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Abstract 

One of the most important aspects of human resource management is the allocation of the workforce to 

activities. Human resource assignment to project activities for its scheduling is one of the most real and 

common issues in project management and scheduling. This becomes even more significant when 

human resource assignment to multiple projects simultaneously is considered. On the one hand, 

workforces can have multi skills due to technological and scientific development so that they can be 

assigned to project activities based on their skill level. On the other hand, the learning effect is also 

taken into account to make the model more realistic. These factors can affect completion time, total cost 

and execution quality of projects. In this study, a multi-objective optimization model for multi-project 

scheduling and multi-skilled human resource assignment problem based on the learning effect and 

activities' quality is presented. A mixed-integer linear programming model (MILP) is developed for the 

proposed problem and solved by the ε-constraint method in GAMS software. Managers can select a 

solution based on their priority. Finally, a sensitivity analysis is done on the learning and forgetting 

effect to investigate their impacts on each objective function.  
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1. Introduction 

Project scheduling is an optimization problem, in which a set of activities must be scheduled 

such that a predefined objective is optimized (Chakrabortty et al., 2016). This problem is 

mainly concerned with determining the feasible start time of activities with respect to 

precedence relationship such that the completion time of project is minimized (Hartmann and 

Briskorn, 2010). A remarkable variant of the classical project scheduling problem (PSP) is the 
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multi-skilled project scheduling problem (MSPSP). It contains project scheduling and human 

resource assignment problem simultaneously. The aim of the MSPSP is to identify the start 

time of activities subject to precedence relationship and resource constraint that only includes 

human resources with different skills. Moreover, this problem seeks to find the most 

appropriate combination of multi-skilled workforces assigned to each activity (Schwindt and 

Zimmermann, 2015).  

In the MSPSP assumes that each activity may need one or several skills to be executed. Since 

workers are capable to perform one or more skills, there are many possible combinations of 

workers which can be assigned to each skill of an activity. Each worker is allowed to use only 

one of his/her skills in each period to accomplish an activity. It is possible to assign workforces 

to several activities without overlapping in their processing time. Results show that multi-

skilled human resources cause to increase productivity, quality and work continuity. It makes 

manager to allocate work to labor with more flexibility. In this problem, each activity can be 

assigned to workers with number of varied mode due to activity necessity to different skill, 

thus problem complexity is remarkably increased. As a result, the MSPSP is a kind of NP-hard 

problem (Bellenguez, 2008). 

In real world, human resources have different efficiencies in each skill. In this case, their 

efficiencies can improve by learning (Maghsoudlou et al., 2017). Learning phenomenon occurs 

when workforces spend more time on performing a skill. Since the make span of the project 

depends on the efficiency of workers, the learning effect plays a remarkable role in decreasing 

the required time to accomplish the project. On the other hand, workers skill can be reduced 

when it has not been used for a long time that causes to reduce workers' efficiency. This 

phenomenon is named forgetting effect. It also makes completion time of project increase.  

In this study, several objective functions have been considered. One the most applicable ones 

is completion time of project. Most MSPSPs aim to minimize make span of the project as the 

main objective function. In some kind of project such as construction one, execution cost is 

also considered. Thus a second objective function is considered total cost of project execution 

in this research. As be mentioned, human resources have different skill level so that it can be 

affected execution quality of project. Employees’ work experiences not only promote 

productivity, but also improve project quality Therefore, maximizing the total quality of project 

is considered as well.    

Hence, the contributions of this study can be stated as follows. A multi-objective multi-skilled 

multi-project scheduling problem and human resource assignment is considered 

simultaneously. Activity's quality level is considered as the objective function as well as 

completion time and execution cost of projects. Learning and forgetting effect are defined 

simultaneously for multi-project scheduling problem for a first time. 

The rest of the paper is organized as follows: Section 2 presents a literature review for the 

project scheduling and human resource assignment problem. Problem definition as well as 

proposed mathematical model is described in Section 3. The proposed solution approach is 

discussed in Section 4. Section 5 is devoted to computational experimentations. Finally, 

Section 6 provides concluding remarks and discusses further research opportunities. 

 

2. Literature Review 

Many research have been done in project scheduling and human resource assignment area 

because of their importance in executing project to reduce various factors such as completion 

time and total cost. In this section, the most related studies to the current research is reported.  

