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Construction project schedule management system based on particle swarm optimization
2 Introduce
Modern project management is a new field of management discipline developed in recent years, which is very different from general operation enterprise management in terms of principles and methods, and has gradually formed a more complete discipline system, and established several international modern project management associations, including the International Project Management Association (IPMA), mainly in Europe, and the Project Management Institute (PMI), led by the United States, as representatives.
With the development of information technology and the prevalence of outsourcing, the interconnectedness of businesses is becoming more and more evident and the traditional vertically integrated mode of operation is increasingly being replaced by a horizontal, hypertextual one. This means that the traditional boundaries of the enterprise are becoming increasingly blurred and are gradually disappearing. In this context, business activities will increasingly be run as projects. It is in this sense that project-centered activities, rather than organizational structures, are becoming more and more common, and it is in this sense that project management is becoming more and more popular.
1984, PMI developed "The Guide to the Project Management Body of Knowledge" (PMBOK) in an attempt to establish a global project management standard. In 1987 and 1996, the PMBOK was revised twice. The document has been recognized as a global standard by the world project management community. The International Organization for Standardization (ISO) also used the document as a framework to develop the ISO10006 standard.
PMI divides the process of project management into the following three major processes: I. The project planning process, II. Project execution process, and III. Project monitoring process.
The main tasks of the project planning process include: establishing the WBS plan, confirming the project process, confirming a detailed project plan, plan review, approving the project plan, determining the project plan baseline, etc.; the tasks of project execution and monitoring process include: executing the project plan, managing project, monitoring project plan, and completion, project change control, project process review, etc.
At the present stage, construction schedule management is mainly based on the traditional task decomposition after the process constraints to develop the schedule plan to guide the on-site construction management. However, the execution of each construction task will take up the corresponding resources, and if the resources required for a task are occupied by other tasks, the task can only wait for the release of its required resources, which will certainly affect the actual construction progress and make a large deviation between the planned and actual progress, weakening the utility of construction schedule management. Therefore, the schedule plan that satisfies both process constraints and resource constraints is more suitable for guiding on-site construction management. Moreover, in the actual construction management, due to the influence of various uncertainties and changes in the focus of management objectives, it is necessary to adjust the construction schedule plan for resource and schedule optimization in time. The resource-constrained project scheduling problem (RCPSP) is a typical operations research problem, which is one of the hot research topics in recent years. According to the different settings and focus of the research problem, researchers have proposed various scheduling schemes and solution algorithms.
A typical resource-constrained project scheduling problem (RCPSP) can be described as follows: In a project, there are J jobs included. Due to technical requirements, there is a tight precedence relationship between some jobs, for example, job j cannot be started until any of its tight precedence jobs h, h ∈ Pj (Pj is the set of tight precedence jobs of the job) is completed. The structure of the whole project is represented by a directed network diagram, in which the nodes represent the jobs and the arcs represent the immediately preceding relations among the jobs. The sequential numbering of the jobs in the diagram should ensure that the job number in P is less than j. Job 1 is the only earliest job to start and job J is the only latest job to complete, both are virtual jobs (no resource consumption and execution time of 0), and represent the beginning and end of the entire project, respectively. A feasible plan requires that the start time of each job has been determined, and meet both inter-job tight ahead constraints and resource constraints.
Let job j (j=1, 2, ..., J) requires a kth resource amount of rjk to complete and an execution time of d. The total kth resource amount is a constant Rk (k = 1, 2, ..., k), the start time of the work is Sj, and At is the set of ongoing work in the period (t-1, t], then a typical resource-constrained engineering scheduling problem can be mathematically modeled as follows [9,10].
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Eq. (1) is the objective function expression, which indicates that the objective is to minimize the duration; Eq. (2) is the immediate preceding constraint expression, which represents that all operations can start only after their immediate preceding operations are completed; Eq. (3) is the resource constraint expression, which indicates that the total resource consumption of all executed operations cannot exceed the agreed total resources per day during the project start.
