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Abstract  
This paper deals with particle swarm optimization for multi resource constrained project 

scheduling problem with varying resource levels (MRCPSPVRL) and it incorporated applies weighted 

earliness tardiness in the problem. In a project scheduling problem, there are many activities with 

successor, predecessor relations, also they have certain durations and resource requests. In realistic 

project scheduling problems, different types of resources are used to implement the task. MRCPSPVRL 

uses various types of resources by changing resource levels in a predetermined manner. Maximum time 

necessary for completing the task in MRCPSPVRL is divided into different time periods, which 

resources are varied within these different time periods. The main objective of Project Scheduling 

Problem is to find an optimum time schedule by considering all constraints. The problem is tested using 

particle swarm optimization on MATLAB R2020b. this paper extends the work done by Jiby Joy, Srijith 

Rajeev, Eldhose C, Abraham [1]. 

منابع ح مختلف پروژه با منابع چندگانه با سطو یزیرمسئله برنامه یازدحام ذرات برا یسازنهیمقاله با به نیا

(MRCPSPVRL )یهاتیپروژه، فعال یبندمشکل زمان کی. در کندیرا در مسئله اعمال م یزودرس وزن ریسروکار دارد و تأخ 

ر مسائل هستند. د یمدت زمان و درخواست منابع خاص یدارا نهاآ نیوجود دارد، همچن و پیشین نیبا روابط جانش یادیز

از منابع  یانواع مختلف از MRCPSPVRL. شودیکار استفاده م یاجرا یاز منابع برا یانواع مختلف نانه،یبپروژه واقع یبندزمان

 MRCPSPVRLر کار د لیتکم یاکند. حداکثر زمان الزم بر یشده استفاده م نییتع شیاز پ یا وهیسطوح منابع به ش رییبا تغ

سئله م یمختلف متفاوت هستند. هدف اصل یزمان یهادوره نیشود که منابع در ا یم میمختلف تقس یزمان یبه دوره ها

 یساز نهیا استفاده از بهمشکل ب نیاست. ا هاتیبا در نظر گرفتن تمام محدود نهیبه یبرنامه زمان کی افتنیپروژه،  یبندزمان

 ف،یراج تیسرج ،یجو یبیکار انجام شده توسط ج ،مقاله نیشده است. ا شیآزما MATLAB R2020bازدحام ذرات در 

 [.1] دهد یآبراهام را گسترش م و یالدوس س
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1- Introduction  
A resource constrained project scheduling problem (RCPSP) contains various activities which have 

specific duration and limited resources for their successful completion [2]. The main objective of this 

problem is to schedule all activities using different types of resources. An effort has been done to solve 

multi resource constrained project scheduling problem with varying resource levels (MRCPSPVRL). In 

this work multiple varieties of resources are utilized corporating weighted earliness tardiness. The 

objective of this work is to find optimal time of the project and the start and end time of each activity 

optimum and utilizing the resources in an effective way. 
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1.1. Particle swarm optimization 
Kennedy and Eberhart developed the issue of Particle Swarm Optimization (PSO) in the year 1995 

[3]. PSO is an evolutionary algorithm that simulates the social behavior of birds flocking to a place. 

PSO starts with an initial solution and updates it regularly on every repeat. Updated solutions are 

achieved by solving equations that elaborate the searching possibilities of all particles and identified 

the best particle. Some of the main benefits of PSO over other metaheuristic algorithms includes the 

effectiveness in obtaining solution, computational easiness, development flexibility and performance 

consistency [4–5].  