Human resource assignment as an important phase in decision-making has investigated, 

recently. Markoulli et al. (2017) presented a review research on human resource management 
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problem. Kianto et al. (2017) studied knowledge-based human resource management problem. 

To do this end, a data set consisting 180 company is collected and analyzed by structural 

equation modelling and Partial least squares approaches. Results show that suitable 

management of human resources causes to increase rate of return. Batarlienė et al. (2017) 

analyzed the human resource management effect on the competitiveness of transportation 

organizations. Furthermore, competitive advantages and human resource management models 

are discussed. Berk et al. (2018) studied a human resource planning problem in the services 

industry in which a high level of uncertainty is considered in a revenue forecast. A robust 

optimization approach is applied to maximize profit. Lian et al. (2018) studied a multi-skilled 

human resource assignment problem in seru production firm. They proposed a linear 

programming model considering different skills and proficiency levels for workers. A non-

dominated sorting genetic algorithm is also developed to solve problem in large size. 

Some research consider project scheduling problem and human resource assignment 

simultaneously while worker have just one skill (Alfares and Baile 1997; Wu and Sun 2006). 

Firat and Hurkens (2012) developed an improved mixed integer programming model for multi-

skill workforce scheduling problem. Nie and Liu (2013) presented a mixed integer linear 

programming model for an integrated project scheduling and multi skilled human resource 

assignment problem. They also developed a memetic algorithm for large size problem. 

Fernandez-Viagas and Framinan (2014) developed an integrated project scheduling and 

workforce assignment problem considering controllable processing time. A greedy randomized 

adaptive search procedure (GRASP) is developed to achieve a near-optimal solution for large 

scale problem. Maenhout and Vanhoucke (2015) evaluated various scheduling policies in an 

integrated project scheduling and personnel staffing plan that leads to minimum costs. Karam 

et al. (2017) studied an integrated project scheduling and multi-skill workforce allocation 

problem considering flexible time for manpower working. They presented a mixed integer 

linear programming model to solve proposed problem. Till now, there is not a lot of research 

in project scheduling problem and human resource assignment that is considered learning effect 

to raise productivity and efficiency. Heimerl and Kolisch (2010) presented an optimization 

model for work assignment to multi-skilled human resources considering learning effect, 

knowledge depreciation, and company skill level. Van Peteghem and Vanhoucke (2015) 

assessed the learning effect on multi-mode resource constrained project scheduling problem so 

that each activity has different execution modes with different duration and cost. In order to 

solve the proposed problem a genetic algorithm is developed. Shen et al. (2018) studied a multi-

objective software project scheduling problem. The proposed model considered that skill 

proficiency can be improved by the employees' learning ability. They developed a Q-learning 

based memetic algorithm to solve problem. Zabihi et al (2019) developed a multi-objective 

teaching-learning-based meta-heuristic algorithms to solve MSPSP.   

As well, few studies have considered learning and forgetting in the MSPSP, simultaneously. 

Wu and Sun (2006) used only the concept of learning (not forgetting) for employee’s 

efficiency. They merely have developed a genetic algorithm without solving the problem with 

exact methods. Mehmanchi and Shadrokh (2013) studied a human resource scheduling 

problem in which activities need some skill to perform. They developed a mathematical model 

considering the learning and forgetting effect on worker efficiency.  

Moreover, multi-skill resource constrained project scheduling problem (MSRCPSP) is 

investigated in this filed. Myszkowski et al. (2019) studied MSRCPSP in a software library. 

They developed two meta-heuristic algorithm consist of Greedy and Genetic algorithm. 

Laszczyk and Myszkowski (2019) a multi-objective model for MSRCPSP. The developed a 

non-dominated sorting genetic algorithm (NSGA-II) to solve problem in large scale. 
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Quality of project execution is other significant factor of project scheduling problem as well as 

completion time and costs. Whereas, only little work has considered the minimum quality limit 

of tasks and the quality learning effect in this filed. Tiwari et al. (2009) studied project quality 

and cost trade-off in multi-mode resource constrained project scheduling problem. Certa et al. 

(2009) studied a human resource allocation in R&D projects scheduling. They proposed a 

quality-based model considering different skill level and learning ability for workers. The 

lexicographic goal programming method is used to determine best solution. Qin et al. (2016) 

studied a multi-skilled manpower scheduling problem considering learning effect and project 

quality. A piecewise linear programming model is developed to minimize the total cost of 

workforces. Chen et al. (2020) studied a competence-time-quality scheduling model of multi-

skilled staff for IT project. They developed a multi-objective ant colony optimization algorithm 

to find Pareto solution set. 