Mathematically, RCPSP belongs to the NP-hard problem, i.e., under the assumption that P ≠ NP, no algorithm can be found that guarantees an optimal solution in polynomial time. There are two directions of solution schemes for this class of problems: the full algorithm is guaranteed to get the optimal solution, but the running time is of exponential complexity and thus difficult to adapt to large-scale instances; the approximation algorithm, on the other hand, only requires finding an approximate solution that can end in polynomial time, and the RCPSP problem mainly uses heuristic algorithms to seek an approximate solution that meets the objective. At present, a considerable number of heuristic algorithms such as genetic algorithms (GA), ant colony algorithms (ACO), and particle swarm algorithms (PSO) have been applied to the solution of RCPSP problems.
3 Literature Review
Algorithms for solving RCPSP problems can be roughly divided into two main categories: the accurate algorithm and the metaheuristic algorithm which can also be called an intelligent optimization algorithm.
3.1 Resource-constrained project scheduling problem based on accurate algorithm
In 1967, Johnson [1] first used a branch-and-bound method to solve the RCPSP problem in his Ph.D. thesis. Most branch-and-bound methods use depth-first search of enumeration trees, and the branching process contains various methods for expansion part scheduling. The number of possible choices for expanding partial scheduling is reduced by using lower bound and dominance laws as well as direct selection.
Branch delimitation methods for solving problems can be classified into four categories: (i) branch delimitation algorithms based on timing trees [2,3], (ii) branch delimitation algorithms based on extended substitution sets [4], (iii) branch delimitation algorithms based on delayed substitution sets [5], and (iv) branch delimitation algorithms based on scheduling schemes [6].
Patterson [2] used a temporal tree as the basis of the algorithm, with a virtual start activity as the root node and a search tree with layers, where each node of the search tree corresponds to an activity and each layer of the search tree is gradually expanded according to the temporal relationship constraints between activities.
Sprercher[3] extended on Patterson's basis by proposing a more powerful pruning technique making the algorithm more efficient.
[bookmark: _GoBack]Stinson[4] proposed a branch delimitation algorithm based on extended substitution sets, which uses decision time points as nodes of the search tree as opposed to activity-based temporal tree algorithms.
Christofides[5] proposed the concept of delayed substitution sets. While the decisions in the previous two algorithms cannot be changed once they are determined in the previous phase, the scheduling determined in the previous phase in the delayed substitution set-based algorithm may be delayed in the later phase.
Brucker[6] proposed a branch delimitation method for representing the nodes of a search tree in terms of a scheduling scheme by introducing relationships between individual activities.
3.2 Resource-constrained project scheduling problem based on genetic algorithm
	The genetic algorithm (GA) is a method to search for the optimal individual (solution of the problem) in a given environment (problem domain) based on biological genetic and evolutionary theories. The inherent parallel search properties, strong robustness, and simplicity of implementation of genetic algorithms have shown superior performance in solving a large number of complex combinatorial optimization problems. Since 1985, when Davis first used a genetic algorithm to solve scheduling problems, the algorithm has been used more and more widely in the field of scheduling. The genetic algorithm is applied to RCPSP, focusing on the chromosome (individual) representation, genetic operations, and scheduling generation schemes.
Hartmann[7], Alcaraz[8] and Valls[9] et al. have studied RCPSP using genetic algorithms based on task list encoding, where the adaptive genetic algorithm proposed by Hartmann and the peak cross genetic algorithm proposed by Valls have better performance.
Hartmann[7] proposed a genetic algorithm with an activity set as genetic encoding and compared it with seven other heuristic algorithms by thinking of a case for solving and proving the superiority of this genetic algorithm.
Alcaraz[8] proposed a robust genetic algorithm to solve a single-mode resource-constrained project scheduling problem and used a new crossover method in this approach.
Valls[9] proposed a hybrid genetic algorithm (HGA) which is divided into two phases, the first phase follows the conventional genetic algorithm and the second phase starts the operation based on the neighboring populations of the results of the first phase as the initial populations. In addition to this, the authors have solved the problem in PSPLIB instance sets j60 and j120 by using this scheme and compared it with other good algorithms.
The RCPSP using priority number encoding based genetic algorithm has been studied by Leo[10], Hindi[11], Mendes[12], and Debel[13], among which the genetic algorithm proposed by Mendes and the genetic algorithm proposed by Debel have better performance.
