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Motivation

* Boom in fabricating new hw
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the same SoC requires
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Motivation

* Boom in fabricating new hw

* Heterogeneous hardware on the same SoC requires complex
integration and verification processes

* Improve the tools to verify large-scale hardware designs!



Outline

* Gem5+RTL: A Full-System RTL Simulation Infrastructure

e Fast Behavioural RTL Simulation of 10B Transistor SoC

Designs with Metro-MPI



Gemb5+RTL Objectives

* Framework that enables easy integration of existing RTL hardware
blocks within a SoC for full-system simulations
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Gemb5+RTL Objectives

* Framework that enables easy integration of existing RTL hardware
blocks within a SoC for full-system simulations

 Deliver a comprehensive hardware/software ecosystem where all the
main components of the SoC are present with a complete software stack

* Enable testing the implemented functionality of these hardware blocks
and also, the expected performance they will provide on an existing SoC
design
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Framework Design

1. We use Verilator and GHDL to obtain a C++ model from an RTL
model written in Verilog/SystemVerilog and VHDL

2. We provide a wrapper to interact with it and gem5. Then, the
wrapper and the C++ model are combined into a shared library

3. In gemb5, a generic framework is provided to ease the integration of
a wide range of potential hardware designs: generic RTLObject class

@ Shared Library : @ gem5 Simulator Framework

—»{C/C++ Model[«—»  Wrapper <—:—> RTL Object [4—{gemb5 classes

Verilog
System Verilog
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Framework Design

1. We use Verilator and GHDL to obtain a C++ model from an RTL
model written in Verilog/SystemVerilog and VHDL

2. We provide a wrapper to interact with it and gem5. Then, the
wrapper and the C++ model are combined into a shared library

3. In gemb5, a generic framework is provided to ease the integration of
a wide range of potential hardware designs: generic RTLObject class

-----------------------------------------------

: @ RTL Model ' @ Shared Library : gem5 Simulator Framework

"".\}ér.il.dé ---------------- C/C++ Modelj[«—» Wrapper ' RTL Object 4—»{gem>5 classes

System Verilog
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Framework Design

1. We use Verilator and GHDL to obtain a C++ model from an RTL
model written in Verilog/SystemVerilog and VHDL

2. We provide a wrapper to interact with it and gem5. Then, the
wrapper and the C++ model are combined into a shared library

3. In gemb5, a generic framework is provided to ease the integration of
a wide range of potential hardware designs: generic RTLObject class
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Connectivity Examples
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Outline

* Gem5+RTL: A Full-System RTL Simulation Infrastructure

e Fast Behavioural RTL Simulation of 10B Transistor SoC

Designs with Metro-MPI
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Motivation: RTL Simulation Performance

« SoCs today are reaching m #Billions
10B+ transistors in scale Transistors

Apple M2 8-12 20 - 67
AWS Graviton 3 64 55
Esperanto 1024 24

ET-SoC-1
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Motivation: RTL Simulation Performance

* RTL Simulation performance & s

drops as the design grows
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Motivation: RTL Simulation Performance

[ Cycles/sec

Simulationl

* RTL Simulation performance 3 50
drops as the design grows 5001

2501

0

2x1 2x2 4x2

NoC Size

21



NoC RTL-Simulation with MPI

NoC 3x3

Metro-MPI
(] e
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NoC RTL-Simulation with MPI




Exploting SoCs’ Natural Boundaries

* Partition the design at
“latency-insensitive”
interfaces (NoCs, AXI, etc)

Chipset
Bootrom ‘ Tile H Tile |

UART

DRAM Citrl

Ethernet Tile Tile
Debug




Exploting SoCs’ Natural Boundaries

* Partition the design at
“latency-insensitive”
interfaces (NoCs, AXI, etc)

Chipset
Bootrom
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Exploting SoCs’ Natural Boundaries

* Replace NoC wires with
MPI messages

WIRES

26



Exploting SoCs’ Natural Boundaries

* Replace NoC wires with
MPI messages

One Tile Communication

Tile-to-Tile Communication

/

North

Tile /

West | .