Multi-objective solving approach has been considered in the most research that developed 

multi-objective models. There are various method to solve multi-objective problems. One of 

the most popular methods is ε-constraint method (Babaee Tirkolaee et al., 2019; Goli et al., 

2019; Babaee Tirkolaee et al., 2019; Taheri Amiri et al., 2018; Taheri Amiri et al 2017; Taheri 

Amiri et al., 2017). Table 1 reported a summary of related research.
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Table 1. Summary of related papers 

Author(s) 
Project 

scheduling 

Staff 

assignment 

Multi-

skill 

Learning 

effect 

Forgetting 

effect 
Quality 

Solution 

method 

Wu and Sun (2006) * * * *   GA 

Tiwari (2009) *  *   * MILP 

Certa et al (2009) * * * *  * LGP 

Heimerl and Kolisch 

(2010) 
 * * *   

MILP 

Heuristic 

Firat and Hurkens 

(2012) 
*  *    MIP 

Mehmanchi and 

Shadrokh (2013) *  * * *  MINLP 

Nie and Liu (2013) * * *    MA 

Fernandez-Viagas and 

Framinan (2014) 
* *  *   

ILP 

GRASP 

Maenhout and 

Vanhouke (2015) 
* *     Heuristic 

Van Peteghem and 

Vanhoucke (2015) 
*   *   MIP 

Qin et al (2016) *  * *  * MILP 

Karam et al (2017) * * *    MINLP 

Berk et al (2018)  *     

Robust 

Optimizatio

n 

Lian et al (2018)  * *    
ILP 

NSGA-II 

Shen et al (2018) *  * *   
MIP 

MA 

Tirkolaee et al (2019) *      

ε-constraint 

NSGA-II 

MOSA 

Zabihi et al (2019) *  * *   
MOPSO 

MOIWO 

Chen et al. (2020) * * *   * MOACO 

Current Study * * * * * * 
MIP 

ε-constraint 

 

According to Table 1, just few work studied multi-project scheduling and multi-skill 

workforce assignment while consider the learning and forgetting effect simultaneously. 

Furthermore, there is not a lot of research that considers project quality as well as completion 

time and execution cost. Therefore, a multi-objective model for an integrated multi-project 

scheduling and multi skilled workforce assignment considering learning and forgetting effect 

has been developed.
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3. Problem Description  

In this study an integrated project scheduling and workforce assignment problem considering 

the learning and forgetting effect is presented. Despite a great number of researches 

investigated the learning effects in machine scheduling settings, It has been rarely used in the 

integrated problem. There are m projects that each project has j activity. Each activity may 

require one or more skills. A given number of workers are needed to execute each required 

skill. In this paper, the impact of forgetting as well as learning is assessed on project 

completion time, total cost, and project quality that are considered as main objective functions. 

Some of the most important features of the real-world projects have been considered in this 

research. The learning effect causes to reduce the required durations for activities, while it 

imposes more costs on the project. However, it improves activity's execution quality. On the 

opposite side, forgetting effect increase the execution time of activity if the worker cannot 

work for a long time. The learning and forgetting process is formulated based on related 

research (Wu and Sun 2006; Mehmanchi and Shadrokh 2013; Van Peteghem and Vanhoucke 

2015). Some assumptions are considered as follows that make the proposed model close to 

real-world situations. 

 

3. 1. Assumptions 

 The activities are numbered in topological order labeled as 0,1,2,..., 1.j N   The 

activities 0  and 1N   are dummy activities that represent the start and the finish of the 

project, respectively. Dummy activities 0j   and 1j N   have zero standard duration 

and they require no resources.  

 Activity preemption is not allowed 

 Precedence relationships between activities are finish-to-start with zero lag 

 A single mode is available for activities to be performed. 

 Human resources are multi-skilled 

 Resource requirements are deterministic and known in advance. 

 Each worker is able to execute one or several specific skills.  

 Only workforces can be assigned to an activity that has required skill to do it 

 Each worker has to be assigned to only one skill of an activity at each period. 

