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What to Expect?

INITIATIVE

Open-Source

Virtual Platforms

for

Industry and Research
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What to Expect?

INITIATIVE

Open-Sou rce_for

Virtual Platform

@4—»@4—@

Device SoC SW

Open-Source Virtual Platforms for Industry and Research

4

Industry and Research

“A virtual platform is a functional
representation of a digital system
written entirely in software.”

- Cadence
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What to Expect?

Open-Source|Virtual Platforms for_
4

* Prototyping * Prototyping of new architectures
* Develop & test models * Architecture exploration
e Embedded SW development * Improve simulation performance
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What to Expect?

Open-Source|Virtual Platforms|for|Industry and Research

O

Many commercial Solution we will

solutions available talk about today:
Available on GitHub

v/| Clone

v/| Play around

v/| Extend

2023
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Free and/or Open-Source Software

* Disclaimer: | am not a lawyer!

* "Free of charge" or "free as in freedom"?

* Licenses

Closed-source Allowed Not-allowed
Commercialization Easy (no submarine patents) Difficult

IP Protection Easy (derived works under another license) Difficult

* Are Apache 2.0 and GPLv2 compatible? Maybe

2023
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Virtual Platforms

A brief introduction




Why Do We Need Virtual Platforms?

@ 1. Which device should be designed?

}

= -
HW Engineers SW Engineers
3. Develop chip 3. Develop Virtual Platform
4. Tape out chip 4. Develop, test & verify embedded SW

5. Test & verify embedded SW on the HW chip

Open-Source Virtual Platforms for Industry and Research
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Why Should You Use Virtual Platforms?

Development time

» time

Requirements sl E
Component selection —_— i
HW development — E
SW development —>§
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Why Should You Use Virtual Platforms?
Development time
> time
Requirements sl : i

Component selection —_— i i

HW dEVElOpment —i i

SW development —>i S :
EIEIEI Scalability ,@ Introspection Jth, Tracing
* Easy distribution e Stop at any time * Record tracing data
* Integrates with Cl e Access all register values * Analyze SW behavior

2023
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Abstraction Level

Accuracy
A

* Many different abstraction levels

Analog * Tradeoff between performance and

Gate-level dCCuracy

RTL

Approximately-timed

Loosely-timed Choose the level that fits your needs
Virtualization

Trace-driven

Analytical models

Performance
>

2023
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Virtual Platform Design

Let’s get started!




How to Start?

_g\ Specification i Virtual Platform
* List of components * Simulates the behavior
* Interface description  Can execute target SW

 Functional behavior

(Custom) Models | VCML-based models to mimic the behavior of the SoC

||||| VCML Virtual Components Modeling Library — adds modeling primitives

| Standardized “design and verification language”
@ Frsiene (IEEE Std. 1666™-2011)

2023
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Why Do We Need a Modeling Library?

Concept of time

Simulated parallelism

Standardized interfaces (ports, TLM sockets)
Hierarchy (modules)

X Models (e.g., buses)

X Frequently-needed parts (e.g., register model) VCML
X Often-used communication-protocol implementations (SPI, CAN, 12C, ...)
X TLM logging/tracing, (parametrization, configuration)

JKRIKIK

2023
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Virtual Components Modeling Library (VCML)

* Loosely-timed simulation framework based on SystemC TLM-2.0
* Apache-2.0 license

* Windows, Linux, MacOS
* x86, arm64 Cl builds

* Provides

« Commonly used features (registers, peripherals, etc.)
* Abstract protocols based on TLM-2.0 (interrupt, SPI, I1°C, etc.)
* Models (memory, memory-mapped buses, UARTSs, etc.)

 Extensive unit test suite

2023
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Why Should You Use VCML?

* Completely standard SystemC TLM-2.0 compatible

e Saves your time when construction a new VP
* Reuse VCML features and models

e Supports all major Systems: Windows, Linux, MacQOS, x86 and arm64
* Easy commercialization through Apache 2.0 license

* Example VPs available open-source (ARM and OpenRISC)
 Commercial support available through MachineWare

2023
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VCML-Highlights

/’ Modeling primitives % Models

p Tracing Q’a Configurability

@ Debugging support g Session Protocol

Q-_ . .
QQ Backends lﬂ'—;_l Scripting

2023
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Implementation of the CPU Model

sc module * Basic building block of SystemC

Basic building block of VCML

module
* Adds support for VCML features (sockets, properties, commands, session)

