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• Field Programmable Gate Arrays (FPGAs), once 
simple LUT-based devices, now include arithmetic 
blocks (DSPs), memory blocks (BRAMs), high-speed 
I/O controllers, and processors.

• Due to increased complexity, traditional 
interconnects struggle with timing closure, power 
consumption, and routing congestion.

Why NoC?
• Embedding a Network-on-Chip (NoC) in FPGAs 

addresses interconnect bottlenecks and improves 
scalability.

• Vendors like Xilinx, Altera, and Achronix already 
offer hard NoCs in their flagship FPGAs.

Open-Source Gap:
• No existing open-source framework can generate 

fabric netlists and bitstreams for FPGAs with 
embedded NoC.

Our Contribution: OpenFPGA-NoC
• Push-button flow for automated fabric netlist 

generation and bitstream generation, enabling 
rapid prototyping of fully custom NoC-based 
FPGAs.
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• Baseline FPGA: 100x100 grid with 7154 CLBs (Frac K6, N10),  128 
DSPs, 833 BRAMs

• FPGA with hard NoC: 100x100 grid with 6854 CLBs (Frac K6, N10), 
122 DSPs, 785 BRAMs, and 16 routers (https://github.com/shashankov/noc)

• Benchmarks:
1. Two-layer MLP with hard NoC (Uses hard NoC in FPGA fabric)
2. Two-layer MLP with soft NoC (Implements soft NoC with CLBs)
3. Two-layer MLP with AXI crossbar (Does not use a NoC)

• Three variants of the same design are evaluated to compare the 
performance of FPGA with a hard NoC to baseline FPGA. Hard NoC 
runs at 1.5x frequency of FPGA fabric.

Methodology

1. By providing push-button flows, this research 
significantly lowers the barrier to prototyping 
complex NoC-based FPGAs.

2.  Fills the open-source gap for NoC-based FPGA IPs.
3. Supports wide range of FPGA and NoC parameters 

making this a scalable and flexible solution.

Conclusion

Results
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1. Extended OpenFPGA architecture description:
• Add NoC tag for physical router definitions and point-to-point links.
• Add custom config ports for address mapping and NoC mode selection.

2.  Extend OpenFPGA to support NoCs:
• Add NoC capabilities to the FPGA fabric generator.
• Add custom scripts for NoC bitstream generation and integrate with the 

FPGA bitstream generator.
3. Support multiple clock domains

• NoC can run at a higher frequency than FPGA fabric.
4.  Easy to use interface:

• Provide a single configuration file to specify NoC parameters, router 
details, and architecture constraints.

•  Offer push-button scripts for both fabric netlist and bitstream generation.

Key Contributions Benchmark Area (MWTAs) Freq (MHz)

Benchmark variant 1 on FPGA with 
hard NoC

1.786e+08 Rest = 73.55
NoC = 500 

Benchmark variant 2 on baseline FPGA 2.633e+08 57.95

Benchmark variant 3 on baseline FPGA 1.744e+08 70.93

Proposed Solution

https://github.com/shashankov/noc
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