Leo[10] studied a genetic algorithm based on priority coding and combined this genetic algorithm with problem space neighborhoods and proved that the method can effectively solve the resource-constrained scheduling problem using cases.
Hindi [11] proposed a genetic algorithm based on priority coding and proved the usefulness of the algorithm by solving a scheduling case consisting of 330 activities and a case consisting of 2370 activities, respectively.
Mendes[12] combined a genetic algorithm with a schedule generator program that generates parameterized activity schedules and new merit metrics to propose an algorithm called Genetic Algorithm for Project Scheduling (GAPS) and compared GAPS with 25 other algorithms through 1560 standard test problem examples were compared.
Debel[13] extended a so-called decomposition-based genetic algorithm (DBGA) and proposed a new genetic algorithm (GA) capable of providing near-optimal heuristic solutions.
3.3 Resource-constrained project scheduling problem based on genetic algorithm
Swarming insects use collective power to forage, defend against enemies, and build nests, and individual individuals can only perform simple tasks, while a group of individual individuals can perform complex tasks. For example, bees collect nectar, build nests, and ants forage and build nests. The algorithms designed by studying the principles of swarm intelligence are called swarm intelligence algorithms, which are inspired by the cooperation of swarming insects in their work. Particle Swarm Optimization (PSO) is an evolutionary algorithm based on the swarm intelligence approach, which was proposed by Kenndy, an American social psychologist, and Eberhart, an electrical engineer [14-17], and inspired by the results of the Artificial life study. The basic concept originated from the study of the predatory behavior of bird flocks. The particle swarm algorithm is similar to other evolutionary algorithms in that it moves the individuals in the population to a good area according to their adaptation to the environment; the difference is that it does not use evolutionary operators for individuals like other evolutionary algorithms, but treats each individual as a particle with no mass and no volume in the search space, and flies at a certain speed in the search space. By learning and adapting to the environment, the flight speed is dynamically adjusted according to the combined analysis of individual and group flight experiences.
The first one is the priority-based particle swarm algorithm, which adopts the encoding of priority and searches the continuous space, and can be solved directly by the original PSO algorithm; the other one is the alignment-based particle swarm algorithm, which adopts the encoding of activity list and searches the discrete space, and needs to use the DPSO algorithm.
The fundamental difference between these two approaches is that the priority coding needs to give priority to the inter-activity immediate precedence and posteriority constraints in the decoding process, and then scheduling according to the coding priority; while the immediate precedence and posteriority constraints of the activity list are manifested in the initialization process of coding and the "migration" process of particles.
Zhang [18] investigated PSO based on priority number and task list-based representations of PSO.
Linyi Deng [19] used an activity alignment-based particle swarm algorithm to solve the RCPSP problem by updating the particle encoding through the intersection of particle point locations.
Wang Wei [20] also introduced the priority-based particle swarm algorithm based on activity alignment and used the activity alignment-based particle swarm algorithm and genetic algorithm to solve an RCPSP algorithm simultaneously, concluding that the computation time of the PSO algorithm and the probability of obtaining the optimal solution is much higher than that of the GA algorithm.  	
4 Methods
With the construction plan as the main body, according to the plan to the construction process implementation and construction process monitoring, for the entire project department organizational structure, in accordance with the principle of mutual collaboration of their respective responsibilities. The front-end of the system is built using Vue framework, the back-end uses Spring boot, the database uses MySQL, and JDBC uses mybatis framework.
Step 1 WBS decomposition and the process of resource allocation. The project is divided to the bottom level by top-down configuration and all the jobs are imposed with due tight front and back constraints, and after that the resources are configured for each bottom level job.
Step 2 Design of scheduling algorithm. Based on the resource and cost information derived from the job decomposition in the previous step, and the backward and forward relationships among the jobs, an improved particle swarm algorithm is used to obtain a plan with relatively optimal duration and resource load balance. After that, the plan is coded by back-to-forth planning method to identify the key chains corresponding to the plan and build buffers for them.
Step 3 Construction process management. During the construction process, according to the two roles of project manager and builder in the construction of different jobs, each job is managed through the workflow to achieve real-time construction progress update, which is convenient for the project manager to control the progress and resource usage during the whole construction process.
