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Abstract

Purpose: Project scheduling under resource limitations, multiple activity execution modes, and operational risks represents a complex
decision-making problem in project management. Selecting an appropriate execution mode for each activity affects not only its
duration and resource consumption but also direct costs and risk management expenditures. Therefore, focusing solely on minimizing
project completion time may overlook important economic and operational considerations. This study aims to develop an optimization
model for multi-mode resource-constrained project scheduling by simultaneously considering direct activity costs, risk management
costs, and delay penalties.

Methodology: This study formulates the multi-mode resource-constrained project scheduling problem as a mathematical
programming model with binary decision variables. The objective function minimizes total direct activity execution costs, risk
management costs associated with the selected execution modes, and penalties for delays beyond the project deadline. The model
incorporates activity precedence constraints, renewable resource capacity limits, and the requirement to select a single execution mode
for each activity. Given the problem's computational complexity, we develop a recursive heuristic algorithm. The algorithm first
constructs an initial schedule using low-cost execution modes and then revises mode selections when the project deadline is violated.
The proposed solution approach is evaluated using numerical instances of small, medium, and large sizes, and the results are compared
with those obtained using GAMS.

Findings: The numerical experiments indicate that the proposed heuristic algorithm can generate project schedules for instances of
different sizes. Comparing total project costs and computational times with GAMS results provides a basis for assessing solution
quality and computational performance. Furthermore, the recursive structure enables adjustments to execution-mode selections in
response to scheduling constraints and their associated cost implications. However, the reported results do not provide sufficient
evidence to quantify precise petformance improvements or establish the heuristic's general superiority over exact solution methods.

Originality/Value: The study incorporates execution-mode-specific tisk management costs alongside direct activity costs and delay
penalties within an integrated project scheduling framework. In addition, the recursive heutistic mechanism for revising execution-
mode selections provides a computational approach to address the scheduling problem's complexity. The proposed framewotk may
help project managers evaluate the economic consequences of alternative activity execution modes and develop schedules consistent
with resource limitations.

Keywords: Resource-constrained project scheduling, Multi-mode project scheduling, Cost optimization, Project risk
management, Recursive heuristic algorithm, Binary integer programming.
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