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Abstract Inrecent years, the coexistence of different congestion control algorithms (CCA) on the Internet has led
to the emergence of unfairness issues, where the allocation of transmission bandwidth across links becomes biased
toward specific flows depending on the type of CCA. Many previous studies analyzing CCA fairness have often
used a dumbbell topology, considering only a single link in the network configuration. Consequently, competition
between CCAs on complex paths traversing multiple links has not been sufficiently evaluated. Typically, flows on
the Internet traverse numerous links, encountering different competitors along the path, with sets of different flows
sharing the transmission bandwidth of each link. Furthermore, the combination of CCAs for flows overlapping on
intermediate links likely determines the end-to-end throughput. Therefore, evaluating fairness across multiple links
where different flow sets share each link is crucial for analyzing the fairness of CCA. This paper aims to analyze
whether fairness evaluation results differ when assuming different CCA multiplexing patterns on each link within
a multi-link scenario compared to a single-link scenario. For experiments, a virtual experimental topology is con-
structed using the network emulator Mininet. A development environment is set up for Mininet using Visual Studio
Code’s SSH remote connection feature, allowing for centralized script editing, execution, and result verification from
the host terminal. This allows efficient configuration and monitoring of virtual hosts running on Mininet. Arbitrary
CCAs were selected and applied to the virtual hosts using the sysctl command. Three representative CCAs are used
in the experiments. The first is TCP Reno, a loss-based CCA initially used as the standard. The second is TCP
Cubic, the loss-based CCA currently used as standard. The third is BBR, a delay-based CCA developed by Google
and used in services like YouTube and Google Drive. We apply these three CCAs to flows generated from each host
and observed throughput.
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