 

3.2. Notation 

 

3.2.1. Indices 

m  Index for project ( 1,..., )m M  

j  Index for activity ( 1,..., )j J  

s  Index for skill level ( 1,..., )s S  

e  Index for employee ( 1,..., )e E  

t  Index for time ( 1,..., )t T  

 

3.2.2. Parameters 

 

mjr  Release time of activity j  in project m  
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mjespd  Processing time of activity j  in project m  which is done by optimal number 

workforce e  with skill level s  

1esq  The primary quality level of worker e  in performing skill s  

cmjes
 Execution cost of worker e  with skill level s for processing activity j  in 

project m  per day 

es  Learning effect 

es  Forgetting effect 

mjesb  1 if the workforce e with skill level s can perform activity j  in project m ;  

0 otherwise 

mijpr  1 if activity i precedes activity j  in project m ; 0 otherwise 

N  A large number 

 

3.2.3. Decision Variables 

mjp  Processing time of activity j  in project m  

mjst  Start time of activity j  in project m  

mjct  Completion time of activity j  in project m  

maxC  Maximum completion time of projects' last activity 

estq  The quality level of worker e in performing skill s at period t   

est  The efficiency of worker e in skill s at period t  

mjtx  1 if activity j  in project m  starts at period t ; 0 otherwise 

mjesty  1 if workforce e with skill level s performs activity j  in project m at period t  

mjesz  1 if activity j  in project m  is done by workforce e  with skill level s ; 0 

otherwise 

 

3.3. Mathematical model  

 

The proposed mathematical model is formulated as follows: 

 

(1) 1 maxMin Z C  

(2) 2

1 1 1 1 1

c
M J E S T

mjest mjes

m j e s t

Min Z y
    

   

(3) 3

1 1 1 1 1

M J E S T

mjest est

m j e s t

Max Z y q
    

   
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(4) 
1

1 1,..., , 1,...,
T

mjt

t

x j J m M


      

(5) 
1 1

1 1,..., , 1,...,
E S

mjes

e s

Z j J m M
 

      

(6) 
1 1

1 1,..., , 1,..., , 1,...,
M J

jmest

m j

y e E s S t T
 

        

(7) 
1

1,..., , 1,...,
T

mj mjt

t

st x t j J m M


       

(8) 1 1,..., , 1,...,mj mj mjct st p j J m M        

(9) 1,..., , 1,...,mj mjst r j J m M      

(10) max 1,..., , 1,...,mjC ct j J m M      

(11) 1,..., , 1,..., , 1,..., , 1,..., , 1,...,mjest mjes mjesy b z e E s S j J m M t T             

(12)  1 , , 1,...,mj mi mi mij mijst st p pr N pr i j m M          

(13) 1

( )

1 1

1,..., , 1,...,

T

mjt est mjes

t

E S x pd

mj mjes

e s

p pd e j J m M




  

 


       

(14) 1

( )

1 1

1,..., , 1,...,

T

mjt est mjes

t

E S x pd

mj mjes

e s

p pd e j J m M




  

 


       

(15) (1 ) (1 )

( 1)

1 1 1 1

(1 ) 1, ..., , 1, ..., , 1, ..., 1es es es

M J M J

es t est mjest est mjest

m j m j

y y e E s S t T
  

  
  



   

           
   
   
   

   

(16) (1 )

( 1)

1 1

1,..., , 1,..., , 1,..., 1es

M J

es t est mjest

m j

q q y e E s S t T




 

 
         
 

  

(17) 1 1,..., , 1,..., , 1,...,
mj

mjt

t ct
x j J m M t T

T


         

(18) 1 1,..., , 1,..., , 1,...,
mj

mjt

st t
x j J m M t T

T


         

(19) 1 1,..., , 1,..., , 1,...,estq e E s S t T        

(20) 
max 0C   

(21)  0,1 1,..., , 1,..., , 1,...,mjtx j J m M t T        

(22)  0,1 1,..., , 1,..., , 1,..., , 1,...,mjesZ e E s S j J m M          

(23)  0,1 1,..., , 1,..., , 1,..., , 1,..., , 1,...,mjesty e E s S j J m M t T            
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(24) , , 0 1,..., , 1,...,mj mj mjct st p j J m M      

(25) 0 1,..., , 1,..., , 1,...,estq e E s S t T        

 

The first objective function in Equation (1) is minimizing completion time of the project. The 

second one in Equation (2) aims to minimize total execution cost. Equation (3) presents the 

third objective function which is maximized total activities' quality level. The first constraint 

(Eq. (4)) ensure that each activity is started just once in each project. Equation (5) enforces that 

activity j in project m is processed by only one workforce with specific skill. Constraint (6) 

implies that a human resource can work at most in one activity at each period. Equations (7) 

and (8) show start and completion time of each activity, respectively. Constraint (9) secures 

that activity cannot be started before its release time. Completion time of last activity in each 

project is calculated by constraint (10). Constraint (11) guarantees that workforce can perform 

activity only if he/she can do it. Precedence relationships are considered in constraint (12). 

