Hlk129956023][bookmark: _Hlk129889822][bookmark: _Hlk129955213]As the values of , , , and increase, the performance gap decreases. Moreover, these factors lead to an increase in the number of active work packages. The values of  and  are relevant to cash flow. As they increase, the discounted cash flow becomes more critical in terms of avoiding cost overruns caused by carrying too much cost throughout the production process. Forming smaller work packages contributes to a quicker release of fees upon task completion. The values of  and  are relevant to  and . An increase in  and  results in more important roles of the functions  and . Achieving greater precision in measuring performance and exercising tighter control is vital in promoting the formation of smaller, more manageable work packages. 
[bookmark: _Hlk129955268][bookmark: _Hlk135507041]In contrast to the above factors, as , , , and  increase, the performance gap also increases. When the values of ω and k1 increase, the performance gap decreases. As  increases, the fixed cost of each package becomes increasingly crucial and enlarges the performance gap. To mitigate the impact of fixed costs on total costs, reducing the number of work packages while increasing their size is an effective option. As the value of  increases and  decreases,  and  play more significant roles in terms of forming the performance gap compared to  and , which results in a small number of work packages with larger sizes. 
[bookmark: _Hlk129955303][bookmark: _Hlk127298580][bookmark: _Hlk127364333][bookmark: _Hlk127296452][bookmark: _Hlk127299193][bookmark: _Hlk127290266][bookmark: _Hlk127296561][bookmark: _Hlk127299432]As shown in Fig. 10, the maximum number of active work packages is 28, while the minimum number is 4. An increase in the values of , , and  tends to decrease the number of active work packages. As  increases from 0 to 20, there is a significant decrease in the number of active work packages. When  increases from 20 to 60, the decreasing trend is less significant, and when  reaches 60, the number of active work packages remains at 4. The values of  and  are related to  and , which encourage larger work packages. As  decreases and  increases, the number of work packages decreases in a stepwise manner, and they have a mild impact on the number of active work packages compared to . An increase in the values of , , , and  can increase the number of active work packages. As  and  increase, the number of work packages increases accordingly, and they have a mild impact on the number of active work packages. As increases from 1 to 1.6, there is a significant increase in the number of active work packages. When  increases from 1.6 to 3, the increasing trend is less significant, and when  reaches 2, the number of active work packages remains at 28. The parameter  greatly impacts the number of active work packages. Moreover, the growth of  leads to an increase in the number of work packages, which shows a stepped upward trend. To increase supervision depth and transparency in the production process and mitigate the adverse effects on cash flow, managers should consider increasing the values of , , , and  in MC projects. In addition to the factors mentioned above, the number and location of inactive tasks also limit the number of work packages. Thus, the number of active work packages is not solely determined by the variability of work package size, and managers should adjust the factor values according to the actual project needs.
6.3. Merging strategy for different numbers of tasks 
Experiment 3 tests the effect of changing the number of tasks on work package sizes without inactive tasks. The result indicates that the AWPS method considers balancing the cost load of each work package to ensure that the amount of work content within each work package is roughly the same. We randomly generate a task network using the network generator RanGen2 [50]. When using RanGen2, we specify the following network measures: 1) The number of tasks. We set the number of non-dummy tasks with five sets {10, 20, 30, 40, 50} to represent the task quantity from less to more. The number of tasks is determined based on the production process of standard modular rooms and expert experiences. 2) .  is the serial or the parallel indicator. When =1, RanGen2 generates a group of serial tasks. We set the other network measures of RanGen2 by default. 3) Each task’s work content is a random integer distributed between 1 to 10. A total of 50 instances are generated for the above five task instance sets, with ten random test instances for each set.  
The parameters of the sizing optimization model have been set to be the same as those in Experiment 1. , ,  50, 50, 0.00025. Table 4 presents a summary of the results, with each row (excluding the first cell) indicating the average of ten random test instances. 
Table 4 Avergae of ten test instances

	[bookmark: _Hlk128575784]Num. of active tasks
	Total task content
	Work package cardinality
	[bookmark: _Hlk129874585]Mean work package content
	Active work package quantity
	Total cost (one task/ work package)
	Total cost (Optimized)

