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Purpose: Time and cost are significant factors in every project. By reducing the resources allocated to
the project, project costs are reduced, while the reduction of available resources means the inability to
simultaneously implement activities or activities in the shortest possible time, which in turn increases
the duration of the project. This is although, in all projects, the completion of the projects in the
earliest time is considered one of the important parameters of the project. Considering the highly
practical application of the examined problem, project scheduling by investing multi-skill resources
with the possibility of changing the skill level in fuzzy conditions can be considered a positive step
towards creating project scheduling problems.

Design/methodology/approach: In this paper, the proposed mathematical model of meta-heuristic
genetic algorithms to solve the proposed model is discussed and explained in detail. Several skills are
needed to perform each activity. The goal is to optimally determine resource availability and find the
best schedule by minimizing investment in resources.

Findings: Considering the activities' need for different skills as well as the expertise of the project
members in different skills, it seems obvious that each activity can be done with several different
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situations in terms of human resources allocation, which might be only for one activity, reaching more
than 10 modes. As a result, compared to MRCPSP, this issue has a much higher complexity. The
Resource Investment Problem (RIP) is a variant of RCPSP where renewable resource constraints are
considered decision variables. In many projects, managers, in addition to making decisions about the
time of implementation of activities, should determine the number of resources allocated to activities
in each period of the implementation of activities according to the status of the project, which means
ignoring the constant pattern of resource consumption for activities during their implementation.

Practical implications: By comparing the algorithms with the indicators of maximum extension,
distance from the ideal solution, distance, and several Pareto solutions, it was found that the multi-
objective genetic algorithm performs far better than the multi-objective Cuckoo algorithm regarding
the criteria, distance from the ideal solution, and the largest expansion. However, in terms of the
number of Pareto solutions, the algorithm is not superior to the other algorithms. Therefore, it can be
concluded that the multi-objective genetic algorithm has relatively a better performance than the
multi-objective Cuckoo algorithm.

Social implications: In this research, each activity can be performed with several different situations
in terms of human resource allocation, which may reach more than 10 situations just for one activity.
As a result, compared to MRCPSP, this issue has a higher level of complexity. Literature review
indicates that being multi-skilled increases the productivity, quality, and consistency of work and
gives managers more flexibility in work allocation.

Originality/value: One of the most important branches of project scheduling knowledge is the
problem of project scheduling with limited resources. This new concept has led to the development of
one of the most general modes of scheduling problems under the title of multi-mode project
scheduling with limited resources, which solves many real problems and can be modeled for
application.
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Table 2-. Factors and their levels for testing by multi-objective genetic algorithm

— s

Yoo Ar $ G3lgni o2, S Comar 65100 Pop
A s 3 3lgig w2 S (sla i sl Iter
/4 A % BlE Jos sl n lapssses S il Jle| Pc
AR AL VAR I Jos Sl Bpssses S ol Jlex| Pm

sosSLY L)AL b LT o el cabaze glawl s ylulial Jsdo 5l el a5 8 L 55 Jlge gl
.C,-w‘GMGJJJIVJJ&)JSW‘NSGA” ﬁ)jﬁ‘d‘f(ckm‘ﬂ))



\\/bbw"ﬁwﬁu/ .y LAQJL@ACEM)?;JG %&UQ:JJJL‘»JJ\? CL.A Q’:"Jau‘.:aj;,; d-\b,g')bj ‘5)".5 QAJAJ.?‘ ‘5)‘.«-JJ.A

Bhadir K55 p—“mfi‘ 6l g3\ dalaze Bl,T ¥ g
Table 3- Proposed orthogonal array for multi-objective genetic algorithm.
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Fig. 1- Rate (S/N) for each level of multi-objective genetic algorithm factors. Pop: algorithm population size; Iter: the number of
generations of the algorithm; Pc: selection of chromosomes for crossover operation; Pm: Selection of chromosomes for mutation
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Table 5- Results related to solving sample problems for multi-objective genetic algorithm

MID: close distance between the non-dominant solutions and the ideal point; S: relative distance of non-dominant answers;
D: criterion of the greatest expansion; NPS: number of non-superior answers through the algorithm
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Table 6- Factors and their levels for testing by multi-objective cuckoo algorithm
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Fig. 2- Rate (S/N) for each level of multi-objective cuckoo algorithm factors
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Table 7- Optimal levels of parameters of multi-objective cuckoo algorithm
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Table 8- Results related to solving sample problems for the multi-objective cuckoo algorithm
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Table 9- Test of the assumption of equality of the number of Pareto solutions
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Tablel0- Spacing index of the proposed algorithms
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Table 11- Test of the equality of the mean distance index from the ideal point
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Table 12- t-test for the test of the equality of the mean of the greatest expansion index
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