The equation for particle-updating mechanism is as follows [3]: 

 

𝑉𝑖(𝑡) = 𝑊(𝑡)𝑉𝑖(𝑡 − 1) + 𝑐1𝑟1 (𝑋𝑖
𝐿 − 𝑋𝑖(𝑡 − 1)) + 𝑐2𝑟2(𝑋𝐺 − 𝑋𝑖(𝑡 − 1))                (1) 

𝑋𝑖(𝑡) =  𝑉𝑖(𝑡) +  𝑋𝑖(𝑡 − 1)                                                                                           (2) 

 

Where 𝑋𝑖
𝐿 = {𝑋𝑖1

𝐿 , 𝑋𝑖2
𝐿 , … , 𝑋𝑖𝑀

𝐿 } represents a local best of ith particle after t-1 iterations. For every 

iteration, there will be one local best per iteration. 𝑋𝐺 = {𝑋1
𝐺 , 𝑋2

𝐺 , … , 𝑋𝑀
𝐺 } represents the global best 

among all the swarm of particles (M) achieved among all iterations. 

c1 and c2 are considered as positive constants (learning factors), and r1 and r2 are random numbers, 

their ranges between 0 and 1; W(t) is the inertia weight, and it is used to minimise the impact of the 

previous velocities on the current velocity. 

Eq. (1) is the velocity equation. It calculates the velocity of a particle from particle’s previous 

velocity. It is used to find the particle’s distances from the current position to its local and global best 

positions. Eq. (2) calculates a new position of particle by comparing the local best and global best 

experiences of all particles [4-5]. 

 

PSO algoritm has the following steps: 

1. Initialize a swarm of particles to solution space.  

2. Evaluate the fitness of each particle.  

3. Update individual best when an iteration is over.  

4. Update global best when a better individual best is obtained. 

5. Update velocity and position of each particle after each iteration.  

6. Go to step 2, and repeat until any termination condition occurs. 

 

1.2. Parameter configurations 
The parameters required for priority based PSO are summarized, as shown in Table 1. The inertia 

weight is selected based on the conclusion of Shi and Eberhart [6], that is, 1 is a good choice when the 

maximum velocity (i.e., Vmax = 1) is smaller than 2, and 0.8 is a good choice when the maximum 

velocity (i.e., Vmax = N) is larger than 3. Learning factors c1 and c2 create a little bit of difference [7], 

hence, they are set to 1. The population size, M (i.e., the number of particles in the swarm) is usually 

taken as the number of the non-dummy activities (i.e., N) in the project, considering that more 

particles may increase searching success but similarly require more evaluation runs [7]. 

 
Table 1: parameters of PSO 

PSO Parameters 

PSO type 
Inertia 

weight W(t) 

Learning 

factor c1 

Learning 

factor c2 

Population 

size M 
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Priority-

Based PSO 
0.8 1 1 Close to N 

 

The paper is erganzed as followes. Section 2 introduces methodology and steps. Section 3 develops 

the model. Section 4 gives the results and section 5 is conclution. 

 

2. Methodology and steps 

 Project planning in simple words means scheduling a series of related activities considering various 

constraints which are the components of a project. Project scheduling problems without any resource 

limitations are known as PSP problems without resource constraints, and if resource limitations are 

contained in PSP problems, the problem is known as resource constrained project scheduling problems 

(RCPSP). RCPSPVRL literally means RCPSP with varying resource levels. 
To investigate RCPSPVRL, consider a project network as shown in Fig. 1. The main objective is to 

find the optimal project schedule considering various constraints. In this problem, 25 activities are taken 

for study.  

 

Fig.1. Project scheduling problem. 

Fig.1 is a structure taken for basic paper studied by Jiby Joy, Srijith Rajeev, Eldhose C, Abraham.  

3. Development of the model 

The current study extends the work made by Jiby Joy, Srijith Rajeev, Eldhose C, Abraham. It 

contains resources different types and vary in various levels in a predetermined fashion for different 

tasks. In order to develop multi resource-constrained project scheduling problems, every activity i 

requires R types of resources; with R = R1, R2 ,..., RN, moreover every resource type contains rik units of 
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resource; k = 1,..., m per unit of activity’s execution time (di). Meanwhile resource k has bk constraints 

per unit time. Various parameters like duration, resources and constraints (d i, ri, bk) are non-negative and 

are pre-determined [1]. 

 

3.1. Assumptions in MRCPSPVRL study  

1) All activities of the project should have certain and known durations.  