Step 4 is the reporting and monitoring function of the system. The reports are mainly provided to the project manager to summarize the project every week, and show the progress and resource usage of the smart construction site in the form of charts and graphs to improve the project manager's refinement management of the smart construction site. Monitoring function is the system to monitor the progress and cost of construction execution, through early warning to avoid delays or resource shortages, and when the actual progress and cost deviate from the plan by a certain amount, the system will analyze which operation or operations have problems and how to eliminate such deviations through the multi-level earned value method, which improves the system's intelligent management of the smart construction construction site. Management degree.
The most critical and difficult step in the whole system is the scheduling algorithm, which I plan to use particle swarm algorithm to solve.


When PSO solves an optimization problem, the solution of the problem corresponds to the position of a bird in the search space, calling these birds "particles" (particles) or "subjects" (agents) Each particle has its position and velocity (which determines direction and distance of flight), and an adaptation value determined by the function being optimized. Each particle remembers, follows the current optimal particle, and searches in the solution space. The process of each iteration is not completely random, and if a better solution is found, it will be used as a basis to find the next solution. The particle updates its velocity and position according to the following equations (3) and (4). The information of particle i can be represented by a D-dimensional vector, and the position is denoted as, and the velocity is, and the other vectors are similar. Then the velocity and position update equations are 
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 is the velocity of particle i in dimension d in the kth iteration;  is the current position of particle i in dimension d in the kth iteration;  is a random number between [0, 1];  is the position (i.e., coordinates) of the individual extremum of particle i in dimension d;  is the position of the global extremum of the whole swarm in dimension d. c1, c2 are acceleration factors (or learning factors) that regulate the direction toward the global best particle and the individual best particle, respectively The maximum step of the flight, if too small, the particles may move away from the target region, if too large, it will lead to sudden flight toward or over the target region. A suitable c1, c2 can speed up the convergence and is less likely to fall into the local optimum, usually so that c1=c2=2. The specific RCPSP solution process will not be introduced due to space limitation.
5 Result
	The results of the scheduling algorithm will be used as a case study with the help of the PSPLIB standard problem set, and a time scheduling table will be used as a scheduling result to measure the excellence of the algorithm based on the average minimum duration of the scheduling result and the computing time.
	The system will show the architecture, process and key interfaces as a result.
6 Evaluation
In order to promote the standardization and informatization of construction schedule management, ensure the construction period and construction quality, reasonably allocate construction resources, and propose the optimization method of construction schedule plan for project team under resource constraints, which helps to improve the utilization rate of construction resources and make the project team work period reach the shortest. However, due to the unsoundness of personal knowledge system and time reasons, the factors considered in the construction schedule plan are not comprehensive enough. In order to obtain better schedule management, based on the research in this paper, the subject members can conduct in-depth research in the following aspects, mainly including:
1) The model mainly considers the resource constraints and the immediately preceding constraint relationship between sub-projects, but in the actual renovation, there are also space constraints, i.e. some sub-projects cannot be carried out at the same time due to the limited space in the residence although there is no immediately preceding constraint relationship.
(2) In order to facilitate the solution, the model only considers one execution mode of subprojects, i.e., a subproject has only one resource demand, and once the resource demand is not reached, the execution cannot be started. However, in the actual renovation construction process, the number of subprojects into groups is not unique, i.e., residential subprojects have multiple execution modes.
(3) Construction schedule management can be affected by many contingent factors, and the degree of influence can be great, such as the painting project is affected by the weather. Considering adding these chance factors to the model with certain probability will make the construction schedule more flexible and operable, and more in line with the actual process of renovation.
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Construction project schedule management system based on particle swarm optimization
2 Introduce
Modern project management is a new field of management discipline developed in recent years, which is very different from general operation enterprise management in terms of principles and methods, and has gradually formed a more complete discipline system, and established several international modern project management associations, including the International Project Management Association (IPMA), mainly in Europe, and the Project Management Institute (PMI), led by the United States, as representatives.
