
Slang Netlist
Jamie Hanlon

ORConf 2026, Ghent Belgium



The problem

● I wanted a way to find timing paths in a large and complicated design.
● An original version Netlist Paths was built on Verilator's XML AST export 

(ORConf 2019).
● This was effective, but limited in that it only worked on named variables and 

not bit ranges.
● I became aware of slang and started work on a new version.
● Then rewrote the tool a third time when slang introduced data flow analyses.



What is Slang Netlist?

● A C++ library built on top of slang.
● Reads a SystemVerilog design and constructs a netlist graph.
● No synthesis required: data dependencies are resolved to a bit level.
● Maintains close correspondence with the source RTL.
● Fast feedback to engineers.
● Includes:

○ Path finding, combinational loop detection.
○ Driver, port and register reporting.
○ Export to DOT and serialisation to JSON for reloading.
○ Multithreaded for large designs.
○ Python bindings for straightforward flow integration.
○ slang-netlist, slang-report CLIs



Alternatives

● What slang doesn't provide:
○ Included dataflow analysis can only detect duplicate drivers, not their provenance.
○ No explicit connectivity across module boundaries.
○ No bit-level connectivity between left and right hand sides of assignments.
○ No built in facilities for tracing paths.

● Other tools:
○ Yosys is full synthesis.
○ Verilator exports its AST via the CLI, no bit-level driver info, no dataflow analysis framework.
○ Synopsys VCS and VC Static have design analysis features, but are license constrained.



Graph construction

● Five phases:
○ Slang elaboration and checks.
○ Collect procedural blocks and 

continuous assigns.
○ Run data flow analysis on each to 

compute reaching definitions.
○ Merge drivers into the graph.
○ Resolve R values to connect them with 

drivers.
● Key handling for:

○ Bit-level resolution of RHS to LHS.
○ Propagating bit connectivity across 

ports.
○ Multi-instance modules.
○ Black boxes.

always_comb begin
  if (c)
    b = x
  else
    b = y

  a = b
end

assign {d, e} = a + 1 

L value R value

R value resolve

Reaching 
defs



Graph structure Nodes: operations, edges: data dependencies

i_op1        o_sum



Use the CLI or Python bindings



Use cases

● Connectivity checks
● Undriven bits checks
● Critical path estimation
● CDC/RDC checks
● Visualisation
● Cone-of-influence extraction
● Netlist diffing
● Complexity metrics



Example: unconnected input bits

● Which instance input ports, or bits of them, have no driver?
● One pass over the graph, using Port.is_driven().

● VeeR-EL2 findings are real, and all of one kind:
○ 543 gated clock inputs dangling due to an ifdef.
○ ~26 other inputs, mostly AXI response signals due to testbench wires declared and read, 

never assigned.

Design Graph Runtime (1T) Undriven inputs

XuanTie-C906 197 k nodes 0.8 s   None

VeeR-EL2 70 k nodes 0.5 s   569 ports, 1124 bits



Benchmarks: runtime vs netlist graph size
Runtime is 
approximately 
linear in graph 
size.

Largest design:
43.3 M nodes
48.9 M edges
in 63 s and 
30 GiB



Benchmarks: peak memory vs netlist graph size

Memory use scales 
sub-linearly with 
graph size.

~3.3 kB per node 
typical.

0.75 kB/node
on OpenPiton-8x8.



Benchmarks: phase runtime
Elaboration 
doesn't parallelise: 
1.00× median 
speedup across 8 
threads.



Benchmarks: netlist construction speedup vs thread count

Netlist 
construction 
reaches 5.5× 
speedup.

Data-flow phase 
alone reaches 
6.2×.

Mean across the 
suite is 1.9×.



Correctness & limitations

● Correctness:
○ Comprehensive unit tests with 86% line coverage.
○ 27 configurations of 13 open-source designs from RTLMeter build cleanly.

● Limitations:
○ Operators (+, -, *, …) are not elaborated so remain opaque.

■ Every input bit is treated as driving every output bit, so the result is conservative: you 
may get extra edges but never missing ones.

○ No bitwise dependencies through assignments where:
■ Either side is non-integral (strings, unpacked aggregates, dynamically-sized types).
■ Two slice lists disagree on total width.



Status

● Github: https://github.com/jameshanlon/slang-netlist
● Docs: https://www.jameswhanlon.com/slang-netlist
● Up to date with latest slang.
● Stable core library.
● PRs welcome: eg in use case expansion, documentation, …
● Get in touch: mail@jameswhanlon.com

https://github.com/jameshanlon/slang-netlist
https://www.jameswhanlon.com/slang-netlist

