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Purpose: Today, the manufacturing industry, with the expansion of the physical constraints of trade
worldwide, has adopted modern information technologies to optimize the business process and
achieve integration with geographically dispersed supply chain partners. Traditional supply chain
models focus on optimizing physical flows. However, it is equally important to ensure that physical
units can process appropriate information. This paper aims to propose a model for the optimization of
information process performance in the loT-based virtual supply chain.

Design/methodology/approach: In this study, information processing performance in the closed-loop
virtual supply chain has been optimized to maximize profit and information processing speed by
considering costs of virtual, information security, and energy consumption. The final programming
model has been optimized using meta-heuristic algorithms, the Non-Dominated Sorting Genetic
Algorithm 1l (NSGA-II), and the Strength Pareto Evolutionary Algorithm (SPEA-II).
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Findings — The results indicated that there is an inverse relationship between virtual supply chain
profit and information processing speed (delay). The results of model solving using NSGA-II and
SPEA-11 algorithms underlined the virtual supply chain profit of 9.93x10° and 4.23x10° and the data
processing speed of 337.48 and 94.07, respectively. Thus, the NSGA-II algorithm contributes more to
the supply chain profitability.

Research limitations/implications - The proposed model can be used in manufacturing industries
equipped with 1oT. Unavailability of practical examples and insufficient data are the two main
limitations of the study.

Practical implications:- The proposed model improves the production process and helps managers to
plan better for their supply chain management and make timely decisions by sharing information
across the supply chain and being aware of the flows of products and associated parts.

Social implications - The Internet of Things in the virtual supply chain provides an opportunity to
manage logistics systems and results in efficient online delivery with minimal cost. The information
flow integrates all links and participants in the virtual supply chain. It enables each member to obtain
the accurate information needed for logistics capability, reduces resource wastage, and improves
customer satisfaction.

Originality/value: One of the innovative aspects of this research is the use of IoT in the virtual
supply chain for the integration and transparency of information in the supply chain, considering the
importance of information in the virtual supply chain and examining the impact of loT usage on
closed-loop virtual supply costs and target functions. In addition to considering the physical flow
costs of the closed-loop, including production costs, separation costs, repair, disposal, recycling, etc.,
in the cost objective function, virtual flow costs included 10T usage costs and information security
costs. Energy consumption was also included in the objective function. Also, due to the virtualization
of the supply chain and the significant role of information, optimization of information processing
speed was considered in modeling the supply chain performance, which is another innovative aspect
of research.

Keywords: Virtual supply chain, Optimization, Information process performance, Security, Energy
consumption, Process speed
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Table 1 - Summary of Virtual Supply Chain Research
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Table 2 - Product demand in the time periods examined
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Table 3 - List of parts required for each product
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Table 4 - Times dependent parameters
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Table 7 - Computational results of model solving with Gams software
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Table 8 - Model solution results
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