With the development of information technology and the prevalence of outsourcing, the interconnectedness of businesses is becoming more and more evident and the traditional vertically integrated mode of operation is increasingly being replaced by a horizontal, hypertextual one. This means that the traditional boundaries of the enterprise are becoming increasingly blurred and are gradually disappearing. In this context, business activities will increasingly be run as projects. It is in this sense that project-centered activities, rather than organizational structures, are becoming more and more common, and it is in this sense that project management is becoming more and more popular.
1984, PMI developed "The Guide to the Project Management Body of Knowledge" (PMBOK) in an attempt to establish a global project management standard. In 1987 and 1996, the PMBOK was revised twice. The document has been recognized as a global standard by the world project management community. The International Organization for Standardization (ISO) also used the document as a framework to develop the ISO10006 standard.
PMI divides the process of project management into the following three major processes: I. The project planning process, II. Project execution process, and III. Project monitoring process.
The main tasks of the project planning process include: establishing the WBS plan, confirming the project process, confirming a detailed project plan, plan review, approving the project plan, determining the project plan baseline, etc.; the tasks of project execution and monitoring process include: executing the project plan, managing project, monitoring project plan, and completion, project change control, project process review, etc.
At the present stage, construction schedule management is mainly based on the traditional task decomposition after the process constraints to develop the schedule plan to guide the on-site construction management. However, the execution of each construction task will take up the corresponding resources, and if the resources required for a task are occupied by other tasks, the task can only wait for the release of its required resources, which will certainly affect the actual construction progress and make a large deviation between the planned and actual progress, weakening the utility of construction schedule management. Therefore, the schedule plan that satisfies both process constraints and resource constraints is more suitable for guiding on-site construction management. Moreover, in the actual construction management, due to the influence of various uncertainties and changes in the focus of management objectives, it is necessary to adjust the construction schedule plan for resource and schedule optimization in time. The resource-constrained project scheduling problem (RCPSP) is a typical operations research problem, which is one of the hot research topics in recent years. According to the different settings and focus of the research problem, researchers have proposed various scheduling schemes and solution algorithms.
A typical resource-constrained project scheduling problem (RCPSP) can be described as follows: In a project, there are J jobs included. Due to technical requirements, there is a tight precedence relationship between some jobs, for example, job j cannot be started until any of its tight precedence jobs h, h ∈ Pj (Pj is the set of tight precedence jobs of the job) is completed. The structure of the whole project is represented by a directed network diagram, in which the nodes represent the jobs and the arcs represent the immediately preceding relations among the jobs. The sequential numbering of the jobs in the diagram should ensure that the job number in P is less than j. Job 1 is the only earliest job to start and job J is the only latest job to complete, both are virtual jobs (no resource consumption and execution time of 0), and represent the beginning and end of the entire project, respectively. A feasible plan requires that the start time of each job has been determined, and meet both inter-job tight ahead constraints and resource constraints.
Let job j (j=1, 2, ..., J) requires a kth resource amount of rjk to complete and an execution time of d. The total kth resource amount is a constant Rk (k = 1, 2, ..., k), the start time of the work is Sj, and At is the set of ongoing work in the period (t-1, t], then a typical resource-constrained engineering scheduling problem can be mathematically modeled as follows [9,10].
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Eq. (1) is the objective function expression, which indicates that the objective is to minimize the duration; Eq. (2) is the immediate preceding constraint expression, which represents that all operations can start only after their immediate preceding operations are completed; Eq. (3) is the resource constraint expression, which indicates that the total resource consumption of all executed operations cannot exceed the agreed total resources per day during the project start.
Mathematically, RCPSP belongs to the NP-hard problem, i.e., under the assumption that P ≠ NP, no algorithm can be found that guarantees an optimal solution in polynomial time. There are two directions of solution schemes for this class of problems: the full algorithm is guaranteed to get the optimal solution, but the running time is of exponential complexity and thus difficult to adapt to large-scale instances; the approximation algorithm, on the other hand, only requires finding an approximate solution that can end in polynomial time, and the RCPSP problem mainly uses heuristic algorithms to seek an approximate solution that meets the objective. At present, a considerable number of heuristic algorithms such as genetic algorithms (GA), ant colony algorithms (ACO), and particle swarm algorithms (PSO) have been applied to the solution of RCPSP problems.
