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Building Chips Faster: Hardware-Compiler 
Co-Design for Accelerated RTL Simulation

Currently at MangoBoost

Highly Parallel RTL Simulation

Finishing summer 2024



§ BSP 
• Leslie Valiant, CACM 1990
• Cited 5500+ times

§ Popular parallel programming 
model

• Barriers widely used before 
BSP

• Valiant formalized and named

Bulk-Synchronous Parallel
computation model
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BSP
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… …

Compute   Barrier Communicate   Barrier Compute …

Can eliminate one 
barrier with double 
buffering



§ Register transfer level (RTL)
• Stateful registers/memories
• Stateless logic
• Update state at clock edge

§ Hardware description language 
(HDL)

• Describe digital circuits
• e.g., Verilog and VHDL

RTL hardware design
(application domain)
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Register (stateful)
Logic (stateless)
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§ Evaluate (simulate) RTL

§ Registers contain current and 
next values

§ At each cycle
• compute next values

§ At clock edge
• current ← next

Cycle-accurate 
simulation
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currentnext
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§ Computation
• Processor computes slice(s) of 

netlist
• No inter-slice dependencies

§ Communication
• Producers send values to 

consumers

BSP simulation
7
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§ Simulation rate on shared-memory, general-purpose computer

Widely seen that parallel 
simulation is slow on x64
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Simulation rate Cost of barrier

# cores Host clock speed

Work per core
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Barriers are costly
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AMD EPYC 9554



Effect on BSP 
simulation
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Fine grain

Medium grain

Large grain



Taming synchronization
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Simulation rate Cost of barrier

# cores Host clock speed

Work per core
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§ Problem
• High overhead of runtime synchronization
• Limits scaling to tens of cores

§ Goal
• Scale to hundreds or thousands of cores

§ Manticore
• Statically schedule computation and communication

§ Eliminate runtime overhead
• Requires machine with deterministic behavior

Manticore simulation 
processor

12

H
ar

dw
ar

e-
Ac

ce
le

ra
te

d,
 F

in
e-

G
ra

in
 B

SP

Ja
m

es
 L

ar
us

 - 
EP

FL



§ Static BSP
• Statically scheduled message passing
• Statically scheduled barriers

§ Lock-step execution (cores + NoC) 
• Static local memories
• Predication, not branches

§ Global stall hides non-deterministic events
• DRAM access or user interaction

§ Similar to MIT RAW machine
• Logic simulation has little dynamic behavior

Manticore design
13
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Static BSP execution on 
Manticore
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Lock-step execution
Same PC on all cores
Different code on each

Message-passing
Overlap computation and 
communication
Schedule network traffic
Delay remote updates

Compile-time arrive-await 
barrier

“NOP” delays until straggler 
finishes

No runtime synchronization

Compile-time 
barrier
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From RTL to parallel 
execution
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Compiler

Manticore’s compiler resolves all data dependencies
● Parallelizing netlist
● Scheduling instructions (data hazards)
● Scheduling messages (message delivery)

Possible because HDLs are static and analyzable

Manticore’s hardware is fast

● Processors and network are simple and easily pipelined
● 225+ cores on medium-sized FPGA
● Heavily optimized to run at 475 MhzH
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Evaluation
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Verilator v5.006 (Feb 2023) Manticore

Hardware AMD EPYC 7V73X Intel Core i7 9700K Xilinx Alveo U200

# cores 120
(dual socket) 8 225

Freq. GHz 3.0–3.5 4.6–4.9
(overclocked) 0.475

SRAM 
(MiB) 259.6 14.5 18.45

Released Q1 2022 Q4 2018 –
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Simulation rate
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Did not scale with Verilator

At best scales up to 6 cores 
with Verilator

jpeg is sequential
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§ Can RTL simulation run on thousands of processors?

§ Manticore constrained by size of FPGAs and our design decisions
• ASICs have different tradeoffs than FPGAs
• Decided not to build v2
• Did not want to simulate a simulator

§ Luckily, found suitable commercial system
• Designed for BSP computation

Scaling up
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Graphcore IPU
H

ar
dw

ar
e-

Ac
ce

le
ra

te
d,

 F
in

e-
G

ra
in

 B
SP

Ja
m

es
 L

ar
us

 - 
EP

FL

19

One Chip
• 1472 tiles

• 6-way MT
• 1.35 Ghz
• 900 MB memory

• 42.5 TB/s BW
• 8 TB/s internal network
• 320 GB/s extern network

• BSP programming model
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IPU systems
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§ Verilog compiler and runtime for Graphcore M-2000
• Based on Verilator
• Open source

Parendi
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Low overhead 
synchronization

H
ar

dw
ar

e-
Ac

ce
le

ra
te

d,
 F

in
e-

G
ra

in
 B

SP

Ja
m

es
 L

ar
us

 - 
EP

FL

22

f = xorshift32 pseudo-random number generators (PRNG) — 3 XORs and 3 shifts



Non-uniform tasks limit 
speedup
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Scaling requires large 
designs
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Non-uniform 
communication 
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§ General-purpose parallel computers poorly support fine-grain BSP
• Synchronization overhead limits scaling

§ Manticore enables scalable parallel RTL simulation
• Hundreds of cores
• Built compiler and FPGA accelerator
• Compile-time synchronization and communications
• Simple HW enables many cores and high clock rate

§ Architecture can directly support fine-grain BSP
• Graphcore IPU is a great example of what is possible with an ASIC
• More general, perhaps more scalable, than Manticore
• Non-uniform communication costs are new scheduling challenge

§ Massively parallel RTL simulation is possible!

Conclusion
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Questions?
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Open source:

• https://github.com/ManticoreRTL

• https://github.com/epfl-vlsc/parendi

https://github.com/ManticoreRTL