2) All predecessor activities prior to a successor activity must be finished before the successor 

activity can start.  

3) Multiple resource varieties can be used, available in limited quantities, and are renewable from 

period to period.  

4) Pre-determined variations in resources levels are permitted.  

5) Activities are non-pre-emptive. 

6) All activities have known weighted earliness tardiness. 

 

3.2. MRCPSPVRL with WET formulation 

The main objective of MRCPSPVRL is to reduce project duration time. In addition to this 

minimization of total project cost is also considered [8]. MRCPSPVRL-WET can be formulated as 

follows: 

 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ∑ (𝑒𝑖𝐸𝑖 + 𝑡𝑖𝑇𝑖)
𝑛
𝑖=1                                        (3) 

S.T. 

𝑓𝑗 − 𝑓𝑖 ≥ 𝑑𝑖        Ɐj ϵ Pi  ; i=1,2,…,N                           (4) 

∑ 𝑟𝑖𝑘𝐴𝑡
≤  𝑅𝑘    ;  k=1,2,…,K  ; t=S1,S2,…,SN             (5) 

𝐸𝑖 ≥ ℎ𝑖 − 𝑓𝑖                                                                   (6) 

𝑇𝑖 ≥ 𝑓𝑖 − ℎ𝑖                                                                  (7) 

 

Where N is the number of the activities involved in a project and fi is the finish time of activity i (i 

= 1, …, N); di is the duration of activity i, Pi is the set of activities already scheduled (i.e., predecessors) 

before activity i can be scheduled to start; Rk is available amount of resource k (k = 1, …, K); and K is 

the number of  resource types; rik is the amount of resource k required by activity i, and At is the set of 

ongoing activities at t and si (= fi – di) is the start time of activity i. Ei = max(0, hi – fi) is the earliness of 

activity i, ei represents the unit earliness penalty cost of activity i and hi is its known deterministic due 

date. Ti = max(0, fi – hi) is the tardiness of activity i, ti represents the unit tardiness penalty cost of activity 

i [9]. 

Equation (3) represents the objective, while equations (4) and (5), respectively, represent 

precedence constraints and resource constraints. Equation (6) computes the earliness of each activity 

and equation (5) calculates the tardiness of each activity [9]. 

Fig.2 demonstrates the results obtained using PSO in MATLAB. Applies this configeration along 

with the specification described in the following section. 
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To investigate the model for 

MRCPSPVRL, consider a project network as 

shown in Fig.2. there tiype of resources are 

present. Our objective is to find on optimal 

project schedule. 

 
 

Resource 1 is devided into two time 

limits 

 

For time 0 to 3 ,  7 unites are allocated. 

For time 4 to 12 ,  20 unites are 

allocated. 

 
 

Resource 2 is devided into three time 

limits 

 

For time 0 to 5 ,  8 unites are allocated. 

For time 6 to 10 ,  5 unites are allocated. 

For time 11 to 12 ,  7 unites are 

allocated. 

 
 

Resource 3 is devided into three time 

limits 

 

For time 0 to 5 ,  5 unites are allocated. 

For time 6 to 10 ,  7 unites are allocated. 

For time 11 to 12 , 8 unites are allocated. 

Fig.2. MRCPSPVRL solution by PSO. 
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Fig.3. MRCPSPVRL-WET 

 

4- Results 
Various benefits are present in MRCPSPVRL. In real project scheduling problems, resources are 

not kept constant, and in many cases, limited types of resources are available. In MRCPSPVRL, wide 

variety of resources are available and it helps to solve real project scheduling problems with an optimized 

result [1]. The study indicated that the application of MRCPSPVRL-WET improves the results. 

 

4- Conclusion  
PSO algorithm has been applied successfully to many of the scheduling problems. In this paper we 

made a humble effort to adapt PSO for solving MRCPSPVRL-WET. 

From computational analysis, it can be concluded that MRCPSPVRL-WET solved by using PSO 

coded in MATLAB R2020b is effective to solve PSP problems with various resource demands. 
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