Processing time of each activity according to the learning and forgetting effect is calculated by 

constraint (13) and (14). The learning and forgetting rate is computed by equation (15). The 

quality level of workforce is calculated by equation (16). Equations (17) and (18) state that 

activities is non-preemptive. Equation (19) assures that maximum value of quality is 1. Finally, 

equation (20) to (25) denote the type of decision variables. 

 

4. Solution Procedure 

In this study, the ε-constraint method is applied to solve a proposed multi-objective project 

scheduling and workforce assignment problem exactly. The ε-constraint approach is used as 

one of the well-known approaches for modifying the multi-objective problems that transfers 

all objective functions except one to the constraints in each step to solve such problem (Ehrgott 

and Gandibleux 2003). Recently, many research have used this method to solve multi-objective 

problems exactly (Vafaeenezhad et al. 2019; Bula et al. 2019; Balaman et al. 2018). A set of 

non-dominated solution is created by this method that is set on Pareto frontier which is formed 

by ε constraint (Bérubé et al. 2009). 

(26) (X)1Min f 

 x∈X 

2(X)≤ε2f 

… 

n(X)≤εnf 

The steps of the ε-constraint method are as follows: 

o One of the objective function is selected as main target.  

o Problem is solved based on one of the sub-objective function each time and its optimal 

value is obtained. 

o The interval between two values of the sub-objective functions is divided by a predefined 

number and created a table of values for 𝜀2, ..., 𝜀n. 

o Main problem is solved by values 𝜀2, ..., 𝜀n. 

o Pareto solution obtained is reported.
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In the proposed model, completion time of project is considered as main objective. Then, 8 

breakpoints for the objective functions are generated. The formulation associated with the 

proposed problem is shown as follows: 

 

 1 maxMin Z C  

 S.t. 

 Constraint (4) to (25) 

(27) 2 1Z   

(28) 3 2Z   

5. Computational Results 

In this section, the validity of the proposed model is assessed by generating three instance 

problems. The input parameters are randomly generated using a uniform distribution. All of 

the computations were carried out by CPLEX solver of GAMS software running on a computer 

with the following specifications: 4 GB RAM, 2.40 GHz, Intel Core i5-2430M CPU. 

 

5.1. Instance problems generation 

The instance problems presented in the study were derived from the studies by Hematian et al. 

(2019). Table 2 shows the instance problem dimension. Moreover, the value of the model’s 

parameters is reported in Table 3. 

   
Table 2. Instance problems dimension 

Prob. 

No. 

Project Activity Employee Skill 

1 2 5 3 2 

2 2 6 4 3 

3 2 7 5 3 
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Table 3. Parameters’ value for instance problems 

Parameter Value 

mjr  Uniform(1,20) 

mjespd  Uniform(2,10) 

1esq  Uniform(0.75,0.85) 

cmjes
 Uniform(120000,300000) 

es  Uniform(0.03,0.06) 

es  Uniform(0.06,0.09) 

mjesb  [0,1] 

N  1000000 

 
 

5.2. Experimental results 

To implement the proposed solution technique, the single-objective problems are solved 

considering the three objectives, respectively. The model complexity is high, for example, the 

instance problem number 3 has 6988 variables and 10414 equations. The objective functions 

value for each instances are reported in Table 4. 

 
Table 4. Objective function value for single objective problems 

Prob. 

No. 

Min Z1  Min Z2  Max Z3 
Time 

Avg. (s) 
Cmax Cost Quality  Cmax Cost Quality  Cmax Cost Quality 

1 40 5618500 8.25  47 5440000 8.16  43 5721500 8.31 197.41 

2 49 6021800 8.04  57 5769500 7.97  52 6202400 8.12 444.84 

3 54 6865400 8.38  72 6322000 8.19  65 7010500 8.46 808.32 

 

As shown in Table 4, the instance problem number is represented in first column. The minimum 

value of project completion time as well as two other objective functions value is reported in 

the next three columns. This procedure is repeated for two more objective functions. Then, the 

breakpoints can be calculated using the obtained values for total execution costs and project 

quality objectives because completion time of projects is considered as main goal. Table 5 

indicates the value of 1  (cost) and 2  (quality) value for each breakpoints.