Tile h Tile
South
Tile

L North Tile J
A A A B A A A
z = Z A z| o I s <8 ]| <=
1 <8 &|<|8 &|<8 8| =288 288&|=zg g
East ~ 3 E| ~N|B| E| o F E “ 3 El | Nes| El] || E
023 Q22 Q=23 =2 |2 S| B2 2
Tile 0w 0 ® 0 ® O'® O ® =
: 2> =z > Zz|= z > z > z >
v v v v v
[ Tile A ]

WIRES

27




Exploting SoCs’ Natural Boundaries

* Replace NoC wires with
MPI messages

One Tile Communication
/ North
Tile /

‘West 1, N East |
Tile h e A Tile
South

\ Tile

Tile-to-Tile Communication

[ North Tile

1 MPI 1 MPI
Message Message

Tile A
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Methodology

* We use OpenPiton+Ariane =2 chip sizes from 1x1 to 32x32 (1024 tiles)

* Testbench: Atomic synchronized token passing app
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Methodology

* Simulators: Verilator and a “Big 3” RTL Simulator

* We use MareNostrum 4 Supercomputer with 100Gbs Network

* 1 Node has 48 cores mm

#MPI/Cores 2 1025
#Nodes 1 1 22
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Metro-MPI Simulation Time Speedup
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Metro-MPI Simulated Cycles/sec
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Metro-MPI Simulated Instruction/sec

We reach 2.7 MIPS
In RTL Simulation!
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MPI Overhead

B Compute [ MPI Receive ESS MPI Send

fe)
 Compute Ratio decreases as T
the size of the simulated S

design increases (#MPI “ .........
processes increases) 2
40
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MPI Overhead

B Compute [ MPI Receive ESS MPI Send

 Compute Ratio decreases as
the size of the simulated
design increases (#MPI
processes increases)

* MPI Receive increases (sync)

Compute/Communication Ratio

1x1 2x2 4x4 8x8 16x8 16x16 32x16 32x32
NoC Size
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Metro-MPI vs Verilator Multithreading

 Verilator natively supports
acceleration with pthreads

a [ Sequential T Multi-TH B Metro-MPI 51 .1
()
3
* This speeds up simulation e

by 4.2x and 5.5x, using as E

many threads as tiles VeRILATOR §
5
£ 1
0p)

o O

NoC Size
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Metro-MPI vs Verilator Multithreading

* Metro-MPI outperforms
Verilator multithreading by
a further 5.64x and 9.29x

Time Speedup

VERILATOR

on

Simulat

(o))
o

N
o

—
o O

[ Sequential T Multi-TH B Metro-MPI

4x4 8x4
NoC Size
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Night Regression Time & Energy results

 We fix the amount of work
(32 simulations of a 8x4

NOC SImUIatlon) ar!d 1 Sequential B Multithreading 1 Metro-MPI
compare three options 1500
E
V T 1000
9
VERILATOR % 500 386
%) 336 284
< 133 200 232
0 Time (s) Energy (KJ) Power (W)
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Night Regression Time & Energy results

* Metro-MPI outperforms in
Time by 2.06x and 2.59x

RRRRRRRRR

B Multithreading 1 Metro-MPI
335 386
284 260
133 232
Time (s) Energy (KJ) Power (W)
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Night Regression Time & Energy results

[ Sequential B Multithreading 0 Metro-MPI
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Absolute values

(@)
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* Metro-MPI outperforms in
Energy by 2.52x and 2.90x
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Metro-MPI at BSC

* Many projects at BSC working towards a heterogenous multi-core chip
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Metro-MPI at BSC

 Metro-MPI has been successfully used in these projects to perform a
design space exploration of a 64 cores NoC
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Metro-MPI at BSC

* Personally, | am using metro-MPI in my research, executing simulations
that takes several days and Millions of cycles
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Future Work

* Metro-MPI is open-source and we are considering trying other multi-
core platforms

 We would like to perform the same experiments done with Verilator
with Commercial Simulator such as Synopsis VCS = license problem



Future Work

* Metro-MPI could be automatically applied in some designs that show
repeated hardware blocks e.g. "a la Verilator multi-threaded

* Try newer versions of Verilator v5 that supports the Verilog timing
model



Conclusions

* General methodology that can be applied to multiple designs
 Exploiting natural boundaries (“latency-insensitive” interfaces)



