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Social optimization of blockchain system based on
a discrete-time G-limited queuing

Yuan Hongli, Zhang Dapeng, Jin Shunfu
(School of Information Science and Engineering, Yanshan University, Qinhuangdao 066004 )
Abstract

Digital currency has attracted wide attention from government departments, financial institutions and other in-
dustries, and has triggered a research boom in its underlying blockchain technology. In order to maximize the social
benefits of the blockchain system, the Nash equilibrium and the socially optimal arrival rates of transactions are
studied from the perspective of the individual and the whole, respectively. Considering the mining process, the
block verification process and the synchronization among miners, a discrete-time G-limited vacation model is estab-
lished with a batch service and a zero-load service. By using regenerative cycle method, this work obtains the gen-
erating function for the number of transactions in the system and the average confirmation time of transactions. With
system experiments, this work illustrates the impact of mining coefficient and the arrival rate of transactions on the
average confirmation time of transactions for different block capacity. From a fully unobservable perspective, this
work constructs benefit functions and improves Cuckoo search algorithm to obtain the Nash equilibrium and the so-
cially optimal arrival rates of transactions. This work charges fee on transactions to adjust the arrival rate of transac-
tions aiming to maximize the social benefits of the blockchain system.

Key words: blockchain, G-limited vacation, batch service, zero-load service, regenerative cycle, average

confirmation time, Nash equilibrium, socially optimization
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