A multi-objective optimization model for multiple project scheduling and multi-skill … 

Journal of Industrial Engineering and Management Studies (JIEMS), Vol.7, No.2  Page 109 

Table 5. Breakpoint value  

Prob

. No. 
Objectiv

e 

Breakpoints 

1 2 3 4 5 6 7 8 

1 
1   544000

0 

548000

0 

552000

0 

556000

0 

560000

0 

564000

0 

568000

0 

572150

0 

2   8.16 8.28 8.2 8.22 8.24 8.26 8.28 8.31 

2 
1   576950

0 

583150

0 

589350

0 

595550

0 

601750

0 

607950

0 

614150

0 

620240

0 

2   7.97 7.99 8.01 8.03 8.05 8.07 8.09 8.12 

3 
1   632200

0 

642000

0 

651800

0 

661000

0 

670200

0 

680000

0 

689200

0 

701050

0 

2   8.19 8.23 8.27 8.31 8.35 8.39 8.43 8.46 

 

Finally, the main proposed problem are solved for each breakpoint. The best possible value of 

project completion time are reported in Table 6. Moreover, the Pareto frontier obtained for the 

three instance problems is depicted in Figure 1 to 3, respectively. As can be seen, there is not 

a direct relation between three objectives, and the Pareto fronts show a strong contradiction 

between time and cost objectives, thus decision-makers should choose only one point among 

the existing Pareto points. 

 

Table 6. Objective functions value for different breakpoint 

Prob. No. 1 2 3 

Pareto 

solution No. 
Z1 1  2  Z1 1  2  Z1 1  2  

1 47 5440000 8.16 57 5769500 7.97 72 6322000 8.19 

2 46 5480000 8.18 56 5831500 7.99 69 6420000 8.23 

3 45 5520000 8.20 54 5893500 8.01 66 6518000 8.27 

4 44 5560000 8.22 53 5955500 8.03 62 6610000 8.31 

5 42 5600000 8.24 51 6017500 8.05 60 6702000 8.35 

6 40 5640000 8.26 49 6079500 8.07 57 6800000 8.39 

7 41 5680000 8.28 50 6141500 8.09 54 6892000 8.43 

8 43 5721500 8.31 52 6202400 8.12 65 7010500 8.46 
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Figure 1. Pareto frontier for instance problem No. 1 

 

 

Figure 2. Pareto frontier for instance problem No. 2 

 

 

Figure 3. Pareto frontier for instance problem No. 3 

 

Furthermore, the computational time average of the problems demonstrate that the problem has 

a high complexity such that the average time is increased by raising instance problem size 

(Figure 4).
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Figure 4. Computational time comparison 

 

In order to evaluate Pareto solution and select best one, reference point approach (RPA) method 

is applied in this study. Deb and Sundar (2006) introduced RPA to determine the best point in 

a multi-objective problem. The main idea is to identify the solutions which are close to the 

reference point. The normalized Euclidean distance (
pdev ) between each non-dominated 

solutions is calculated by Eq. (29) so that each solution with the lowest value of 
pdev has the 

highest priority for the decision-maker. 

(29) 2

max min
1

1, 2,...,8.( )
O

o o
p

o o o

p
f z

dev
f f

 





  

Where  
o

f  present the value of objective o, 
0

z  denotes the value of the reference objective or 

reference point, 
max

o
f and min

o
f are the maximum and minimum values for objective o, 

respectively. The value of reference point is tuned based on the objective function significance 

(Table 7). 
 

Table 7. Parameters’ value in RPA 

Values Parameters 

min
1

1.05

f
 

1z 

min
2

1.05

f
 

2z 

3

max

0.99

f
 

3z 

 

As can be seen in Table 7, completion time and total execution costs of project have the same 

importance. Their value is greater than one because they should be minimized whereas the third 

objective is maximized, then its value is considered lower than one. Now, the values obtained, 

pdev  for each instance problem are represented in Table 8.
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Table 8. The 
p

dev value for each problem 

              Prob. No. 

Pareto  

solution No. 