3 Literature Review
Algorithms for solving RCPSP problems can be roughly divided into two main categories: the accurate algorithm and the metaheuristic algorithm which can also be called an intelligent optimization algorithm.
3.1 Resource-constrained project scheduling problem based on accurate algorithm
In 1967, Johnson [1] first used a branch-and-bound method to solve the RCPSP problem in his Ph.D. thesis. Most branch-and-bound methods use depth-first search of enumeration trees, and the branching process contains various methods for expansion part scheduling. The number of possible choices for expanding partial scheduling is reduced by using lower bound and dominance laws as well as direct selection.
Branch delimitation methods for solving problems can be classified into four categories: (i) branch delimitation algorithms based on timing trees [2,3], (ii) branch delimitation algorithms based on extended substitution sets [4], (iii) branch delimitation algorithms based on delayed substitution sets [5], and (iv) branch delimitation algorithms based on scheduling schemes [6].
Patterson [2] used a temporal tree as the basis of the algorithm, with a virtual start activity as the root node and a search tree with layers, where each node of the search tree corresponds to an activity and each layer of the search tree is gradually expanded according to the temporal relationship constraints between activities.
Sprercher[3] extended on Patterson's basis by proposing a more powerful pruning technique making the algorithm more efficient.
Stinson[4] proposed a branch delimitation algorithm based on extended substitution sets, which uses decision time points as nodes of the search tree as opposed to activity-based temporal tree algorithms.
Christofides[5] proposed the concept of delayed substitution sets. While the decisions in the previous two algorithms cannot be changed once they are determined in the previous phase, the scheduling determined in the previous phase in the delayed substitution set-based algorithm may be delayed in the later phase.
Brucker[6] proposed a branch delimitation method for representing the nodes of a search tree in terms of a scheduling scheme by introducing relationships between individual activities.
3.2 Resource-constrained project scheduling problem based on genetic algorithm
	The genetic algorithm (GA) is a method to search for the optimal individual (solution of the problem) in a given environment (problem domain) based on biological genetic and evolutionary theories. The inherent parallel search properties, strong robustness, and simplicity of implementation of genetic algorithms have shown superior performance in solving a large number of complex combinatorial optimization problems. Since 1985, when Davis first used a genetic algorithm to solve scheduling problems, the algorithm has been used more and more widely in the field of scheduling. The genetic algorithm is applied to RCPSP, focusing on the chromosome (individual) representation, genetic operations, and scheduling generation schemes.
Hartmann[7], Alcaraz[8] and Valls[9] et al. have studied RCPSP using genetic algorithms based on task list encoding, where the adaptive genetic algorithm proposed by Hartmann and the peak cross genetic algorithm proposed by Valls have better performance.
Hartmann[7] proposed a genetic algorithm with an activity set as genetic encoding and compared it with seven other heuristic algorithms by thinking of a case for solving and proving the superiority of this genetic algorithm.
Alcaraz[8] proposed a robust genetic algorithm to solve a single-mode resource-constrained project scheduling problem and used a new crossover method in this approach.
Valls[9] proposed a hybrid genetic algorithm (HGA) which is divided into two phases, the first phase follows the conventional genetic algorithm and the second phase starts the operation based on the neighboring populations of the results of the first phase as the initial populations. In addition to this, the authors have solved the problem in PSPLIB instance sets j60 and j120 by using this scheme and compared it with other good algorithms.
The RCPSP using priority number encoding based genetic algorithm has been studied by Leo[10], Hindi[11], Mendes[12], and Debel[13], among which the genetic algorithm proposed by Mendes and the genetic algorithm proposed by Debel have better performance.
Leo[10] studied a genetic algorithm based on priority coding and combined this genetic algorithm with problem space neighborhoods and proved that the method can effectively solve the resource-constrained scheduling problem using cases.
Hindi [11] proposed a genetic algorithm based on priority coding and proved the usefulness of the algorithm by solving a scheduling case consisting of 330 activities and a case consisting of 2370 activities, respectively.
Mendes[12] combined a genetic algorithm with a schedule generator program that generates parameterized activity schedules and new merit metrics to propose an algorithm called Genetic Algorithm for Project Scheduling (GAPS) and compared GAPS with 25 other algorithms through 1560 standard test problem examples were compared.