Conclusions

* Overcomes problems found in RTL Simulators:
* Binary size, ITLB and ICache MPKI
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Conclusions

* Exceptional scaling:
e Simulation scales up to 1024 tiles
* In simulation throughput, reaching 2.7 MIPS on a 1024 tile chip

* In simulation time speedup, up to 136x with respect to sequential
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Evaluation PMU: IPC

e Comparison stats gemb5 vs
PMU:

* Every 1k cycles, compare
IPC stats (y-axis)

e X-axis Time in ms

* Executed three sorting
algorithms

e 3k elements for QuickSort
30k elements rest

* Separated with a sleep
call of 1 ms
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Evaluation PMU: IPC

e Comparison stats gemb5 vs
PMU:

* Every 1k cycles, compare
IPC stats (y-axis)

e X-axis Time in ms

* Executed three sorting
algorithms

e 3k elements for QuickSort
* 30k elements rest

* Separated with a sleep
call of 1 ms
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Evaluation PMU: IPC

e Comparison stats gem5 vs
PMU:

* Every 1k cycles, compare
IPC stats (y-axis)

e X-axis Time in ms

* Executed three sorting
algorithms

e 3k elements for QuickSort
e 30k elements rest

* Separated with a sleep
call of 1 ms

IPC

= PMU == gemb

2.5
2.0 Sleep 1ms
15 / \

| I
1.0
05
0.0 o

5 10 15 20 25
Time (ms)
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Evaluation NVDLA:
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Evaluation NVDLA:
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Evaluation NVDLA:
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Metro-MPI Simulation Time Speedup
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Metro-MPI Simulation Time Speedup
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- We did a Profiling Analysis
- ITLB Misses per 1k instr (MPKI)
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- IPC going faster than

the ideal?
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Metro-MPI Simulation Time Speedup

Chip Size
4x4 8x4

Sequential 0.03 0.54 1.11 1.06 .
Metro-MPI 0.0 001 001 012 0, Why are we

ITLB MPKI

Sequential  11.71  8.69 17.14 19.16  29.30 going faster than
ICache MPKL /O MPI 7.99 944 1056  9.03  9.52 .
the ideal?
PO Sequential 105 087 055 053 034

Metro-MPI 1.31 1.31 1.37 1.18 0.96
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Metro-MPI Simulation Time Speedup

Chip Size
1x1 2x2 4x4 Sx4 8x8

Sequential 0.03 0.54 1.11 1.06 1.14
Metro-MPI__ 0.01 0.0l 0.0 012 039 Why are we

Sequential 1171 8.69 17.14 19.16 . going faster than
Metro-MPI 799 944 10.56 9.03 :
— the ideal?

ITLB MPKI

ICache MPKI

Sequential

IPC Metro-MPI 131 131 137  L18 096
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Metro-MPI Big-3 Performance

* In a system with 8 cores

TABLE III: Metro-MPI scaling with a commercial simulator.
* Big 3 Simulator scales Speedups IxI  2x1  2x2  4x2  4x4  8xd

almost linearly

Simulation time 093 154 320 6.17 844 7381
CPS 091 126 273 515 7.08 6.75
IPS 141 136 282 536 735 690

* Big 3 is already using
threads in the default
(non metro-MPI version)



Metro-MPI Big-3 Performance

* In a system with 8 cores

TABLE III: Metro-MPI scaling with a commercial simulator.

* Big 3 Simulator scales

) Speedups Ix1 2x1 2x2 4x2 4x4  8x4
almost linearly

Simulation time 093 154 320 6.17 2844 7381
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Multi Tile Granule Performance

* Slow-down in simulation
time
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Multi Tile Granule Performance
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Multi Tile Granule Performance

* But, work per core
increases, hence to run
regressions is better ©

o 1.56
= 1.6
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16x16 32x16 32x32

NoC Configuration
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MPI Overhead (Multi Tile)

B Compute [ MPI Receive &S MPI Send

* Multi-Tile granules (MTG) help o '

to increase the compute ratio 1x1 STG
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MPI Overhead (Multi Tile)

B Compute [ MPI Receive &S MPI Send

—
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=
c 601
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3 401
* MPI Receive decreases as the 3 20
number of MPI processes is §
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