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Verilator
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Why Verilator?
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VERILATOR

Fast
 Qutperforms many commercial simulators
* Single- and multi-threaded output models

Widely Used
 Wide industry and academic deployment
» Qut-of-the-box support from Arm, and RISC-V vendor IP

Community Driven, Professionally Supported,

& Openly Licensed

* Guided by the CHIPS Alliance and Linux Foundation
* Professional support available through partners

* Open, and free as in both speech and beer



Accelerated Development

VERILATOR
IP provider: “We support the big 4 With
- simulators... VCS, Modelsim, your help

Cadence, Verilator”

120 ~

CHIPS
Multithreading ALL'ANEE /
: 20 years A ‘\ k \

‘19

o]
o
1

o]
o

# Issues open/closed
# of commits
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Improvements Last 3 Months

Language

Dynamic arrays

Bounded queues

Interface parameter arrays

String .atoi, character indexing
Immediate cover

$dumpfile

type(expression) and $typename
|-

Performance

split_var for UNOPTFLAT
Verilator binary speedups
FST trace speedups

& Others. Thanks ALL!

Usability & Lint

Docker images

Attributes in config files
Lint misused defines

Lint misused genvars
--protect-lib improvements

VERILATOR



Case Study:
Accelerate Compile
& Simulation



Case Study: Accelerate Compile & Simulation

VERILATOR
« Western Digital/CHIPS Alliance’s SweRV EH1 Core Complex
SerRV EH1 Core — RV32IMAC
SweRV EH1 Core=RY
DCCM

DDDDDDD

« Simulate cmark.hex file in o o IcCM
distribution Bl -cache

PIC

Debug
IFU Bus Debug Bus LSU Bus DMA Slave
Master Master Master Port
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0: Commercial Starting Point

VERILATOR
 BigA & BigB Closed-Source Simulators -
— Wait for license not included © T
§ 30,000 -+
v
E 25,000 -
; 20,000 -
9/ ’
©
8 15,000 -
o
2 10,000 - A bigB start
i=
@ 5000 |4 DigA start

Compile Time (seconds)



0: Starting Point

* BigA & BigB Closed-Source Simulator oo iy
— Wait for license not included © g
e \erilator § s |
— Verilate: 7.5 sec 3 s Va0,
— GCC Compile: 60.1sec ® 3 -
» 5.9 to 25 times slower than BigA/B B 15000
— Run: 26,000 cps © cg | /& bigs star
o 2.41t04.3 times faster than BigA/B B, |4 bigAstart

Compile Time (seconds)



0: The Goal

VERILATOR

40,000 +

35,000 -

30,000 -

S<
- 9o Verilator
25,000 M/ay/ ® 4.026

Our Topic:

Can Verilator 20,000 -

15,000 -

10,000 - A bigB start

Sim Speed (Cycles/second)

A .
5000 - bigA start

ZOjOO 4OI.OO 60I.00 8OI.OO
Compile Time (seconds)
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0: Peek At Results

In Fairness...

Some of what we discuss helps the
closed-sourced simulators
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40,000

10,000

Sim Speed (Cycles/second)

5,000

35,000 -

30,000 -

25,000 -

20,000 -

15,000 -

VERILATOR

Verilator
4.026

Sneak peak at our
optimizations on 2
of the big 4

A bigB end

‘ bigB start

bigA end

| ® bigA start

20?00 40I.OO 60I.OO 80I.OO
Compile Time (seconds)
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1: Use Latest Verilator

VERILATOR

[ Upgrade to 4030 =2 Verilator  Verilator

4.030 4.026
. B New!
— Recent community runtime IC1 25000 o

v,
Improvements Verilator 40% faster,

but GCC dominates

20,000 -

15,000 -

Sim Speed (Cycles/second)

A bigB end
10,000 -
P bigA end
5,000
20.00 40.00 60.00 80.00

Compile Time (seconds)
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2. Turn off Tracing

VERILATOR
e Found in logfile:
‘. _d ogriie __sao | 2% faster sim,
verilator .. -trace 2 4% faster compile
8 = --notrace
Q LS --trace
- . E 25,000 - t}
* Remove —trace. Tracingisgreat for 5.
debug, but reduces optimizations 3
(B)
(% A bigB end
g 10,000 -+
7)) i | ¢ DigAend

Compile Time (seconds)
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3: Use Parallel Make

VERILATOR
* Make larger number of smaller C++files ™ "ai" W
so can compile in parallel 25000 | -

$ verilator .. —output-split 15000
$ make —j 8 VM_PARALLEL BUILDS=1 ..

3% faster sim,
65% faster compile

20,000 -

15,000 -

Discovery

e Use icecream or similar to distribute
compiles across serversm (not shown)

A bigB end

10,000 | -output-split gives
faster simtime

Sim Speed (Cycles/second)

P bigA end

(<
[=)
s]
s}

20?00 4OI.OO 60I.00 80I.00
Compile Time (seconds)
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4: Use CCache

VERILATOR
 Cache compiles so rebuild faster . .
— same sim,
$ export CCACHE=ccache T 5x faster compile
$ make _j 10 .. %30,000 -CcaChect?ci:%che o
E 25,000 - u
« Small Verilog changes should give & o0
ccache hit on many files B ssom
 Further slides will not include this gain ¢ weo - * ™~
N & DigAend
Help Wanted .

