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Motivation

* VPs indispensable in modern

software development CPU RAM UART
* Everising SW and HW complexity

 Performance often not sufficient I [ l

* Limiting factors < TERCONEST >
* Fast models (especially CPU) [ [ [ [
e Modern simulation infrastructure ACC ETH GP
 Efficient standardization Y
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What is SIM-V?

 Fast, functional RISC-V ISS

* Executes unmodified RISC-V binary on (CA—
simulation host FSCV- ——
 Deep introspection and instrumentation 0s.bin
* Gather simulation results @
* Enables “shift left” ! f

* Earlier software development & test

* Design goals
* High performance
* Easyto use and integrate

x86 / ARM Simulation Host
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SIM-V vs. QEMU: Dhrystone

Timed QEMU [ Timed SIM-V Untimed QEMU (parallel) [l Timed SIM-V (parallel)
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FTL - Fast Translator Library

Processor Modeling and High-Speed Dynamic Binary Translation Toolkit

e Just-in-time Binary Translation (JIT) Instruction Set Simulat
NStruction sce Imuiator

e Decode target instruction

* Translate to host instructions
e Cache and reuse translations Decoder Registers IRQ
 System Level Software
. MMU ALU FPU
* Privilege Levels | |
* Interrupts, Traps FTL

* Target Software Analysis | |

 Debugger integration

e Scripting interface through VCML Simulation Host
* Non-intrusive register inspection
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SIM-V Custom Extensions

e SIM-V’s modular architecture SIM-V

enables custom extensions MachineWare

* Instructions, registers, ... RISC-V
_ Reference
* SDK for extension development Model SIVY Extencion AP
* Extension automatically loaded by
SIM-V as shared library FTL

JIT
Simulation Host

:‘:.c .. (. ' “. g 3 % GNANDVE‘@FO:g\2
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* Leverage FTL for performance
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FTL Integrations

Pure Debug
SystemC PyVP ClI ||| I
TLM-2.0 Trace & Analysis [
acce//era ﬁ MACHINEWARE
SYSTEMS INITIATIVE

Ethernet

MachineWare )
Parallel 12C
FTL Parallel <
SystemC y
TLM-2.0 CPU VCML SPIO
' TLM-2.0 CAN

o Parallel QEMU®
Virtualizer ocX’ OR1KISS?®
SYNOPSYS’
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https://github.com/snps-virtualprototyping/ocx
https://github.com/snps-virtualprototyping/ocx-qemu-arm
https://github.com/snps-virtualprototyping/ocx-or1kiss
https://github.com/janweinstock/vcml

VCML - Virtual Components Modeling Library

Rapid Virtual Platform construction and universal tool integration

e TLM Protocols
* SPI, I2C, Ethernet, CAN, ...

 Modeling Primitives

* Ports, Registers, Properties, ...

e Component Models

*  Memories, Buses, UARTS, ...

 Tool Integrations

 Debuggers, Scripting, GUI, ...

accellera)

Virtual Platform

: High-Speed
3rd PeRrIiCTgrce)lls Processor
Party P Models
Models
VCML

Accellera SystemC

Dev-Tools
o GUI
e GDB
e VIPER
e Python
e Profiler
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SIM-V VPs - High-Speed Full-System Simulation

e SystemC/TLM-based Virtual Platform

Timed simulation, instruction-accurate
Multiprocessor/multicore design
Executes unmodified target software

* System-level Software Development

Kernel, Firmware, Drivers
Hardware-dependant Software

* SIM-V VPs

Edge — rv32 with embedded I/O
Compute — rv64 with rich HPC I/O
Custom — built for you

accellera)
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RISC-V CPU
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MachineWare Virtual Platform ExploRer (ViPER)

Gmoim

2. Hierarchy

v # system

— irq_uart

— irq_ethoc

— irq_percpu_uartd
irq_percpu_ethocd
irq_percpu_mpic_0
bus
xbar_uart
xbar_ethoc
ethoc
mem
ompic
cpud
uart