	10
	56.6
	10
	56.6
	1
	922.55
	496.06

	20
	115.2
	10
	57.6
	2
	1901.38
	1050.02

	30
	151.7
	13.5
	67.5
	2.3
	2725.23
	1416.54

	40
	218.9
	12.7
	68.6
	3.2
	3854.89
	2132.22

	50
	289
	11.25
	64.7
	4.5
	5063.14
	2931.73


[bookmark: _Hlk128575676]The first five columns of Table 4 show the number of active tasks, total task content, work package cardinality (i.e., the average number of tasks in each work package), mean of work package content, and the number of active work packages, respectively. The data shows that as the number of active tasks increases from 10 to 50, the total task content also increases from 56.6 to 289. At the same time, the work package cardinality remains steady at ten first and slightly increases to 13.5, and the mean work package content stays relatively constant at around 56.6 to 68.6. Additionally, we can observe that as the number of active tasks increases, the number of active work packages also increases from 1 to 4.5. However, the results suggest that the method of AWPS does not encourage the formation of larger and fewer packages, as the work package cardinality remains steady and the mean work package content remains relatively high. The results indicate that the work package sizing can only extend partially, and the solutions tend to balance the work content in every work package. Thus, the AWPS ensures a fair distribution of work content and maximizes the use of resources, thereby enhancing overall efficiency. On the other hand, the last two columns of Table 4 show the total cost before and after optimization, respectively. The total cost of one task/ work package (i.e., only one task in a work package) and the total cost after optimization increase as the number of active tasks increases. However, as the number of tasks increases, the total cost can be optimized, thereby reducing the cost. For example, for 50 active tasks, the total cost after optimization is 2931.73, and each task/work package cost is 5063.14. Therefore, managing the work package sizing is essential for optimizing project efficiency and budget. 
7. Discussion
The proposed AWPS is a novel method to package MC production tasks more accurately and decrease costs by meeting the delivery time. The novelty of this method, in comparison to previous studies, can be summarized as follows.
[bookmark: _Hlk135506520]• Firstly, this study model the MC production process with multi-stakeholders. Previous studies developed the business process of MC production, which focused on operation records, such as material, production, and inspection. However, the production process in the context of multi-stakeholders and the inspection immutability task in the production process (i.e., hold point) is generally ignored [47]. Thus, the AWPS method provides a more fine-granularity production process, standardizing MC production tasks and providing critical information for inspection tasks with multi-stakeholders in practical production planning.
• Secondly, this study is the first in the MC that proposes the work package sizing method, which establishes a relationship between work package sizes and cost based on several empirical factors. Previous studies adopt the generalized model to map an abstract instance, which is less efficient as it needs to consider inspection task independencies, mass production, and advanced information technologies in the MC project [13,37]. These gaps can adversely impact the model's performance in the MC. This study uses a dynamic programming algorithm to organize fine-granularity tasks into a work package and find the right delivery frequency of deliverables, thereby decreasing cost by 1.3%-16%. Furthermore, the AWPS method can indirectly enhance project quality and productivity by promoting collaboration between design decisions and planning executions.
• Thirdly, the practical usage of the AWPS method is tested in experiments. The results demonstrate that it can significantly reduce execution costs by accurately formulating work package sizes. Moreover, the study discusses how various parameter settings influence work package sizes and the performance of the optimization method. The results can help managers better understand the mechanisms and adjust parameter settings based on the demand of the actual project by which various factors related to work package sizing affect project performance. 