Debel[13] extended a so-called decomposition-based genetic algorithm (DBGA) and proposed a new genetic algorithm (GA) capable of providing near-optimal heuristic solutions.
3.3 Resource-constrained project scheduling problem based on genetic algorithm
Swarming insects use collective power to forage, defend against enemies, and build nests, and individual individuals can only perform simple tasks, while a group of individual individuals can perform complex tasks. For example, bees collect nectar, build nests, and ants forage and build nests. The algorithms designed by studying the principles of swarm intelligence are called swarm intelligence algorithms, which are inspired by the cooperation of swarming insects in their work. Particle Swarm Optimization (PSO) is an evolutionary algorithm based on the swarm intelligence approach, which was proposed by Kenndy, an American social psychologist, and Eberhart, an electrical engineer [14-17], and inspired by the results of the Artificial life study. The basic concept originated from the study of the predatory behavior of bird flocks. The particle swarm algorithm is similar to other evolutionary algorithms in that it moves the individuals in the population to a good area according to their adaptation to the environment; the difference is that it does not use evolutionary operators for individuals like other evolutionary algorithms, but treats each individual as a particle with no mass and no volume in the search space, and flies at a certain speed in the search space. By learning and adapting to the environment, the flight speed is dynamically adjusted according to the combined analysis of individual and group flight experiences.
The first one is the priority-based particle swarm algorithm, which adopts the encoding of priority and searches the continuous space, and can be solved directly by the original PSO algorithm; the other one is the alignment-based particle swarm algorithm, which adopts the encoding of activity list and searches the discrete space, and needs to use the DPSO algorithm.
The fundamental difference between these two approaches is that the priority coding needs to give priority to the inter-activity immediate precedence and posteriority constraints in the decoding process, and then scheduling according to the coding priority; while the immediate precedence and posteriority constraints of the activity list are manifested in the initialization process of coding and the "migration" process of particles.
Zhang [18] investigated PSO based on priority number and task list-based representations of PSO.
Linyi Deng [19] used an activity alignment-based particle swarm algorithm to solve the RCPSP problem by updating the particle encoding through the intersection of particle point locations.
Wang Wei [20] also introduced the priority-based particle swarm algorithm based on activity alignment and used the activity alignment-based particle swarm algorithm and genetic algorithm to solve an RCPSP algorithm simultaneously, concluding that the computation time of the PSO algorithm and the probability of obtaining the optimal solution is much higher than that of the GA algorithm.  	
4 Methods
With the construction plan as the main body, according to the plan to the construction process implementation and construction process monitoring, for the entire project department organizational structure, in accordance with the principle of mutual collaboration of their respective responsibilities. The front-end of the system is built using Vue framework, the back-end uses Spring boot, the database uses MySQL, and JDBC uses mybatis framework.
Step 1 WBS decomposition and the process of resource allocation. The project is divided to the bottom level by top-down configuration and all the jobs are imposed with due tight front and back constraints, and after that the resources are configured for each bottom level job.
Step 2 Design of scheduling algorithm. Based on the resource and cost information derived from the job decomposition in the previous step, and the backward and forward relationships among the jobs, an improved particle swarm algorithm is used to obtain a plan with relatively optimal duration and resource load balance. After that, the plan is coded by back-to-forth planning method to identify the key chains corresponding to the plan and build buffers for them.
Step 3 Construction process management. During the construction process, according to the two roles of project manager and builder in the construction of different jobs, each job is managed through the workflow to achieve real-time construction progress update, which is convenient for the project manager to control the progress and resource usage during the whole construction process.
Step 4 is the reporting and monitoring function of the system. The reports are mainly provided to the project manager to summarize the project every week, and show the progress and resource usage of the smart construction site in the form of charts and graphs to improve the project manager's refinement management of the smart construction site. Monitoring function is the system to monitor the progress and cost of construction execution, through early warning to avoid delays or resource shortages, and when the actual progress and cost deviate from the plan by a certain amount, the system will analyze which operation or operations have problems and how to eliminate such deviations through the multi-level earned value method, which improves the system's intelligent management of the smart construction construction site. Management degree.