(T T 1 1T 1 1 K&

90 Sessions 52

| Jan/orlkmvp-up at i0:44444 [connected]
3 Jan/orlkmvp-smp2 at i0:44445 [not

[ Jan/or1kmvp-smp4 at i0:44446 [not

Jan/orlkmvp-up at io:44444

© 76.392730000s

accellera
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G w o
% Hierarchy X P B = B8 | # system.cpuo X
&'system enter target address.
—irq_uart
= 8 |[@ Attributes 2 = —irq_ethoc Virtual Address Instruction  Disassembly Synbols
— 7 —irq_percpu_uarto [y f: f: v —TET ™
s = o = —irq_percpu_ethoco 3 003f37cc [e0ad1800]  l.add  r5,r4,r3
oop: module loade search . . .ra,
loopscmodnle loaded —irq_percpu_mpic_0 de 003f37d0 (cc022800]  1.swa
libphy: ethoc-mdio [asmeie lvaice = — irq_percpu_uart1 3f37d4 003f37d4 [Offffffd]  Lbnf -3
P 0 —irq_percpu_ethoct 003f37d8 (156000001 l.nop @ i i +0
quantum  Sus S e i 00337dc {bssmf)«:i&fl: t.sr;x r3,r4,5x:(:” irgsa
Freeing unused ; Yabis 603f37¢0 adsa .andi r4,r4,ex
duration | @ s e toart 003f37e4 (e4041800]  l.sfeq rd,r3 )
nrcpu 1 =il 003f37e8 (100000061  L.bf  x6
activate XDak: Sthoc 003f37ec 1150000001 l.nop 0 i i -+
e 9100000609  9X0TLEEILL » B ethoc 003f37f0 (048200021  L.lhz  r4,ex2(r2) aw_spi i "
1] uart 0x90000000 0x90001Fff » # mem 0033714 [ea241800]  l.sfne ra,r3
ompic 0x95000000 8x98001FFf » i ompic 003f37f8 [13fffffe] Lbf -2 d
» 8 cpuo
ethoc 0x92000000 0x92001FFf | » 8 put 8 system.cpul X
L » B uart
= = = enter target address...
] orlkmvp-up 52 | (J orlkmyp-sm. [}
virtual Address Instruction  Disassembly Symbols
Attribute Description A 0 00003e68 [c1001800] 1.mtspr ro,r3,0x4000 (3 +003
: 16 bytes 0] ceve3ese 60003e6C [oc216008]  L.addi r1,rl,exs farch_cpu_idle+0034]
Name orlkmvp-up 370 00003e70 (8521fFfc]  L.lwz  r9,-4(r1) esoe
Host io 3e74 00003¢74 (440048001  1.jr 9 o
60003¢78 (8a21fff8]  Llwz rl,-8(r1) !
hont 60003e7C [d7e10ffc]  L.sw  -4(rl),rl o
User Jan 60003e80 [oc21fffc]  l.addi r1,r1,-4 flush_threadsooe
Path orLkavp-up 60003¢84 {oc210004]  l.addi r1,r1,exa flush_threads
- 60003¢88 (440048001  l.jr 9 1
SystemC Version  2.3.1-Accellera 66003e8c (8421fffc]  Llwz  rl,-4(r1) 1 o1¢
VCML Version  1.0.0-20180824 60003e90 (d7e117f8]  Ll.sw  -8(rl),r2
= S 6000304 (agazeee0]  l.ori r2,r3,0 s 5+0004]
ime & s p— [1080-8451 1 mauhi c3 aueans ¥
Delta Cycle 15279405 v S
1f sessions 2% n R = 0 ||@ Terminals %
o ~ S = 0O |[B Terminals 2 X &= 5 O unknown/or 1kmvp at localhost:44444 [not connected] e e
0 unknown/or 1kmvp at localhost:44446 [not connected]
— - e ] > > cd system.cpud
[an/ortkmvp-up at io:dadss v v B e
Registers
reset : resets this component ~ gg Sigggggggﬁz%gi(ﬂéé
show : Show memory contents between addresses [start] and [end]. Usage: show D 0x0080808000080800
[start] [end] Interrupts
e 3 IRQL: 3 events, avg 15us, max 15us
SYSLEm: mem ¥ IRQ2: no events
IRQ4: no events
" 15279405 8 system system.cpu® > |
unknown/or1knvp at localhost:4d4ds | © 6.137215000s | & 27469 | B system

Attributes 5 &
Attribute Value
name systen
kind sc_module
session 44445
vspdebug o
quantum sus
duration 0s
nrepu 2
men 0x00000000 0x07fFFFff
uart 0x90000000 0x90001fFF
ompic 0x98000000 0x98001FF
ethoc 0x92000000 0x92001FFF
ortkmyp % =
Attribute Description
Host Localhost
Port 44445
User unknown
Path /home/jan/Projects/or1knvp/BUILD/RELEASE/bin/or1

SystemC Version
VCML Version
Time

Delta Cycle

2.3.1-Accellera
1.6.0-20180824
0.1372150005
27469
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VIPER Trace and Analysis

Call Stack Depth
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Event

enable -

IN freeq *

enable -
IN free 4
enable -
IN free 1
enable -
IN free 1
dma_start
IN free 1
IN free
IN free 4
IN free

IN free (e ————

IX_ev

tx _ev+

IN free

CLOCK update ev 1

IRQ[()] eV | ——

e Uart3
uart2
uartl
uart0

e S hCi

hwrng
gic.distif
gic.cpuif
ethoc
clock
armO

+-- B0

arm_timer ns
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PyVP

import pyvp

* Python scripting for Cl and test

with pyvp.connect(localhost, 1234) as vp:

e Connect to VP over network symbols = vp.cpu.get symbols()
session interface = symbols.search("start_kernel™)
] _ vp.cpu.set breakpoint(bp)
e Control, configure, inspect VP vp.run(60)

o Easy integration with Jenkins, if (vp.state() = pyvp.BREAKPOINT_HIT and
vp.cpu.get _pc() = bp.address):

Gltlab CI' print("TEST PASS")

else
print("TEST FAIL")
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SIM-V Use Cases

Early software development and test
» Utilize in VP or stand-alone to target bare-metal, hypervisor, OS, or user-space
Reference model for comparison
e Execute in lock-step and compare states
Target software analysis
* Code coverage, hot spot analysis, ...
Continuous Integration
 Automate tests with SIM-V in Jenkins, Gitlab, ...
* Scale easily on-premise or in the cloud
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https://docs.google.com/file/d/1Dpb3utv3wBoewFFNkyiGstgh0LfsPklS/preview

. MACHINEWAR

is an ultra-fast RISC-V Simulator (2x faster than Qemu)

MachineWare JIT engine for customizable processor modeling

MachineWare SystemC-TLM 2.0 modeling infrastructure

@ecelerd) -
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E-Mail: contact@mwa.re

www.machineware.de



http://www.machineware.de

