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Introduction
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Why it Matters?

No licensing costs;

Easier to integrate with CI/CD flows;

No artificial limitations on run-time, lines of code;

Cross-platform, cross-architecture.
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Tools
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Active Developed Free and Open Source HDL Simulators

VHDL

GHDL

NVC

Verilog

Icarus

Verilator

NVC1

1Experimental support
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OS HDL Simulators features

VHDL PSL Verilog Synthesis Co-Simulation

Icarus Verilog Experimental1 No Yes Experimental VPI

Verilator No No Yes2 No VPI

GHDL
1987, 1993, 2002,

2008, 20192
Partial No

VHDL 1993,
Verilog, Yosys

VPI, VHPIDIRECT

NVC
1993, 2008, 2002,

20193
Partial Experimental4 No VHPI, VHPIDIRECT

1Not actively developed
2Very basic support
2See https://verilator.org/guide/latest/languages.html
3Good enough to run OSVVM
4Basic support, but evolving
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Waveform Viewers

GTKWave;
▶ Written in C;
▶ Older code-base.

Surfer;
▶ Written in Rust;
▶ Excellent cross-platform support (Linux, Windows, macOS, WASM).
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GTKWave
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Surfer
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Mixed Language Simulation
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Mixed Language Designs Simulation with OS Tools

Historically, OS simulators supported one language only (Verilog or VHDL);

Early approaches involved source code translation or synthesis:
▶ Icarus VHDL to Verilog translator;
▶ Icarus Verilog to VHDL translator;
▶ GHDL VHDL to Verilog synthesis;
▶ Yosys + GHDL plugin synthesis, Verilog netlist simulation or CXXRTL;
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NVC Experimental Verilog Support

Recently, NVC has added experimental support to Verilog, becoming the first ‘true’ OS
mixed language simulator;

No language translation is used, Verilog and VHDL sources are compiled together sharing
a common simulation kernel;

Although it still experimental, it is actively developed and can simulate simple Verilog
designs1.

1https://github.com/lnls-dig/dsp-cores/blob/
master/hdl/testbench/cic decim/run compare.sh

Open-Source Simulation Landscape and Advances Towards Mixed Language Support May 27, 2026 13 / 18

https://github.com/lnls-dig/dsp-cores/blob/master/hdl/testbench/cic_decim/run_compare.sh
https://github.com/lnls-dig/dsp-cores/blob/master/hdl/testbench/cic_decim/run_compare.sh


OS Simulators Challenges
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Interactive Debugging

HDL languages are inherently concurrent, making traditional break-point single step
debugging a bit more involved;

This could very useful to evaluate variables as it can’t be dumped like signals (VHDL);

Currently, no OS simulator supports interactive debugging.
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Delta Cycle Visualization

Visualizing delta-cycles is useful to debug some unexpected simulation results;

This would require a coordinated effort between the developers of simulators and
waveform visualization tools.
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Encrypted IP Models

No FPGA or IP vendor would be willing to encrypt its models using an exposed private
encryption key;

Commercial simulators use obfuscation to hide its private keys (not exactly secure, but
’good enough’ for most FPGA/IP vendors);

Maybe a obfuscated netlist of the IP could be a reasonable compromise?

Anyway, this depends on the willingness of FPGA/IP vendors to provide such netlists.
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Thank you !

email: augusto.fraga@lnls.br
Github page: https://github.com/augustofg
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