Although this study has made significant contributions, it still has some limitations.
• First, due to the lack of cost and schedule data, the data used in this study is collected from a single case project. Although the features of serial task networks can represent most off-site construction activities of the MC project, rich datasets of the workflow plan for off-site production are needed in future studies. 
[bookmark: _Hlk135506380]• Secondly, this study focuses on optimizing work package size to reduce project costs rather than minimizing costs by project scheduling. Although both approaches aim to reduce costs, they adopt divergent perspectives in reaching this goal. Thus, a more sophisticated model can be developed to optimize both the sequence of production criteria and work package sizes. 
8. [bookmark: _Hlk127815004][bookmark: _Hlk120803429]Conclusions
[bookmark: _Hlk127865253][bookmark: _Hlk128585423][bookmark: _Hlk135561988][bookmark: _Hlk135561505][bookmark: _Hlk135561540][bookmark: _Hlk135561550][bookmark: _Hlk135561689]This paper presents a method for optimizing the work package size in MC production processes to minimize total costs. This method focuses on finding the best balance between larger/fewer work packages and smaller/more work packages to achieve optimal cost performance. Several experiments are conducted to demonstrate the algorithmic performance and practical effectiveness of the AWPS approach. In Experiment 1, we used actual data from an MC project to simulate the managers' packaging decision and validate our method's effectiveness by comparing the optimized results with simulation results. In Experiment 2, we explore the relation between parameter value and the size of work packages. The results indicate that as the organization unit , the coefficient parameter  in  and  increases (cost and schedule estimation, production scale), or as the exponent parameters  in  and , coefficient parameter  and exponent parameter  in  and  (production supervision, advanced information technology), the cost per unit of work content  and the discount rate  in cash flow decrease, the cost performance gap widens. Conversely, as , , , , and  increase and ,  decrease, the number of work packages increases.
In Experiment 3, we found that the capacity of work packages is finite in a specific parameter condition. As the size of the task network increases, the trend in forming work packages encourages the creation of larger work packages initially and more work packages subsequently. In summary, managers can use the AWPS method to automatically package MC tasks, which can reduce execution costs while maintaining duration by effectively planning the grouping of tasks and allocating resources.

[bookmark: _Hlk135506166]Several topics remain open for future studies. First, the AWPS method can be improved by considering the transport and assembly process. It would be valuable to broaden the scope of our model to encompass the entire process of the MC project and analyze how multi-stage tasks influence the sizing decisions for work packages. Second, this study establishes several functions for mapping the relationship between decision costs and work contents. However, the parameters in the function are manually selected. Therefore, it is beneficial to develop an approach to automatically select mapping functions based on the theory of applied mathematics and task types. In conclusion, this study paves the way for developing automatic work package sizing methods to decrease the MC project cost while encouraging further research.
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	Meaning
	Description

	
	Tasks
	A node in the task network diagram

	
	Task sets
	A collection of n tasks from the network

	
	Work packages
	Consists of one or more elemental tasks, and can reflect the content and duration.

	
	Organization unit
	A fixed cost in each work package encourages larger work packages.

	
	Cost and schedule estimation
	A function encourages larger work packages. 

	
	Production supervision
	A function encourages smaller work packages. 

	
	Production scale 
	A function encourages larger work packages.

	
	Advanced information technology
	A function encourages smaller work packages. 

	
	The total discounted cash flow cost of the work package.
	A function encourages smaller work packages.  is the cost per unit of work content.  is the discount rate.

	
	Work package content
	The sum of task contents within the work package.

	
	Work package completion time
	The sum of task durations within each work package.

	
	Inactive tasks set
	Including 1) dummy tasks representing the start and end of a project; 2) independent tasks that cannot be merged.

	= 
	Active tasks set
	 = 

	
	the number of work packages for the active task
	A decision variable

	
	Task duration
	The duration of the task .

	
	Task content
	The work content of the task .

	
	Task completion time
	The cumulative duration of all tasks preceding .

	
	The total cost of a group of tasks
	The total cost when a group of tasks  is organized into a work package.

	
	Project delivery time
	The time it takes to start a project until all tasks are completed.

	
	Project completion time
	The project completion date is specified before the project begins.

	
	Opportunity Cost
	The cost is computed for every test instance using the AWPS method.

	
	Normal Cost
	The cost of independent task packaging.

	
	Performance Gap
	The difference in performance between the normal cost and opportunity cost. 

	
	Sensitivity Coefficient
	Measures how much a dependent variable changes in response to a change in an independent variable.

	
	Change Rate
	The change rate of factor .

	
	Serial or Parallel Indicator
	When , RanGen2 generates a group of serial tasks. When , RanGen2 generates a group of parallel tasks.

	
	Exponent 
	, which makes  and  become a concave nondecreasing function.

	
	Exponent 
	, which makes  and  become a concave nondecreasing function.

	
	Coefficient 
	The change in value affects the rate at which the functions  and  change.

	
	Coefficient
	The change in value affects the rate at which the functions  and  change.
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