1 2 3 

1 2.213 4.433 6.461 

2 2.107 4.374 6.329 

3 2.024 4.257 6.256 

4 1.967 4.242 6.144 

5 1.892 4.182 6.251 

6 1.879 4.157 6.354 

7 1.973 4.318 6.494 

8 2.119 4.522 7.564 

 

According to Table 8, the best Pareto solution is obtained based the minimum value of the
p

dev

. As can be seen in Table 9, the best Pareto solution for two first instances contains minimum 

value of completion time that indicates the significance of this goal in project scheduling 

problem. 

 
Table 9. Best Pareto solution for each problem. 

Best Pareto 

Solution Minimum 

bdev  

Problem 

No. 

Z3 Z2 Z1 

8.26 5640000 40 1.879 1 

8.07 6079500 49 4.157 2 

8.31 6610000 62 6.144 3 

  

5.2. Sensitivity Analysis 

Furthermore, sensitivity analysis of important parameters affected on objective function is 

done. Firstly, the impact of learning effect on each objective function is investigated, 

separately. Its amount varies from 0.03 to 0.06. Figure 5 shows the objective functions variation 

according to the learning effect parameter. 
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Figure 5-a. Project completion time variation according to learning effect ratio 

 

 

Figure 5-b. Cost variation according to learning effect ratio 

 

 

Figure 5-c. Quality variation according to learning effect ratio 
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As shown in Figure 5, the learning effect changing has different impact on objective functions. 

It indicates that increasing learning effect coefficient cause to decrease completion time of 

projects while the amount of cost is increased. As well, increasing the learning effect makes 

human resource skill improved, as a result quality of activity during processing is increased. 

The forgetting effect is also analyzed to investigate its effect on each objective functions. To 

do this end, its amount is changed from 0.06 to 0.09. Figure 6 depicts the trend of objective 

function variation according to forgetting effect. 

 

 

Figure 6-a. Project completion time variation according to forgetting effect ratio 

 

 

 

Figure 6-b. Cost variation according to forgetting effect ratio

42

45

49

53

40

42

44

46

48

50

52

54

0.06 0.07 0.08 0.09

C
o

m
p

le
ti

o
n

 T
im

e

Forgetting effect ratio

6038500

6217000

6347500

6426500

6000000

6050000

6100000

6150000

6200000

6250000

6300000

6350000

6400000

6450000

0.06 0.07 0.08 0.09

C
o

st

Forgetting effect ratio



A multi-objective optimization model for multiple project scheduling and multi-skill … 

 

Journal of Industrial Engineering and Management Studies (JIEMS), Vol.7, No.2  Page 115 

 

 

Figure 6-c. Quality variation according to forgetting effect ratio 

As shown in Figure 6, increasing the forgetting effect ration has a negative impact on all 

objective function due to decreasing workforce skill level. When workforces have not work for 

a couple of day, its skill level is somewhat reduced. Furthermore, comparison between the 

learning and forgetting effect stated that forgetting one has more negative impact on objective 

functions. Thus, managers should concentrate on workforces' selection based on their ability 

to learn more quickly and skill level. 

6. Conclusions and Future Directions 

In this paper, a novel multi-objective mixed integer linear programming model is proposed for 

an integrated multi-project scheduling and multi-skill workforce assignment model. The 

learning and forgetting effect is considered for human resource that causes to change 

processing time of activity during planning period. The objectives are to minimize completion 

time and total cost of projects as well as maximize project quality. In order to evaluate the 

proposed mathematical model, some instance problems are generated randomly and solved 

using CPLEX solver of GAMS software. Moreover, the ε-constraint approach is applied to 

solve multi-objective problem. Furthermore, a reference point approach (RPA) is then 

implemented to help the decision-maker for finding the best Pareto solution in each problem. 

Then a sensitivity analysis is performed on the two important parameters consist the learning 

and forgetting effect. Results show that the forgetting effect has more significant role on each 

objective function. 

As projects consist lots of activities it is impossible solve such problems exactly, thus meta-

heuristic and artificial intelligence-based algorithms can be employed to solve the large-sized 

problems in reasonable run times (Goli et al. 2019; Davoodi and Goli 2019; Goli and Davoodi 

2018). In the real world, none of the data in such problems is immune to uncertain factors. It is 

recommended that proposed problem is considered under uncertainty. Then, several approach 

such as fuzzy theory, robust and stochastic optimization can be used to model uncertainty 

(Tirkolaee et al. 2020; Tirkolaee et al. 2020). Furthermore, the goal programming model can 

be used to solve multi-objective problems (Tirkolaee et al. 2019; Tirkolaee et al. 2019).    
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