Basic block for hardware models

component :
P Provides reset and clock sockets

e Starting point for processor implementation

SRR * Implements debugging & temporal decoupling

Interrupt target socket
to receive interrupts

Inheritance

TLM initiator socket
to access memory

2023
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Target Software Debugging

Remote GDB

* Full debugging support
* Including OS

* GDB/Lauterbach’s Trace32 e

asm volat: %] - o: (val), "r" (addr));

i

#define __raw writeq __raw writeq

ar+28>  // b.any

TCP
connection

vcml: :processor

2023
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Lauterbach’s Trace32 LauTERBACH/ |\

TRACE3Z PowerView for RISC-V - o X

File Edit View Var Break Run CPU Misc Trace Perf Cov RISC-V Window Help
MK A & » 1 28 O CIN N -

' Bi:Register - =1
H H X0 8 X6 S Stack -
® M u It | CO re d e b u ggl n g X1 FFFFFFFF88031F1A  X17 54494045
X2 FFFFFFFF8OE@3FOD  X18 1 [ B:List]
X3 FFFFFFFFBOED5558 X190 7 =
° X4 FFFFFFFFBREQBF80  X20  FFFFFFFFBOEDG36C MiStep B Over ADiverge ¢ Return @Up PGo IlBreak [Mode fof t. 3 Find: =
awareness X5 FFFFFFE@01203180 21 0 addr/Uine |code [label " |mhemonic EoHTERT
X6 8 X22  FFFFFFFF8OED6018 SP:FFFF: : FFFFFFFFBO@032C4 [D8850513 addi x10,x10, -0x278 a
. X7 FFFFFFFF80C00418 X23  FFFFFFFF80800008 SP:FFFF::FFFFFFFF800032C8 [005£8097 auipc x1,0x5E8
° U d b X8  FFFFFFFFSBE@3F10  X24 80016038 SP:FFFF: : FFFFEFFF800032CC |F36050F7 jalr x1, -9xCA(x1)
ser-space aepugging Ko FRFFFFFFODEDEICO 0 80637694 e
: HH C. X LOX0 (X
X1l ~ 0000000200000000 X27 0 SP:FFFF: : FFFFFFFFB806032D2 (010BOB517 auipc x10,0xBOB
X12 1 X28 01E5 SP:FFFF: : FFFFFFFF800032D6 (08650513 addi x10,x10, -0x27A
X13 1293 X29 B1ES5 SP:FFFF: : FFFFFFFF800032DA [005£5097 auipe x1,0x5E8
X14 1203 X30 1 SP:FFFF: : FFFFFFFF800032DE [F24080F 7 jalr x1, -BxDC(x1)
X15  FFFFFFEO3EFD9320  X31  FFFFFFDO0406BCAS SP:FFFF: : FFFFFFFF800032E2 [3526 c.mv x16, x9
SP:FFFF: : FFFFFFFF800032E4 (00567097 auipe x1,0x5E7
PC  FFFFFFFF8000328E PRIV HS SP:FFFF: : FFFFFFFF800032E8 [305050E 7 jalr x1,0x308 (x1)
SP:FFFF: : FFFFFFFF8A0032EC [10F2 c.ldsp x1,0x18(x2)
SP:FFFF::FFFFFFFFBOOO32EE [6442 c.ldsp x8,0x10(x2)

| 4

components trace Data Var List PERF SYStem Step Go Break other previous
SP:FFFF::FFFFFFFF800031A8 \wmlinux\Global\restore_caller_reg+0x68 0 |HALTED MIX UP
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SIM-V and Lauterbach Trace32
Like real hardware, just better

S

MACHINEWARE

Open-Source Virtual Pl-a'fthr'ms for Industry and Research




How to Implement Peripherals?

sc_module

Basic building block of SystemC

o e Basic building block of VCML
mo e
- e Adds support for VCML features (sockets, properties, commands, ...)
- * Basic block for hardware models
component .
* Provides reset and clock sockets

* Starting point for custom 1/O peripheral models
* Adds support for registers

Inheritance

2023
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Peripheral Interfaces — TLM Protocols

Interfaces Based on TLM blocking transports
p Initiator
|
* Memory accesses sockets
* |nterrupt Payload
 Communication/data + Operation (R/W)

transfer (e.g., SPI, 1°C, ...) . Data pointer

e Attributes

2023
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Peripheral Interfaces — TLM Protocols

Interfaces Based on TLM blocking transports

Initiator m  Target® p

Process payload
* Execute operation (R/W)

Peripheral
C

 Memory accesses

* |nterrupt

e Communication/data
transfer (e.g., SPI, 12C, ...)

