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Learning outcomes

*» Different types of simulators

** Verify a SystemVerilog (SV) module with Verilator

*** Template for a Verilator testbench

¢ Using a shell script as shortcut

** Verify a SV module using gtkWave waveform viewer

% Verify a SV module using Vbuddy VERILATOR
“* What is in Lab 1?

Slides in this lecture are partly derived and modified from:

“Verilator: Fast, Free, But for me?”, a talk by Wilson Snyder
(created of Verilator) — http://www.veripool.org/papers
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Verilator History

¢ Verilator was born in 1994

= Verilog was the new Synthesis Language

= C++ was the Test-bench Language

= Paul Wasson synthesized Verilog into C++
** Wilson Snyder created Verilator since 2001

= Open-source and free

= Strong community with many contributors

= Works on all platforms (PC, Linux, MacOS)

= Fast, particularly with multithreading

VERILATOR
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Verilator User Base
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Three types of simulator

1. Instruction level simulator
= Processor instruction-level function
= No hardware representation, no concept of clock
= Written in high level language such as C or C++
= GNU RISC-V toolchain includes such a simulator

2. Cycle accurate simulator
= Simulate HDL specification of hardware, e.g. SystemVerilog
= All signal values correct cycle-by-cycle
= No time delay information
= Verilator is an example — only two values: "0” or “1”
3. Event-driven simulator
= Change signal produces event in an event queue
=  Simulate delay using timing model
= Capture glitches
= Slower and costly. Example: ModelSim
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Example: Simple Counter

module counter #(
neter WIDTH = 8

clk, counter1
rst, en

en, count{WIDTH-1:0]
WIDTH-1:0] count rst —

) ;
clk

always_ff @ (posedge clk)
if (rst) count <= {WIDTH{1'b0}};
else count <= count + {{WIDTH-1{1'b0@}}, en};

endmodule
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Mapping from SV to hardware

if (rst) count <= {WIDTH{1'b0}}:

else count <= count + {{WIDTH-1{1'b0}}, en};

output logic [WIDTH-1:0
always_ff @ (posedge clk)

count

rst
‘L lo’ —
{WIDTH-1{1'b0}, en} j_)_ count[WIDTH-1:0]

clk ———>
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Testbench

counter_tb.cpp

input
signals

output
signals

trace signals
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How does Verilator work?

3

counter.sv counter_tb.cpp Vcounter.mk

VERILATOR

I N7

Verilator generated
objects & headers

VS code GNU toolls
C++ compiler

& linker

Vbuddy.cpp

1

Vcounter
(executable)

m— (e

counter.vcd

gtkWave
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Format of the Testbench (1)

counter_tb.cpp

#1include "Vcounter.h" Mandatory header files. Note the

#1include "verilated.h" name Vcounter.h for the module
counter.

#include "verilated vcd c.h"

main(int argc, char xkargv, char xkenv) {

i L
£ i counts the number of clock cycles to
clk; simulate. clk is the module clock signal.

Verilated::commandArgs(argc, argv);

Instantiate the counter module as Vcounter,
Vcounterx top = new Vcounter; which is the name of all generated files. This is
the DUT!

Verilated::traceEverOn(true);

VerilatedVcdCx tfp = new VerilatedVcd(; Turn on signal tracing, and tell
Verilator to dump the waveform
top—>trace (tfp, 99);

data to counter.vcd
tfp—>open ("counter.vcd");
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Format of the Testbench (2)

top—>clk = 1;
1

Set initial signal levels. Top is the name
top->rst =

; of the top-level entity. Only the top-level
top->en = 0; signals are visible.

This is the for-loop where simulation

for (i=0; i<300; i++) { .
happens. i counts the clock cycles.

for (clk=0; clk<2; clk++
tfp->dump (2%i+clk); This is the for-loop that toggles the clock. It
top->clk = !top->clk; also output the trace for each half of the clock

cycle, and force the model to evaluate on both

edges of the clock.

top—>eval ();

top—>rst = (1 <2) | (1 = 15);

top—>en = (i>4); Change rst and en signals
IS REL G IS DL IO DENO SR MM during simulation.

L
J

tfp—>close();

exit(0);
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Making the final simulation model

S doit.sh

rm -rf obj_dir
rm —f counter.vcd

verilator -Wall ——cc —--trace counter.sv ——exe counter_tb.cpp

make -j -C obj_dir/ -f Vcounter.mk Vcounter

obj_dir/Vcounter
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Vcounter is the executable model of counter

counter.sv counter_tb.cpp Vcounter.mk

S NS

VERILATOR
VS code \ GNU toolls
C++ compiler
& linker
D
:
N

Verilator generated
objects & headers

2]\

s

Vbuddy.cpp

Vcounter
(executable)

gtkWave

PYKC 14 Oct 2025 EIE2 Instruction Architectures & Compilers

Lecture 3 Slide 13




Checking the simulation results

counter.vcd gtkWave

0002000

Nl -
0 o

1) A

001l vucC

e e e 2

.

v SST Signals

< . TOP Time
i clk
rst
en
Type Signals

wire  WIDTH[31:0]
wire clk

wire  count[7:0]
wire en

wire st

Filter:

Append  Insert Replace
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Vbuddy
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