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Abstract: 

This dissertation addresses 6G’s rising traffic and computing demands by proposing FPGA-based 
SmartNIC architectures that balance flexibility and performance. Four solutions—FlexPipe, FlexRoute, 
FlexCross, and HiPerNoC—enable dynamic, low-latency packet processing through reconfigurable 
pipelines, crossbar switches and 2D-mesh networks-on-chip. Experiments show throughput gains up 
to 103% over state-of-the-art designs, reduced congestion, lower latency, and efficient FPGA 
resource usage. 