2023
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Peripheral Interfaces — TLM Protocols

Interfaces Based on TLM blocking transports

p Initiator m Target

Send payload back
* Analyze returned payload

Peripheral
C

 Memory accesses

* |nterrupt

e Communication/data
transfer (e.g., SPI, 12C, ...)
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Peripheral Interfaces — TLM Protocols

Interfaces Based on TLM blocking transports

Initiator B Target

Implemented protocols

Peripheral
C

¢ Memory dCCesses

* Interrupt * CAN * PCI
e Communication/data * Clock = SD
transfer (e.g., SPI, I2C, ...) * Ethernet « Serial
* GPIO * SPI
e |2C  VirtlO

2023
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Predefined Peripherals in VCML

* Memory

* Interrupt controllers (ARM, RISC-V)

e Ethernet, SPI, I12C controller

* SD controller

* UARTs (e.g., PLO11)

* Sensors (SPI/1*C-based)

* VirtlO (controller, console, RNG, block, ...)
* CAN (bridge & bus)

Open-Source Virtual Platforms for Industry and Research

m‘ms INITIATIVE 28



Configurability

* VCML provides properties to configure modules
e CCl-compatible

e LUA scripting @

* Session protocol ‘
: N\
§—E

@C” CCl

Session
E Remote control

2023
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Session

 Control the
Virtual Platform Explorer (ViPER) . .
, u simulation

“*, Mierarchy It ® B & = 0|8 sysemcpu 2 a | attributes & ]
. enter target address. = %
virtual ndress Instruction  Disassesbly Sysbols Attribute value .
» ce3tarcs ou3 378 [ocazoouel  L.lwa [_raw_spin lock irqsave+#eacl systen o
83f37c o Isdadiseal L. : . <c_nadule
cca2z8me) s
0s

2
xpoancann axo7HHH1F

xueancane Gx98BRITY
098000000 Gx980R111T
082000000 0x52001111

VCML Session ::I . . * Open, TCP-based

[15880808]

!
v
v
v
!
1
v
L
v
v
1

(349208021 e e es20en)
[e2a1008]  L.stee rd,r3
[a3#1Fefe] b

Port

[<10018081  L.mtspr r0.r3,0x0000 | .
1 addi rl,r18x8  larch cpu idleresnda] user

rotoco
Fefel "”"E
V 1 Sessions 12 "o > .- # = 0 B Terminals & A -]

0l unknown/or hmwp a &

hast; 44446 [not connected]
A44i5

GanDsBaCH:
5P BxgaGpoBeaE To1bd5E
00000000nd000800
i

'3 events, avg 15us, max 15us

2: o events
1RQH: no events

systen_cpup >

unknowe/arlkevp 3t lecalhost: 44445 | @ 81372156885
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Session

TEMS INITIATIVE

VP

VCML Session P PYVP
Protocol

31

Virtual Platform Explorer (ViPER)

* Python-based implementation of a
Session client
e Use Python to script the simulation

2023
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Session

TEMS INITIATIVE

VP

VCML Session

Protocol

32

Virtual Platform Explorer (ViPER)

* Infinite number of use cases
* Very powerful interface
 Simple usage
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Free Implementations

* OpenRISC 1000 Multicore Virtual Platform (OR1KMVP)

* Embeds the open-source ORI1KISS into vcml: :processor
e Simple interpreter-based instruction-set simulator (ISS)

* https://github.com/janweinstock/orlkmvp

 An ARMvS8 Virtual Platform (AVP64)

 Embeds the ARMv8 unicorn implementation (QEMU-based) into
vcml: :processor

* Dynamic-binary-translation (DBT)-based ISS
* https://github.com/aut0/avp64

2023
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https://github.com/janweinstock/or1kmvp
https://github.com/aut0/avp64

Commercial Implementations

* SIM-V
e Ultra-fast RISC-V simulator
* Supports state-of-the-art extensions
* Custom-instruction API

 SIM-A
e Ultra-fast ARM Cortex-M simulator

* QBox
* QEMU in SystemC TLM-2.0 through VCML

2023
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Full-System Integration

¥ Instantiate models

Sy Bind sockets

> Start simulation

Open-Source Virtual Platforms for Industry and Research

35

UART
BRIDGE
u
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SW Development

Demo - Find the tutorial on the AVP64 GitHub page

https://github.com/aut0/avp64/tree/master/vscode

2023
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Slides: https://mwa.re/vcml-tutorial

summary

VP Benefits

Development Time ,@ Introspection

VCML

s Scalability m Tracing mcm
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