The most critical and difficult step in the whole system is the scheduling algorithm, which I plan to use particle swarm algorithm to solve.


When PSO solves an optimization problem, the solution of the problem corresponds to the position of a bird in the search space, calling these birds "particles" (particles) or "subjects" (agents) Each particle has its position and velocity (which determines direction and distance of flight), and an adaptation value determined by the function being optimized. Each particle remembers, follows the current optimal particle, and searches in the solution space. The process of each iteration is not completely random, and if a better solution is found, it will be used as a basis to find the next solution. The particle updates its velocity and position according to the following equations (3) and (4). The information of particle i can be represented by a D-dimensional vector, and the position is denoted as, and the velocity is, and the other vectors are similar. Then the velocity and position update equations are 

             （3）

                                                 （4）





 is the velocity of particle i in dimension d in the kth iteration;  is the current position of particle i in dimension d in the kth iteration;  is a random number between [0, 1];  is the position (i.e., coordinates) of the individual extremum of particle i in dimension d;  is the position of the global extremum of the whole swarm in dimension d. c1, c2 are acceleration factors (or learning factors) that regulate the direction toward the global best particle and the individual best particle, respectively The maximum step of the flight, if too small, the particles may move away from the target region, if too large, it will lead to sudden flight toward or over the target region. A suitable c1, c2 can speed up the convergence and is less likely to fall into the local optimum, usually so that c1=c2=2. The specific RCPSP solution process will not be introduced due to space limitation.
5 Result
	The results of the scheduling algorithm will be used as a case study with the help of the PSPLIB standard problem set, and a time scheduling table will be used as a scheduling result to measure the excellence of the algorithm based on the average minimum duration of the scheduling result and the computing time.
	The system will show the architecture, process and key interfaces as a result.
6 Evaluation
In order to promote the standardization and informatization of construction schedule management, ensure the construction period and construction quality, reasonably allocate construction resources, and propose the optimization method of construction schedule plan for project team under resource constraints, which helps to improve the utilization rate of construction resources and make the project team work period reach the shortest. However, due to the unsoundness of personal knowledge system and time reasons, the factors considered in the construction schedule plan are not comprehensive enough. In order to obtain better schedule management, based on the research in this paper, the subject members can conduct in-depth research in the following aspects, mainly including:
1) The model mainly considers the resource constraints and the immediately preceding constraint relationship between sub-projects, but in the actual renovation, there are also space constraints, i.e. some sub-projects cannot be carried out at the same time due to the limited space in the residence although there is no immediately preceding constraint relationship.
(2) In order to facilitate the solution, the model only considers one execution mode of subprojects, i.e., a subproject has only one resource demand, and once the resource demand is not reached, the execution cannot be started. However, in the actual renovation construction process, the number of subprojects into groups is not unique, i.e., residential subprojects have multiple execution modes.
(3) Construction schedule management can be affected by many contingent factors, and the degree of influence can be great, such as the painting project is affected by the weather. Considering adding these chance factors to the model with certain probability will make the construction schedule more flexible and operable, and more in line with the actual process of renovation.
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	I have completed ALL RELEVANT sections of the form in full.

	☐
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	☐
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☐
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.

	☐

	I have deleted the guidance notes before submitting the PG2 for consideration



	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.

	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit  this form (and receive the outcome) via systems explained to you by the supervisor/module leader.



This form is available electronically from the Academic Office web pages: https://www.uwtsd.ac.uk/academic-office/appendices-and-forms/ 


Application Process

All staff research projects and all research students must submit the Ethical Approval Form to the University Research Ethics Committee via the Academic Office (pgresearch@uwtsd.ac.uk).   Staff research directly in relation to personal study for taught undergraduate or Masters programmes should be submitted via the Institute procedures explained below.

Taught masters and taught undergraduate research Ethical Approval Forms are considered within Institutes.  Institutes will provide details of the specific processes for this.  Where the Ethical issues within any single ethical application are of particular concern the Institute will refer these to the University Research Ethics Committee.   Any student activity that involves the collection of primary data needs to undergo Ethical approval, this includes assignment work as well as dissertations.   
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