Improve Verilator to make
ccache hit more often

Compile Time (seconds)
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5: Compiler & Compiler Optimization

VERILATOR
. - . . 40,000 -+
e Use compiler optimization
| clang O3
$ verilator .. -CFLAGS -00 g ® co 0
(@) | clang 02
— Also -0, -02, -03 -Os 3 P o 58
gcc 02
. = | @ gccO
— clang instead of GCC L
5 20,000 -
] clang O0
8 15,000 - 00
2 e
UE') o000 | A DbigB end
Z 5,000 g e
50?00 1OOI.OO 150I.00 200I.00

Compile Time (seconds)



6: Compiler Profile-driven Optimization

VERILATOR

40,000 clang prof

e Use profile-driven optimization o Oi]

30,000

$ clang .. -fprofile-generate

Run simulation to collect profile
$ clang .. -fprofile-use datfile

8% faster sim,
#2001 20% slower compile

20,000

15,000

« Great gain, but painful 2-step process
 Further slides will not include this gain

A DbigB end
10,000

Sim Speed (Cycles/second)

’S bigA end
5,000

50.00 100.00 150.00 200.00
Compile Time (seconds)



7 FIX UNOPTFLAT

VERILATOR

 Logfile contains
verilator .. --Wno-UNOPTFLAT
 UNOPTFLAT warns about potential performance issues
1. Remove -Wno-UNOPTFLAT
2. Add -report-unoptflat
3. Optionally view graphs of paths
4. Add /*verilator split_var*/

Result - no performance gained (oh well!)



8. Analyze run-time performance

$ verilator .. -prof-cfuncs

0.15% C++

29.03% Common code under Vtb top
0.62% VLib

68.72% Verilog Blocks under Vtb top

0.51% vl _vsfo rmat®
0.45% dec_tlu ctl.sv: 24959
0.22% dec_decode ctl.sv: 2507®

@ rormat because of instruction logging

@ Dec_tlu_ctl large statement
® UseRV_FPGA OPTIMIZE for faster flops

Help Wanted

Optimize 2 decoder
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70,000 -+

Sim Speed (Cycles/second)

60,000 -

50,000 -

40,000 -

30,000 -

20,000 -

10,000 -

VERILATOR

clang FPGA
*

(0 clang no-log
2
clang -Os

53% faster sim,
53% slower compile

A bigB end

S bigA end

50I.OO 10(5.00 15(3.00 20(3.00 25(3.00
Compile Time (seconds)
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9: Threading

 Try threading after optimizing single-
threaded

$ verilator .. -threads 4
$ numactl -C 0,2,4,6 obj/sim _exe

Verilator_gantt report

parallelism[31:0]
threadl mtask[31:0)
thread2 mtask([31:0]
thread3 mtask([31:0]

o+ I 00 o¢ 00+ 00+ Hooo+Hoooooo+]:
thread4_mtask[31:0] I.-h H [s Haa fis H37 Hz iz Hez Hzs HuHa [s0

Help Wanted

Profile-driven thread
feedback optimization
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Sim Speed (Cycles/second)

VERILATOR
clang -Os T4
*
clang -Os T2
o 9 -Os T4 L J
¢ 9cc -Os T2
clang -Os TO
*

33% faster sim,
8% slower compile

| A bigBend

S bigA end

50I.00 10(5.00 15(3.00 20(3.00 25(3.00
Compile Time (seconds)
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Discovery: Clang Threading with -O0

VERILATOR
50,000
9 gcc-Os

45,000 -
.
-8 40,000 -
S ’ For really fast builds, use
© as00 | Y compiler optimization
@ and threading!
@ 30,000 -
&) .
5‘ 25,000 - 2.2x faster sim @ng 00 4 threads_>
~ 27% less compile time
S 20,000 . .
o no runtime license cost R

L 2
o * clang —-O0
) 15,000
E 10000 - A bigB end
bigA end
5,000 - ¢ g
2.IOO 4.2)0 6.60 8.2)0 1OI.OO 12I.00 14?00 16I.OO 18I.OO 20I.OO

Compile Time (seconds)
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Conclusion




Conclusion: Choose Your Operating Point

Fast simulation
70,000 - —output-split 15000
~-threads 4
ccache clang —0Os
(+8% more with profile)

VERILATOR

claﬁg -Os T4

¢ gcc-Os T4
60,000 -

clang Os
50,000 - © g

General use
—output-split 15000

0,000 -
) ccache gcc -0Os

30,000 -
Fast compile

—output-split 15000

20,000 -

ccache clang —-00

10000 | A bigBend Optional: —threads 4
50.00 100.00 150.00 200.00 250,00

Sim Speed (Cycles/second)

Compile Time (seconds)
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Recommended: Verilog-Mode for Emacs

VERILATOR

Thousands of users, including most IP houses
Fewer lines of code to edit means fewer bugs

Indents code correctly, too

« Not a preprocessor,
alan B /*AUTOLOGIC*/
code IS always "vall eriog // Beginning of autos
Y& Automatically injectable :ngc [1:0] bus; Z _ron ‘g’b
: ogic V; rom
into older code. mytype t z: // From a

// End of automatics

a a (/*AUTOINST*/
. - // Outputs
a a (/*AUTOINST*/) ; wmer .z (2));
GNU Emacs (Verilog-Mode)

GNU Emacs (Verilog-Mode)



Resources

VERILATOR

 Verilator and open source design tools
at http://www.veripool.org
— Downloads
— Bug Reporting
— User Forums VERIPOOL
— News (add yourself as a watcher to see releases)
— Presentations at http://www.veripool.org/papers/

Thanks to all past and

future contributors!
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